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PREFACE

Albert § Gordon

Degartment gy B alogy Graduste School of Arts and Science
w0 York Unmrers Iy New Sork B 1

4 new era n the field of diabetes melltus has been ushered 1 with the
ntroduction of effective oral hy poglycemic agents particularly the sulfonyl
ureis  The great impact made by these agents was evident wn the success
attending the conference on Sulfonylureas and Related Compounds sponsored
by The New York Academy of Sciences i February 1957 It was apparent
from this conf that comp ds such as tolb are to be added to
thear usefulin the of diabetes  These substances
appear capable of controlling the condition mn adult ensct diabetes with

N . .

' [ '

(] '
only because of thewr use m the treatment of diabetic states but also because
they served to rekindle mterest and further research in the etielogy of
diabetes in the mechanisms of msulin synthesis storage and release and in
the role of the liver and peripheral tissues s carbohydrate metabohism

The present conf centers about y demnatives parncularly
chlorpropamide It 13 becoming increasingly evident that mcorporation of
members of the halogen series nto the structure of organmc molecules often
enhances their biological activities  This1s true of hormones of adrenocortt
«<al onign 1 which for example substitution of halogens such as fluonine
wto the 9- and 6 alpha positions results wn considerable avgmentation of
certain physiological actions A similar situation 1s seen 1n the svnthesis
of thyromne dervatives 1n which 1odine 1s superior to bromine and chlo
ade  This concept abvo eatends to the suilfonylurea compounds notably
chiorpropamide

We look forward to further detailed 1nformation on topics relating to the
mechanism of action of the sulfonylurers particularly their influence on
wsuhin metabolism to a comparison of the relative effectiveness and toueny
of the newer dervatuves especally chlorprog de and to the of
their use m the treatment of diabetic states i man  Al] of these topics are
discuseed 1 this monagraph




INTRODUCTORY REMARKS

Martin G Goldner
Jeussh Chronsc Desease Hospatal Brooklyn, N 1

It 15 my hope that the 1ons and d this
monograph will bring us another step fotward 1n the understanding of the
role that the hypoglycemic sulfonylurea derivatives can pliy in the manage-
ment of diabetes mellitus

When 1n 1942 the first chance observations were made at the University
of Montpellier 1n southern France about the hypoglycemic action of a new
sulfonamide, Loubatidres foresaw that at last the long and so far rather
fruitless search for an oral drug for the treatment of ditabetes mellitus had
reached a new phase and that a promising agent was finally at hand

However, 1t took another chance observation, this time by German
investigators, and another decade until the first such drugs—tolbutamide and
carhutamide—could be introduced into the practice of medicitne During
the past few years nearly 1000 other sulfonylurea denvatives have been
developed and 1 d 1n ianous lak Chlorp de, or
Diabinese, 15 one of these compounds ~ Because of such special charactenstics
of this preparation as its effectiveness mn rather small doses and 1ts lasting
action, 1t was given an extended chmeal tryout  The reports of these trals
included 1n these pages will give us an opportunity to decide whether a new
and practically useful agent has come 1nto our hands 1n addition to those

presently available

412



Part] Pharmacological Studies

GENERAL PHARMACODY NAMICS OF THE HYPOGLY CEMIC
ARYLSULFONAMIDES

Auguste Loubatidres
Laboratory of 1940 d Phys ology Fa Myof Med ¢
Instt teof B ology Montpell er Fra ¢

The question of the general pharmacodynamics of the hypoglycerme
arylsulfonamides of which the following® 15 a bnef suriey has been the sub
ject of a number of our more deta led articles 1 1®  We shall discuss here only
the essential pomts 1n regard to this important question

First we should record the fact that the basic expenimental discover es
made 1n our laboratory between 1942 and the present time have been con

3 p tolylsulfony lurea (DD 860 tolb de)

The compound 1 propyl 3 (» chlorobenzenesulfonylurea (P 607) chlor
propamide 1s shil under study and at present some reservations must be
expressed regarding st Although its mechamsm of action s prabably the
same as that of the compounds mentioned above this 1s not established also
we are not well informed as 1o 1ts toicity and tolerance It 1s the purpose of

f y

suisonarmde  of arylsuitonamide  as seems sultable
Vechanssmt of Action Expersmental Study

The fundamental and elemental role played by the endoct ne pancreas (the
beta cells of the 1slets of L and msuhin ¢k the
of action of the arvisulfonam des

As \ong ago as 1941 we demonstrated that the sulfonamides do not produce

gly 10 the totally d dog but that 1f even a fraction

oi lhc pancreas contaiming some islets of Langerhans 15 left 1n place the hypo
glycemic action of these substances 13 man fested  WWhen these substances
are mtroduced into the organism they come into contact by way of the blood
stream with the 1slets of Langerhans for which they have a special tropism
they are pancreatropic

They act as sumulants to the beta cells from which they release a certain
amount of endogenous msulin to the blood Numerous expenmental
deductions support this statement

* Th s account is a rev se | vers on of that presented at the meet ng of the Th d Inter

nat onal Congtess of the Internat onal D abetes Federat on held from July 21 to 25 1958
at Duissel lorf Germany

413
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The effects of these compounds are as follows (1) the beta cells lose some
of their mntrap pk msubin granules, (2) the insulin content of the pan
erextic tissue drminushes i response to the development of glycemza, (3) as
shown by us . 1946 by means of expenmental pancreatic Jugular anasto
mosis, the hypoglycemic actnity of the blood leaving the Ppancreas increases
considerably 2 fact since confirmed 1n several ways, especially by measuring
the insubn activity of the blood plasma leaving the pancreas
" R:cfntly we resumed these expenments and showed that the venous

beiore the action of the drug

Triga awaalla ~n 2 1 o e T
the
ate
sultamides are hypoglycemic

It 15 also known that several days of sulfonamide admimstration produce
1n the normal ammal a hyperplasta of the islet beta cell system and stimulate
the formation of new beta cells that come 1nto being at the expense of cells of
the evocnne pancreatic gland (the centroacinar cells, cells of the excretory
canalicull the acinar cells) Here 15 a demonstration of the vahdity of
Laguesse s theory that the cells of the exocnine gland may be the engin of
endocnine cellular elements

In 1956 we studied the roles of the endocrine glands other than the pancreas
m the mechanism of action of the arylsulfonamides  The following expen
ments carried out in our laboratory demonstrate the fundamental role of the
pancreas

Using the same dog, we removed, in several operative procedures, the
following endocrine glands, ane after another, mn this order (1) the two
adrenals (cortical and medullary tissues) (2) the thyrowd, the four parathy
roids, and the gemtal glands, and (3) the entire hypophysis

After each of the operative procedures the sulfonzmude proved to be hy po-
glycemic, except following the removal of the entife pancreas However,
1t 15 clear that hypophysectomy and, especially, adrenalectomy sensitize the
orgamsm to the hypoglycemta induced by the sulfamides  The sulfonamides
retam thewr hypoglycemic action 11 the hepatectomized animal, provided the
pancreas 1> Intact However, this does not imply that the Inver plays no role

The gly cogenic action that these compounds exert upon the liver, demon
strated by us 1 1944, 1> the basis for postulating that the sulfonamides
act by inhibitying certan enzymes (glucose 6 phosphatase, reactivation of
phosphorylase)  However, these effects do not seem 1o be speatfic and are
mamfest only at high concentrations of the drugs Moreover, the inibitton
they produce 15 only partial 5

Our recent exp upon the dog sub dtoa y erght-day
fast, which slows msulin secretion, show clearly that liver glycogen formation
can be explaned by the effects on the lver cell of endogenous nsulin released
by the sulfonamude  Furthermare, we observed that admimstration of
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sulfonamide also 1nduces an accumulation of glycogen in muscle, that 1s to
say 1t affects the penphexal tissues Both of these resuks the hepanc
and the lar, of t] may be d )

P

depancreatized dog 1s preserved completely These facts show that the
sulfonamides do not seem to wmhuibit profoundly the enzymatic reactions
involved in glycogenolysts ot hepatic glycogen formation 1n the phy siological
conditions under which we operated

Furthermore, we showed at the same time as Houssay and his coflaboratars
that the sulfonamdes 1n massive doses potentiate the hypoglycemic effects of
msulin even after ablation of the pancteas It has not been demonstrated
that this potentiation of the effects of msulinis due to annhinnon of insulin
ase  We hase other hypotheses  Whatever the explanation the release of
endogenous msulin precedes the subsequent intensufication of the effects of
thishormone A possible action of the sulfonamides on the peripheral tissues
1n the absence of msulm or the pancreas has not been demonstrated  Recent
study of the ar tn blood sugar after sul
fonamde and after msulin shows strihing similarities

On the other hand we have shown that the admmstration of sulfonamide
15 capable of accumulating glycogen in the striated muscle of a dog subjected
to prolonged preliminary fasting  We have reason to believe that endoge
nous sulin released by the sulfonamide and not wholly arrested by the
hepatic barner 1s responsible for these peripheral effects

In addition to therr hypoglycemic action the sulfonamides possess an
antidiabetic action that 1s exhibited under certain experimental conditions 1n
the dog with alloxan diabetes  We have shown that, if the diabetes 15 severe
(that 1s to say, if all of the beta cells have been destroyed by the alloxan) the
sulfonamides are nactive, they may even hasten the evolution of the diabetes
toward acidosts

On the other hand, if the diabetes 15 of moderate mtensity, the action of
the sulfonamides 15 evident  The different mamfestations of the diabetes
progesstvely dumnish and then disappear  After several weeks the treatment
can be discontinued, and the animalis “cured * New beta cells have devel
oped m the pancreas of these amimals  We have shown that these cells are
functionally normai, since they are perfectly capable of regulating the blood
sugar, they are therefore sensitive to the delicate stimuh for insulin secretion
They can be stimulated by the sulfonamides and, In turn, they can be
destroyed by allotan

This r:_m;v slet apparatus whose functional activity exists thanks to the

gressiely hyperglycemic by the end of six months  Thus shows the impor
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tance of a controlled diet for maintaining the benefits obtamed from the
sulfonamides

Mechanism of Action 1n Man

Can proof of hypoglycemic antidiabettc action be established 1n normal or
dabetic man? The hypoglycenuc action of the sulfonamides is admitted
without reservation 1n the case of normal man  On rare occasions these sub-
stances cause serious hypogly cemic accrdents that, wn any case, are reversible
by glucose In a man totally without pancreatic tissue these substances are
active, they mamtamn their activity if 2 small amount of endocrine pancreas
remauns i the organism

SUZAE  L1HE EUELLS BUSLLYVLL ULPUIU, LLCILIVIL, Ul GIb SOt LIV e Wit by pu
site roles play ed m establishing the total diabetic state by the pancreatic com-
ponent, on the one hand and the extrapancreatic dibetogenic component on
the other  Tlus explams the vanable results observed following the use of
sulfonamides when glandular hy perfunction (anterior pituitary or adrenal
cortical) 1s beginning, or when this hyperfunction s being reduced The
hemostderin depot obsered 1n the beta cells of the islets of Langerhans proba
bly 1s not unrelated to the lack of action of the sulfonamides m hemochroma
tosis (bronze diabetes)  This behavior confirms once more the tropism of the
sulfonamides for the beta cells of the pancreas

In curhosis of the hver with diabetes the activity of the sulfonamides 1s
variable and depends on many factors In the diabetic man under mnsulin

o

A cmmen b momneta n

gulfonamlde added 1ts effects to that of the njected nsulm? Do other
mechansms enter n? These questions are still unanswered

We hase recently answered several questions 1n regard to sulfamide treat-
ment It has been stated, for example that the sulfonamudes are not physio-
loeical agents  That 1 true, but their pharmacological action causes e?dogel

explained by the degree of lesion of the beta islet ceus OF Ll patidius s v «
different stages that represent the various degrees of intensity of the dubetes

“The classification of diabetic subjects 1 terms of their different responses
to the sulfamides 1s 3 strong argument in fav or of our theory of the mechantsm
of action of these substances ~ Young dwabetics, refractory to the sulfandes,
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have severe beta cell lesions in their pancreas, the insulin content of this organ
15 low , the stimulation of its cells by glucose admimstration releases practically
no detectable wsubn into the blood

On the other hand, dubeties stnicken with the disease at a mature age
have numerous 1ntact beta cells in their pancreas, the msulin content of this

acknowledged that the sulfonamides seem to act especially in subjects exubit
1ng a certam degree of sluggmshness or msufficiency of the nsulin secretory
processes  Despite the considerable amount of work accomplished stnce
1946, the theory that emerges rematns in conformity with the one we have
mamtamed since then and will continue to mamntain, because 1t 1s well
founded

There 13 a question as to whether the chronic simulation of the beta cells
may not finally bring on their exhaustion and an aggravation of the duabetes
Taking mto consideration our long expetience, it does not seem that this
contingency often arses when the suifonamides are cotrectly used in subjects
who are really switable When this condition arises, 1t 18 necessary to take
into account deviations from the diet, the way 1n which the sulfonaoudes
are used, and the spontaneous aggravatnve evolution of certain cases of diz
betes before the sulfanudes themselves can be held entirely responsible
Conditions called refractory to the sulfonamides may appear, they may be

d  part by the pt of tachyphylauis

Hypoglycemic Suiferdes and the Prospects for Extended Remisston of
Drabetes Melitus

In conclusion we should hke to explam why, n om opinion, the hypo
glycemic and offer for pro
phylaxis or extended remssion of diabetes

Accumulated chinical data show two types of results n certain elderly
diabetics or even in young diabetics (provided their diabetes 1s recent and not
severe} a sulfarmde treatment camed on for several weeks can cause the
diabetes to dlsappear In many cases the henems last for several months
after susp of The des have, therefore,
2n antidiabetic action 1n man as well as 1n ansmals

It 15 possible that the extended remission of duabetes, \\hlch 15 not 4 finat
cure, 1s explaned by at least partial reg of the
system  If this 15 true why not attempt to use the sulfonamides as pro
phylactic and retarding agents in subject< predisposed to this dicease?

There 15 another point that should engage our attention, stnce it presents a
pmh‘em and mdxc:nes a line of research It involves the observation of

the cured’ ammal the blood sugar 15 normal and, if the diet 15 correctly
controlled, the ‘cure™ lasts Lestons caused by allovan were pancreatic,
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the sulforamides have compensated for the pancreatic lesions at tleas 1n
part by facilitating the regeneration of the beta cells, glycemic equilibrium
has returned and will be prolonged if certain expenimental conditions are
respected  In extended remission of diabetes 1n man, blood sugar 1s almost
never normal but 1s definitely above 110 to 120 gm of glucose per liter
After several weeks or months the diabetes Pprogressively resumes with all its
former intensity  What has happened?

The suffamide treatment 1t 13 true has partially restored the endocrine

of diabetes

Thanks to the research accomplished m the domarmn of the hypoglycemic
sulfonamides an important advance has been made, but our task as seehers 1s
not yet over Now we must undertake to detect and neutralze the harmful
extrapancreatic fluences It 1s probable that we shall not be too long
without weapons agamst these factors e should succeed 1n this because
these influences often are exerted only temporanly m the course of a lifetime
(period of somatic growth premenopausal period), and science should not
lose the hope of overcoming them once they are detected

The “cure of experimental diabetes 1s possible if the disease has not
exceeded a certain degree of seventy It 1s not unreasonable to believe
that we are on the way to realizing wathin orgamcally permitted limits at
least, the extended remission of human diabetes methtus If we arnve at
this result the challenge offered by the hypoglycemuc and antidiabetic sul
fonamides sixteen years ago to diabetologists will not, from the scientific,
the social and the human points of view have been m vatn
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STUDIES ON THE FFFECT OF ORAL ANTIDIARETIC
COMPOUNDS ON GLUCOSE TOLERANCE, ON ISLET
CELL STRUCTURE, AND ON THE [N VITRO
METABOLISM OF ISOLATED MUSCLE

K Lundbaek, K Nielsen, O J Rafaelsen
Second Department of Internal Medicone and Depariment of Pathology,
Aurhus Untrcrsity Schook of Medsane Aarhus, Denmark

The mode of action and the locus or loc1 of action of the dividual oral
antidiabetic compounds have not been fully eluaidated  We shall present
brietly the results of three hinds of studies in which we have tried to obtam
some Information about the action of these compounds

Oral and Intravenons Glucose Tolerance During the Action of Oral
Antidiabetsic Compounds

‘The first study 15 of glucose tolerance in diabetic patients ! FIGURE 1 shows
the average oral glucose tolerance cunve before and dunng the admimstration
of carbutarmde or tolbutamide m 18 patients  The antidubetic effect 15

Bls man

500

Detoa e n sy o8

T dur g o s o

100y ey Bom
3 b b 3

FIGoRE ] Average curves showng oral ghucose tolerance before and dunng the admums
#ration of carbutamide or tollutamde

quite obvious Tt 15 not only a parallel displacement of the curve that

occurs, the area of mcrease, that 1s, the area above fasting level 1s sigmifi

cantly decreased duting the action of the sulfonylureas FioURE 2 shows

the results of intras enous glucose tolerance tests  The indnidual & values,
£19
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116tRE 3k Values for mtravenous glucose tolerance curves before and during the

administeation of chlorpropamide  Symbals @ = 175 gm dunng a penod of 48 hours
0 =3to5gm dunng a perod of 48 fo 96 hours

expressng the slope of the decrease in blood sugar in each of the patients
before and durmg treatment with sulfonylureas, are plotted agamnst each
other  An antiduabetic effect on the intravenous glucose tolerance 1s seen,
the ponts clearly tending to accumulate below the 45° identity line

R . P ’ " i . A



Lundbaek ef al Oral Antidiabetic Compounds 421

sugar? Even by these devious ways we find that an antidiabetic effect
although less significant, can be shown to occur w the wmtravenous glucose
tolerance test Baird and Duncan® have published findings very similar to
ours but, by using the blood sugar evcess values they failed to demonstrate
any sigmificant effect

Tasre 1 shows the serum inorganic phosphate during glucose tolerance
tests before and during the action of sulfonylureas It appears that the

%] Blood sugar
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Fiouse 4 Blood sugar serum potass um end serum inorgame phosphate 1 2 and
4 bours after oral admmistrat on of 1 gm chlarpropamide  Values are shown s per cent
changes from the before values Dotted lines represent standard deviation

amelioration of the glucose tolerance was not accompanied by any change
m the phosphate response

FicurE 3 shows the results of intravenous glucose tolerance tests in
20 dabetic patients before and during admumstration of chlorpropamide
1t appears that 1 gm /day of this compound produces an amelioration of the
glucose tolerance simlar to the one found with carbutamide or tolbutamide
However chlorpropamide ncreased to some extent the response of the
morganic serum phosphate to glucose (TaBLE 1) and when given in the
fasting state 1t produced a small but significant fall of serum phosphate and
of serum potassium (FIGURE 4)
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TaBLE 1
AVERAGE SERUM INORGANIC PHOSPHATE DURING ORAL AND INTRAVENOUS GLUCOSE
Torerasce Test BEFORE AND DURING THE ADMINISTRATION OF
CaszoTaume (C), Toisvsaume (1) or CaloRPROPANIDE (CF)

Glucose | Antudiabetic | No of | Time after oralor IV | Max | Percentage
tolerance test | compound | patiemts|  ghucose (min ) fall fall

o 60 120 130

Oraf o 18 38 36 35 34 041 108
Qral CorT 18 37 34 33 34 041 1t
Tntravenous 0 21 37 35 54
Intravenous CorT 21 36 34 56
Intravenous 0 20 36 35 38
Intravenous CcP 20 38 35 71

Tt 15 not clear 1f this difference between the response of the inorganic phos
phate to carbutamide and tolbutamide, on the one hand, and to chlor-
propamide, on the other, 1s due to a difference mn the mode of action of these
compounds It should be noted that under certamn circumstances a fall of
serum 1norganic phosphate has been reported to occur after admimstration
of tolbutamude * *

Pancreatss Islets of the Rat Duysng the Adminsstrahion of Sulfonylureas

The second type of study concerns the histological structure of the pan-
creatic 1slets 1 the rat durmg the admimstration of sulfonylureas *
1l

Normal female rats were injected 1nt with p
lfonamd Ithiodiazole (IPTD), carbutamde, or de n
en % ern expen
Che slet
- Jllowtng

the details of the procedure described by Gomor 7 The results are shownn
Tante 2 No difference 1n the structure or granulation of the alpha or beta
cells of the controls or of ihe mjected animals was obtamed  Synthalin A

tion 1n the rat  They differ 1n the same respect from the results of studies 1n
the calf® and m the rabbit 1 Ths has been interpreted as histological sup-
port for the hy pothesis that the oral antidiabettc compounds act by increas
ing the production and/or output of 1nsulin from the pancreatic islets  In
our laboratory, norhing with rats we have not been able to produce any
Histological evidence for this hypothesis

Howerer we emphasize that we have had considerable difficulty with the

Gomors stamngs, which seem to vary somewhat from day to day, mving
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HisToracteat CuanaEs 1y TANCREATIC Arpsia awp BETA CFLLs OF RATS arvER
ADHINISTRATION OF VARIOUS ANTIDIABETIC Ditos

Thstologieal changes of
Mo of { Mo of | Total dose
Dreg amumats | controls| (g ) ]
Alphacells | Beta cells
]
Carbutamide 3L o | s o ; 0
Tobutamide I | rs-3us 0 o
1PTD 28 o | 15375 ° 0
Synthalia \ 10 3 S St [
Totat 157 52 — — I =

the Wusion of a change in the granulation of the beta cells  We have found
that 1t was always necessary to camy the contro) specimens in the same run
all the way through the entire procedure

Ia Vutro Studses of Isolated Rat Diophragm

‘The thud type of expeniment deals with the action of suifonylureas on the
wolated daphragm of the fasting rat 2

For these expersments the usual Gemmil techmque was used  The
mmedium nas Gey and Gey’s buffer with 300 mg per cent of glucese The
antidabetic compounds were either mjected mnte the animals s few hours
uefore the expenment or were added to the medwm  Each experiment
included 6 to 12 treated and & to 12 contsol hermdiaphragms  In mnjection
expenments we attempted to pralluce @ bload level of about 10 to 50 mg

per cent of the medwm contaned

from 6 to 300 mgz per cent of the znudubeuc compound
In m;ecuon with and m exp m which
IPID, o was added to the

medum, a sigmificant nse m the glucast uptake was observed consistenthy
No change occurred w the glycogen content of the muscle except with
which alalli the muscle glycogen

The results of the with d D added to the
medium are summarzed 1n FIGURES § and 6

Our fmdings demonstrate that IPTD carbutanude, and tolbutamde can
merease the uptake of glucose sn the wolated muscle tissue without 2flecting
glycogen deposiion that s, changes in the metsbolism of the muscle that
differ from the action of msulin on rsolated muscle ussue  Sumitar results
have been obtamned by Canal ef of * and by Pletscher and Gey," but other
wtvestigators have reponcd negam & results of such studies ¥ ¥ Qur results,
asmg phenet with the results reported by
Walliams e¢ al 1#

The results obtaned 1 our laboratory wndicate that the action of the
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antidiabetic compounds on the muscle 15 independent of the presence of
active beta cells that it 1s not brought about by an increase in the production
and dehvery of insuln from the pancreas

[
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FGURE 6 Average glycogen content of
the 1solated rat diaphragm after 1ncubation
n glucose-rontamning medium with various
oral antidiabetic compounds  C, I, I, IIT
and concentration 2re asIn PIGURE 5 IIT
lower than C I, and 1T

FiovRE 5 Average uptahe of glucose

per 13

cent  The difference betneen each of these
average values 15 statisucally sigmficant

1 carbutdiiite, 1 WibuLdllnut, 113 pun
th d

of

diaphragm per 60 min.

GLUCOSE (mg.} per

1be 1!
verage uptahe of ghicaso by the solated duaphragem of allovan duabenc rats
Cand 11 are sigmi

t of carbutarmde on the glucose uptake of

e have studied also the effect d

ts were moderately to
draphragms 1solrted from a!!?rn‘n:zcd’"mfﬁ mc.ﬁfm‘f“ ‘moderately to
+ the same

glycogen

FiGrre 7
¢, controls T affovan diabenic fats,

rats
1 the medium 15 35 m per cent) cantly higher than T

content (FIGURE £)
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Of course these fesults are 15 disagreement with the hypothests that the
action of the ora] antubabetc compounds require the presence of beta cells
<apable of ncreasng the output of msulin  Haowmever 1t 15 not possible to
prove that an atlovamzed animal 1s an tnsulint free organism and we are nell
aware of the fact that our results with afiovamized rats do not dwsprove the
bypethesis supported by many other kinds of evidence that the action of
these compounds requites the presence of msulin - We do bebeve that it 1s

a the hypott of achion by mereased nsuhn secre
tion from the hypothesis of wmsuhn as 3 perrmsshe agent for the action of
the oral antidabetic compounds

There 1s good evidence from several sources® *2 that the oral anudhabetic
compounds reduce the output of glucose from the Iner but 1t 1s known that
they are acuive even in the absence of this organ ™ ™ The results presented
here suggest that an actwon on the peripheral uptakhe of glucose mght also
contribute to the fall of bload sugar observed after admymstration of these
compaunds.

Duscussian

We did not measure oxygen uptake tn these expenments but I do not
wunk that lack of ovygen can explain the increase of glucose uptake abserved
n our with oral dab P d> Ve are worhing with
2 bicarbonate phosphate buffer and an atmosphere of carbogen  In our
contro! expertments with nonhypoglycemic sulfony lureas we 1d not find any
increase 1 glucose yptake  Our system is highly sensttive to insulin both
on glucose uptahe and on glycogen deposivon

There 1 some evadence of a more general enzyme mbhabition with very
Ingh tontentratons of sulfonylureas A Jack of mncrease of glucose uptake
by the 1salated diaphragm with such high concentrations has also been
reported from other laboratones

Summary

In chaical studies of the oral and intravenous glucose tolerance an merease
uf gluco ¢ tolerance was abserved during the admmistration of carbutamide
tolbutamide ar chlorpropamsde to diabetic patents Serum inorganic
phosphite was unchanged dunng the action of carbutanude and tolbutamide
Wth cidorpropamde 2 sheht decrease n serut tnosgana phosphate and 1n
serum potasaum ocourred

H 1 studies of the f sslets of the rat showed no changes
an the alpha or beta cells dunng the admmstration of low or high doses of
IPTD carbutaride of tolbutamide for short oc long periads of time

{55 wetro studies of the solated ra2 diaphragen showed a fise an the glucose
uptake when carbutamide wasinjected previously 2 sumilar mse was observed
on the addion of IPTD carbutamide or tolbutamide to the medium 1
tlro Do change i the glycogen content of the dizphragm was observed
The same results were oblmned using daphtagms from allpxanmzed rats
with modesate or severe diabetes  Phewetyldiguamide cawsed a nse tn
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the glucose uptake and a fall in the glycogen content of the 1solated rat
diaphragm

1
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THE PHARMACOLOGY OF CHLORPROPAMIDE

Jurg A Schneder Frnesto D Salgado Dons Jzeger Charles Delahunt
Department of Macrobrology Restorch B v Theragent ¢ Inshiute Maywood v J

Ever simce 1t was recogmzed that insuhn could nat be used orally w the
weatment of dubetes melitus both synthetic tompounds and ratural
products have been m estigated for hypogly cemic sctiaty pharmacologwcally
and chimcally  Severe side effects and/or msufficient activity made many of
the prevtaus attempts futile or impractical

The recent extensive studtes of certain sulfonylureas as orally active hypo
gycemic agentst T are the Tesult of a concentrated research effort of the last
sixteen years? Vhen the therapeutic value of the sulfonylureas was recog
nized the search for the most effective campounds of the series was inten
sitied  Chlorpropamude was selected as a result of an extensive screening
program  Its lugh degree of hypoglycemic activity and prolonged duratton
of action a3 end 4 by sminmal sarmanied  thorough
pharmacelogical and chinical studies

Tins paper summarnzes the present status of pharmacological myestigation
with chlorpropamide tahmng into account previous reports by Salgado ef of *
and Root ® Emphasis 1s placed on new aspects data corroborating earlier
findings are referred to briefly

Vaterigls and ethods

The results zeporied were established 1n muce {Webster strain) rats
{Wistar stram) cats degs and rheses monkeys Routme pharmacological
and bchemical methods were empioytd unless othcmzsc indcated

All bivod sugar d ding to the method
of Folin and Malmros ? The ammals were fasted for 18 hours previous to the
withdrawal of blood samples  Lner and muscle glycogen were determuned
by the method of Sesfter #  Chlorpropamide blood levels were evaluated by a
apeclruphammcmc melhud developed by Toolan and Wagner ®

nas otally m most Where
pzlrcn!:ml admmistration was emplojed the socium salt of chlorpropamide
was used (solubahty m water > 50 percent pIof § per cent sofution = 8 §)
Radwactine matenial conststed of $3 labeled chlorpropamude

Results

iy poglycemic actieuy of chlorpropamude  As reported previously,d ¢
chlorpropamide was found to cause ¢ prolonged hypoglycemmc effect i
borh rats and dags  Swogle pxad doses of 2o mg /g orhigher were reguired
to obtan a defimte effect  Caleulated on a mg /kg basrs this ts at least
twce the secommended average human dose (7 to W mg /kg Jday)  When
compared to tolbutamide in these two species chiorpropanude was somewhat
slower i s onset but more profonged 1 its duration of action, the maxlmal
hypoglycenticeffect af both ¢ dswasofaf 1

427
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Root® had observed that, using both duration of action and degree of hypo
glycema as cntena for evaluation, in both rats and dogs chlorpropamide
was more active on a weight basts than tolbutamide  The hypoglycemic
effecte of chlorp and tolb de were also compared in rhesus
monkeys following single oral admmstration The results of such an
experiment are shown in FIGURE 1 At dose levels of 10 mg /kg orally a
defimite hypoglycemic response was obtamed that was slower 1n onset but

bly greater mn de and more prolonged n 1ts duration of
HYPOGLYCEMIC ACTIVITY OF CHLORPROPAMIDE IN THE
MONKEY
os 9 ] T0LBUTAMIDE
2a
80
©3 1o } ———] tHL
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yE
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3 Y% r ) iz 24
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Ficoze 1 Top iracing crossover sludl:s L1 _4 :nnnl:_eysLulusmung_zhe ):y[:ogl)cemic

effect of chlorpropamide a5 comp

sde At doses of 5 mg /hg orally (not shown on
acuon R4 “dlgf‘u:ﬂ)ebll’:l::i sugar lonering effect was observed with chlor
micuss 1) avherms tolbutamide caused a shyht and rather transient nse of
propamide ‘k‘,e)s at that dose At 50 mg /hg , which 15 an excessive dose,
blaod sugar ds caused pronounced hypoglycemia chlorpropamide again
both compouts e and more prolonged 1nits eflect than tolbutamide  There
being more actre 5 monhey chlorpropamide was active n dose levels thay
fore m the lrhes;xpo“ used 1 the human being 1 The results also mdicate
cnmpc\}l‘1 “:In:znkep, much Iike human beings are more susceptible to
that rhesu!

dogs or rats
de than exther
chlorpropam
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In view of the long duration of action of chlorpropamide, the question
arose whether chlorpropamide had cumulative effects To clanify this
pont, groups of four dogs were mwven doses of 5, 23, and 50 mg /hg of
chlorpropamude orally for several weeks  Blood sugar and chlorpropamide
blood levels were determined at regular mtervals  The results of this study
are shown in FIGURE 2 1t can be concluded that continued admimistration
of subthreshold doses of chlorpropamde did not result m a hypoglycemic
effect, even after 2 weeks of daily medication  However larger doses caused
a gradual decrease of the blood sugar that was paralleled by a rise 10 serum

CHRONIC ADMINISTRATION OF CHLORPROPAMIDE TO DOGS
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Ficuxe 2 Companson of hypoglycemic activity and blood levels of chlorpropamide
1o groups of 4 dogs following daily oral administration at vanous dose levels  Lach pont
represents an average of 4 values  All blood sugar determmations and chlorpropatmide
blood fevels were made 24 hours following the last dose, the ammals were 1n & fasting state

concentration of chlorpropammde  After several days the blood levels of
chlorpropamide stabilized and did not increase beyond a certain point  As
noted by Root,® hypoglycemic effect and drug concentration 1n serum were
notalwaysingood correlation  Reduction or cessation of medication resulted
n gradual reduction of chlorpropamide blood levels and return of blood sugar
to normal values
Since the method of Toolan and Wagner,? 1s not apphicable for determina

tier of chlorpropimide 1n vrine, excretion studieswere pesformed in dogs with
radioactine §% labeled chlorp de gnen 1t ly The results
available are summanzed 1n FIGURF 3 According to these data the radio-
active matenal 1s excreted very slowly, enly about 45 to 50 per cent of the
material given bemg accounted for after 72 hours Chromatographic
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studses are m progress fo deternune whether chiorpropamide 15 excreted
unchanged 1 the dog or whether 1t s metabolized

Toxtcology In acute oral, ntravenous, and mtrapentoneal tovicity
studies 1n muce, rats, and dogs, chlorpropamide was shightly more toxic than
tolbutamidc on a weight bass {TABIE 1), the spectes used, the age, and general
status of the animal were wmportant factors far survival following sigle
doses  Thys finding 15 m accord with the more potent hypoglycemie actn 2ty
of chlorproparmide over tolbutamide

AVERAGE CANINE RADIQACTIVE CHLORPROPAMIDE, 1 V

SERUM AND URINE VALUES
{Four Dogs)
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iments were performed m dogs, rats, and monkeys
g g g from 6 1o 20 months Dogs
which correspands to more than
the human being  Except for
falnas mate

Chromc toxICIty exp
at vanous dose fevels for perods ranginy
(olerated daily oral dose> of 150 mg /hg,
an s —ss tha recommended chnical dose w

“dn:\r;;s(mtmn Towc symptarns obsetved Rete dldius, s 5y
? emors, muscylar weahness coma, and death e et for 6 months to
r Fobs ’S\IW“ o e e g ékg lmp;de:n this species only at
€10
most wteresting phenomenon ey
:hjele;xrgh gose jevels (FIGURE 4) Chlorpropamide caused a retardation m
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Tasre 1
ACLTE TOXICUTY 0¥ CHIORPROPAMIDE AND TOLBUTAMIDE
93 Confidence hmts*

Drug Spectes | Route LIy e the
Chlorproparde Miee | Oral 1675 U 1943
Chlorpropamide Mice | SC 780 710-856
Chlorpropamde e | 1P 760 £93-83%
Chlorpropamule Mwe | IV 500 431 580
Chlorpropamsde Rats | Ocal 2390 1943 2940
Chlorpropamude Rats | SC 760 EA3-O5R
Chlorpropamde Rats | 1D 37> 454 725
Chlorpropsmide Rats IR 390 486714
Chlarpropamide Dogs | Ot | approx 800
Chlorproparmdc Dogs | I\ | approx 575
Tolbutamide Mice | Ona) 1830 1591 2105
‘Tolbutamde AMice | IV 700 669731
Tolbutande Rats. Oral 2490 20292936
Tolbutamde Ras | 1V 775 731 837

* Whenever possible 1Dy 20d 95 per cent confidence hmits were calcufated according
10 the method of Litchfeld and Wikcoson  TMC {carboxymetiviceliolose) wos esnploned
453 suspending agent  Rats and mice tsed were weanhings
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growth that was dose dependent the food intake of these rats however di
not decrease proportionally In order to check whether chlorpropamd
nterfered with the availabilty of certain amng acds escential for gronth
cystetne and/or glycine \ere added to the diet 1 equrmoltr concentration t
chlorpropamide  Although glycine but not cystene alleviated growtl
depression shghtly these dietary adjustments fasled to overcome chlorprop
amde mduced grow th retardation

Rhesus monkeys are presently being muntained on chlorpropamide orally
n doses up to 200 mg /hg (about 30 times the blood sugar lowering dose)
mtermttent diarrhea mn the high dose range 15 the only touc symptor
observable

o me o0 froma dog treated
orally  No s gns of

Autopstes were performed on all animals sacnficed alter periods of up to
' en  nowasgnen to the

1 dog treated for
As 1n all other
anges Thistsin
with the ummpaired 1L BT TUNLHIOL 0L W ou o wwes 35 €Y 1denced by
;:;oorddlcal hver functlpon tests such as for alhalme phosphatase thymol
turbidity or Bromsulphalem (BSP) '
Vode of acion Desp te thorough pharmacelogtcal investigation qu;;bm
tive dilferences between the imode of action of chlorpropamide and Hm ut
amude could not be established  Chlorpropamde show ed 2 marked effect on
metabolism as evidenced by ncreased glycogen content of the liver
6) on the other hand glycogen content of stnated mufcle was

glycogen
(FIGURE
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1 Insuln was not d by de (F1cURE

1), whﬂe glucose tolerance remained within the llmlts of normal In our

laboratories similar results were observed with tolbutamude  In accord with
S e *

. [ '
- -
several 0ays {FIGURL 8)  1ne pnenomenon was Jeversii alicf waw i ua
tion of medication for 72 hours  Furthermore allovan diabetic rats showed
no hypogl reaction to chl de, whereas severe hypoglycem:a

EFFECT OF CHLORPROPAMIDE 100 mgs/kg

po ON LIVER AND MUSCLE GLYCOGEN

2 HOURS AFTER TREATMENT
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FIGURE 6  Glycogen contents n hver and muscle before and followng chlorpropamide
treatmentinrats  Sx rats were used for each determmation at a dese level of 100 mg kg
orally The amupals were sacnificed 2 hours after treatment  the blood sugar determina
tions take ndicate the of the The apimals
were fasted throughout the test Chiorpropamide caused an ncrease in hver glycogen
over the control but caused no change i muscle glycogen  This 15 1n accord with data
tn the hiterature obtamed with other sulfon lureas

and death followed drug treatment of adrenalectomized rats (FIGURE 9)
Similar expenmental data are reported for tolbutamde ¢ 2

Chlorpropamude was also investigated thoroughly for pharmacody namc
actions other than those related to sts hypoglycemic acttvity It Jacked
specific blood pressure, respiratory, or diureuc effects m doses that caused
profound hypoglycemia  There was no antagonism to histamine or acety]
choline 1n the 1solated gunea pig tleum

The most obvious symptoms following high doses of chlorpropamide m
mice rats, cats, and dogs are general weakness, associated wath atawa, and
incoordination  They may oceur within a few munutes after 10trayenous
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admimstration of high doses to an unanesthetized ammal ~ Patients recerv
ing an o1 erdose of chlorpropamtde are known to complain of muscular weak
ness *  Hypoglycemiz may be a factor involved, but glucose mfusions were
sometimes not adequate to alleviate these symptoms On the other hand
the posstbility of a direct ph; logteal effect of chlorpropamide on efectro-

INSULIN AND GLUCOSE TOLERANCE TESTS
IN DOGS AFTER A YEAR OF DAILY
TREATMENT WITH CHLORPROPAMIDE
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lyte balance muscular function, spmal refleves, or central nervous system
be considered

m"’;l‘:e electrolyte balance was studied 1n dogs who received repeated sug
lethal doses of chlorpropamide untl a state of prostration was cb;amem
Sodium and potasstun values 1z serum wnere within hmis of m:nn;\t 1‘}::«-
few exceptions (TiBLE 2)  On the other hand, 1t 15 notc\\olnhy (hamb"ml
dogs appeared to respond more rapidly and more tompl;ﬂey tol c:‘)e
infusions of glucose and tsotonic saline solutions than to glucose alo
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1In the cat nerve muscle preparation there was evidence of a direct effect of
high doses of chlorpropamide on contractile force (r1cure 10) Mono
synaptic (knee jerk) and polysynaptic spinal reflexes (flexor reflex) in cats
were decreased gradually however, all these effects were not sufficiently
marked to explain the degree of weakness observed 1n the mntact animals

HYPOGLYCEMIC EFFECT OF A SINGLE
ORAL DOSE OF CHLORPROPAMIDE
100 mg/kg IN RATS

o ALLOXAN
e e — — - GIABETES
x
3
H
8
g
S
“ INTACT
z HERATECTOMY
@
2 3 \
& \
e
& 40
RENALECTOM
0l ADRENALECTOMY
° 2 .

MOURS.

FIGURE®  The effect of single oral doses of 100 mg /kg chlorpropamide to rats under
various conditions  Blood sugar determmations were made every 2 hours Fasting
condibions were muintamed throughout the test  Six rats were used in each group and
the blood sugar responses of the groups were compared at each pomt with the presnjec
non level  Allozan diabetic rats showed no hypoglycems adrenalectomized animals
responded with a large drop n blood sugar followed by death between 2 and 4 hours after
drug admmnistration” No significant difference was observed I hepatectomized and
intact anmals

Thane v A performed 1n cats immoblized

change 1n doses of as much as
by acoustic or sciatic stimulation
were not abolished  Unly atter doses of 130 mg /kg IV or more was a
slowing of the EEG noted, spindles were observed occasionally, but incon
—

FIGTRE ﬁL Effect of chlorpropamide on beta cell granules of rat pancreas siained nith
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CHLORPROPAMIDE
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FiGuRe 10 The effect of high doses of chlorpropanude on contractile force of the cat
sciatic nerve {(Nembutal b The muscular contrac
tion was reduced only by about 20 per cent following ntray enous admunistration of bigh

doses of chlorpropamide

/
!

sistently  During these expeniments, the blood pressure vaned from 110 to
130 mm Hg, and showed only a shght nise after drug admimstration

Duscussion

Although the hypoglycemic effect of chlorpropamide could be demon
strated 1n rats, rabbits, and dogs, the rhesus monkey was not only most
sensitive to the drug but, hke the human being showed a more pronounced
and more prolonged hypoglycemic response than it did to tolbutarmde  The
metabolic fate of chlorproparude may vary from species to species and may
esplain these quanutatne differences  Such species vanations in metab
olism for tolbutamde are hknown to exist between dogs and human beings @

A cumulative effect may occur 1n dogs for the first few days following oral
admimstration at various dose levels, but an equilibrium was reached within
a few days beyond which cumulation did not progress  As obsenved by

. T = Taawp anlconm
a

mn the human being
From the limited data available on the fate and excretion of chlorpropamide

1n dogs only, few conclustons can be drann at this ttme  The long duration

of action of chlorpropamide appears to parallel a slow rate of excretion
Chromatographic analy sis of urine will determine whether chlorpropamzde
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15 metabolized m the dog, unchanged excretion 1s reported for the human
bemng ' ‘The difference m hy poglycemc potency betneen dogs, on the one
hand, and human beings and monkeys, on the ather, may depend upon differ-
ences mn metabolism It has been suggested* that chlormation of the
phenolic group p d carboxylation of the I the para post
tian, a reaction known to take place with tolbutarmde in the human bewg

When given chromically to rats, dogs, and monkeys chlorpropamide was
tolerated without untoward side effects 1n doses at least twenty tunes the
recommended human dose  This represents a remarkable degree of safety
for a powerful hypoglycemicagent  Of special mterest was the lack of husto
pathological changes i livers of rats and dogs treated with high doses of
chlorpropamide for periods of up to twenty months These results are m
agreement with findings of Root,® and they support the view that reversible
Jaundice, encountered only very rarely in human patients, 1s more a matter of
mdividual rdiosyncrasy than a tovic effect charactenstic for chlorpropamde
It may be necessary to consider such factors as history of liver disease
impatred Inser function prior to medication, or even mcrease 1 biliary secre-
tion as described by Purnell et af * for the sulfonylureas

Growth mhibition as seen exclusively n the rat experiments may have
sanous causes and may exentually offer an approach to the mode of action of
chlorpropamide  However, the results available at present do not allon an
analysss of this drug efiect  Metabol ference of ch de with
cysteine and/or glycine supply to the growing orgamism was considered but
this reaction 1s unbkely because addition of these amimo acids to the diet did
not overcome growth depression It should be remembered that nonspecific
stress'® might be a factor

B B

I ~ .

RN a " .o P L o
PR .

T [ Wl PR
sodium infusions than to glucose alone 15 yet unexplained, as no evidence of
sodium deficiency could be obtained 1n these animals

In 1teelf the durect effect of chlorpropamide on the contractile force of
striated muscle was not definite enough to account for ataxia and weakness
1he same was true for the reflex depression obttined m cats

Gerstenberg et af 17 had observed reflex depression m rabbits with tolbut
amnde, an effect that seemed to be much more pronounced and was assumed
o ke unatlased o hypoghycensa

Tt 13 doubtful whether the TEG findings following high single doses of
chlorpropamude offer an explanation for the <ide effects obsened with toue
dowt> of the drug  Amounts of chlorpropamide necessary to elicit these
LLG changes must be considered excessine However, 1t 15 concenvable that
hypoglycema as well as central and penpheral nenvous system effects ¢
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chlorpropamude are contnbuting to the symptoms described for the mntact
orgamem

Summary

Chlorpropamide 1s a potent orally actr e hypoglycemic agent of long dura
tion of action  Its actrity may be demonstrated best i rhesus monkeys
where 1t shows actmity in the dose range used m buman bemgs Fate
studzes 1n dogs 1ndicate slow excretion of the compound m acute experiments

Upon chromic admnustration to various species of animals, chlorpropamide
was found to be well tolerated in doses twenty times greater than the recom
mended human dose  With the exception of growth retardation in very high
doses 1 rats, the compound produced no gross anatomical or histopatho~
logical changes

Chlorpropamide 1s qualitatnely similar to, but quantitatively more potent
than, other hy poglycemic agents of the sulfonylurea types Evidence was
ptesented that certain central nervous system effects observed experimentaily
after gh doses, or clinically following overdosage, may be related to a direct
action of the drug rather than to 1ts hy pogly cemuc effect
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Discusston of the Paper

Mary A Root (The Lilly Research Laboratories Ely Lilly and Company
Indianapolss Ind) Jurg A Schneider and I are apparently n complete
agreement about the pharmacology of chlorpropamide* However I can
add a bit to his study of its metabolism  All of this study of metabolism
has been done by John Welles of our Toxicology Department

Schneider mentioned that paper chromatography of unne from dogs given
S“ labeled chlorpropamude yielded three spats We have ued unlabeled

1n simmlar exp and have ako found three spots from
dog unne The spots were eluted from the paper crystalized and then
1dentified by x ray diffraction and infrared studes  The formulas of these
three substances are

i
¢ 50,~NH—C—NH—CH,CH.CH ¢}

o

It
c1©so,—1\mfc—x~mz ®
c1©soz—NH, ®

The total amount of each metabolite was determined by elution from the
paper and measurement of the ultraviolet absorption on a recording spectro
photometer This method 1» not completely quantitative but does give
approumate values

In normal dogs mamntained on a constant daily dose of chlorprapamde
from 27 to 33 per cent of the drug (Formula 1) was excreted unchanged
every 24 hours The 1 (Formula 2) d for from 35 to
40 per cent of the administered dose, and the sulfonamide (Formula 3) for
another 16 to 24 per cent This gives a total 24 hour recovery of from
78 to 97 per cent of the datly dose  These studies do not exclude the poss:
bility that there are other metabolites of chlorpropammde but Welles has
been able to account for the major portion of the drug

The metabolic products of both carbutamide and tolbutamde have been
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shown to vary greatly from spectes to spectes * ¢ For this reason we have
mnvestigated the major metabolic products of chlorpropamuide 1n rabbits
In these ammals 80 to 9> per cent of a dose of chlerpropamtde was excreted
unchanged (Formula 1)  Prehmmary studies m man indicate that some of
the drug 1s excreted unchanged but that there are probably 1 or 2 metabolic
products  Much more work must be done before we can establish the exist

ence of such products and 1f so their identity

References

1 Roor M A M \ 81641, JR & R C AnpERsoN 1950 Duabetes 8 7

2 Roor M \ 1957 J Pharmacol Exptl Therap 119 468

3 Louis L H 5 S Fajans J W Coww W A Strick J B Wrient & J L Jackson
1956 ] Am Chem Soc 78 5701

4 Momvike G G WITTENBOGEN & W LacexsEch 1958 Naturiss 45 13



HYPOGLY CCMIC SULFONYLUREAS EFFECT OF STRUCTURE
ON ACTIVITY

Willam M McLamore G M Fanelh S ¥ Pan G D Laubach
Research Laboratories Chas Pfi er & Co Inc Brooklyn \ ¥

Although a very considerable hiterature has accumulated on the pharmaco
jogical and clin cal properties of 2 or 3 sulfonylurea drugs httle or nothing
has been published unt:l quite recently on the efiects of structural changes on
hypoglycemic activity within this general class * ¢ We thought 1t would be of
nterest therefore as background for this monograph to outline the results
of such a study which has been under way 1n our laboratories for some time
and which has led to the hypoglycemic agent chlorpropamde (Diabmese)
Moreover although our results are in substantial agreement with those
recently published there are some minor differences

N—N
N -@- S0 NH-C &—CH(CHs)
\s/

2254 RP(IPTD)

HN—CH,

L g
HoN —@— S0, NH—C\\O CH,—CH, CH;

CARBUTAMIDE (BZ-55)
TiGire 1

The detatled history of the hypoglycemic sutfonylureas 15 too well known
to require repetition here  One facet of this history however 1s pertinent
to the present discussion namely the close structural resemblance (FIcURE 1}
of the earlv sulfamlylthiadiazoles (1942 © to the Later sulfonylureas (195) ¥
In view of this close stmlanty it 1s perhaps surprsing that the hypogly cemic
effects of sulfonylureas were discorered so much later and apparently com
pletely by chance

Discovery of the hypoglycemic properties of 1 butyl 3 sulfanily lurea or
c:rhunmu[e’ (B 55 Invenol Nadisan) nassoon followed by the discovery® ¥

H3
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advantage of this structural change was the complete loss of antibacteria]
pmpertl’e‘s~a Dredictable result which was carefully confirmed for tolbuta

ratories and screened pharmacologically for therr effect on the blood sugar

H2N —Q- S0, NH CONH CHp CHy CHa CH

CARBUTAMIDE
CHj —@— 50, NH CONH CH, CH CH, CHy
TOLBUTAMIDE
cl —@—SOZNH CONH GH CHa CH
CHLORPROPAMIDE
FiGUxEe 2

of fasting white rats at several intervals after oral admmstration of 100 to
300 mg /kg of the compound OQur goal of course was to find a drug of
supenior potency and duration of action and with mnimal side effects  The
structure activity correlations resulting from this study are outlned below

As illustrated 1 FIGURE 3 the generalized sulfonylurea structure can be
considered 1n three portions (1) the alkyl chain R (2) the urea portion and

] ] 1
Ar £50,LNHCO nH-LR
3 | 2 : 1
1 1

FiGTRE 3

(3) the (substituted) acyl group  Theeffectson actry ity of structural changes
1 each of these three portions taken one at @ time are indicated m pICORES 4
to 8

Tn most of the actie series stmple alky 1 chams of 3 to 4 carbon atoms led
1o pesh o tnaty  Homologues having 1 branched alkyl chain such as
tert butyl or a cyche alkyl substituent had quite good activity with a
probable shift of peak actruty m the cyche case to Cs-Cy Compounds
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i which the N” atom was disubstituted were moderately actine  Replace
ment of the alky ] substituent by aryl also aflorded some compounds of good
activity

Modifications in the urea portion of the molecule that have been studied are
outhned n FIGURE 5 (simple changes) and FIGURE 6 (more complex changes)
Such modifications led almost untformly to loss of activity, weak activity was
retained 1n a few of the structural vanants, notably the thiourea, the carba
mate, and one of the more complex analogues

Vanations n the aryl portion of the molecule (FIGURES 7 and 8) were the
most fruitful of all the structural modifications studied  In general p sub
stituted aryl substituents led to compounds of maximal activity and duration
of action Unsubstituted phenyl denvatives were usually less actne,
o-substituted and i substituted (2,4, 2,5, 3 1) phenyl compounds were still

N S0,
# \\ ~
Gl OO
N= 9”’
NH CaHo
+

ACTIVITY * b4

N S0z
c -@— 50, NH-C:/ :' @ u
N c
H RH 50, ¢)-cI
ACTIVITY * +

Ficure 6 Effect on actiity of more complex changes in the urea portion

less active  NaphthyIsulfonylureas were very seakly actne  Compounds
1n which the aryl group was heterocyclic (for example, 2 thienyl, S-chloro 2-
1) were, however moderately active
th%}e’ 311‘;:{ effective of all # substituents studied was halogen (C, Br), and
especially chlorme From a considerable number of p-chlorobenzene-
sulfonylureas with various alkyl substituents, the propyl compound was
chosen on the basts of extensive animal work as the most potent and longest
actimg of all the sulfonylureas studied m our program TEHS compound has
recen ed the generic name chlorprop de and the Pfizer t: L Dizbinese
Extensive further work 1n ammals and 1n man has demonstrated this drug
to be distinctly more potent and longer acting 1n all species than preivious
sulfonylureas  The relatively short duration of action of (olhu:armdc ltnl;n?n
can very probably be attributed to sts faurly rapid am{ comé)hc’e;; x:}ep :m(; d‘:
This fact1s1m
»amude decrease
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[d
cu,—@—soznu CONH CHy ——>  POOC SO,NHCONH C,H,
METABOLIC

TOLBUTAMIDE INACTIVE  METABOLITE

0,
cl —O—SOZNH CONH C;H, %’é

CHLORPROPAMIDE
Ficure 9

much less rapidly than those of tolbutamide and that the drug produces
hypoglycemia of longer duration
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THE PHYSICAL PROPERTIES OF CHLORPROPAMIDE AND
ITS DETERMINATION IN HUMAN SERUM

Thomas J Toolan and Richard L Wagner, Jr
Chas Pfier & Co Inc Brooklyn X ¥

Chl mide [1 {¢ chlorot 1) 3 propyl Diabinese*]
belongs to the class of arylsulfonylurea compounds, which have found wide
spread use 1n the oral treatment of drabetes melhtus It was felt worthwhile
to study some of the physical properties of this compound and to develop a
method suitable for ats determination 1n human serum

Chlorpropamide can be characterized by a number of physical properties
The present paper deals with prelimimary observations on the following (1)
titration behavior, (2) melting point (3) ultraviolet absorption spectrum,
(4) nfrared absorption spectrum (5) solubility, (6) paper chromatography
and (7) countercurrent distnbution  Such data proved useful in the develop
ment of an assay method for this preduct

Several assay methods have been reported for 2 other arylsulfonylurea
compounds namely, tolbutamide and carbutamude 'f  Forist f al ,* Spingler
and haiser,? and Bladh and Norden* developed methods for the determina
tion of tolbutammde (1 butyl 3 p tolylsulfonylurea) these were based essen

tially on the ntense of this Is dat228mp In
addition, McDonald and Sawinski® and Spingler® described colonimetric
d for the of tolk de Carl de (1 butyl 3

sulfamiylurea) can be determined 1n serum by diazotization and coupling
reactions” The method to be descnbed for chlorpropamide 1s based on the

of this T d at 232 5 mp1n 0 01 N hydrochlonc
acd It s isolated from serum by a two stage extraction procedure which
ncludes (1) extraction of serum acidified with phospheric acid with chloro
form, and (2) re extraction of the chloroform phase with a dilute solution of
sodim carbonate  The aqueous phase from the second extraction ts adjusted
to H 2 with hyd: aad the chlorp: de content 15 by
measurement of the absorbance at 232 5 mu

EXPIRIMENTAL
Physical Properties of Chlorpropamide

Titration  Chlorpropamde 1s an acid, 1t ¢an be titrated as such 1n several
wolvent mixtures Dioxane water, acetone water, and US P ethanol water
were found to be quite useful for this purpose, equal volumes (10 ml ) of
each solvent were utilized 1n these muxtures Chlorpropamide (70 mg )
was dissolved it the diovane water medum and was then ttrated poten
uometrically sith standard ¥ 5 N sodiumhydroside  The resulting titration
cunve (FIGURE 1) 1s that of a monebasicaad A blank titrition was alse run

* Diatinese 1s the trademark of Chas Pfizer & Ca Inc, for chlospropamule

1 These comy ounds are referred to 1 the hterature under various designations and
names (Constam’)

9
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on the solvent mixture alone  An equnalent neght of 27

calculated for CroH1N20,5CI 15 272 7 In dmeé:; “fnﬁf:a;;ou?g),ulh:;

65 was indicated for chlorpropamide, whereas the #Hy, values 1: acy te 3

water and USP ethanol water are 62 and 6 1, respectively Thee 0}“{

value cotresponds to the pH at the 50 per cent nevtralization pornt 1n z“}’xes‘é

;l}t;a(l::l curves  These determinations were made with 2 Bechman Model G
meter

pH

ol 02 03 04 05 06 07
VOL OF 0452N NeOH Gi)

A=SOLVENT BLANK
B=CHLORPROPAMIDE

Figure ! T fitration of chl m dioxane water

Melting pornt  Chlorpropamde melts at 127 5° to 128 5° C Previously
Marshalh and Sigalt Teported 2 Tange of 127° 40 129° C, and Ruschag ot of !
a range of 126° to 128° C

Ullraviolet absorplion spectre  In 001 N hydrochloric acid chlorpropamde
exhibits an ultraviolet absorption mauimum at 2325 mp (¢ = 165 X 10%)
and 2 senes of less intense absorption maxima through the 250 to 280 mu
wave length region  The latter occur at approumately 257 5 mp, 265 3 mp,
269 mu and 277 my, with € = 710 at 265 5 mu (FIGURE 2) Absorbance at
232 5 my follow s Beer’s law over the concentration range 0-15 v/ml

4
00
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In USP ethanol, chlorpropamide shows a at 2315 mp
(e = 15 8 X 10%) and a senes of weaker absorption mavima through the 250
to 280 my wave length region  The Jatter occur at approumately 258 mp

265 mp 2683 mp and 2765 mp with e = 580 at 265 mu

15
10
3
z
g A
4
9
205
0055 3% 275 566
WAVE LENGTH Gy

=148(¥%L)
8 148

11rere 2 Ultraviolt at sorption s ectrum of chlarprojamide n 001 \ 11C1

1n 001 \ sodium hydroxide ch de exhibats an i xt
mum At 229 5 mu (e = 132 X 107 abiorphon 1n the 250 to 280 my remon s
not as cleatly define | as 1n the above two solvents

Infrared absorplion sprcira Chiractersstic absorplion masima in the infra
ted spectrum of chlorpropim le be\\\cen 2 4 10 ¥5 g are <honn in FICYRE 3
The-e <piectra '
mull a potas

Satudilaty
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lvent:
solven _f Conce‘n'tratllons of 25 mg/ml are readily obtanable at yoom

particufarly n acid media  Lhe solubility of chlos m

(Macllvaine) aqueous solutions at pH22 toyﬁ O was d?:::l::neg eaflt'e‘rl;uhff:ﬁsd’
equiibration at 25° C The amount of this compound that dissoles
n this H range 1s as follows pH 22,01 to 02 mg /ml, pH 30, 01 to
02mg/ml, pH40,01t00 2mg /ml, pH50,0300 {mg /ml , pH60,2 1

K
5
> 50
<
=
5 o WUToL MuLL
2 100
P4
<
& 50
=
@ Ol cHEY, 25 %
Q100
[+
w
Q50

0 _ . Ko 1%
23 4 567 8 910111213 KI5
WAVE LENGTH IN MICRONS
Ficure 3 Infrared absorption spectra of chlorpropamide
to 23 mg /ml At pH values greater than 6 5 concentrations of chlorprop-

adily obtainable under these conditions
artition  chromatography was used to

An apparatus similar to that described
. re with the following solvent systems
(1) mobile phase, ethyl acetate-chloroform {1 3) saturated with formamide—
immobile phase, formamide methanol (1 1), Whatman No 1 paper, (2) 2 per
cent K:HPO, with untreated Whatman No 4 paper, and (3) mobile phase,
chloroforin saturated with ethylene ghycol—mmobale phase, ethylene glycol
methanol (1 1), Whatman No 4 paper The 2 per cent K-HPO, system
used ascending solvent flow  Solutions of chlorpropamide were spotted on
paper In Amounts containing 50 to 100 ¥ of compound, at times as much as
1000 ¥ was streaked on the paper After development and drying, spots

amde greater than § mg /ml are re:
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were detected ether by their ultraviolet absorption through 2 zine silicate-
coated fluorescent screen®! ot by spraying with blue tetrazohum reagent ¥
After spraying with the blue tetrazohum reagent, the sheet 15 warmed a short
tyme tn an oven (90° C ), chlorpropamide exhibits a whitish zone on a general
blue background Single zones were observed in these systems In the

Q30

o
Y
Q

FRACTION IN TUBE
o
Q

OV 3345678

TUBE NUMBER

--— EXPERIMENTAL CURVE
——  CALC THEORETICAL CURVE

LiGtRF 4 (. of chi ) o
P67 buffer Tetween and

ethy! acetate chloroform (1 3) system the R, value was approumately 0 1
1n the 2 per cent ksHPO, system, approvimatels 08 09, and 1n the chloro-
form ethy lene gly cal system, approvmately 0 2

Comntereurrent distributien  The homogeneity of chlorpropamide was
tested by means of the techmique of co istrib
c was distrit between chl

his
and Clarh and Lubs pH 6 ¥




454 Annals New York Academ) of Sciences

bufler  Under these conditions the tistrbution coeficient of chlorprepamde
18 about 1 An 8 plate transfer was run, using a chloroform solution of
chlospropamide {concentration of 00 y/ml ) At the end of the distributing
the chlorpropamide cantent of each phase sa each tube was determned
through altravieler spectrophotometry  VWhen the fraction of the total
chlorpropamide content per tabe was plotted agamst the corresponding tube
number, a typical distub curve was obtamed m good with a
calculated cusve (FIGLRE 4}

Microenalytical date Chiorpropamide can be recrystaltized readily from
acefope nater migtures  Typcal ical data are caleulated for
CuHlsN:0€CIS €, 4340, H, 474, N, 1012, 5, 11 59, Cf, 1281 Found
1, 4348, 4345, H, 475,484, N, 1017, 1002, 5, 11 99, 11 84, C, 126

Determination of Chlorpropamide we Human Serum

Reagents  Frue reagents were used in thus stady

(1) 0067 M Phosphorc zerd 455 mi of concentrated phosphoric and
(Mallincksodt, A R, 835 peccent) diluted o 2 totat solume of 1000 m! with
water

(2} Chloroform Mathachrodt & R

{3} One per cent sodium carbonate Mallinckrodt, A R, 10 gm of
anhydrous sodium carbonate per 1000 m! of solution

{4) Hydrochlaric aerd {2} 04 N (b0 N

{5} Chlorpropamude stoch solution 200 mg of chlorpropamide are sturned
with 30 ml of distlled water and sufficent 01 N NaOH 15 added (vath
strning) untsl a pH of 7 15 reached  The resulting solution 15 transferred
quantiatnely to 3 100-mi volumeinie flash and diluted to the mark with
distslted water It is stable for at least one neek nhen stored at room tem
perature  This stock solusion seres as a comenient stazting poit tn the
preparation of solutions for use 1w recoveny expenments and the determma
tion of the E}Y, vale of chlorpropamyde

Apparetus  In ths expenment the following apparatuses were used [¢3]
centrifuge tubes of 10 and $0-m} capacity, gass-stoppered and griduated,
(2) a centrifuge capable of handhng the centnfuge tubes, and {3) a spectro
photometer, either the Bechman Model DU spectrophatometer or the Carsy
Model 1f recordmg spectrophotametes quartz cells {1 o 7 -~ 1
for absorbance measurements

Tt should be me=e
out this assay §

and dnied prior
Procedure O . ot serum s muved with 2 mi of G067 M phosphoric

aexd and 4 ml of water m a 40-m! centrifuge tube  The resultmg acidified
serum 15 then exiracted with 10 ml of chioroform by gentle shaking fox about
15 seconds *  The phuses are separated by centnifugation, and 5 mf of the

* Qecasionally 2a crmulsion ferms at s stage which 15 not eawh) broden by centnifuga
tn B shis oceurs an addissonal 10 m§ of chloralorm ase added to the centofuge tube
and the contents are reshaben and tentafnged  Instead of 2 5 mi abauot 2 10-ml abquot
ot the clear chiotoform layer 13 waken and the expeniment continued as above

wwwrelorm



Toolan ef al  Physical Properties of Chlorpropamide 455

chloroform layer 1s transferred to a 10-ml centrifuge tube contamming 5 ml
of 1 per cent sodium carbonate The contents of this centrifuge tube are
shahen and then centnifuged A 4 m} ahquot of the sodium carbonate layer
1s transferred to a 10-ml volumetne flash neutralized with 2ml of 04 N
hydrochlonic acid and diluted 10 the mark with O 01N HC1  The absorbance
ralue of this solution 15 determined at 232 5 my using erther the Bechman
ot the Cary sp The reference
solvent 15 001 N hydrochlonic acid  As a blank a serum sample (devoid of
chlorpropamde) 1s processed through this same procedure and measured n
the same fashion If a Cary recording spectrophotometer 1s asatlable it 1s
well occasionally to record the ultraviolet spectra of the sample and blank
over the 220 mg to 300 mu ware length mtenal
Calenlation  Chlorpropamide concentration

(Ls = Ap) i 4 m,(109)
(DELH)

where £15 the cell path 1n centimeters {sand Ipare the absorbance values of
serum sample and blank and k]2, 1s the absorbance of a solution of chlorprop-
amde n 001 N hydrochlorc acid at a concentration of 1 gm per 100 ml
when measured in a 1 em cell at 2325 mp

Recotery experiment  hnown amounts of chlorproparmde (>0 to 250 y/ml )
were added to human serum and then were processed through the above
assay procedure  The results of a ly‘p|cal recorery expieriment are shown i
Tapir 1 Here recovery 1s E on a

(v/ml) =

aBLE 1
RFCOVERY OF CILORPROPAMIDF ADDED To IIDMAN SERUM

Chlorpropamade a lded | Chlorpropamute found | Recovery
’ {viml) (percentages}

250 28 »

20 28 %

230 | 218

125 \ 127 l 102

128 123 93

128 ‘ 123 03
e st 100
0 ! 50 100
0 5t 102

variety of serum samples to which chlorpropamide had been added in varying.
amounts (37 to 564 v/ml) yielded a retu\tr) af 99+ 14 per ccm * It
recommended that reer ar  avnar mon -
famuiliarize one with the
to determune the § 15,
tory conditions

# \erage £ average deviation
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Serum blanks A serum sample obtained from the same subject before
the administration of chlorpropamide when processed through the normal
procedure serves as a conventent serum blank A vanety of scrum samples
{free of chlorpropamide) from both diabetic and nondiabetic subjects was
carried through the above extraction procedure and gave apparent chlorprop
amude concentrations of 13 + 27 y/ml

Reproducibrlity experyment  Serum samples from several patients being
treated with chlorpropamide were b Ten 1ndwidual d
tions were made on this pooled serum sample  These results are symmarized
1N TABLE 2

REPRODUCIBILITY OF ASSAY ON COMBINED SERLM Saupies

Assay No Chlorpropam de content

Bomuomsmnn
g

-

193 +18

Identification of Chlorpropamide wn Human Serum

In order to demonstrate the presence of chlorpropamide 1n human serum
the following 1solation experiment was conducted  Serum samples from 16
diabetic subjects were pooled to provide 30 ml of serum with 2 chlor
propamide content of 138 y/ml  This pooled serum samp!e was aadifed to
#H1.2 10 3 with 0067 M phosphonic ackl and was e Jath chloroform

now shaken with 2 volume of 1 pet cent sodum carbonate such that a fourfold
nesease wn cancentration was effected  This 1 per cent sodum carbonate
laver was removed neutralized s1th 04 N HCI and diluted so as to provide
two solutions comparable mn roncentrations with those shown in PIGLRE 2
The ultraviolet absorption spectra of these 2 solutions were recorded on 2
Cary Model 11 spectrophotometer and were found to be 1dentical with those
of chlorpropamide  After the determination of the ultraviolet absorption
spectrum these solutions were combined and extracted with chloroform
The chloroform extracts were concentrated to dryness in a stream of mtrogen
and the residue nas dried at reduced pressure over potassium hydroade
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The mfrared spectrum of this residue was determined 1n chloroform 1n a
mcrocell on a Ba rd recording spectrometer and 1t was identical with that
of chlorpropamude  Furthermore the paper chromatographic behavior of
this residue s the same as that of chlorpropamde in the 2 per cent k. HPO,
system

Interferences  The method descnibed for the determination of chlor
propamde 15 not specific for this compound  In order to test for possible
interferences the following compounds were added to 1 ml of serum n the
quantities indicated and were carried through the usual etraction procedure
(1) # chlorobenzent o ~n .
stlfonamide (0 2> 1 «
{5) 8 hydrotybuty !
{7) salicyhc acid (05 mg )  The ultraviolet absorption spectra of the result
ing solutions were examined in the wave length mnterval 220 to 350 mp
using the Cary Mode! 11 recording spectrophotometer  In the case of sodium
# chlorobenzenesulfonate acetone and ethyl acetoacetate the resulting
spectra were comparable to that of a serura blanh  However the ultraviolet
absorption spectrum of the solution obtamed from the § hydroxybutync acid
experiment exhibited strong end absorption thus making 1t difficult acca
rately to determme chlorpropamude 1n the presence of 55 mg /m! of this
c d With pdl b acetybalicyhe aad and
salicylic acid major absorption masima were found at 228 mp 227 my and
2355 myu respectnely ndicating that these compounds would present a
serious intetference 1n the procedure used to determine chloropropamde

Stangary

Chl 1s an aodic sub as demonstrated by potentiometnc
titration  Its ultraviolet absorption spectrum shows a mavimum at 232 5 my
1w 001 N hydrochlonic acid with less mtense maxima 1n the 250 to 280 mp
wave length region  The infrared spectrum of chl de ts
characterized by a number of strong absorption bands through the 2 to 15 x
wave length region It 1s soluble 1n a vanety of common orgame solvents
but exhibits a Limited solubility 1 water at pH values below 5 Its homo
geneity can be demonstrated by paper partttion chromatography and counter
current distnbution

A method 15 for the d of chlorp 1n hyman
serum It consists of a two stage extraction procedure that includes an
extrichion of aadifed <erum with chloroform followed by re extraction of
the chloroform phase with dilute sodium carbonate  After suitable acidifica
tion of the sodwum carbonate phace the chlorpropamide content 1s deter
mined by measurement of the absorbance at 1325 mu  Recoveries of
chlorpropamide from human serum and serum blank values are quite accepta
ble The manipulations invelvel 1n the assay are relatively smple and
determinations can be carned out in reasonably short time intervals  Chlor
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B hydroxybutyne aad  p chlorobenzenesulfonamde  acetylsalicylic acd
and sabieylic acid would present tntetferences
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FFTABOLIC FATE OF CHLORPROPAMIDE Ih MAN*
Philtp C Johnon Aften R Hennes Theda Dinscolf, heelly M West

Rudiossstope S ruace and 3 dical Service S elerans 1dmmrriration Hosp taf and
Department of Mediane £ nnernty of Uklahoms Oktaboms Citv Ohls

“e have mvestigated the nrsary exeretion, bkyod levels protetn bnding,

hic behavior of ch anew sulfonylurea  Th

was accomp1x~lml by ad! 1 this drug to habetics and to dabetic

pitients  York by others has shown that tolbutamide anathes sutfonyturer

has 2 serum half time of 4 hours and that ww carbog lated at the p methy?

group e 't On the other hand carbutamde has & longer serum half

ume of 33 hours and the gammo group is acetylated s wsto? To our

Lnowledge there are no d reports the ¢ fate of
chiorpraparmide m man

Methods

The radwoactive chlorprop de usedd 1 these evp had an mtial
speaibe activaty of 66 6 mg me  Jt was guen as a water solution wath sufh
cient carner added so that 20 ac of sulfur 35 egualed 250 mg of chlorprop-
amle  This solution was green to patents as follows

Group I Four nondiabetic pattents without renal disexse were ghen a
singte oral dose of 250 my of radsoactin e chlorpropamide contamng 20 e of
suifur 35

Cronp 2 lhree stable diabetic pattents sulyect No 1 45 years ofd
recened S00 g tofbutarmde tnice dady subjects Nos 2and 3 71 and 61
years od tespectively recerved 230 mg of chlorpropamude dady as therapy
On the day of the test each patient recenied orally one dose af 250 mg of
rathoactn e chlorpropamde  No further chlorpropamide was gnen dunag
the test period

Group 3 (8} A 3 year odd diabetsc patient who had not recen ed chlor
yroparaude prior ta thy test nas gnen itravenously 200 ue of mdinacine
chlorpropamide without rdded caerier  Oue trblet of 250 my of chlorprop
smide wis gnen orally at the same time {3} \ 71 year old dubenic was
weated 1 the same way as the patients of Group 1

The rachoacine samples were counted nith an automatic micromd gas
o G M tubie with an average bickground of 14 cpm tng & presgt count

of 1000 Sufficient recounts were oltained v gine 3 5 per cent aserage
Lounimg LIor Oc 1n the crse of the weaker samples 2 suthcrent number of
sfecounts ta obtaim atfe1st 3 count rates that were withtn 1 cpm of the medsan
count rate  The mean of these median values was conwdered to be the true
count tate  lach ample was weghed and corrected for <elf abrorpuon

Al werum samples were deproteintzed by <odium tungstate and sulfunc acid
preciprtation prior ta plating

“ The work sepeste Lia mn PIper was sapy ried 1 (98 U3 8 geans from Chas {nzer
e dne Heoaklia N

15
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The binding of chlornranamuda e lasame ,
200 ug of chlarpropar
serum  These aliquo
37°C for 24 hours
at pH 76 for 48 hours  1ue per cent ot the radioactivity remaining at the
end of the dilysis was conuidered as the percentage of bound chlorprop
amide The binding of 4 types of protem solutions was determined as
follows (1) normal serum, (2) commercial serum albumin 1n 2 concentrations,
25 and 50 mg /ml, and (3) serum obtained from a pavent with marked
hypoalbuminerma  His serum protem was 47 gm per cent Electro
phoretic analysis shoned that 26 per cent of this protein was albumn,
6 5 per cent alpha 1 globulin, 17 per cent alpha 2 globulin, 23 per cent beta
globulin, and ST per cent gamma globulin I« 1170 banding was deterrmned
by giving a diabetic patient 250 mg of radiactive chlorpropamde orally
Serum samples were obtained at 4 and 48 hours These samples were
dialyzed n the same way as the protem solutions

The chromatographic method used for the detection of chlorpropamde 1
blood and urine was a modification of the method of Seligson and Shapiro
for a keto aads? The only significant change was eltmunation of the
mcubation with 2-4 dimitrophenylhyd A ch de standard
was used to locate the chlorpropamide spots under ultraviolet hght after
chroma h N d d spots seen under ultraviolet light
after chromatography of extracts of unne are unrelated to the admmntstration
of chlorpropamide

To determine whether erythrocytes absorbed chlorpropamide, we incu
bated 25-m!l sarples of fresh whole blood at 37° C for 2 hours 1 sihicomzed
vessels gassed with 5 per cent COz and 95 per cent O The plasma was
separated by centnifugation The erythrocytes were resuspended and
washed in cold normal saline 4 times prior to the determination of radioactity

The serum concentration of chlorpropamide was measured by the tech
mque of Toolan and Wagner 4 This method makes use of a chloroform
extraction of acidified serum wath 0 067 M phosphoric acid  The chloroform
extract 1s then vashed with aqueous 1 per cent sodwm carbonate The
aqueous sodium carbonate 1s acidified to pH 2 with HCI, and the optical
density 1s measured at 232 5 mp ‘The opuical density of the fasting serumis
subtracted and the net optical density 1s compared to a standard The
average optical density of the serum of 5 normals who had not received this
drug previously gave an ap hl de value of 17 pg /mi by

tins method

Results

TapLE 1 contans the serum radioactivity values obtamed from 4 non-
diubetic patients followng the ingestion of 250 mg of chlorpropamude con

taining radioactive sulfur 33 Maumum serum radioactnity and optical
P et sy ! The log of the

1nects the mean
The first and
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more r2pid of these has an uncorrected half time of 32 hours, the slower
component has a half time of approtimately 16 days However, since only
2 data pomts were obtained, this value 1s only a rough estimate If the
effects of the slower component are removed from the imtal slope, a half
time of approximately 24 hours 1s obtaimed  These data show that the serum

-

PER CENT REMAINING

~

ueER WU OB 4

R % 15

Lictze U Disappearance of seram radisactiuty from the serum of 4 nondbete
patients  In this bigure, 10 1 equal to 100 per cen

(imppcnmnce of chlorpropamude occurs at 2 separate rates. Half tumes
o meane mam AL 3 A z

form nal b

rst 3 subjects
The fourth
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SeEruy Raproactiviry CORRECTED 0 PEAK AcTrviry
D of radioact from the serum of 4 nondiabetic patients
‘The matimum serum radioactivaty has been made equal to 100 The actual
maximum serum radioactivity 1s histed at the bottom of the table

Subject No
Hours Mean
1 2 3| 4
1 100 | 100 | 73 | 100
2 87 | 03 | 100 | 73
3 93 | o3 | 100 | g0
6 87 | 86| 73| 100 86
8 87 73 73 78
12 67 | s | & | & | 15
b 47 57 73 67 61
s 28 | 36| 41| 33| 35
7 a | ou | u| w| n
0 1w o] | 16
168 15 13 1
Net cpm/ml serum at 100° } % ’ 81 ‘ % ' 81 I
Tante 2
SERuM RADIOACTRVITY CORRECTED 10 PEAR AcTnIry
e om s The
n
Group No 2 Group No 3
1
Subject No 1 2 3 2
Hours wo | ss | o2 | 10| &
2 8 | 100 | 100 | 76 | 100
2
: 35 | 6 | 88 88
5 76
6 w00 | 61| 75 8
8 8s | 73 83| 22| 70
2 | st sof e8| %
i @ | 5| a] 10| #
7 6 | 3 | 25| 28] 3
% 51 36 25| 20 35
et cpmenl serum equal to 100% | 6 | 12| 150 | 72
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subject recened ths drug mtravenously and the fifth subject recenved this
drug in the same way as the patients of Group I the data from this table are
shown n FiGURE 2 It can be seen that the early disappearance of the
radioactivity from the serum 1n afl but one subject was similar to that of the
nondiabetic patients guen this drug  Howerer all values fall outside of 2

Nwe

-

PER CENT REMAINING

~

7 ] n %

Ligtre 2 D sappearance from the serum of ra | oactive chlorpropam de as § d vbet ¢
subjects  In ths fgare 10 13 cqual fo 100 per cent
standard desittions frym the mean of the normal group after the 48-hour
specimen  Whether this higher percentage of slonly excreted chlorprop-
amile represents dufferences between the handling of the drug w noomals
an diabeties cannot Le determined from these data since the groups are not
comparable It 15 notable that the disappearance of the radioactivity from
the setum of subject No 1 was muclh <lower than that of the other subjects
This diabette [atient preloaded with tolbutamide had a normal phenol
sullonphthalemn excretion unnalyst  and Llood urea mitogen Yl scrum
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unc acid level was elevated but there was no other evidence of gout except
that he had had an eppode of patn 1 the night ankle of severa days’ duration
on one accasion 2 months prior to these studies

TanrLe 3 presents the percentage of the tngested dose excreted 1 the unne
of the nondiabetic subjects mn Group t  The patients are presented m the
same order as they were in TABLE 1 so that 3 comparison can be made between

103

PER CENY OF INGESTED DOSE

quun L} n %

HOURS

Fiorze 3 Cumalative unnary excretson of rad aactive chiorpropamele m 4 non
1 abetic patients
rum and sonary radoactivity  FioURe 3 shows these data platted
e excretion during the 96 houes of the tests
ralues which showed
um 96 hours aiter the
n the patients witaout
1 the unine
o\ e unnasy excsetion of the radioactin ity

e Th umulat

rh ¢ mean &
i:::a'i;, per cent  This agrees well with the com
16 per cent of the radorr
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‘TasLE 3
CuuvraTive UrinaRy LXCRETION OF RADIOACTIVE CHLORPROPAMIDE BY FOUR
NOVDIABETIC SUBJECTS
The values presented are the percentages of the ingested dose

Subject No 1 2 3 4
Hours
2 07 13 71 26
4 27 36 10 512
6 49 84 12 78
8 64 11 13 12
12 17 2t 19 17
24 42 41 46 35
48 60 54 n 52
72 80 62 81 56
96 8t 63 90 ot
TasLE 4

CuupLaTivE URivARy LYCRETION 0F RADIOACTIVE CrrroreropmMipe sY Fne
DUBETIC STBJECTS
The results are presented as percentages of the ingested dose

Group No 2 Group o 3
Subject No 1 2 3 1 2
Hours
2 04 120 30| 39
1 17 ] 05| 3¢ 82 51
6 30 13 47 13
8 37 68 | 12 15
12 450 30 (1 17 22
2 85 | 18 | 19 36 35
48 17 18 6 66 55
2 2 27 43 88 66
96 3 3 4 92 73
120 ¥ 6 7

obtamned from the dinbetic patients of Groups 2and 3 Their serum values
are presented tn the same order as i TABtE 2 In FIGURE 4 the unnary
excreuon of these preloaded patients was markedly less than that of the
normal group  However, 1t should be noted that the 2 groups are not com
pletely comparable in regard to certain olhcr factors such as age and the
presence of drabetes  Co , the 1n the preloaded group
and the group not londed pnor to lesnng could be due to olher factors 'The
mean cumulative unnary excretion of the nendiabetics of Group 1, plus and
munus 2 standard deviations 1s presented on this figure for comparicon
F1GuRe § shows the cumulatne urinary excretion of the other 2 diabetic
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patients of Group 3 The patient wath the highest urinary excretion recened
this drug as therapy up to the day of the test On the day of the test he
receved an mtravenous tracer dose of chlorpropamde without added carner
followed by 2 0 25 gm  tablet of chlorpropamide  His rapid excretion of the
drug 15 markedly different from that of the other 3 dimbetics The other
excretory curve was obtained from a patient given 1 oral dose of this drug

0
€0
80
n
NOND ASET € .
50 MEAN = 75D .

CUMULATIVE PER CENT

2 u ] 1 % n

, B e s mef?d Ye < hectanre
'

His excretory pattern is very sumilar to that obtained from the 4 patients
" thea’{ogxxx;::l%;ﬁugf an intravenously njected chlorpropamude was deter
Feix 1n 1 diabetic patient who was already taking this drug as therapy
Py red dye given at the same fime as the tracer dose appeared m his
Cu[m“;esmol specimen  The patient s fecal excretion of chlorpropamide was
3?:}2";2; cent on day 1 092 per cent on day 2 and 074 per cent on day 3
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1t nould appear that fecal excretion s not 2 veéry sigaaficant everetory
pathsay
Tapik 5 shons the results of our dafysis expenyments  7» wre binding
by & normat subject was 69 pee cent A patient with 3 1013l serem protem
of 47 gm per cent with almost no albumn showed bindmg of 31 per cent
which 15 less thon one half of that of the normal serum  Albumra solutons
00
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Cumulatise cMlorpropam e ui ary excrevion of 2 disbetic suljects  The
mean $2 %1 o fhe wean of the hosmal group s preseate § Jor comparisan

of 23and » 8 gm pee cent hound 2 2and 4 6 per cent respectnely  Fhese
da sepsest thar both albumin 2ed globuba pasucipate i this binding
Houwever no complete erum fractionation studies frve been done We did
not wind binding of chlorpropamude by cvysiathne meuhn solutions of 1 to
dmgom (22umns mgd  Ihese conc af msuliy are \?
fess than these of the other protein <olutions therefore binding of a degsee
equilt ta chat of albumia coukl hane Beea missed  Nondial zable chler
propamude wis peesent in the serum of a dabetic patient wha had mgested
ths drug These values appranimate thow of the 17 12 7o expenmeats

Faiwe S
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Tase §
PROTEIN BINDING OF RADIOACTIVE CHLORPROPAMIDE MEASURED BY DiAvsts
Determmed by dialyzing serum protein samples at pH 7 6 for 48 hours

Per cent bound

(Mean % stand

Invitro ard error)
Normal 6811066
Tiypoalbumnemic 3083013
Albumin 25 gm 223k008
Albumin 50 gm o, 4601033

Invae
Duabetic 4 hours 435400
Diabetic 48 hours 696+ 099

T
CrrecT oF InCREASING CONCENTRATIONS G CHLORPROPAMIDE ON PROTEIN BinDing
Lach sample was incubated for 24 hours at 37° C and dialyzed at AT 7 6 for 48 hours

Serum albumin

Normal serum (50 mg /ml)
Concentration
(ug /ml)

Percent | ug | Percent | ug
25 78 19 61 15
50 66 33 66 33
100 49 49 49 49

200 13 26 1 22

In an attempt to determine the effect of varying concentrations of chlor-
propamide on these binding phenomena, we added 25 to 200 ug of chiorprop-
3 e A ae Al b

Manr® Acha ¢ that o amimno tha cnmnpeminad o

o ¢ chromatography system used by us the sulfur-35 labeled chlor-
pn‘a;::ug; siendard érh\r\’nwé 3 sparate radwoactwe areas  Tatle dufer-
ce was noted 1n the Ry values of the standard and that obtained from serum
md urime specimens  The Ry values obtamed are shown m TaBiE 7
é’;vemy to 85 per cent of the radioactivity was associated with the Ry value
00 1n the standard and i the extracts of urine and serum  This area of
sadwactivity corresponds to the major area of ultraviolet light absorption

- amhation of chlororopamide with blood resulted 1 2 nlasma radio-
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Tasze 7
CHROMATOGEAPIEY OF STLFUR-3> LABELED CHLORPROPAMIDE
Chromatography of serum and urine specimens following the igestion of chlorpropamide
Peak No 1 contamed 70 ta 85 per cent of the radioactivity Peak No 2 contained 10 to
25 per cent of the radioactivity, and Peak No 3 contamed 0 to 5 per cent of the

radioactivity
. Peak o 1 2 3
Chlorprapamude standard 09 | o4 [ o2
2 Hout serum 08 | 05
8 Hour serum 09 03
2 Hour utine [ 04 02
8 Itour urine 09 | 04

actavity of 135 730 net counts per minute {ncpm) and an erythrocyte radio-
actinity of 70 ncpmt  \fter 2 hours of mcubation the plasma count was
16 120 ncpm, and the erythracyte count was 100 ncpm  This shght duffer-
ence wn radwactivity 1 the erythrocyles could be accounted for easily by
experimental varations in the washing of the erythrocytes  In confirmation
of these data, erythrocytes obtaned from a patient given an otal dowe of
radionctive chlorpropamide fuled 1o show absorbed radioactinaty

Discusston

The disappearance of radicactive chlorpropamude from the <er1 of the
4 nondiabetic patients in Group 1 showed at least 2 weparate disippearance
rates  These dual dappearance phenomena exhibited by chlorpropamide

.o . i
not been reported to oucur following the ingestion of carbutamide and
tolbutamde

Lxtrapolation of the <lower component back to zcro time suzgests that

P 1y 20 per cent of chl de could be prescnt as this slowdy
excreted component, this 15 3 imes greater than values obtained 1n the bind
ing expeniments  Whether this slower component merely represents chlor
propmide bound to serum proteins or metabolized chiorpropamude cannot be
determined from these data  Qur evidence would suggest that this slonly

U R

e
sn

he

<hows that sigmueant differences 1n the time required to excrete thi drug
ex1 t amony diabetic patients recening this drug i~ therapy

The unnary excretion of radioncine chlarpropamide closehy parallels its
diappearance from the serum  The excretion of chlorpropamide by the
preloaded dirbetic patients was not as uniform as that of the nondiabete
patients  This would sugrest that signihicant differences evist in the excre
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tion of this drug by vanious diabetic patients  Because of the possible ct
mportance of these differences and because this may be related to the &
state further study should be made of this phenomenon  Unlibe car
mmde or tolbutamide this compound does not seem to be metabolized pr
excretion smce no definite chromatographic differences were noted 2
serum urme and standard

Binding of carbutamide and tolbutarmde by serum proteis has not
reported  Chlorproparide 2ppears to be bound to both serum album
globubn  This binding 15 related to the concentration of chlorprop:
present 1n the serum and approximately equal binding can be prot
snutro The presence of binding by protens may account for the odd
tion <pace determinations obtainable after ingestion of this drug By «
rmning the space of distribution of intravenously administered chlor
amide mn two 70 kg diabetic patients 10 and 11} spaces were obt:
Thewe values do not correspond to erther the extracellular or mtravas
space and correcting 1t for amount of chlorpropamide bound by the <
protemns still fasls to produce a space of distribution comparable to
reported for carbutamide or tolbutamide We can surmise that bind
proteins other than serum proteins or leahage into the cells must occur
failure to find ahsorption of chlorpropamide by 7 t3/r0 ncubation of ery
cytes does not rule out concentration of this drug by other tissues

Summary

(1) We have used chiorpropamide labeled with sulfur 35 to determine
metabolic fate of this drug

{2) The P of chlorpropamide has an imtial ag half
of 32 hours for the major portion of the dose and a half time of 16 days for
remamnder Chlorpropamide 15 excreted almost entwrely by the Lidn
Only very shght fecal excretion was demonstrated

(3) Chlorpropamde 1s made partially nondalyzable by serum prote
Increasing the concentrations of chlorpropamide in the serum increases
binding

(4) We could not detect metabohc alteration of chlorpropamide prior
excretion
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Discussion of the Paper

Sreean § I ajans (Umpersity of fichigan, tnn Arbor Mick) Inwview of
the almost complete excretion of chiorpropamide i unne reported by Phbp
Johnsor T shall mention briefly <ome published and unpublivhed olmena
tions about the metabalism and excretion of tolbutamude

0 1956 we reported upon the findings of 2 major unnary excretion product
of tofh de after iy adi to normal and dabetic subjects
Upon acihfication of the unne of such subjecis to 3 pH 5 or fess a white
precipitate appeared  This was shown to be the carbony lic acd demvatne

of de (1 butyt 3 p carbocypheny! sulfonylure) ay reported by v
1 conuncuoen with Struch and others of the Lp;ohn Research Labomtones
halamazoo Mch

Tofbutarmde

o ou
we< CAc A-cucrencn,

Tolbutamide excretion prmlm‘l
o H O n

1n00C Q R N

On very hrge dosages of wibutamide such av 6 gm per day & mawmum
of abont 75 per cent of the admimstered drag conld be recavered frem he
unme 2% this metaboke oudstion product  This was determined by aad
fying she unne and then daying and weighing the punfied imoluble
preciptate

In order to rule out additional unnary metabolites of telhutamide and to
determine more quantitatinely the snnary excrenon of the arhoy ! tem
pound ajoint project wayset upwith W L \bflerof the Lpyohn hboratones
at his suggestion It was planned 10 gne ST talbwtamde 10 nermtt and
dubetic wbjects and to examane the unme for metabohites of tolbutamide
by paper chromatopzaphy

As can be <cen from Yanir 1 3 pm of unlabeled tolbutamede was given
dathy to 6 subjeets for S days and 18 mp of %% tollutmtde was admunistered
on the fourth dn) Lnines were callected for 24 hours on the fourtk and
kith das  The ch hie studies were Ehy W L Miller

The reults of these studses are given m the table It 15 appasent from
the data for the fiest 4 subjects {3 conteatl subjects snd ! rolbutamde non
re ponsive diabetic subjeet) that 90 per rent ar more of the admimstered
drug was excrered as the carboy Fsulfons uzea withan the first 24 hours and
nearly 100 per cent wittun 4% hours }ur(hermnm the r:ubaul evereton
product was the only human produsct of
wlentifiort
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The lesser amounts of radioactivity recovered 1n the urine of the last two
diabetic patients could well be accounted for by unfortunate errors in unne
collection on the hospital wards  In these two patients there nas also no
evidence of excretion of a metabolite other than the carbovyl substituted
talbutarmide

In summary, 1t can be stated that

(1} the carboxylic acd derivative of tolbutamide 15 the only urmary
excretion product m man, and (2) on the hasis of data fram the first four
subjects, 1t appears that tolbutamide 15 quantitatively excreted i the unne
as this metabolite

Taste 1
UrinARY XcRETION OF S% CARBOXYL SULYONYLUREA APTER ORAL ADWINSTRATION
oF 5% TorpLTAMIDE®

§% Excretion, per cent
S

Subjects.
01023 (241048 01048
hours | hours | hours
N\ormal cantrol
T D 90 | 10| 1000
G R w6 | 431 99
3D g8 | 100 | 998
Tn)!{butamldc nonresponsive diabetic wo | sol wa
To’l{bu(l:am\de responsive diabetics _ _ 06
731 | 69| %@

N M

% tolbutammide, 15 mg on
* Tolbutamude was admumstered 3 gm per day for 5 dsys S
foutth day  Unne collections were made on fourth day (0 to 24 hours) amd itk day
(24 to 48 hours)



RLLATIVE POTENCILS OF CHLORFROPAMIDE AND
TOLBUTAMIDE IN MAM

Relly M West and Stanley R MeCampbell

Depariment of Wediane ¥ neecrsity of OHakors Seckoed of Medsisue snd ihe § rteroms
{dmirgtratron Hosp 118 Oklakema City Okla

Ina previous publication® we have reported the tesul\s of expenments m
which the hypogl potencies of and tolbutamide 1n 10
normal subjects were compared at varymg tenals after adminsstration of
1he drugs by mouth  One gram of ehlospropande produred responses that
exceaded those 10 1 gm of totbutamude st 1 2,1 4,6, 12, and 18 hours after
adoumstration  Vote recently the venous blood gucoce Iﬂe&s' of 20 narmal
subjects were determined 1 hour after each subject had secenned 1 gm of
tofhytamide on one accasion, and after I gm of chlorpropamide on another
occasion at mterialsof 1 week  The order in which the drupgs were admin
mtered was alternated  The drugs were admimstered orally in tablet
form together with 4 ounces of water The mean difference between the
cantrol fasting blood Llucose values and the blood ghucase levels 1 hour after
talbutamude averaged 66 mg per cent, while chlorpropamide produccd
respanses aseraping 34 1 mg per cent This difference was highly significant
{p < D01} Ssnce ot <cems unhheh that mther drug had been appreciably
metabohzed or excreted as early as 1 hour after administration by mouth the
greater patency of chlorpropamide 13 probably nat due entizely o 1ts sower
rate of degradation and excretion  The fact that chlorpropamde was defi
nitedy miare potunt T hour after admuantratson suggests the powstbilhity that
i 1 more patent than wibutamide even when serum lesels are comparable
Howenves the levels of the drugs tn the serum were not determined 1 this
ewenment  Concequently 1t 1s possible that the greater potency of chior
propamide i partiaihy due to the fact that 1\t 1s more readily or more com
pletely absorhed

Fiotnr § shows the responces of 6 normal subjects to varying doses of
chlorpropazmde and tolbutamide shen the blood ghucose len el were measured
2 hours after the doses were administered 1 sandom order at intervals of not
tene than 4 alays {thove wubjects who recenved 2 gm of ehlorpropamide nere
nol gnen anather do ¢ for at Jeast 1 weeh)  Fach of the subjects recened 4
Aifferent doses of each drug wuh the excepiion thit only 3 of the subjects
rerenad 2 dove of 2 g of chiorpropamide  In each instance the fastng
bluot glusase was compared to the blood glucose 2 hours after & drug

It may be noted that with each uf the doses the re ponucs aere greater to

chlurgony fe than to tol Tolb e 125 gm , produced no
response white €4 L of the zlm,, prm!um} TEpORSEs mmmmbk to (ho-c
sfter @ 23,1 of chil Tot de, § g, amd

05 gm oo produced suntlar responses 181 of snterevt that tolbutamide

Zgm procduced respon es that were not greater than thoe to § gm , which

suggests the posibifity that the puml ol maumum tesponse was bewng
478
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reached  However, the data are not adequate to establish this point  On
the other hand, the responses to the varrous doses of chlorpropamide were
roughly related to the log of the dose

Stnce the brological hali time of chlorpropamide is several times longer than
that of tolbutam:de (Johnson ef al , 1n this monograph), it seems likely that
differences m the responses to chlorpropamide and tolbutamide would be far
greater than those demonstrated here if the effects were measured 12 to 48
hours after comparable doses of the 2 drugs

That the high serum levels present for several days after a single dose of
chlorpropamide are associated with proportionate physiological activity of

2 . A
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e STOLBUTAMIDE
- / ACHLORPROPAMIDE
P
{
250~ A
. s s . —
° g [ is Z5
RESPONSE OF BLOAD GLUCOSE IN MG.%
Fiouse 1 Hypogl potencies of tolb le and de 1 normal
subgects  Each plot represents the mean response of 6 subjects 2 hours after the oral

adminustration of the drug except that only 3 of the subjects received 2 gm

propanude  The patients who recetved de also received

text for details

the drug 1s suggested by the following example  We admnstered chlor

propumde 2 gm  to one of our normal subjects, whose blood glucose was

measured 1 hour later and proved to be 44 mg per cent At 2 hours it was

o
f

" 1

not be enticely aroused from sleep  The state of semiconsciousness persisted

for 1 hour before being reheved immediately by the intras enons mjection of
50 gm of glucose  The level of serum chlorpropamide at thts time was 16 4

mg per cent
Sereet { evels of Orally Vdw tnssteved Chiorpropumrde

F11 4 w1 mcor en (Tahnenn ol al an this

of chior
de  See

1
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s E

~ome way partially bound to a substance or substances in the plasma  Flse

where 1n this volume Johneon ¢ al indicate that chlomropamude ts to some
extent bound to protein  If this 1y the case 1115 probably not appropniate to
refer to a chlorpropamide space  If however it were assumed that the
drug was homogeneousty distributed m a space the data in TABLE 1 would
indicate that such a space would necessarily be less than 91 in volume since
there 15 at least 115 mg 1n every liter of plasma 2 hours after oral admunistra

tion of 1 gm of the drug

The Lffect of Chlorpropamde on Glucose Tolerance

One of the strongest arguments agamst the direct or indirect penipheral
action of the sulfonyluret agents hus been the failure to demonstrate an effect
of single doses of tolbutamude on glucose tolerance * #  On the other hand
TABLF 2 shows that chlorpropamide produced 1n each of 5 subjects a statist1
cally aigmficant increase in the rate of disappearance of intravenously admin
istered glucose  Venous blood glucose determinations were carried out 10
O Y e \5 ¢ '

I ' ‘" '

. T

the test wasrepeated in the same manner except that chlorpropamide 0 2gm
was injected with the glucose  The control mean disappearance rate was
122 per cent per minute  After chlory de the mean d
rate was 18> per cent per minute  One of these <ubjects weighing 178
pounds had a control rate of 1 6 per cent per mmute which increased 2 4 per
cent per minute after chlorpropimide 05 gm It 15 of interest that the

SFRUM T EVELs OF CHIORPROPAMIPE \PIER | Gy ORatLy

Serum chlorpro; amide
ht o
Subject (“:, 7

{ 1 Ifour 2 Hours
] (og ) (mg o)

1 158 36 ] 130

2 145 58 109

3 124 29 ' e

1 13 69 g

s 185 s by

6 1 10 |} 103

7 145 82 103

Mean | M9 61 ’ ns
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mtravenous administration to this subject of 1 8 umits of glucagon free msufin
produced a strnkingly similar change (2 5 per cent per minute}

Duscusson

1t 1s not possible to establish accurately the ratio of the potencies of chlor
propamide and tolbutamide from the data m FIGURE § In the first place,
too few subjects have been tested to establish precisely a dose sesponse tune
for esther drug However 1t s clear that m a certam range of dosage chlor

propamide prodaced an effect app tehy ble to that produced by
doses of tolbutamde twice as large  As mentioned previously, 1 may be
d that the diff 1n the to chiorp de ang tolhut-

amtde on a mulhgram for mihgram basis coufd be expected to be much greater
af the tests were dene from 12 to 48 hours after admimstration of the drugs
because of the langer bwological haif tume of chlorproparude {Johnson et al,
m this monegraph)  The difference 1n potency mught he expected ta be par
ticularly marked if the response fo the dyugs were compared after dasdy
admpsstration s which case there would be 2 comulatne effect for »
few days with chiorp de and no ap ble cumulative effect wath
tolbutamde

It should be stressed that the subjects who recesved chlorpropamude
(F16URE 1} were the same who recerved tofbutamude  Thus pawsed-control
design nill, of course, make 1t possible to wentify sigmficant differences in the
dose response curve with a fener number of tests since the factor of the 1ary
ng responsiveness from subject to subject Is ehnunated At present we are
downg a pawed-control study 1n which responses of normel subject to 8 25 gm
chlorpropamide are bemng c d to thetr resp to 035, 1,and 2gm of
tolbutamide  This expenment will continge unul statistcally sigmificant
differences are wdentified

The degree to whch studies of potences of sulfon) lurea dernvatnes in nor
mai subjects are applicable ta the estabhshment of their potenties i yanous

AnLE 2

Tue Ervect or 05 Gu Cutozrroraxios 0¥ Inmravenecs Gucase Torzrases

13 A 13

Fart ng Uood glucase | 10mw after glicosed| 8 m after ghucess | Cpoces Japreat
g S tmg ) g ) e tot

Control Chlorprop | Contred | Chlesprop | Control | Chwrprop | Contral | Chlerprep

70 0 143 73 138 134 o 57 015

70 67 148 30 100 159 108 3 82

2 59 158 845 88 25 143 178

Y 64 539 ti0 2 &% 12 ] 44

3 7 118 13 i a 17 | 215

Mean T0 6 149 142 s 5 122 185
P00

*Fificon gm \jested tn t to 2 mn ¢ med from start of mect on
4 4ssumsng that the per cent per m Aute 4 sappearkace dunog 3 J0-min period eocoried &t &
constant rate
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types of dibeuc subjects 1s nnt kmwn In gcneml hower er we have found
w studies with car d and meta-
hexamide that there has been a good torrchuon between the potencies of the
drugs in normal subjects and their patencies in diabetics of the matunty-onset
type Howeser, this matter has not been s)s\cm:mran) evaluated by us.
and the opinion espressed here 15 based anly on our “clinical impressians™
and requires venfication by more direct studies

Summary and Conclusions

Chlorpropammde, 1 gm  produced significantly greater hypoglycemic
responses in normal subjects 1 hour after ingestson than did tolbutamude,
1 gm  Chlotpropamide 02y gm and 03 gm, produced hypoglycemic
responses m normal subjerts 2 hours afer ingestion comparable to doses of
tolbutarmde twice as great  Since 1t 1s unlikely that either drug had been
appreciably metabolized of exereted 1 to 2 hours after mgestion, the relannvely
greater potency of chlorpropamide probably 1s not attributable entirely toits
longer biological half ume

Seven normal subjects had serum chlorpropamide fes efs aseraging 11 5 mg
per cent 2 hours after ingesting chlorpropamude, 1 gm , indicating that about
one third of this dose was present in the plasma at that time

Chlorpropimude 05 gm  sigmificantly icreased the rate of disappearance
of ttravenously tnjected glucose  In one subject the effect of an intravenous
mjection of chlorproprmide 05 gm , on the glucose disappearance rate was
strihingly similar to that of 1 8 units of msulin administered ntrayenovsh

Two findings that have resulted from studies carned out since this report

tolbutamide were admunsstered intrayenously the hypogly cemic effects dunng
the hirst hour were not aigmficantly different

teknouledgnents

Fhe authors are indebted to B ] Vatter, Chatles hey Darothy A Wood
and Robert Henry for techmcal assistance in carrying out these studies
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EFFECTS O ADMINISTRATION OF CHLORPROPAMIDE
UPON THE CARBOHYDRATE METABOLISM OF
ISOLATED TISSUES*

D W Clarke
Department of Physalogs, Unircrsity of Taronte Taronto, Ont Canada

1t has been shown previously that the admustration of carbutamide fo
tats over a 14-day peniod can cause a shght increase m the level of glycogen
i the draphragma ' If this draphragm is remon ed ared incubated fn a sntable
medmm there 1s 2 decrease in the gly cogen level, and thy decrease 1s greater
m disphragms from treated ammals than m those from control 2nimals
This larger drop 1s probably only & reflecion of the higher mtial level of
glycogen, but the higher mtal levef 15 compatible with the theory that
carbutamde acts by increastng the effective tnoubn level i the plama,
posstbly by msuhin by the g A stmilar amount
of tolbutamsde dees not cagse a statisticalfy significant increace, although
the expenimental data suggest such an effect.

Thss type of expersment has been repeated wang chlorpropamide, to
tearn whether ssmslar sncreases 19 muscle glycogen could be obtarned  The
drug was made up as esther a 21, per cent ar a 11§ per cent suspension in
1 per cent methy} cellulose (Meshocel) solution and was force fed daily to
rafs in measuted amounts so that a dose of either 250 mg /hg /day, or
125 mg kg day was gven At the same time, Onnase} and RP 22591
were gnen fo other rats sn a dosage of 250 mg /hg /day  Contro! rats
recenved only the Methocel  They were kept on this regume for from 5 to
7 days and wese then sacnificed

Results

T he rats used 1 these tests were dn wded snto a group of adult rats (Group
1) and & group of y cunger rats that were syl growing (Group 2} The aver-
age weight changes are shown 1 the firt iwo hnes of tapts 1 Generally
speahing the effect of the hypoglytemic agents &5 to cause ¢ weight loss
the older ammmaly or 2 decreased weight gain in the younger ones

The results of measurements on it} ghycogen levels w the draphragm,
on gly cogen decrease m the dizphragm after sncubation in 2 sahne phovphate
medivm on glicose uptake of the duphragm, on liver glycogen and glucose
release by o hwver shee on plasma potassum and on plasma ghecose are
further chown tn TaoLE { Results front the 2 groups of ammaed, ave pooled,
since there seemed to be no difference between the vounger and the oldes

animats
An apafysss of the vamance shows that these is 2 sigmficant difference

* The work reported in this paper was supported m part by grants from Chas Pheer &
Co fpe Huokhin N Y and from Poulenc 1t \donteeal, Lanada
1 Toltwtzmi fe
12 Sulfamuda # sounatucrtzeae § tert Jund 1 thin 3 3 azole
478
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between the values fot 1nihal glycogen  Chlorpropamide {at its hgh level)
and RP 2250 stemed 10 cauce & small ncrease  Neither Quinase nor chilot
propamde (at 115 low dose leved) show such an effect

19 & second expenment chlarpropamude was guen 330 mg /kg day for
14 days If anything there was a drop n diaphragm glycopen level
299 mg gm fot contrals 277 mg /gm for treated ammals  The average
weight gamn for treated ammals was 34 gm , compared to an average gam of
&3 gm for control ammals  The test ammals were 1 a pooter nutntional
«tate and this may account for thew fatture to show an increase W muscle
glycogen

An addisonal experment m which Onnase and RP 2259 were gnen,

[ ) -

value of 204 mg gm which 15 not wigmficantly greater than the control
level

Taste 1
Chlorprog amde
Control | Rt 2259| Onnase No of
ammals
ey pALH
Weight changes (grams}
Group § 63 | -63 [-27 |~80 ) -77 3
Croup 2 250 | 283 [ zo | w7 | n3 3
Touna¥ diaj hragm gy cogen
mg gm 275 365] 287) 257} axnl s
Clycopen decrease {rom ong
nat level tmg &m 10 10 102 096 149 s
Trer ghycopen tme gmY 98 L3 93 93 RPN 5
t1ner ghucose production
(g g} e {108 | 92 | 103 83 s
Glueose uj take tmg /gm )} 161 20 156 153 132 3
Bload glucne tmg, €0 1w dwe s lig 125 s
a62)
Plawa potassiuns {mig i) 618) 611) 637] 645) Sool 4

The values for the first experiment (Tner 1) <howm that there were no
ugmiicant changes 1n glycogen lo ses i the dhaphrpm following imcubation
1 glucose uptshe by the daphragm i hver gheogen or glucoe production
by '~ o0 supr values <how
thy - = The value <hown far
the value omtted  The
average value with this pecular ngh value mcluded 1 shoun in bracketc
The experiments with the higher dowes of the hypogly cemic agents showed
101t ehlorpraparmde caused a drop an iner ghycozen 1o 37 per cent of the
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It has been shown previously that the admimistration of carbutamide to
rats over 2 14 day penod can cause a shght mcrease 1n the level of glycogen
n the diaphragm ! If this diaphragm 1s removed and mcubated 1n a suttable
medium there 1s 2 decrease in the glycogen level, and this decrease 1s greater
i diaphragms from treated animals than i those from control anumaly
This larger drop 1s probably only a reflection of the higher 1mihal level of
glycogen, but the higher mtial level 1s compatible with the theory that
carbutamde acts by increasing the effective msulin level 1n the plasma
Possibly by increasmg msuhin secretion by the pancreas A similar amount
of tolbutarmde does not cause a statistically sigmficant increase, although
the experimental data suggest such an effect

This type of expeniment has been repeated using chlorpropamide, to
learn whether similar increases 1n muscle gly cogen could be obtamed  The
drug was made up as either a 214 per cent or a 114 per cent suspen<ion in
1 per cent methyl cellulose (Methocel) solution and was force fed daily to
rats i measured amounts so that a dose of either 250 mg /kg /day, or
125 mg /kg /day was given At the same tume, Opmasef and RP 2250%
were given to other rats in a dosage of 250 mg /kg /day Control rats
recened only the Methocel They were hept on this regime for from § to
7 days and were then sacrificed

Results

The rats used n these tests were divided 1nto a group of adult rats (Group
1) and a group of younger rats that were still growing (Group 2)  The aver
age weight changes are shown 1n the first two lines of TABLE 1 Generally
speaking the effect of the hypoglycemic agents 1s o cause a weight loss in

the older amimals or a decreased weight gain 1n the younger ones
- = = al ol snman 1o ale n the dignhragm

Telease DY d LIVEL SULE, ULl pa o puse v w R o
further shown n TABLE 1 Results from the 2 groups of animals are pooled,

smce there seemed to be no difference between the younger and the older

ammals
An analysts of the vanance shows that there 1s a sigmificant difference
= The work reported 1n this paper was supported in part by grants from Chas Pfzer &
Co Inc Brooklyn N Y wnd from Poulenc Ltd Montreal Canada

+ Tolbutamde
+2 Sulfamido p aminolenzene S ferf butl1thio 3 4 diazole
478
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between the values for intial glycogen  Chlorpropanude (at its high level)
and RP 2259 scemed to cauce 3 smafl ncrease  Neither Ornase not chlor
proparmde (at 1ts Jos dose level) show such an effect

In a second experiment chlorpropanude was given 330 me /kg /day for
14 days If snything there was a drop in diaphragm glycogen level
299 mg gm for contrab 277 mg /gm for (reated smumals  The average
weight gain for treated ammals was 34 gm  compared 1o an average gan of
83 gm for control ammak  The test amimals were m a poorer nutntional
state and this may account for their fatlure to show an increase in muscle
glycogen

An additional expeniment w which Onnase and RP 2259 were given
400 mg kg day showed that after 3 days nerther agent had any effect upon

value of 204 mg /gm  which 15 not migmficantly greater than the control
fevel

Tasie |
Chlorpropamude
Conteol { RP 2259] Orinase |-—r——m—n] N0 0
amimals
1% ) 2347
Weght chinges (grams)
Group 63 {~63[~27 {80 {-17 3
Group 2 250 0 253 | 120 ) 197 | 2% 3
fmuial diaphragm glvcogen
\mg gm ) 235 3es| 25§ 281} ya) s
Glyrogen decrease {rom ongt
nal level (mg /gm } 13l 320} 102) 09 149 3
Liver glyeogen img Em ) 93 ) re ) 94} 93 ) 124 3
Liver giucase production
(g /gm ) e 105 92 103 83 5
Clucose uptake (mg_gm ) 16t 200} 1860 tss| 13 3
Blood glucose (mg © ) 10 1150 J13s 0 |1 125 6
162
Plasma potassism (T /mi)| 618] 6111 637 | 645 5)09 4

The values for the first experiment (TaBLF 1) show that there were no
signtficant changes 1 ghycogen losses 1o the diaphragm following mcubatson
in glicose uptake by the daphragm 1n hver glycogen or glucose production
l:g the liver shee or m plasma potassium levels  Blood sugar values show
that
the
avera
The
that



480 Annals New York Academy of Seiences

control vafte Qunase caused a drop to 42
per cent of the controt value,
where RP 2259 caused a drop to 60 per cent of the control vatue '

In ¥ rtro Studies

The wfluence of chlorpropanude uf vitro on certamn tissues was also stydied
The glucose output of hver shees from normally fed rats was measured when
this compound was added fo the mncubation medium m different concentrs
twn  Shees were ncubated in 2 Dubnofl shaker for 45 min at 37°C 1 10
ml of phosphate sahine buffer  The results are shown m TApLE 2

Tapir 2

Chlorpropamsde cancentration mg /m}

o 00 006 025 1 00
Glucose vutput mg gm 945 361 26 992
Per cent change from controb ~57 | 421 | 450

The mhibitory action of chiorpropamude on glucose putput i evident at 2
concentration of the drug that s about the same as that reported m the
bload of human subjects This suggests that chlorpropamide may act at
least i part, by nhibition of her actnsty  No further studies nere done
1o elacrdate the reason for the merease i ghicose autput with a hugher con
centranon of chlorpropamde

Chlorpropamide can also wnlubtt the oxygen uptake of certan tissue
Raduey shces from normal rats were weubated in a Keebs-Ringer phosphate
medium 1 2 Warburg and ovygen was d
After 1 hour chlorpropannde was added, and 1t nas found that at 2 cancen
tration of 01 mg /el 1t gate a 19 per cent hibition i the rate of oxygen
uptake at 001 mg/mi 1t gave a 11 per cent inhubition

When added to a rat hver homogenate at & concentration of 197 M
{028 mg /ml) tn the presence of cytochrome ¢ and succinate? there nas a
drap of 7 per cent 1n the oxygen consumption raie, at 1072 M (28 mg /mi)
a drop of 13 per cent was observed

Conclusson

Chlorproparde may, undes tertam condiiions Shghtly sacrease tee
glycogen content of the rat diaphragm  Under sinular conditions Onnase has
no effect RP 2230 has 2 greater effect  Any stunulating action upon glyco
gen synth 15 with the hypothesis that certain oral hypogly cemic
agents act by snereasing the plasma msulm acti ¢ty

Chlorpropamide m jow concentration ¢an cause a small reduction st the
ghucose output of her shees and a reduction i oty gen vtilization by fadney
shices and Iner homtogenates 1t 1s suggested that part of the hypoglycemtc
action of chlorpropamide may come about through its hepatic action
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In the over all ansmal economy msulin 15 known to be protem spariag 3
property that has not as ) et been associated with the newer oral by poghy ceme
agents  The mechansms by which msulin everts tts effects on protein
metabohim are sull unclear but it has been assumed that thece effects are
secondary manmfestations of the alterations s carbohydrate metabolism
known to occur tn hy potnsubhnim and hy peninsulinism The present study
was prompted &y several reports! ? wherein 1t was proposed that the ghico
neogenic action of the adrenal corticosteroids is based on thewr ahhty to
stmulate the hepatic actvaty of glatare pyrusic transaminase (GPT) one
of the two major transammase systems ivolved 1o proten metabohsm
The effect of isublin and chlorpropamide on GPT and glutamc-oxalorcetse
transapusase (GOT) acthvty seemed worthy of siudy  The results pre-
sented below compare the effects of these two hy poglycennc agents on GPT
and GOT activsty wish thote of hydrocortisone  Lactic dehydrogenase
{LDH) actnity was aiso stuched as an evample of an enzpme system nat
durectly concerned with protein metabolism

Experomental

Eighty tso albino rats weighmg from 100 to 200 gm were weed for this
study  Food ang water nere offered freely unless otherwise sndicated  Pro-
tamne zin¢ msuln and chlorpropamide (sodium salt) were admimstered 1n
varying doses of from 1 to 4 U by and from 50 to 100 g /hg , respectively
Hy drorortisone acetate was admumstered 1 a dosage of 5 mg per ammal
Wath the exception of one prelimunary acute expenment, all drugs were given
subeutaneously 1 7 daily doses over an 8 day penod

On the day of sacnifice afl food and drugs were withheld The amsmals
were stunned and exsangmnated  The hvers were remorved immediately
and portwns were weighed for dry weght and enzyme assays  Those por
tons removed for assay were immedately frozen in 2 dry we alcohof bath
and stored at —20° C prior to amalysis A § per cent homogenate of the
sample for assay was prepared in the cold and suittble didutions for each
assay nwere prepared

GPT actn 1ty was meastred by o modificatton of the method of Wroblewsha ¥
In this determination py ruvic acid formed m REacTioN 1iereduced tolactate
after the addition of excess LDH and m the presence of reduced diphosphe
pyndine nucleoude (DPNH)

482
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Grr
\lamne + alpha Ketoglutarate == glutamate -+ pyrusate 1)
LDH
Pyruvate + DPNH = lactate + DPN {1la)

GOT actmity was measured by a modification of Rarmen's procedure *
n this assay ovaloacetate formed by REACTION 1 18 reduced to malate by an
excess of malic dehydrogenase (MDH) and in the presence of DPNH as in
REACTION 22

GOT
Aspartate + alpha hetoghutarate == glutamate 4 owaloneetate  (2)

DI
Oraloacetate -+ DPNH == mnlate + DPN (2a)
LDH activity was d d by a d of a dure based on

RFACTION 12 % The ovidation of DPNH in each of these reactions was
followed spectrophotometncally at 340 mu  One umt of actity for all
enzymes represents a change m optical density of 0001 OD units/min
Although all reactions were carned out within a fairly narrow temperature
range, the resu[(s were cotrected to a of 25°C bya
d sertes of factors, a procedure found desir

able 1 previous studies 0T

Ahquots of the ongina! homogenates were analyzed for mitrogen by the
mucro Rjeldahl method Although not always presented, results were
calculated i terms of wet weight dry weight, and mtrogen content

Resdts

Prelimmary e were perfs 1 to ascertain the acute effect of
the admimstration of subn and chlorpropamide on hver enzyme activity
Three pairs of rats were fasted for 18 hours before use Crystalline insulin
1 Lalyasadmn sacadc ba taman | . PR
\ o Al . PR
served as a control  No stgnificant differences in hepatic enzyme activity
were found between the control and treated ammals (Tante 1) despite mark
edly depressed terminal blood sugars 1n the latter groups

The absence of any change in this acute experiment 1s 1n hne with what has
been found 1 studies concermng the acute effects of insulin admimstration *
Hastings ef al ® have concluded that insuhn exerts immediate metaholic effects
only at the periphery, and that its effect on hepatic metaboliem 1= delayed
and gradual Further expenments reported herein were all extended to
eight days

Effects of tnsulin, chlorpropannde, and hydrocortisone tn rafs fed od Iibitum
TaBLE 2 presents the results of one expeniment evaluating the effect of
msulin (1 U kg /day) and chlorpropamude (50 mg /hg /day) gnen i
7 injections over an 8 day period  The actual results for each animal are
illustrated here to demonstrate the vanabihity of individual measurements
and to compate the results on the basis of wet werght, dry weight, or mtrogen
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Exfzcy o2 A e
CLYE ADWINISTRATION OF INSULIN AND CHLORPROPAMIDE o Hepszi
NZYNE Yermviry

Frzyme activsty
U/mg dr3 wt

Treatment P
GPT ! GOT | Lou

i

{1} No treatmeny 81 4 973 1420
{8} Inseha fregular), 4 U kg 835 1000 1450
{2} Chlorpropamsde (Na), 180 mg /Ay 7’3 918 1315

Tamte 2
Variagiery v Heearic Evpse Acrnin v Rars

i Enzy me actinity (amts)
Treatment GrY GOT j LDH
1 2* } 3* { 1 2 { 3 i 1 ( 2 3
(&) Control 193 | 647|609 213 [ 715 | 6720 § 442 | 14% { 13900
2151723 | 658 203633, 6230 | 438 | 1430 { £5400
23107451663 § 237 [ 764 | 6790 | 401 | 1300 | 11,600
Mean 2031705645 | 218 | 04 | 6380 | 425 | 1417 | 13,000

12 513953501 211 § 666 { 6063 § 342 | WBp | o827
156 {46 3 | 414 { 206 | 622 { 5468 [ 352 | 118 | 10600

(5} Tnsulin (P2
10 ke
15648 140y | 207 | 643 | 5370 | 381 | 1470 | 9500

Mean 14644 6| 39% | 208 | o2 | 5630 § 374 | 1140 | 10100

¢} Chlorpropanude 193 (58815550197 |60t | 5640 | 33 | 9% | w0
100 mg /hg 169 /540 ) 369 | 199 | 636 | 3530 { 356 | 1140 | 9,900
158151 3] 450 ] 152 | 403 | 4350 | 919 | 3360 { 12000

Mean 17 31597 | 494 | 183 | 577 | 5150 | 360 | 1130 | 30,200

* Columns 1 2, and 3 reprecent uwts/mg wet werght, dry weight, and muttugen, respece
tsvely

content  Final evaluation of the effects of therapy were made on the com
Dbined data from (hus and subsequent expertments on 27 antmals

The results, shown in Tapre 3o mdicate that hydrocortisone hasa duffering
action on the 2 hepanic transammnases studied  Thus, although sterod
adounistration apparently had no effect on GOT activity,  resulted in 2
marked and sigmficant (p < 003) merease in GPT actuty  These Jatter
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Tante 3
Errpect op THERAPY ON HEpATIc EnzvME AcTrvity 1N ED AND RESTRICTED ANIMALS

Lnzyme act vity (£ SE)
fmg dryat
Treatment

GPT ‘ coT ) LDH

(@) Ad libtum feed ng

Control 67 4 (£1 9)] 701 (£10) | 1300 (£25)
Chlorpropamide 50 100 mg /kg 55 8 (k1 8)f $65 (x5 3)* 11090 (£13)
Insuhn (PZI) 14U kg 562 (+1 7)) S72(£7 1)* [ 1200 (+16)
Hjdrocortisone § mg 181 (+86)* | 689 (+36) | 1430 (£88)

(5) Ad 1 batum feeding plus hydrocortisone

Hydrocortsone alone 181 (£8 6)* | 689 (+36) | 1430 (£88)
Hjdrocortisooe plus chlorpropamide 100

‘mg /kg 24 (44 2)* | 581 (£12)* | 1200 (+21)
Hydrocortisone plus msulin (PZD) 20 /kg [195 (+7 6)* | 524 (¥3)* | 1170 (£29)

() Restr cted feed ng

No treatment 125 (22 8)* | 976 1222 | 966 (214)*
Hydrocort sone 197 {(+3 7)* | 755 (£15)* | 1000 (£29)
Chiorpropam de 100 mg kg 100 (2 §)* | 8571422 | 1130 (33D
Insuln (PZD) 2U kg 110 (4 3)* | 923 (+31) 984 (£35)¢

* 5 gn feantly cifferent from control values (p < 001}

findings are m accord with numerous other reports on the effect of adreno
corticosteroids on the glutamic pyruvic transaminase ' 2 10 1% Ajthough
GOT activity has been reported to be unaflected by s milar therapy * ! #1n
Line with our present findings there have been conflicting reports 2 ¥ This
disagreement however may be a matter of degree, since 1t 15 the consensus
that GOT activity 15 much less markedly influenced by sterods 1f at all
than s GPT

In contrast to these findings the admimstration of insulm (1 to 4 U /kg /
day) and chlorpropamide (SO to 100 mg /kg /day) were both shown to be
accompanmed Dy a significant decrease {p < U01) m hepatc GOT acuv
1ty as shown m TABLE 3z GPT actwvity although apparently somewhat
depressed was not sign ficantly affected (p > 018)  No reports of similar
n 2110 studies on the effects of msulin or chlorpropamide on hepatic trans
aminases have come to our attention However our observations would
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seem to be 1 accord with the repart by Copenhaver ef g ' that hepatic GOT

actwvaty 1s markedly elevated in alloxan diabetic rats
. I
PR

chlorpropamide on GOT activity was due to 2 direct hormonal mfluence on

the hiver or an indrrect type of response due ta changes i the penphery

Hydrocartisone together with exther insuhn or chlorpropamide as admus

tered to a group of 17 ammals to compare the effects of a combination of
.

'

day) resulted in changes in enzyme activity that reflected the sniluence of

the steroxd as well as the hypoglycemic agents Thus GPT acttvity was

ncreased as a result of hydrocortisone therapy despite the simultaneous

adrunstration of the hypoglycemtc agents As shown wn rwiE 3¢ GOT

activity was depressed after the injection of msulin or chlorpropamide

despite the admunstratian of hydrocortisone  Lactsc dehy drogenase activity
1@ aa

2 Stanation
nt the hepatic

actvity af bath glutamic oval and pyruvic ¥ Theeffect
of hydrocorusone insuhn and chlorpropamide on this increase 1n enzyme
actinity was studied m a group of thirty two animals

TanLE 3¢ shows that even the hmited food testriction smposed 1 the
present experuments was capable of esthancing the activity of the two trans
aminases under consideration The admuustranion of hydrocortisone to
these ammals resulted e a further augmentation of GPT aciivity beyond
that produced by food limtation alone  GOT activity on the other hand
was apparently decreased to those levels encountered 1n ad hbitum fed
animals  These findings further substantiate previous indicatons that
hydrocortisone has a diverse effect on these tno closely related enzymes
Contrary to the findings with tmmals on 2 free diet neither wsuhin por
chlorpropamide could be shown to exert any influence on the actwity of these

enz

1 unaffected
by - ction alone
however resutied m a sigmficant decrease (p < 001} m the sevel of this
enzyme m contrast to the increases observed i the fevel of both trans

ammases It 15 interesting that limitation of dietary intahke was the anly
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experimental procedure capable of altermg the actity of the lactic dehydro
genase enzyme

Discussion

The results obtained n this mvestigation must be interpreted with caution
Much additional work 15 needed to elucidate the role that these enzymes play
m whole body homeostasis  One fact stands out namely that the action of
chlorpropamide paralleled that of insulin 1n all experiments  The cause and
physiological significance of these changes 1 hepatic enzymes however are
more difficult to evaluate

The early work of Bach and Holmes showed that the addition of mnsulin to
liver slices of normal fasted rats inhibited the transformation of certamn
amno acids into cathohydrates  Jensen and Gray 6 employing both o1 tatre
and @ wwo techmques found that msulin exerts an inhibitory effect on
hepatic amno acid dehydrogenase actwity in normal rats  In their 1 10
expeniments msulin aderustration led to o 25 per cent decrease and adrenalt
cortical extracts to a 205 per cent mcrease 1n the actnity of this enzyme
Since Stad e el al ¥ showed that the enzyme mfluenced by msulm affects only
the unnatural D 1somer of amino acids the physiological importance of these
findings 1s doubtful  However 1t 1s interesting to note that a stmilar increase
1 GPT and a decrease n GOT actvity were obtamed m this study after
hydrocortisone and msulin respectively  This similanity would appear to
throw some doubt on the view that the change n transammase activity after
stero d therapy 15 a reflection of specific hormonal control

Thus latter concept was suggested by Rosen et al ! as an explanation of the
marked mcrease (n GPT activity and subsequent gluconeogenesis accom
panying the administration of cortisone  The ncrease 1n enzyme activity
after food restriction mght be construed as a reflection of 2 stress induced
oversecretion from the adrenal cortex The differences 1n the action of
wnsulin and chlorpropamide under the conditions of restricted and unre
stricted feed ng make this interpretation unlikely

Starvation however lke hydrocortssone therapy 1s accompanied by an
alteration m the metabol sm of proteins toward catabolism  Insulin appears
to sumulate anabolism It has already been suggested that hepatic trans
aminasé actiity 1s inversely related to protem synthesis ' ' a view that
appeats to accord with cutrent findings  Simulatly Recant and Fischer ¥
recently presented data ind cating that tolbutamide as well as msulm

stimulates the mcorporanon of tag«ed glycme mto the hver protems of
carel an male  Thoea

changes 1n enzyme actwl!y are under direct hormonal control or whether they
Tepresent

tion 20

Drocesse

the findings ot Zuchlewshi and Gaebler 2! who demonstrated that the transfer
of 1s0top ¢ mitrogen from 1lanine to other amino acids occutred to the same
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extent in the livers of normal and hypophysectomized rats treated with
growth hormone despite a marked reductson 1n the GPT activity of the
hormone treated antmals  Stmmlar studies on the effects of hydrocortisone
msulin and chlorpropamide might yield a more defimitne concept of the
mechamsms by which these play 2 role in protein metabolism and 1ts relation
to gluconeogenesis

Summary

Insulin and chlorpropamide act similarly 1n moderately depressing glu
tamic oxaloacetic transaminase activity 1n the livers of well fed ammals
The simultaneous administration of hy drocortisone appears to have no effect
on this action of msulin and chlorpropamide

Glutanme pyruvic actnaty d by the ad:
of hydrocortisone alone continued to be marhedly increased despite the
simultaneous administration of 1suln and chlorpropanude

Food restriction ncreased the actiaty of both transaminases Under
these conditions neither nsulin nor chlorpropamide could be shown to exert
any effect on GOT activ1ty despite the further augmentation of GPT activaty
by hydrocortisone

Further study 1s necessary to determine whether these changes n trans
aminase actnaty induced by these drugs are secondary 1n nature or whether
they represent direct hormonal control
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SOME EFFECTS OF TOLBUTAMIDL AND CHLORPROPAMIDE
IN VITRO*

Albert E Renold, Gaston R Zahnd,} Bernard Jeanrenaud,§
Bunis R Boshell
Baker Clintc Research Labaratory and the Departments of Vediesne Harsard Medseal Schodd
and Peler Bent Brigham Hospital Boston, Mass

Introduction

Although a detarled discussion of available information concerning the
site of artinn nf tha b —nal - .
at ¢
Ipr .
constder well documented the posttion that the acute admentstration of the
arylsulfonylureas leads to a decrease in the pancreatic msulin content! and
toanincrease in the insulinhhe activity of pancreaticvem blood * ¢ Increased
arculating insulinhike activity, however, has not as yet been established 1n
man ® & Whether the same sequence of events holds true duning Jong-term,
chrome administration of these compounds 1s as yet unhnown, as 15 the rela-
tive phystological ymportance of the postulated increased insulin secretion—
either acutely or duning long term admimstration  We also consider as well
pctahl chad tha R v - K

mildly stated—disputed
The group for which I am spealang, associated with George W Thorn’s

Metabolic Umt at Harvard Medical School and the Peter Bent Brigham
Hospital, was impressed eatly by the ewstence of significant differences in
the metabolic states mduced by insulin and the sulfonylureas, respectively,
even when the seversty of the induced hypogly cemiz was of similar magnitude
and achieved 1n a similar period of time 3 7 If one tends to accept the
insubn sttmulation theory of sulfonylurea action as the major site of action
of these substances, this paradox may be re<olved by endowing endogenous
sulin secreted 1nto the portal vein with special, previously unknown proper-
ties®  If, on the other hand, one 1s not particularly impressed by the evidence
gathered for the over all physiological importance of the insulin stimulation
theory of sulfonylurea action, one 1s led logically to give prominence to the
extl tic effects of the it Our group still favors the latter
interpretation, but I stress the fact that the folloning observations are not
presented as additional evidence for or against the phystological importance
of sulfonylurea induced msuhn <ecretton  Since heated discussion on this

* Research reported 1n this paper was supporttd by grants from Chas Paer & Co,
Inc Brooklyn N Y and The Upjohn Company Kalamazoo Mich

t Recipient of a Research Fellowship from the Swiss Academy of Medical Scences

Basel Switzerland
1 Reciprent of a Research Fellowsbup from the Dazian Foundation for Medical Research

New York, \
190
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point <eems rather fruitiess at present, 1t1s hoped that the effects shown will
« bute to the over all ph dy description of these interesting
ageats  Indeed 1t may be permissible to expect that careful analysis of the
extrapancreatic effects of the suifonylureas, whatever therr physiological
signficance may lead as well 10 the descniption of 2 mechanism for the
sulfonylurea induced refease of insulin *

Waterial and Methods

e are here concerned exclusnely with the effects of tolbutamde and
chiorpropamide on Letogenesis by hver shices from rats fasted 48 hours, and
with the drugs effects on glucose meubahsm by adipose llssue from fed
normai rats  The hodol D bas been di d previously
m some detnl ¥ U Alloxan dabetes was induced by the mtray enons mjec
ton of 40 mg kg alioxan following a 48 hour fast  Random blood glucese
\alues exceeding 350 mg per cent within 2 or more weehs following atloxan
rjection were considered as indicative of the presence of dizbetes Total
pancreatectarmies nere performed according 10 Scow ** and only those ammals
exhibiting both hy pergly cemia and hetasts 36 hours following pancreatectamy
were used

Results

Buns Boshell of our Iboratory has reportcd?® that tolbutamide in concen
trations of 10 mg /m! and 02 mg ml sigmficantly inhibits the formanon
of ketones by rat hver shees Mm The prev lous)y reported data are
shown 1 Tamie 1 It was s that this

Tasie 1*
TerEcT o7 Toumt TAMID? LPON RETOGPNLSIS BY LIVER SLICES ER0M NORMAL
RATs Tastep 48 Houws

Retogenesss 1n witro

Addition to medim :‘e‘r’v:.’,::’ icrograms ace ;
tone cquivatent | Centrod
sm wethver | (percentages)
90 run

No ad lition by 610 & 63t 100
Tnsuhn 03 U/ 7 590 o7 ¥ 4
Tosamite 18 g/l 7 26 383
o additon 3 59 & 100 100
Tollutarmde 02 mg /mt 8 376 M6

* Dawa 1rom Boshell ¢f of ¥ Incubitions were carnes out m hrel s bicarh )mlc t uﬁtr
modihed by replacing some \a* by h* 1o final concentrations ot Na* = 83 and K+ =

tMean & <andand ecror of the mean S nce all expenments were pasred cxperments,
the signef cance of the tolbutams te effect 15 catealated on the basis of the Fgures representing
percentage of ibe contro} vaue
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toll;stamlde effect c)ould be demonstrated at a concentration {02 mg /ml
or 20 mg per cent) quite frequently encountered 1 plasma
s

tolbutamide treated patients and that +ha nads -  PAspa or serum of
centrations was effectiv
tation of nsulin mediatio

These observations have since been extended to include a greater range
of concentrations and the comparison of chlorpropamide effects with the
effects of tolbutamide  As shown 1n F1GURE 1, tolbutamsde and chlorprop-
amude were approaimately equally effective n depressing 11 vitro ketogenesis
by Iner shices from rats fasted 48 hours, although the data do not exclude

100mg %

80:

PER CENT
3

51 CONTROL  [[] TOLBUTAMIDE  [] CHLORPROPAM DE
de on by hver shces

Top figures refer to the concentrations of drugs used expressed
Incubations were carned out 1n & hrebs bicarbonate buffer
modified by adjusting the concentrations of K* to 60 and Na* to 83 mEq /1

Fiours 1 Effect of
from rats fasted 48 hours
as mulligrams per 100 ml

the possibility that a dfferential potency of the two substances might have
been detected at lower concentrations (for example, 10 mg per cent) The
absence of a strihing potency difference with regard to hetogenesis 1 vifro
thus tentatively supports the view that 1u two potency differences of the
2 compounds are more likely to be related to differences in the metabolic fate
of the drugs rather than to differences 1n their intninsic metabolic activities

F1cuRE 2 further demonstrates the effects of tolbutam:de and chlorprop
ammde upon hepatic hetogenesis as a function of ime It 1s evident that
the effect appears early and persists throughout the period of ncubation
The figure also demonstrates that the over-all drug mduced mhibition 15
really greater than that previously estimated, since a major portion of the
Letones present in the incubation medwm (at the end of the incubation
i the presence of tolt de and chlorpropamid: Letones
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. PR h - .

Whereas correlation between hypoglycemic achvisy 73 110 and antiheln

genetic activity 1 7iro 15 at least consistent with the possitality of a common

mechamsm of action, further studies carnied out sn liver shees obtaned from

anmmals s which experimentat ditbetes had been snduced by afloxan njec

uion or by pancreatectomy failed to support this conclusion  As shown
de effectsy el

FiGURE 3, tolb PR d hepatic ketog wn the

7009

g

8

3
3

H

e To i e
ot D= Chtvepn 0

M@ ACETONE EQUIVALENTS per gm LIVER

§

o
RETOOEHELS,
atar 30m 0

LY B <
NINUTES

Titug 2 Tfect of totbatamide {100 mg per cent) chlorproparmde (100 mg per
cent), and sulfan lamide (100 ntg pet cent) an ketogenesis by liver shes from rats fasted
48 hours  Fach eurve represents the mean of 2 expenments

BTN N I
P T

butamide tor severat d -
and ts collaboratars
genests and refatrvely
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ALLOXAN PANCREATECTOMIZED

CONTROL (7] TOLBUTAMIDE [T} CHLURPROPAMIOE.

Figure 3 Lffect of tolbutamde and chlorproparide (100 mg per cent) on hetogenesis
by liver shees from allovan diabetic and pancreatectomized rats  Shown are the means of
four (alloxan) and six {pancreatectomzed) experiments

GLUCOSE U-C" —» €0, | GLUCOSE U C** —>Fas
(9) (9t

MM T /mg N/ 3he

[ controt

Totbutamide

o
Ficuze 4 Ffiects of tolbutamde (0 8 mg /m] ) upon rat adipose tissue 1 riéro  The
standard errors shown do not take 1ato account the paired nature of the data  The num
Der of experiments 15 shown in parentheses  FA represents fatfy acids
Tolbutamide effect €Oy = +0 34 £ 0 16
Tatty acids = —0 46 £ 0 25
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[ GLUCOSE-1-C™ ~» CO, | GLUCOSE 6 C* —>FAs

(L3} 6)

M C/mg N3N
[ controt 05
Totbytamide

o

Ticcre 5 FHerts of tolbutamude (0 8 mg /m! ) upon rat adipose tissue o vifro The
standarg errors shown do not take into account the paired nature of the data  The num
ber of experiments 1s shown 1n parentheses  F \ represents fatty act Is

Tolbutamide effect CO; = +0 17 4 0 07
Faity acids — ~0 13 + 0 05

GLUCOSE -C * =» €Oy | GLUCOSE & ¢ * —»Fas
({1} t

o074

AMC7mg N/ Shr
] conteal

B3 criorpropam de.
034

014

Figige 6 Biffects of chlotpropamide (08 me /ml) upon rat adipose tissue 1% talro
The standard errors do not take into account the pared nature of the data  The number
of experiments 15 shown 1n {arentheses  FA represents fatey ac ls

Chiorpropamsde effect COz = 40 21 £ 0 03
Fatty aals = —0 05 4 0 07
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acute administration of tolbutamide  Recently we myestigated the effects
of tolbutamide upon the metabolism of glucose by rat adipose tissue and
observed (FIGURE 4) that the presence of tolbutamude (0 8 mg /ml ) resulted
mnncreased CO praduction from untformly labeled glucose but in decreased
lipogenesis from the same substrate This combination of effects seemed
rather unusual sice as a rule ncreased glucose oxidation 15 also accom
pamed by increased synthests of fatty acids from glucose carbon 1% 3B
When the observanions were repeated with glucose 1 C *and glucose 6 Clas
substrates (FIGURE 5) 1t appeared that the major contribytor to the increased
L0, production from glucose was carbon 1 suggesung strmulation of the
phosphogluconate oudative pathw 1y 7while ipogenests again wasimpaired
Finally F1GURE 6 demonstrates a clear cut stimulation of the oudation of
carbon 1 of glucose to CO: 1n the presence of chlorpropammde (0 8 mg /m!)
without concurrent stimulation of hpogenesis and ndeed with a small
nhibition of lipogenesis from glucose 6 € +

Discussion

The ob ervations described simply add two further extrapancreatic effects
of the arybulfonylureas to those already reported on the rat hemtdia
phragm ¢ ! on a number of hepatic enzymes related to glycolysis or glu
c * # on epinephrine nduced glycogenolysis ** on hepatic
transaminase activ ty # and on a number of DP\ or TP\-dependent

te

reactions* T
compounds 1 1 ¢

described P "
production or mereased fatty acid synthesis from acetate associzted with

decreaced ketogenests 1n the presence of acetate 1 CH as the substrate

Neither the synthests of cholesterol nor the activity of the reactions leading
1o the production of acetoacetate from acetoacetyl coenzyme A however has
as yet been measured under these condit ons It may be of some interest to
pont out that the observations relating to glucose oudation and to lipo

genes:s from glucose by adipose tissue are m accord with the only attempt
as yet made to find a common denominator for most or many effects of the
arylsulfonylureas on enzyme systems Wallenfels ef ol ® pomted out that

the enzymatic reactwons affected by these compounds are frequently depend
Indeed they have even sug

(1

ent upon pyndine nucleot des as cofactors
gested a hypothetical mechanism of incuhn release on this bass  The
combination of d CO. di from carbon 1 of glucose with

decreased fatty acid synthests ts ‘compahble with the presence of some wter
ference 1n the transfer of hydrogen from glucose 6 phosphate to fatty acids
by way of reduced TPN ~ A simlar mechanism has been postulated by
Cahill and his collaborators? for the effects of methylene blue and certam
other hydrogen acceptors ip Iner shees
Sun 1iary

Two extrapancreatic metabolic effects of tolbutamide and chlorpropamide

have heen described  First both substances have been shown to nhibut
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. .

ammals  The by which this antik <15 13 brought about 1s
unknown Second both substances affect glucose ouidation and hpogenesis
from glucose by surviving rat adipose tissue 1n a manner suggesting inter
ference with the proper transfer of hy drogen from glucose to the fatty acd
chain perhaps at the level of the transfernng pynidine nucleotides  The sec
ond observation 15 n accord with the generahzation proposed by Wallenfels
for a possible mechanism of action of the arylsutfonylureas upon tivwues
The relevance of the two effects described to the hypoglycemic action of the
arylsulfonytureas 1 man 1 unknosn
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Part 1 Metabolic Studies

INHIBITION OF TRE DIABETOGENIC ACTION OF
SOMATOTROPIN BY TOLBUTAMIDE*

1 Arthar Misky Simon Gitelson Gladys Pernutn
D pacte nt of Clinscal Sc on ¢ Un zers i3 of P tish 1rgh School of 3ed cre
Pttsburgh Pe

The mechamsm wherely the datly admnstration of diabetogenic extracts
of the antenor patartary gland or of purified grow th hormone (somatotropin)
to the dog resuits i the develapment of a temporary dabetie state (1o
hypophysen! dizbetes) that s folloved by 2 permanent dubetic tate
{metahypuphyseal diabetes) 1s sull unknown 4 good deal of evidence can
be marshalied wn support of the hypothess that somatotropm mduces an
increased penpheral need for mselit with a resultant wmcreave in the produc
tion of nsulin by the beta cells of the pancreas ' 2 Accordmgly 1t has been
proposed that when the rate of insubim atlization ecceeds the rate at wiich
i 58 manuiacluzed the beta cells are sumulated etcessively amd undergo

hydrope de and atrophy  Thus the rhohypo
physeal habetes 1s altn'uu\ed to & relatss e ansufficiency an the capacity of the
pancreas fo meet the increased penpheral requirements for msuliz while the
metahypophyseal drabetes that persists after the cessation of the samato
tropsn snjections 15 attnbuted to the exhaustion degeneration and destrue
tion of the beta cefls ¢

The same seguence of morphologie changes that 1> observed 1 the et
tissue of the vomatotropm treated dog? 1s found also dunng the development
of diabetes in the partralty depancreatized cat® and dog® and w the normal
or partially depancreatized dog or ¢at which develops a metadiabetes after
the sdmimstration of thyroud extracts © anterior piluntary extracts 8 1t 2
adrenal corticosterands ¥ gr glucase ¥ Degranulation and vanacs degrees
of hy drope degeneration of the heta cells are found also 1n ammals wath the
sdiodiabetes produced duning the course of the adntinnstration of antenor
pwtary extracts or somatatroptn? M 23 costicosterords ' and large
quantsties of glucose ¥ 2 Concontitant with the degranulatyon and hydropic
degeneration 15 a refuction wn the concentration of extractable msuhn i the
pancreas? 12 2 12

In accord with the hypothe 1> thal an excessne demand for snsulin 15 a
determinant 57 1be productom of metadiabetes are the obrervations that
cegimen that reduce the penplieral tequirements far wsaltn tay aho reduce
the severty of the sdwdibetes and prevent the derelopment of the meta
drabete produced by vanous duabetogenic wyents ¥ Fastng undernutn
ton a hugh fat diet and treatment with snsuhn appear Lo tedace the require

*The wosh reported 1n this paper was suj porte] an part by Grant § 1909 from the
Nationab Enst tute af \rthr s and Metabat ¢ Diseases Pullc Health Secvice Bethesda
Sd

LYY



500 Annals New York Academy of Sciences

Ir;:]r;;seafso:. :;lsu’?ll:e;n?n !ahereby rsdhuce the production of msulin by the
v degrees Thuse Is}\:res mhibt the effect of diabetogenic factors in
e changes in the morphology of the wlets of
Langerhans and the metadiabetes that may occur n partially depancreatized
;'xlr;:‘m;u\}a :’:ulllll:lgltt;l or corrected by undernutnitson® and by the adminsstra
thewise the diabetogemc action of anteror pituitany
preparations 1s dimimshed or inhibited by undéernutntion high fat diets and
the admimstration of insulin 11 1 2 30
Although 1t 1s generally agreed that the degranulation of the beta cells
produced by diabetogenic agents 15 due to excessive stimulation of the
production and or release of insulin by the beta cells the sipmficance of the
hydropic d 111 the dev elog of fiab remains unknown
The observaations of Toreson?! and of Duff and Toresons” established that the
phologic changes 1d d as hydropic d reflect the
deposition of large amounts of glycogen m the beta cells These studes
were extended by Lazarus efal 7 3 who employed a vanety of diabetogensc
agents and concluded that hydsopic degeneration 1s not due to e<haustion of
the beta cells but 1s a facet of the increased glycogen deposition m cell
such as oceursin the kidney and heart of the diabetscanimal  These studies
however do not negate the hypothesis that excessive stimulation of the
heta cells 15 responsible for their exhaustion and atrophy
Irrespective of the precise mechamsm whereby metadiabetes 15 produced
by somatotropin 1t 15 naw quite esident that stimulation of the beta cells
and the release of msulin into the circulation 1s an early effect of ats action *
Thus the ad: ration of punfied pm (2 to 35 mg /kg fday)
to dogs for 6 to 8 days results in an extensive degranulation of the beta cells
and a reduction 1n the concentration of extractable insulin n the pancreas
this may occut even before the deselopment of hyperglycemia 7 The extent
and the rapidity with which the degranulation occurs 15 simlar to that
praduced by a number of agents that do not produce a permanent diabetes

lycemic action of isapropylthio

the action of this and related
sulfonamude denrvaines 1s dependent upon the presence of mote than one
tenth to one fifth of the pancreas Since the introduction of carbutamide
and tolbutamide as orally effective hypoglycemic agents i1t has been firmly
e-tablished that thetr hypoglycemic action 1s dependent upon the presence of
1stet tissue capable of producing insukn  Although 1t 1s quite probable that
a number of mecharusms are mvolved 1n the action of these agents there s
ample evidence that one of these mechantsms 1s the sumuflation of the beta

cell, and the refease of nsuln from pancreatic stores ™
€ mrtienlar interest are the observations that the admumstratton of
.

in the pantreas FeIRn .
phy siological effects that are somewhat wim lar to tho e produced duning the
early stages of the admimstration of somatotropin 1s suggested by the dimin
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sshed ghacone folerance that occurs b rats and dogs treated with carbutamde
{ora prolonged penod ¥ Tn accord also s the demonstration that the wsual
hypoglycemsc phase of the re ponse to the 19jection of allovan daes not oneur
w rats gien farge doses of tofbutamide for 3 or more days <

AlMhough some of the eﬂt)) effects of somamxmp)n appear to be simtlar
to those produced A the molved appear to
be qmte dafferent W hmas the excessive sumulation of the beta cells that
oocats n the dog treated with omatotropm s prebably ecendary o an
ncrease in the penpheral requizements for msubn that resuitng fram the
adminsstration of the sulfonylusess 3 probably due m\a dmcn effect an the

slets  Thus the msulin reg of the
dog are mcrmscd by somatotropin® ? % and not b) the sulfon)lumas e
4 w the phal changes preduced by these

agents plumpled a study on the effect of somatotropm on the acute hypo
glycemic action of a single insection of tolbutamide and on the effest of the
dasly orat admwmstration of tofbuterude on the dubetogenic action of
somatotfopm

A punfied prey of bosine ot was gnen to mile dogs
weghing from 10 to £7 kg The hormone wa mjected itramuscularly 1
& daly dosage that vaned from 3 to 10 mg by The ammal were gvena
constant duly dies and any food pot eates by 430 pu nas remored and
weighed  Between 8 and 9 every morming the ammals were Leighed venous
blood samples were taken and somatotropm was wyected following these
procedures the dogs were fed  In some mstances blood samples for sugar
determiation were taken at mtervals thronghout the day  The darly urine
extretion was collected quaatitatively  The concentration of sugar 1n the
blond and urme was determned by Nebson s method #

Ore grovp of somatotropn treated ansmals was gnen 4 single mitavenous
injection of tolbutamidet (25 mg /kg ) at vanousntervals before duning and
alter the course of mgections of somatotropm  Samples of blvad were deawn
{rom the fasted ammals at intenals before and for ¥ hours afiter the injection
af the tolbutamde  On the day of the test the admnistration of somats
tropa was wsthheld untst the test was completed A sewund group of dogs
was simifarly treated with somatatropmn and i addition, was gnen a single
oral do<age of 1olbutatmde (30 to 100 mg /kg /day)

The adminstration of somatotropin (3 to § mg shg ey j fox from 4 to 6
dags results an a change i the character of the hypoglycemiz response ta
the wtravenous myection of a standard dowe of tolbutasmde  Whereas the
normal dog responds to tolbutamsde within 30 min with a precipitous
decrease 1 the blood sugay concestration the ammal treated with somato
trapin for 4 to 6 days responds with a selatvely slow progressive decrease
The nhibition of the fivst phase of the mormat acute respon<e ta tolbutamide
Ty oeeut even before the horvone has produced a significant hyperglveemia #

* The somtatropin wsed 1n s study 1s a growth hormane § reparaion provs Jed by the
Endocrinology Study baction Sauonal nstittes of Heslh

1We arz wmdebicd to The Upbn Company halamtos Mich lor supphes of tab
butams fe (Qniase)
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the period of treatment The response of the dogs t
somatotropin and tolbutamude, ho\\léver, differed ?ro‘;n l::ﬂ;‘o?:xﬁlzlfzt ::§
a relauvely moderate mcrease 1n the blood sugar concentration occutred
The difference between the responses of the two groups of animals 1s staty
ueally hughly significant (p < 0 601)

Iustratne of the responses of individual ammals compriang each gron
of dogs are the data depicted in FiGures 3 and 4 By the fifth day dog 3
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Ticure 3 The effect of tolby on the dit
Pog 34 wmas gpven micamuscular injection of somatatroptr (6 mg /kg /day) throughout

the designated period
(pioURe 3) developed a sigmificant hypergly cemia and glycosuna that
persisted throughout the penod during which somatolropin was mjected
v 0 (vtemrer 4) however recened tolbutamide and developed a hyper
v

shueness to the diabetogenic action of the somatouopin espva v o
designed m which each animal served as 1ts own control  Six dogs were
guen 2 courses of injections with somatotropin, 3 recened tolbutamide
orally dunng the first course, and 3 were guen the tolbutamide dunng the
second course of jections  Dlusteative of the first group of dogs are the
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data on dog 31 iustrated i FIGERE S En this instance the tolbutamde was
not started untt x defimte hyperglycenna and glycouna were present
Although the blood sugar remained above the normat concentration 3t was
ugnificantly lower than that produced in the same dog when 1t was not gien
any tolbutamude during the second course of injections which was stasted
after an wierval of 13 days

That the relatnely short interyal between the 2 cources of somatotropn
1njections 15 nat responsible for the more marked diabetogemc response to
the second cour-e of tjectionsand for the development of mexadubetes mdog
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31 (riutRe 5) 15 ndheated by the data on dog 38 tmrLar &) Thyydog was
gven mt alar imjection of Smg Ly day)and aftera
stymficant by pergly cemin and glycosuria developed the anmal was gner
tolbutamude (100 mg kg ) on the doys miicated  The blood sugaz fluctu
ated between normal and by perglycerme levels and o moderate degree of
ghcosura occurred  The second course was started 346 days after the first
conrse of injections of somatottopn was stapped It 1y quate apparent that
an spite of the lengthy nterval between th e 2 conres of wmections & much
more marked hypergheema and ghycosuna occurred d uring the second
cour € and the anmal developed a metadiabetes

In complete agreement with the above are the data obtasned in the epert
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ments 1 which the tolbutamide was gnen during the second course of
mjections of somatotropin  Typical of these are the data illustrated 1n
FIGURE 7 Whereas a sigmificant hyperglycemia and glycosuria developed
during the course of injections of somatotrepin, a marked mhibition of the
drabetogenic response occurred during the second course, when tolbutamide
was given daily by mouth  In no instance did a metahy pophyseal diabetes
develop after this second course of injections
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Twure 5 I flect of on the action of
the first course of intramuscular injections of somatotropm (5 mg /kg /day) lnlhuu\r:d:
(100 mg kg ) was given orally at designated days (arrows) A metahypophyseal diabetes
followed the cessatton of the second course of injections of somatotropin

Tustrative of another expenmental design that was used 1n this study are
the data depicted in F16URE 8  Five days before beginmng the admu;lz!ra
tion of somatotropin (5 mg /hg /day), dog 37 was started on an oratd ase
of tolbutamude (25 mg /hg/day) The tolbutamide was increased to
50 mg kg day on the tenth day after the first ijection of wmaw(lul'lpm~
During the mterval a hyperglycemua developed gradually  Within ‘zgn
after the tolbutamde dosage was increaced, the blood sugar conczn(l)ra :he
began to fall and reached the pretreatment level by the ﬁ(lhhda) 11‘:13 ¢
twenty sixth day after the first injection of somalolropm] (lhal 1;[,] (;mxéc
after the blood sugar concentration reached the control level) the tolbu
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was disconttnued but the mjechion of somatotropie {5 mg by day) was
contmued for anather 27 duys  The blood sugar remamed unchanged
throughout this penott  When the dosage of ~omatotropm was wcretsed
to 10 mg day these was> no change in the fasting blood supar concentration
even though there was 2 higher concentration of glucose ;m the samples taken
at 1Py Viath the njection of somatotropin (15 mg kg day) the fasting
blood sugar increased and remained elevated even when the dosage was
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ticeae 6 [ dect of tpfbutam de on the d abetogenrc action of somalotropin  Thuring
the 0rsl course of mtrsmuscular mpections of somatotropin (8 mg hg day/ the animal
was gwven tootam e (300 e kg ) waly @t desgnsted Sy fanais) |\ metahvpo
thyeal hatetes folla ve § sbe cessation of the secon § course of injections w1th somatorrop

reduced 1o 10 mg kg dxy  With the cescation of somatotropn ingections
the blood sugar returned to normal levels

The obsersations reported herein establih the fact that the adaastration
o approy g of 10l deceanes o inkabits the dibetogemin
responce to the mtramusculr injection of somatotropm  Such an effect
could nat be gntrapried oa ¢ bass of the morphalogic changes 1 1he
prncreas that follow the admuntstration of each agent  As noted 2bave, each
agent stimulates the pancreas and induces degranplation and  hydropic
degeneratton of the beta cells I such stimulation and the resultaat
morphotogic changes play a rote in the submequent destruction of the islet
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tissue then the concomrtant admimnistrati
on of both agents wou,
to enhance the rate of beta cell dectn ~t nn and g ' Id'be expected
of metadiabetes  The
vahdity of the concept
stimutation of the pancreas, with a c
onsequent exh:

S uation of 1 3 q austion and degeneration

Tt can be postulated that the tolbutamde induces a discharge of insulin by
Idmacz stimulation of the pancreas and that the resultant merease m crcy
ating hormone nullifies the effects of an increase in penpheral requirements
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Ticurs 7 Effect of on the action of Duning
the second course of f (5 mg /Lg /day) tolbutamide

(50 mg /kg /day) was given orally
for wmsulin thereby obuviating the diabetogenic action of somatotropin
The observations iHlustrated in FIGURE 1 howeser suggest that tolbutamide
1s meflective m producing a further stimulation of the discharge of insuhn
after the first few days following the onset of somatotropin injections
Further blood samples taken at various intervals duting the day from
ammals treated with both somatotropmn and tolbutamide usually showed that
the fasting blood sugar was the lowest of the day

An alternative hypothesis 1s suggested by Anderson and Long s obsena
tion that the perfused pancreas stops 1ts secretson of tnsulin when a gronth
hormone preparation 1s added to the perfusate  Thus sornatotropin may
evert some direct action on the beta cells that mbtbuts their secretory activity
Accordingly, the effect of tolbutamrde could be altnbuted to an action 1n the
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beta celt that protects some intracellular mechamsm which 15 suinerable to
theaction of somatotropin  Xtas difficult however, to postulate a mechanism
whereby such 2 protecine achon could be effective for as Jong & penod as
that observed sn dog 37  Howaer the absersauon that pretreatment with

A fe results m an ol the diabetes that i subsequently
produced by the mjection of aloxan® supparts the possiabty that totbut
amide exerts some protecttve attion n the beta cells  Further danficabion
may come with sumlar and mare extensine studies with other diabetogeme
agents
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FiceREE 1 fcet of tolbitammde on the d al etogensc action of som\iotropin {see fext

‘The data presented herern offer no niew 1eaight 1o the mechanim respans
bile for the diabetogenic action of somatotropin They do suggest that the
growth ancet  type of diabetes methitus 18 not due 4o the acton of wema
totzopin  In contrast with the effect of totbutamnde on the somatatroptn
treated dog, the diabetic chuld who v respansive ta totbutamade at the anset,
of the syndrome usually loses his responsiveness with the passage of ttme
itrespecine of shethes he 5» treated with totbutamude® of with insuhn %
The pauent with actomegaly honerer who develops diabetes should be
ISP E 10 Yolbulamide sntsd suel tme ax the beta cells of b priceess are
destroyed  Accordingly st is probable that an sdiohy pophy seal diabetes ts
responble for the by perglycenin of patients with actomegaly who have
been found 1o 7ewpord to tolbutamide **  The prophyirctie action of tol

Lutsmude i such panents must await further study



510 Annals New York Academy of Sciences

Summary

The intra\ enous mjection of a single dose of folbytamde (25
normal dogs resulis i 2 precipitaus decrease 1 the bigod sggn(rzcaor':lcger(!lﬁl)l;:
within 30 oun Wathip a few days after the beginning of the daily iatra
muscular mjection of somatotropin the mjection of a similar dose of tol
butarmde results in a gradual decrease tn the blood sugar  Subsequently
with the confinued admimstration of somatotropin the k) pogly cemic
response to the injection of toft le 15 ! hib:

The diabetogemc effect of the daily mtmmn}scula’r njections of somato
tropin 1s decreased or inhibited by the concomitant oral admmstration of
tolbutamide
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DEGR ADATION OF INSULIN-D!' AND GLUCAGON-I' AND
FACTORS INFLUENCING IT*

Robert H Wiltams, Janet § Hay, Margares B Tnden
Deparsorent of Medictne Unreersity of I ashingtonr: Scallle (§ ash

As tecently reported ! * msulia s rapidly degraded m the body and ap
parently before some of the hormone has exerted sts action A better under
standing of the facters influenaing the degradation of thr hormone concetva
bly could be of assistance tn controtling diabetes  Ya this paper are reported
results of some of vur studes of the capacity of shees nad homegenates of
mast of the bady tissues to degrade msuhn 1Y Ao are reported the ifln
ence on this hormone s degradaron of wfection trauma, and many fatiors
that presumably nfiuence the amount of msubn seesetion, theluding stana
tion, phlorhizination, alloxen duabetes prednisolone, msuhn hypophy cectomy,
adrenalectoray or diets high m catbohy drate, fat, ot proten

Stnce glucagon alvo exerts a ponerfu) mfluente on carbohydrate distnbn
tion and, indeed may cause diabetes,* certain phases of the metabohsm af thes
hormone are reporied

Meznons

For these studies wsulin and glucagon labefed with 1% were used  Smce
we have reported nrany presious observationst ¢ S-with these labeled com
pounds, detarbs of the techminues employed are discussed 1 this paper only
tery briefly Howeser the following pomts need particular emphasis
Great caution must be exeraised n the 1odmaton of the hormones because
heavy sodination and/or yathation w il aholih theyr chief binlogical actrvity
and alter thewr chemical and physical behavior  Wath the 10dwation tech
sques employ ed i our prepatatians full brolegieal activity can be preserved
Hawever, there sl tends to be some vanation from one hatch to the next in
some of the chemucal e of 2 sufficient
number of conirol expenments with each batch  For the mmmizaton of
the adsarp of the b to gl and for 2 m the
precipitation of the hormone t 1 desteable to has ¢ at Jeast wex eral mifligrams
of protemn 1 the container, we commonly bsed normal plasma  In order 10
otk Math the most satsfactory ratios of enzyme 4o subsirale we rontingly
added the carresponding nonfabeled hormane

AH msubn B used was puschased from the Abbotr Laboratories, North
Chucage, 1, and was diafyzed at 4° € for several hour, immedhately before
use  An ding enzyme was used and i) either
at tivsue homogenate (Iner i most tnstances) of of the dned pow der remam
mg after speciat treatment of beef hiver homogenate with acetone and ether

* The wark reported i #hs paper aas supported i parc by Geants \ 575 2nd & 245
from (e Natwasl Institute of Arthnls and Metalalic Diseases Public Health deryice
Bethesds, A wnd 1n pant by vhe Wacren Ore Receareh Lun} and The Trabetes Teaching
an ! Research ¥ oumfation, Seattle Wash
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The portion of 4 mg of the extracted Iiver that was soluble 1n 05 m! of
buffer or a speafic amount of tissue homogenate was placed 1n a beaker
Either 0 067 M phosphate or, more often, 0 1 M tris (hydroxymethyl)ammno
methane (Trs), contatming 5 X 10-3 M Versene was used as a buffer To
the enzyme preparation was added 04 ug of snsulin 1M and 01 mg of
amorphous nsulin, 1n this system the quanuty of enzyme 1s the hmiting
factor 1n the rate of the reaction The total 2 m! muxture, with the pH
adjusted to 7 4, was placed in a Dubnoff metabolic shaker at 37° C for 5 min
Fifteen seconds before the end of the tncubation 1 m? of 2 per cent of plasma
n water was added to ensure complete preciputation of insuln, at the end of
the incubation penod 3 ml of 20 per cent trichloracetic acid (TCA) was
added  After standing for 30 min  the mixture was centnfuged The sold
residue was washed 2 to 5 imes with 10 per cent trichloracetic acid, and the
washings were added to the supernatant  Each sample was run in triplicate

The radioactivity 1n each specimen was measured by a well type gamma
counter The precipitate was dissolved 1n 30 per cent KOH and brought toa
volume equal to that of the combined supernatants A calculation was then
made of the percentage of the total radwactinity found in the supernatant
fractions this fraction was regarded as an indicator of the amount of degraded
hormone At least the following 2 control studies were conducted simul
taneously with each expenment (1) 1 m! of buffer plus 1 ml of insulin solu-
tion, and (2) 05 ml of buffer plus 05 ml of enzyme preparation plus 1 ml
of mnsulin solution  The excepttons to the foregoing techrique are descnbed
where indicated

All rats nere male and, except as noted later, were of the Sprague Dawley
stram

InsuLiN 1! DEGRADATION BY HOMOGENATES OF DIFFCRFNT TISSUE

nne ame wntal and

Nonfasted rats -
approximately 3(

gaslrocnemms
pH T 5and homogenized  From 1 to 15 per cent concentrations of the homog

enates were mncubated with msulin 140 (05 ke, 1 ug) and 13 pg of amor

phous msuln  The amount of degradation was determined as descnbed

under METHODS
As seen In TABLE 1, there was an increase m the degradation of insulin 1%,

with an increase n the concentration of homogenate used In concentra-
tions from 1 to 7 5 per cent the efiect was essentially hnear, 1n spite of the fact
that the experiments were not conducted simultaneously or with the same
batch of insulin I*¥*  Liver and hidney were much more acttve than gastrac
nermus muscle

ssite homog

Our studies were extended to deterrune to what extent other ti: :
- . L aam da sel o

015 ml was used 10 each vescel
The results are shown in TABLE 2 Since 6 different expeniments were con-
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InsTLIN T DEGRADATION BY DIFFERENT CORCENTRATIONS OF
Tissye HOWOGENATES

Average % msuha P
2 Concentration
r“’f{ﬂ"{“"‘ i\p‘:u“:::z of homogenate
{per cent)
Liver | Radney | Muscle
4 1 131 95 66
1
4 3 328 | 205 50
2 5 5 321 301 ins
5 75 623 [ 513 | 197
3
5 135 44 613 25

*The 3 expertments were conducted at sntervals separated by wecks and different

hatches of tasulin i were use:

ducted, with different batches of msulin 1! and with ammals of various
sizes at widely separated intervals all of the results are recorded with refer

ence to the diaphragm, to which s assigned a value of 100 It 1s seen that
essentially all of the tissues caused some degradation of the hormone ~ Among
the more active tissues were liver, pancreas, kidney, and tesus  On the
other hand plasma had no activity, and washed red blood cells had essentially
none  The action of bram, daphragm gastrocnemius and lymph node was
relatively small 1n the case of muscle howeser, its body mass 1s so great that
1ts total action 1s very significant

INsyLtn I'¥! DLGRADATION By SLICES OF DIFFERENT Ti>SULS
L ELE .
Approvuimately 200 mg of each of these tissues was obtained from each of 12
male rats  Tor each 100 mg of tissue 125 gy of mstln 19 was added, as
wefl 25 10 yg of amorphous muulm  Upon completion of the incubation
which was conducted as with the homogenates, the medium was poured into
1 ml of 2 per cent plasma  Ten ml of 20 per cent TCA was then added,
the precipitate was washed twice with 2 m! of 5 per cent TCA  The twssue
was washed 4 times with 2 ml of saline The washmgs were combined
Counts of sadioactivity in the supernates and washes were as desenbed
earlier

ErrecT or INFECTION AND Tissue DAMACE oN INSLLIN DEGRADATION

In view of the fact that, first, the datly inwuhn requirements for diabetics
are greatly increased with infection and trauma, and second, essentially alt
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' s Tanie 2
NSULIN 19 DEGRADATION BY Y aRiors Rat Tisste HowoGEnATES*

1 xperiment \o t 1 } 2 3 4 5 6

RatN\o} tlz2)3)4is5(6]7]8]ae 10(11 173

Iner 46414231570 657 (616] 761 ] 249 252

Pancreas 251257 (264 278/299 | 346|328 | 364 [ 414|859 736|592
l]:lgney 516|540 217 ) 231
1dney cortex 2171235 (205|252 | 261410 33> | 362{ 410 58 | 619 | 178) 227
Testas 2911264 |282(291295 | 458| 412| 3,6 | 308 { 325 | 419 114] 140
Small intestines 1781299 25812251216 131|131 | 191 | 1659 238 322 135 160
Stomach 141|188 144 (1911991320 | 232 204 { 237 | 460 | 825 | 384 | 337
Spleen 189169190 | 199205 | 361 | 342) 248 ) 314 318 | 543 172 139
Heart 139 (174 141(109] 135 | 3431309 273 {237 (159 (194 70] 96
Diaphragm 100100 | 100 100 100 | 100] 100 100{ 100 | 100 100 [ 100 | 100
Gastrocnemas mascle 143 84)119] 751 87 4sf 45
Bran 102( 9411011101 100|222} 249 115] 108 45 19 12
Ady ose 54| s2| ss) 27) 33)113) 96 8% 22{ 0| 2| n
Thy mus 149145 132 164 ) 178

Lymph nodes 102 81} 71{ 80! 92

Red blood cells 50201 4
Plasma 0f 0] of 0f 0

* \Il values are related to the action of diaphragm which was arbrtranly given a vahee
of 100
+ The various experrments were conducted over an interval of 3 years (see text)
tlnrats 1 to9 100 to 150 mg of tissue was used per beaker i rats 10 to 13 15 mg
1n al! mstances the ratio of tissue weight to tnsulin weight was 10 1 In the expensments
shere only 15 mg of tissue homogenate nas used 100 mg of bovoe plasma albumin was
added 1n order to reduce adsorption of the hormone to glass

tissues can degrade insulin we were prompted to ascertain whether increased
mnsuhin degradation was d ble under these ¢

Effect on Degradation of Insulir I tn 1 stro of Serum from Diabelres
with Infection
As previously mentioned normal serum has been shown not to degrade
nsulin, but it was considered possible for the serum of infected duabetscs toact
differently  Therefore through the courtesy of Joseph Crampton serum was
obtawned fram 2 diabetics each of whom was suffering from a carbuncle the
development of which caused the need for about twice the usual daily dosage
of mnsulln  Incubation of I ml of serum with msuln ¥ for 1 hour hke that
of serum of 4 normals studied stmultaneously, caused no degradation of the

hormone
Degradation of Insulin I'" n Diabelrcs and X ondiabetics with Infection

Insulin 1% was injected mntray enously as descnibed by Welsh ¢f of Tand
plasma samples were obtamned 1 hour later from 11 diabetics and & nondia
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betics with mfection  Approumately one half of each group of subjects had
fever at the time of the test, in a few patients the mfection was severe (for
example, pneumoma)  The amount of TCA precipitable radioactinaty 1n the
serum 1 hour after msulin I¥ admimistration was compared with large seres
of diabetics and nondiabetics 7 There was no esvdence that the
infections were associated with increased degradation  In 2 diabetic patients
the test was repeated when the subject was free of infection In one, the
results of the 2 tests were 1dentical, i the other, there was actually less
degradation with the infection because there was more binding to plasma
globuhin
In view of the fact that thete were many varables that mght have influ

enced the msulin degradation, the problem was studied more speaifically
amimals and 15 vitro

Effect of Staphylococes on Tnsulin I’ Degradation . V sire

Because of the fact that staphylococet are such common offenders in dia
betics, a total of 5 1 13tra experiments was conducted with 2 highly wirulent
strams of this orgamsm

Expennment { A heavy broth culture of staphylococci was centnfuged,
washed twice with saline and then suspended m safine  One half of the
material was subjected to supersonic vibration for 43 mimn to effect cellular
distuption  The matenal was then recentrifuged, and part of the supernatant
was tested as such whereas another part was boiled before testing  Thus
there were 3 ¢ of washed staphylococar (1) whole cells (2) super
natant from disrupted cells and (3) a portion of the second pteparation that
had been boiled 1 ach preparation was incubated for 3 min with insulin I
and 4 mg of amorphous 1nsulin alone or with the insulins plus iver  msuhin-
ase  As the results shown m TABLE 3 mndicate none of the preparations of

phy o1 caused msulin degrad Indeed the bmled staphylococcal

actuaily d the by the This may

have resulted from mumsed bincing of 1nsulin I"‘ to the boiled staphy lococ
cal products.

TasLE 3
EPYECT OF STAPHYLOCOCCE ON InSTLN I DfGraDATION

| Luer Per cent
Tosahn 104 o vme Other degradatt n®

¥ 11

& + 127

+ Washed staph 11

+ 4+ {Washed staph 130

+ Somrtred stapk 14

+ + | Semfed staph ite

+ Borted somi ed staph 14

+ + | Botel sonified staph 73

* \verage of tnplicate determnations
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Lrperiment 2 In this expenment the sncubation was conducted at
pPHGO0and 75, only the latter was tested mn the previous expenment  Inths
experiment there was used 80 mg (dry weight), per incubation flash, of
staphylococeal products in the supernatant and 16 mg of the whole organims
Agamn, the staphyjococer caused ne degradation

Expertment 3 The staphylococer m this and the next 2 expenments sere
obtamed {rom ane of the af; 1oned diab wath carbunculoss and
mcreased insulin requirements  The bacterial matenal was prepared as
previously descnibed  However the meubations were with only 0025 25
much amorphous msulm and were for 1 hour mstead of for § msn  The
determunations were at #H 75 and 60 Again, no evidence of degradation
by the staphylococe: was obsenved

Experrment 4 The previous evperiment was repeated, wang a much
greater concentration of staphy facocct or therr products and with one half
asmuch amorphous msubn  No degradation from the bactena was observed

Experiment 5 Experiment 4 was repeated except that 10 mg of hovine
plasma albumin was added to each flash 1n order to mmimsze adsorption of
msubin I to glassnare and or products m the medwm There was no
sigmficant change 11 the results

Effect of Slaphylococcal Infection 1 Rabbus on Insulin P Degradotion
&y Vuscle

All rabhuts used were large white males

Experiment 1 Tourniquets consisting of a rubber band and a copper
wire were placed high on the nght thigh of each of 2 rabbits  Seven hours
later the tourriguels were removed, and the gastrocnemius as well as
surrounding structures were ingected with 02 c¢ of a heavy suspenston of
staphylococcr obtained from a diabetic patient, as described earher Fne
hours thereafter the ammals were hifled by a blow on the head  About
12 gm of traumatized and staphylococct snjected muscle was removed, as
well as 3 comparable amount of muscle from the other hind leg  After
weighing, this matenal was homogenuzed in approuimately 40 ml of 01 M
Trs m a Wanng Blendor  Faollowng centnfugation the supernatant was
removed, and 2 ml was incubated for 30 min with 1 mi of msulm I
contanng 5 g of amorphous msulin The amount of msulm I degraded
was determined tn the manner described prevwously  There was no diffesence
1 the degradation caused by the muscle extract from the 2 legs

Evperiment 2 An espeniment stmilat to that above nas conducted with
5 rabbtts, but 1 ml of a keayser suspension of the staphy lococes was sngected
snto each hind Jeg,  The supemnatants from the muscle homogenate each con
tamed 22 my of <obds per 1 m{  Each meubation fash contawed 13 ag
of wsuln  There vas no difference mn the degradation caused by the vanous
extracts

Effect of Staphylococcal Infections s Rabbets on Insulin I'3 Degradatian
by Serum

In the same w hnte male rabbis described 1n the previous section, serum
specumens were studied  About 13 m! of bloed was withdrasn before the
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tourniquets were apphed and a few minutes after removing the tourmquets
and massaging the leg 1n the second experiment an additional blood specimen
was withdrann 20 hours after imtiation of the experiment Two ml of
serum was mcubated for 15 min with 4 or 13 gy of msulinin 1 mi Tns
along with 2 small amount of msuhm I¥'  None of the serum specimens
caused degradation of the hormone

Effect of Staphylococcal Infection s Rats on Insudin '™ Degradation 1 ¥ 1o

Under ether anesthesta each of 6 male rats weighing approuimately 250 gm
was injected mtrapentoneally with 05 mi of a heavy suspension of stapbylo
cocel obtamned from the previously discussed diabetic patient  Six days
later following a 24 hour fast each rat received 30 uc of msulin 1'% 1n 3 taal
vein  Thirty minutes thereafter under ether blood was removed from the
aorta 1 a hepanimzed synnge  The amount of degraded and undegraded
nsulin was measured  An average of 49 per cent of the msulin I'* was
degrided and 1n another group of 6 rats treated i the same manner except
for the injection of staphylococa there was a S0 per cent degradation of
msubin 1

Fflect 1n Rats of Infection with Iecal Conlents on Insulun I'" Degradation
m e

Five ether anesthetized rats were mjected subcutaneously with 2 cc of a
heavy fecal <uspension in water Fighteen hours later insulin I3 was
miected wto the tal ven s 1n the previous expenment  The average
degradation was 43 per cent whereas 1n 5 controls treated in the same manner
except for the mnjection of fecal suspension the average degradation was
42 per cent

1 ffect of Necrosts of a Rubbut Leg on the Capacly of the Serum or Damaged
Musele to Degrade Insulin IV 1 1 afro

£ vperiment { A rubber band and a copper wire were wrapped tightly
around the upper part of the nght hind leg of each of 2 rabbus ~ Ene hours
later the tourniquet was removed and the leg massaged for 2min  Appron
mately 15 m! of blood was withdrawn from the heart before the tourmiquets
were applied as well as 2 min and 20 min after thewr remorval  Toilml
of serum was added 4 mg of amorphous insubn 10 pg wsubin 18 and 2 mi
of Tris buffer The mixture was incubated for 1 hour and the amount of
insulin 1%t degraded was measured  None of the serum specimens promoted
degradation

Evxpervment 2 Under ether anesthesa the nght thighs of 7 rabbits were
severely crushed with a hammer  This procedure subjected the animals to
severe stress as evidenced by the fact that many died The serum from
bloo | drawn before the crushing 2 § hours and 8 hours later when meubated
for 15 min with wnsubn 1 cau ed no degradation of the latter  About
10 ym of muscle was removed from euh thigh and homogemzed 1n sahine
One hiquat of the supernatant fram 1 25 per cent muscle homogenate was
adyusted to pIT 75 with T buffer nd anather to pH 60 with phos
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phate  One ml of each of these mutures was meubated for 15 min %tk
30 pg snsulin and msubin I in § ml of water A% tests were conducted i,
duplicate  The amount of msufm [ degraded by the traumatized and
nontraumatized muscle extracts was comparable  Expeniments with the
control muscle were conducted using twice or 0§ the concentration of the
muscie extract used above The degradation of tnsehm I was proper
tionate to the amount of extract

Effect of the Crushing of @ Rot Leg upon the Degradatson of Tnsulve I ae o

Under ether anesthesia the right hind lags of 6 male rats were severely
crushed with a hammer  The process was repeated 4 days later and the
ammals were then fasted for 24 hours  Insula 1! was myected wio & tail
wemand after 30 min bload vwas remaved fram the aorta and analyzed for
degraded and undegraded hormone as presiously descrived  Six other rats
wete handled evactly sn the same manner excludng the frauma  The
average amount of degraded msultn I 1n the controls was 50 per cent and tn
the traumatized group 35 per cent (p < 0001) Three months Inter the
expernment was epeated with 6 rats w sumilar manner ewept that only one
traumatization was mflicted 24 hours before sacmfice and the rats were
ot fasted  The amount of deyradation was 47 per cent w the traumatized
group and 41 per ceat i the controls {p < 001}

Terecr o Insorn 19 DEGRADATION OF Co\DITIONS PRESUNABLY
INFLUENCING INSULIN SECRETION

Many chemical agents i the body in some manner evert 2 contrainsulin
action  Swmce tnsul nase markedly degrades msuln we were prompted to
mvestigate inra ts the effect on the insuhmase action of many indnodual factors
histed 1n TARLE 4 that inf casbohyd ang presumabl
the secretion of msubn  In each mdndual evpessment there were 6 rats
except for one alloxamzed grovp and the adrenalectomized group each of
which ncluded 4 rats  Thus there wese 116 expenimental rats vath com
pleted studes and 60 controls  The high fat diet consisied of a raye of t

m of peanut gil to 1 gm of ground Pursna Fox Chow *  The high catbo
hydrate d et copmsted of 3 parts of fox chow to 7 parts suctose and the
high protem diet contaimed 7 parts casemn per 3 pacts of fox chon thus
each of the 3 diets contamed more than 72 per cent of its calones as fat
carbobydrate or protemn  Twelre gm rat/day was seried and all was
desaured The phiorhizinged and alloxamzed rats showed persistent
gheosuria  Ultralente rsubn was tnjected subcutaneously once daly  For
the expermments with snictive msultn an ultralente preparation was treated
with cysteme  Predmsolone acetate #as mjected subcutaveously once
daty  As shown i 1aBLF 4 some rats nere of the Sprague Dawnley stram
and some were Wastars some were fasted and others nat some were treated
on the day of sacrifice and others not Al rats were weighed at the beginning
of the evpeciment (approumately 220 gm ) and on the day of sacnifice
All of the procedures were rigorous especially the predmsolone and insulm

* Product of Punna \ills Buffale ™ )
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Wdmumstrations A number of rats m these groups died  The alloxanized

starved and prednisolone treated rats lost a great deal of weight  Those on
high protein or high fat diets and those phlorhizimized lost a small amount

the adrenalectomzed hypophysectomized and high carbohy drate group
did not gan  Each rat was decaputated and the [iver rapudly removed
washed 1 01 M Tus buffer blotted on mosst filter paper and weighed
The Inver was homogenized n Tns A 1 m! aliquot contawning 1> mg Iner
(net weight) was meubated at 37° C with 90 #g of nsulin as well as msu
In 1™t ml Tos foramm  Fifteen seconds before the end of mcubation
1 ml of 2 per cent plasma was added The reaction was stopped by the
addition of 3 ml of 20 per cent TCA  The mixture was sticred allowed 1o
stand for at least 30 rmn  then centnfuged decanted and the residues washed
tuice with 5 per cent TCA  The washes were combined and the radio
actwvity of the supernatants as well as the precipitates measured as described
earler  Since different intervals elapse dunng the preparation of the Iver
homogenates studies were first conducted at 4° C to determune such effects
on insulinase actnity  Fifteen rats each weighmg about 300 gm were
decapitated and at 0 2 4 6 and 8 hours thereafter the Invers from 3 antmals
were removed and the msulinase determined no significant difference was
found

Compared with the controls which were of comparable body weight at
the begmning of the experiments the total Inver weights were sigmificantly
less i the folloning groups adrenalectomy hypophysectomy alloxan

high fat and staned they were Increased in the predmisolone and high
protein graups The percentage of water was decreased in the adrenal

ectomy hypophysectomy and the prednisolone groups.

The averages of the other major observations are shown In TaBLE 4
Considering the marhed changes i metabolism there were surprsingly fen
alterations m liver nsulmase actnvaty  There was an jncrease in the
Qegradation of the hiver homogenate of one ngh fat and one alloxan group
when the calculations were based on a liver dry weight ratio but not by the
other standards  On a Iner wet seight basis there was one msulin group
that had an mcreased degradation and one predn‘lso—.lone greup‘.that had a

A e ' A -

weight  Considering the radical metabolic changes that were found 10 be
induced by the various procedures the relatively few abnormahties sn fner
insulinase were surprising

GLicacon ' DECRADATION

Using glucagon labeled wath I'* in the manner described previously * *
2t was found that homogenates of pancreas hner hidney cortex and muscle
brobe down this labeled hormone ~ Indeed m concentrations of homogenates
from 00> to 0 4 per cent and 2 ug of glucagon 1 7' the relattons were essend
tully Linear (¢icure 1) Studies with muscle and Iner however showe
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that the effect tended to plateau when more than 1 per cent concentration
was used

Glucagon 1% degradation by acetone precipitates from Iiver homogenate
15 mhibited by many of the same compounds that inhibit the tnsuhin 1831
degradation ® 1t However there was a different degree of inhibition 1n
some imnstances  For example the following inhsbited msulin I degrada
tion more than glucagon I benzoyl L tyroune ethyl ester acetylt
tryptophan ethyl ester tanmic acxd dithiouracl bis {(dimethylcarbamyl)

Q
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N Kidney Cot
idney Corfex
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[V 02 03 04
PER CENT HOMOGENATE
TIGLRE 1 The legradation of glucagon I 13 ranying concentrations of 1 ssue
bomogenates
di ulfide and 3 butyl 3 heny Jsulfony} S le degree

of mhibition of degradation of the 2 hormones was observed with phenethy|
b guamde and 1 phenyl 3 phenylsulfonylurea
DiscussioN

Befote diccussing our results consideration wall be guen to some of the
biochemical factors mvolved 1n wsulin and glucagon degradation It has
long been known that g lutathione (GSH) and other such reducing substances
mactivate in ulin ¥ sndeed the hormone 1s inctine when only one third
of the diulfite Linhages have been reduced ® M Insulin 15 mactnated

could be glutathione since 1t defimtely degeades 1nsulin T, however,
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reduction 1s not a presequmsite for msubm I degradation because an acetone
precipitate of hhver homogenate degrades msuhn I smen after dualy e, for
48 hours ” Such a preparation causes much less degradation than an
undalyzed one or a dialyzed one to which glutathone has been added,
under certain conditions glutathione actisty SyDergizes enzymatic degrzd’a
tion and comersely, enzymatic action stmulates degradation by gluta
thione ** Rat hver has been shown to contam an enzyme designated as
glutathione reductase! that catalyzes the reduction of oudized ghutatione
(GSSG)  This TP™-hnked GSSG reductase system does not act durectly on
msubn bt promotes regeneration of GSH that has been ovidized by insulin
it wncreases the effectneness of a given amount of glutathione  There 1
evidence suggesting that there 15 a second enzyme n the hver that directly
sesduces snswhin probably by promotng wranser of y drogen trom GSH to

GSSG + TPNH glutathione reductose 2 GSH + TAN

Insulin™+ 2 GSH Siolyzed lver enzyme reqyced rmaulin + GSSG

Reductive
cleovoge

Reduced mautn™

L3

- v or

§ ‘:? N wsutin { Proteolybe enzymels) pagroded products
2 & jacTH

Flaere 2 Liver enzymes that may be invohed 1o the degradation of insuhin and other
hormones  Somatotropiy profactin vasopressa or oxyocia alse may engage i the reac
tons indicated by the astensks
msubn *  These observations are m heepmg with a prelumnary report by
Racher™ suggesting that enzymatic reduction of wmsuhin by Jier mught occur
In conclusion as diagrammed 10 FIGURE 2 3t appears that reduction of an
enzymatic and nonenzymatic type causes the nachvation and degradation
of msulm However this presumahly 1s not the only method of degradation,
bectuse many abservations have suggested® * that the Iner contans ene or
more enzyme systems that cause proteolytic degradation of msulin  The
use of imsulin I™ has been of great asustance m these studws® ® 2 2
Mirshy has presented the hypothesss that there 1s a single enzyme m Iner
that has a kugh degree of specifiaity for the degradation of msujm ** This
may prove to be the case, but 1t has not been possible to establish it 252 fact
becanse of the crudity of the enzyme preparations that have alwavs been
used * such preparations probably contam several enzymes and act on 3
number of substeates other than msubn  Tomizawa and Habey™ have
recently isolated a pratemn fraction from beef fver apparently pure by starch
bloch electraph and witracentrfugal patterns, which degrades msu
Ln 1" However plucogon 1™ degradation 15 not demonstrated by the
asual method  The specific mechamsm of degradation of wmsulis 1 under

v estigation
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Tn the studies conducted with crude lner extract it has been shown that
the degradation of nsulin I'* 15 decreased by casein « corticotropin
glucagon somatotropin and certain other protemns ** On the other hand
other protemns for instance albumm ** 2 exert no effect  Actually many
proten hydrolyzates and amino acids as well as a vast number of other
compounds inhibitinsulin 1¥! degradation * 1 1 % ¥ some of the inhibitors
are competitine and some are noncompetitive The same crude lLiver
enzyme preparation that degrades wnsuhn I'¥! has been shown to degrade
glucagon IBtalo ® ™ 2 The degradation of each hormone 1s also inhibited
by a-totticotropin @ casein  and somatotropin nonlabeled glueagon or
msulin * #*  phenethylbignanide 1 butyl 3 0 aminophenylsulfonylurea
phenyl 3 phenylsuffonylurea bis (dimethylcarbamyl) disulfide dithourac
tanme acid acetyl L tryptophan ethyl ester benzoyl L tyrosine ethy} ester
# chloromercuribenzoic aaid and many other compounds including hydroly
zates of the aforementioned protems ** The fact that the enzyme action s
blocked by p-chloromercunibenzoic acid and other agents that react with
sulthydeyl
action T
nsulin [#
enate subjected to differential centnfugation® ® Each labeled hormone
1s broken down by mout ti sues of the body ! * the liver and lidney beng
particularly active

In spite of the many of ¢ actions on
msubn and glucagon a number of differences have been demonstrated
Forexample GSH greatly increases the amount of degradation of insulin [t
caused by a dialyzed hwer enzyme preparation whereas it has httle effect
on glucagonI*® degradation lodoacetate and cupric ton agents that
Tteact with glutathione inhibit msulin degradation more than glucagon ®
Aqueous or bicatbonate extracts of rat hiver lose their msulin hydrolyzing
action on standing overmght m the cold on hlunon our on blending for 2
Tn  these procedures do not have much effect on the amount of glucason
degradation #  Citrate increases msulin degradation but does not affect
that of glucagon % 5 One hiv er preparation has been reported? to inactnate
tlucagon but not nsuln  Conversely as mentioned earher the punfied
enzyme 1solated by Tomzawa and Halcey degrades msulin I but not
glucagon 1 *

In analyzing the wtudies reported 1hus far it appears (FIGURE 2) that m
msulin degradation engymatic and nonenzymatic reductions ate important
whereas the e reduction proces es are not involed in glucagon degradation
“ace plucagon does not comtan disultide bonds Hovever proteolysis
seems to occur in the degradavion of each hormone * 2 3 We dn not Lnow
hov and 10 what evtent the reluctne and the proteolye reactions are
related It 15 possible that other d sulfide-contaiming hormones such as
Somalotropn prolactic oxytoan and va opre in may hke 1 uhn be
degraded by both reductive and proteol tic reactions whereas the degrada
ton of corticotropn hike that of glucagon mav imvolve proteolysts only

Aspreviously noted most ussues have the capacity to degrade glucagon 114
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:;‘*::1 ;::ﬂ:;;lr;:o‘; :‘:Mh 1t§tance the hner hidney pancreas and testis
o stems o N ochef» Sx: . hm much {s known about the degradatne
bont tabile sy s the kver  Muscle contams a nondialy zable
ystem Corticotropin somatotropin ovidized msuln a cassm

“;d %Xucagon inhibi the degradation of msulm 1™ by muscle and enhance
the glucose uptale by rat duaphragm » the enhancing effect of glucagon on
insuhin wcreased glucose uptake had been noted earher by Randle ** Crude
extract of beef antenor pitutary also contams an enzyme system that
causes msubn I degeadation ¥ It has been <hown that sulm It
degradation i pivo 1s reduced o hypophy sectommzed rats ¥

In studies wsth smsuhn Y™ 5t was shown that tissue shees were much foss
actne than homegenates although the relatne order of effectis eness of the
dfferent tissues was smular this apparently 1s due to the kbesation of the
large quantities of enzyme(s) from the soluble mtraceltular fraction

Oace msehin 1s bound to protesn 1t 38 less subject to degradation ¥ ¥
Indeed the bmding of wmsubn I to plasma globulin accounts for the
abaormally slon degradation of msuhin 1'% 1n subjects who have had msulin
treatment for several weeks or longer 7 49 dmbetics not treated with 1nsuls
apparently have a normal tate of insulin degradation Even those with
mfection were found to have a normal rate of degradation of msulip 1%
w e and sera from such patients incubated with wnsulin I did not
degrade msulin I Many studies nere conducted to mestigate further
whether the increase n dosage of wsubm required by diabetics with wfection
or trauma nas due to wncreased insulin degradanon  However there was
no degradation produced by sera of patients or anmals mfected with staphy
locotct and no ncreased degradation i tito with staphylococeal mafection
or m raty Wiection caused by the subcutaneous wnjection of fecal suspen
sions  Whele or fragmented staphylococct incubated with msuln I did
not degrade 1t Severe traumatization of the hind leg of rabluts did not
cause the presence of sneulm I degsading materil in the serum whether
or not there also was mfection of the muscle  With muscle irsumatization
1n rats there »as demonstrated an ncrease sn insuha 113 degradation tr nizo

Because of the fact that msuhn 190 1s degraded very rapidly w the body
and because the Iner has 2 large capacity for this action and has the first
chances to react with endogenous msuhn  the quantity of wsubnase
actrests 1 hver was studied e rats subjected o one of sevesal vigorous
procedures thought to safluence sigmficantly the amount of msubn secreted
These tncluded starvason phlarhuizination allexan duwbetes mpections of
preduisolone or wsulin hypophy sectomy adrenclectomy and dhets high in
carbohydrate fat or protem Starvation was previously reported to
deereace liver nsuhnase activity *t we found that 1t decreased the toftal Iner
wnsulin 19 degrading capactty A few abrormalities wece produced b
other factors but we nere impressed by the fact that they were relatinely
smal} considenng the strenuous nature of the proceduses  These obsena
nons rase the question as to how estensnely the msubnase system s
mmohed 1 the homeostasis for carbohydrate metabolism Honever 2
alnays has 2 potent wmsubin degrading capacity and there 15 evidence that
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the greater the insulin content in the body ' 2 the larger 1s the total amount
degraded
SoaMiry anD CONCLUSIONS

Eseentually all tissues possess the capacity to degrade mmsulin I'*' and
glucagon I3 rapidly liver pancreas hidney and testis are among the most
actne  Much more mformation must be obtamed before the mechanism(s)
of degradation are established but 1n the cise of hiver present information
suggests that msulin 1s degraded by enzymatic and nonenzy mauc reduction
as well as by proteolysis whereas glucagon degradation 1s affected by the
latter process alone  Tisste homogenates degrade msulin much faster than
tissue shices  Many different compounds inhibit the degradation of insuln
and glucagon some by competitive and others by noncompetitive reactions
Staphylococcal infections 1n patients rats and rabbits do not cause the
serum to degrade msulin 14" Indeed neither whole staj hylococeal cells
nor distupted cells cause degradation of the hormone Traumatization of
the rabbut leg does not cause the serum to degrade sutin nor does 1t increase
the degradative capacity of muscle However triumatization of rat leg
causes an increased degradation of nsulin I'* 1 vz Of many procedures
assumed to mfluence sigmficantly the amount of insulin secreted few change
the degradatrve capacity of Iner to a biologically significant degree  The
conditions tested were starvation nsulin or predmisolone njections hypo
physectom) adrenalectomy alloxan diabetes phlorhizination and diets high
n carbohydrate fat or proten  Additonal study 1s needed to determine
the role of insulin d ding enzymes in and m the path
of diabetes
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DLTERMINATION O THE RATE OF INSULIN DESTRUCTIOV
Vinor

Thaddeus & Prout and Ieuan £ Evans
Department of \edscrne The Johns Hophing Unnersity School of Medicrne Baltimore M3

Insulin given by mtzarenons myection disappears sapidly from the plasma
The half time of tnsulin iabeled with iodne 131 (1'% 1n the mtrayascular
space has been shown to be approumately twenty five nunutest The rapid
decline m plasma concentration 15 the result of several events that oceur
simultaneously first nsulin undergoes proteoly tic destruction 1 the hner
and kidney * second tnsulin may be bound or sequestered by tissue cells ¢
and third insubn may be dispersed i the compartments of bady water
The experiments reported w this paper were decigned to determine the
extent to which each of these processes affects nsulin disappearance

Methods

Normal male rabbits were used i this study  Ammals were <acnficed
a1 the end of each expernment by wmiravenous wmyectian of fethat quantities of
pentobarbital  Complete unne collections were ohtamed by eveision of the
bladder The experiment was discontinued of sportaneous voiding occurred
Euviscerated ammals were prepared by semosal of the mtestsnal tract from
the lower esophagus to the rectum wriuding the spleen and pancreas, uader
bartntal narcosis and ether anesthesta  The arteval blood supply to the
hiver was higeted and sectioned  Rarbital narcosts was continued tn these

ammals th the e N was perf d esther
alone or 1 association with evisteration as described 1n the expenmental
detax

Tsotenic stertle salime was added to radiomsulinf to form a concentration
of approvimately 5 uc ml  The solution was stored at 10° C

At the start of each expertment each amumal nas given intravenous myec
tion of 2ml of a 10 per cent solution of Nal A 20 min penod of arculauon
af the Nal was alloved mn order to block uptahe of free T3 by the thyrosd
gland  Crystalline zsnc nsulin was then gnen by antzavenous njection to
some of the animals  Rad msuhn was ad d mirarenously
10 man after the myection of crystalime zin tasuhin A 3 per cent solution
of ghecose (1 to 2 ml TV ) nas used 1o prevent hypogly cenva

The volure of mjected radromsehn was measured accurately 1n 3 syringe
calibrated by means of a threaded brass rod the plunger of the syrnge was
adianced by a screw In order to determine the guanties of msuli
uected an afiquot of the matenal that had been drawn inlo the sy ringe was

*"Fhe work repared  this paper was supported m part by 3 grant from the dmencan
Cancer Sonely “ew Yorh N Y and by Research Grant 1 2011 and Graduate Tramng
Grant 24 5136 from the National Insutute of Arthutis and Afetabohe Diseases Public

Health Service Bethesda 3d
! !;Insulm 111 aas ot taaned from Al bott Laboratenses, Ok Ridge Tean
530
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added to 50 m of pooled human plasma (serum phantom)  \ralyss of the
radwactisity 1n this serum phantom gaye an accurate measure of the charac
tenstics and quanuity of radioactive matenal injected 1nto the rabbait

The analysis of both the serum phantom and of the rabbit serum were
carsied out by the same technique on 0 1 m! of serum  Intact insulin was
1solated by electrophoresis or hydrodynamic flow * ¢ The prectpitable radio
activity was obtained by adding 1 ml of 10 per cent trichloroacetic acid
(TCA)to 01 ml of serum  The precipitate was separated by centrifugation
and the radicactnie supernatant fluid was poured off  Determination of the
quantity of total radioactivity was obtaned by adding that contained in
the TCA precipitate to that in the TCA soluble fractions  The quantity of
total eirculating radtoactivity nas also cheched by placing 01 ml of serom
on Whatman No 3 filter paper as in the procedure for electrophoresis
However, n this instance the paper was placed immedately i 3 «« ROH
Radioactivity in all samples was counted ir a shielded well type suntillation
crystal connected through a hnear preamphfier to a scaler  The gamma
emissions of the 11! were 1o el errors of interference  All
caints were carried out to sufficient numbers to reduce the countmg error
ta less than 2 per cent

TERCFATAGES OF DEVIATION FROM THE VME4\ OF THREE CONSFCLTIE SERUM ANALYSES

Compartments Devialion from mean ' Average

Total radioactvity +1 -3 4t +14
TC\ precipitate +1 0 -2 10
TCA seluble +1 -3 +1 14
Tnsuhn - +2 1 126
Auerage error pec cent total count £16

Determmnations of the radiactivaty in the TCA preciptable 1nd the TCA
soluble msulin and of the total compartments were carried out m duplate
on both the serum of the rabbit and the serum phantom  Three consccutive
serum phantoms were compared for accuracy  The deviations of determm+
tons of each of the serum compartments from their mean are shown n
T4LE | The average error introduced by each analysis was 16 per cent
of the total counts

Results

1t has been demonstrated that insulin labeled with 1" can be separated
Trom radioactine prateins i serum more accurately by electrophoresis than
by precyntation with trichl acd  The that all radio
actnaty precipitated from the serum by tnchloroacetic acud 1s biologically
actne insulin was not supported by previous work from this Iboratory !
The importance of using = technique with which the compartments can be
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clearly distnguished s shown i rrGuse 1 The first column shows th

charactenstts of the radioacine material assayed n serum xmmcdmelc
after ats arrwval from the manufacturer Ninety two per cent of the mdx:
activity 1n solution can be precipitated by trichloroacetic acid  The remarn

ing 8 per cent 1s m the TCA saluble fraction Only 86 per cent of the total
radioactivity can be isolated as wsulm by electrophoresis  Subtraction of
the quantity of radioactivaty ssolated as wnsulm by electrophoresss from the
TCA preciputable fraction leaves the radisactive fraction due ta bologically
wactne matenal  Columas 2 and 3 show the characteristics of the matenal
at 4and 8 days, respectnely  The mmsuhn fraction 1s now 77 and 74 per cent
of total radsactivity, the mmactive fraction has fisen fram 4 to 15 and 17

=

TEA SOL FRACTION D
wacrve msouw £

acrve wuw

€ e rnnm&

PER CENT RADIOACTIVITY
o

oATs 4 . [ 13

Fisize 1 Ch of the solution solution stored
&t $0° C was added to serum on the days shown  Anabxis was carpred out ymmediately
folioning mrang  Composition of 1he radwattinity s solution changes gradually nith
nme  The fourth column shows the change 1n the charactenistics of the sofution kept at
room temperature over an 8-dxy persod

per cent respectinely over th d  The fourth col hows thecharac
tenistics of a part of the material that was separrted from the ongwal but
left at room teraperature  The msubn content 15 reduced to 17 per cent of
the total radwactivity after 8 days the TCA soluble fraction is 64 per cent
of the total radioactnvity I8 1s important to note that the charactenistics
of the radiwaciive sofution may change compietely Unless the charac
teristics of the radioactine solution are followed, reduction m the sosubin
cantent as shown here will be undetected  This wall alter the results obtamed
and studies done at different tumes will not be comparable

The ologically inactive materral migrates with the serum proteln on
electrophoresis of the serum  There 15 no detectable degradation of this
fraction orer 2 perod of several hours and 3t contimues to rearculate in the
ptasma® Therefore the TCA soluble radioactnity that sppears m the
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plasma er secum follow ing injection of the radwactive solutian comes from
the degradation of the insulin  These products of degradation sl hereafter
be designated as sofuble 115

‘The rate of wasulin destruction ## tite may be determined by the following
technique  The amount of radwactnvity njected as msulin I and the
soluble ¥ are measured by analyses of the serum phantom At the end
of the experimental persod blood is drawn for determmation of the serum
concentration of msulin and solubie 1™ The Lladder is remaned from the
mtact ammals for determmation of soluble 1™ that has been excreted m
the unne  The soluble 1™ resulting from wsulin degradation that s not
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Tioisr 2 Inwwhn degrodation in the rabbyt  Degradanon of radiomsulin wjected
™ the rattue bas bren studied under variaus conditions  Prine admuastea tion of wasalit 1w
dasages of 10/ and $07 U kg duf not alter the degree of degradabion  “ulfon furea (1ol
tamide chiaepropamude) had na effect on degradation  Insulin 1o dosage of 12 U kg

w the tntact amma} decreased degradation 10 the foyel of 1hat in the eviseeratd nephrec
romized animal

()
wntoy

escreted 15 cafculated by muttplyng the Y19 content of the serum by the
sodine space The tedine space was found to be 26 per cent of body weight
and 15 1n agreement with prevtous deteroumations ¢ The antact wmsulin
remamng at the end of the experiment 13 1he difference between the ingected
radioactnaty and the total degradation products

The per cent of nsuhn degradation at 30 min and §) min 1 the vormal
sabbis is shown in pSoLeF 2 Mt 30 mun after ;jection an average of 63 per
cent of myecied radiomsubin has undergone separation of the radioactne
f1bel  This 15 assumed to Le the result of proteoly tic destruclion of the
msulin molecule  The balf ume of insuln destruction 1s 22 mm Thas
carrelates closely with the half tme of the disappearance of rodioacinaty
rom the plasma as presiously seported ! At RO min an asenape of %6
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per cent of the wyected radiomsulin has been degraded  This may be con
trasted to the rate of degradation of nsubin m the eviscerated nephyec
torzed rabbit  As shown mn FIGURE 2 the degradation of wsulin was
decreased to $1 per cent at 80 min under these circumstances

In order to slaw the process of degradation in the normat 7ablat, an attempt
%5 made to saturate the degrading mechanisms with crystafline zinc msuln
Dosages of erysiathne zine smsubn of 1 10 100 and 1000 U /hg body weght
were myected 10 nun prior to the myecpon of radwomsuhn The rate of
sasulin degradation was not indl 3 by quantities of insuhn up to 100 U fkg
body weight  Vhen 1000 U of snsulin/hg body weight were 1nyected pror
w the radiomsubn the rate of degradation was reduced ta 48 per cent at

90l X EVISCERATED NEPRRECTOMIZED a4y
L o woRMAL mSuLN 0OU kg D)

®  NORMAL EXTRAPOLATION TO O N INeg}

PER CENT BODY WEIGHT
2
:

o 2, . . L L 3, 2
wITES O 0 0 3¢ 40 g & 75 80

bt ts equusalent
Frooxe 3 The appacent volume of 4 »tnl ution of wsulin 1 the ral

10 the vojune of tre Ssmiceﬂu.‘gr space in the msul p reazed (HP U /kg ) sod eviscernted
nephrectomized rabbit  Provieus determinations m the novmal ammall are aiso shown
for compartson

80 mun It 1s <lear that the degrading mechatstms for insulin are dufficult
to saturate and far exceed their physiologicat nee:l . -

The possibility that the sulfonyt comp act by nsuin

destruction 15 suggested by some of the studies done s viiro with enzyme

f
° the other hand no change m the rate of dwsappearance of
S)'S'ttms h o’n“ g it d i was noted” The effect

of tofh and chl de an msulut 4 has been studied
with the present ttchmq;e As shonn n FIGURE 2 thete was no decreast;
1n the rate of msalmn destruction following the use of these drugs m the norma
rabbit

In order to clanfy the role of ussue dndng m the dissppeteance of msuhg_
the space of distnbution of msulin must alse be determmedl it )s: IX“;Zd
able that tissne binding and the space of distnbution are fjom,)r Kmathxs
A determnation of wsulin space was made mn eather studies fro!




Prout & Frans Determination of Insuhn Destruction  $35

laboratory 10 which st was assumed that the rate of degradation was constant
from the ime of injection  Following myection of radirnsubin determana-
tions of the msulin content of serum were made betneen 30 and 80 man after
myection  The rate of wsubn disappearance was exerapolated to zero time
The rnsubiz content of serum at zero time was divided nto the quanuty of
wsubin given by ngection By this calculation the msulin space was found
to be approumately 26 per cent of total body weight ! The wsubn space
was not altered by prior admmstration of sulfony lurer 7

‘The present technique has been apphed also te the study of the isubn
space  The quantity of satact msulm remawnng a 30 or 80 mun dinvided
by the rasulm concentration per ml of serum at the same mtenals gives the
apparent volume of distrsbution of the wintact insvhn  Insubn destruction
by the Iver and kidney was elmwated in (hese expeniments in order to clanfy
the effect of the penpheral tissue on insulin disappearance  As shown m
PIGURE 3 the insulin space 15 Sound to be 16 per cent of body weight at
30 min and 22 per cent of body weight at 80 mun wn the eviscerated ne
phrectomized rablut  Also shown are the results obtamed when degradation
15 decreased by the priar itrarenous admumstration of msulin 1n a dosage
of 1000 L kg The results sn FIGURF 3 are tn accordance with che previous
estimations of the tsulin space! * and are approumately the sice of the
extracellular space

The inpheations of this apparent solume of distnibution of snsuhin should
be considered further  The quantity of msuhn necessary to saturate the
bndmg sites for snsulin in muscle has been esumated by Stadie? to be approxt
mately 13 g of wsuhn gm of tissue  Under the conditions of 1he expen
ments reported here the avadability of nssve binding smes must greathy
exceed the aratlable insulin  If intact msulin were captured by pesipheral
cells without degradation the quantity of msuha remaurnng 1n the persphery
would sncrease while the concentration of cirvulating wsuhn would become
progressively smaller  Therefore the apparent volume of distubution of the
wrtact msuhn would become progressively Jarger and finally become sndeter
mwate  The apparent solume of distribution found in these expersments
15 Inconsistent with this essumption  The radwzctnve insubn injected can be
accountett for by the summation of the msubn subjected to proteoly tic
destruction and the nsulin contamed i exsracelivlar water  Thig leads to
the interpretanon that the degradation of miact 1nsubn 15 not prevented by
ssue bendang or sequestration The sumilarity between the space occuped
by intect msulin and the extracellular compariment suggests rather that
smsulin 18 degraded quichly after leaving the extracellular space The chinicat
impluation of these resulis is that mtact msuln cannot be saved for foture
use fn propherat tissues

Suamary
factors wfluenuing the rate of dlsappearance of insulsn from plasma have
been studied by the use of insulin labeled with wachne 131 (I') A technique

has beea employ ed thar measures the amount of actn e iatact msubn admmn
istered  Some change in the charaetenstscs of the radioictive solution on
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standing for short periods makes this necessary In the ntact ammal an
average of 86 per cent of the 1jected insulin was degraded 1n 80 mun  The
rate of degradation was not mfluenced by prior admimstration of sulfomy)
urea compounds

The apparent volume of distribution of 1nsulin 1 11z 15 equivalent to the
volume of extracellular water  Sequestration of 1ntact isulin without degra
datian 1s not a factor m the rapid disappearance of msulin from plasma  The
racioactive msulin injected can be accounted for by the summation of the
msulin subjected to proteol; tic destruction and the tmsulin contatned in extra
cellular water  Under the conditions of these experiments, there 1s no el
dence that the degradation of mtact insulin 15 prevented by tissue binding or
sequestration
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A COVPARISON OF THE INFLUENCE OF TOLBUTAMIDE AND
SMALL DOSES OF INSULIN O\ THE SPLANCHNIC OUTPUT
AND PERIPHERAL UPTARE OF GLUCOSE TN MaX*

James W Crarg, Witham R Drucher { Max Muler Hiram Woodward, Jr
Yalerie Molzahn
The Departmenis of Slatscine und Surgery The Schook of Medresne W estern Reserse
Loz rsty The 1 nigersity 8 apiioks of Clineland ond Haghland aex The
Cnvakoga Countv Hosp 1ot (11 land Oh o

Conssderable evidence has been ofiered to support the hypothe 1 that the
admint>tration of a sulfonylures to & human subgect ar antmal with an ntact
pancreas t followed by the reiease of 2 substance wath hypoglycerme actvity
presumably wsuhin from the pancreatic beta eells U T} e refractorness of
fully alloxanrzed ammals and the snfluence of the beta celt reserve on the
chasacter of the early hypoglycemic respanse to the drugs® are compatible
with this hvpothess  n addition pancreatic vein blood from dogs gnen a
sulfonmylures reduced the blood glucese concentratian of bath normal®* and
alloxan-diabetic! rectprent dagx i cross circulation expenments and produced
By poglycemua n muce *

The unqualihed acceptance of msubin as the medutor of <ulfonylurea
snduced by pogly cemta has been vempered by the fmlore of many mvesugators
o demonstrale an mafinhhe efiect of the drugs on the penpheral (iwues
Inaddition the ~ulfon)lureas have been <hown to se tuce the rate of glucose
release from the linvec 7 while the custence of a direct effect of mubn on
hepatic glucose raetabofiom has heen questioned *

Although 1n increase 1 the perpheral arterionenous (A V) bload glucose
cencentrion difference has usually been obeernved m human subjects fol
lowmg the intravenous admimsization of a ungle do e of #3 U msulin hg
oratotalof Sto 7l ¥ *dasesaf 3 ariess have frequeatly faided to produce

1 oo . v -

-t o

body glucose pool and cuppresed the mtreduction of newly refeased gluco &
tnta the pool fglucogenesis) presumabdy from the Iner  When msulin was
piven by the subcutaneous route 1 order to retard 1ts rute of entrance wmto
the cireuliting blowt 10 L decrensed the rate of glacogeness wathout affect
my gucone remosal A reduced et <planchme output of glucose (NSGO)
has been oh erved i men alter cuher tatbutamide'™ ™ or msuhin % Thewe
tamfings of + anous i estigators sggested that i man smalt doves of msubin

® The wark seported sn this paper %as suppe ste §in post Ly the Diabetes Research Pro
&ram of Western Reverve Loneron through Rescarty Grant & 4347 from the \anena!
Unstiiute f Asthrit «and MetabSn Dieases Pal e Health Service Rethesds M1 ani

the Fun§ for the Study of 1V abetes el tus and helated Wetals o 13 senves at Western
hewerae Unieeaty
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might have the same effects as the sulfonylureas on the NSGO and the
penipheral uptake of glucose

This possibility has been tested by companing the effects of tolbutamide
and small doses of nsulin on the NSGO and the simultancously measured
penipheral A V blood glucose concentration difference tn man

Vethods

The subjects for these studies were 25 nondiabetic hospital patients who
were tested after an overmight fast  Light of the subjects were tested with
sodum tolbutamide * 11 received glucagon free crystalline msulin,t the
other 6 served as control subjects and were given only 0 9 per cent sodium
chlonde solutton  These substances were admiistered into a peripheral
vemn dunng a 2 min interval 1n the following doses 2 gm of sodium tol
butamude either 2or 3 U of insulin and 50 m] of sodium chlonde solution
Blood sample> were obtained simultaneously through indwelling needles in
a radial artery and an antecubital vetn and through a radiopaque catheter
with 1ts tip 1 a hepatic vemn  Simultaneous arternal, penpheral venous
and hepatic venous blood samples were obtained at 5 or 10 mn intenal
during a 15 to 35 mm prelimenary control perniod and for 50 mm after
mjection of the test substance The glucose content of the blood samples
was determined m duplicate by the uitrimetnic method of Somogys,'® by this
method a total of 23 determunations on 4 blood samples yielded 2 mean value
of 85 mg 100 ml with a mean standard deviatton of 21 mg /100 ml  The
hepatic blood flow was estimated by the Bromsulphalein techmque of
Bradley et al ¥ with t of the plasma lein concentra
ton PR P ; .
the «

and
net output of glucose from the splanchnic system and a negative value would

indicate a net uptahe  The statistical significance of the differences between

mean values was assessed by the t test of Fischer
Resulls

£ 1, tolbutam:de produced an average mavimum arterial

£97 e 100 ml n I0 e that was still matntained at

mifar magnttude, with an

min and a prompt return

nho were grven sodum

chlonde no sigmficant alteration 1n artertal blood glucose concentration was

As seen In FIGURI
A B

obserned
The av erage values for the HV A blood glucose concentration difference are

Mlustrated in FIGURE 2 and are summanized in TABLE 1 After tolbutamide
admimstration the HV A difference decreased n all 8 subjects  In 7 of the
8 subjects the average HV A difference duning the first 30 min after tolbut
amide was 2t least 4 mg /100 ml lower than the average prelminary control
* Supphed by C J O Doncvan of The Upjohn Company Ralamazoo Mich
4 Supphed by W 'R Rurtley of Eh Lully and Company Indianapolis Ind
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Tame 1
WERAGE VALUES (+1 STANDaRD DEriaTION) 0F HV \ BLoOD GLUCOSE DIFFERENCE
NSGO PertPHERAL AV Broop Gricose DirPEREnCE Asd (\ V)/A Ramio 1v
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Sodutm tolbutamide r 8 107+65 414+ 32 <0 03
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value Smilarly after mnsulin treatment there was a dimmution n the
HV A difference i 9 of the 11 subjects  In 8 of these 9 subjects the average
decrease exceeded 4 mg /100 mi* After sodium chlonde none of the
control subjects showed a dechine 1n the average HV 4 difference of as much
254 mg /100 ml  and there was no significant change 1n this difference for
the control group as a whale

The average values for the NSGO are illustrated 1n FIGURF 3 and are
summanzed 1n TABLF I Tolbutamde decreased the NSGQ 1n all 8 subjects
The average value dunng the first 30 min after tolbutamude was at least
10mg mm less than the prelmnary control value m all 8 subjects  NSGO

TOLBUTAMIDE
oo |
o .
200 INSULIN

200

100

NET SPLANCHNIC GLUCOSE OUTPUT MG /MIN

300 “ l SODIUM CHLORIDE
o

-3 -Is 15 30 45

MINUTES

FictRE 3 Average values for the \SGO before and after the perspheral intravenous
adm mstratian of sod um tolbutamude (8 sul jects) insulin (9 subjects) or so tum chtor le
6oubs cts)  The first 4 hars on the left 10 each section represent values obtamed dunng a
trel n anary control pecto |

decreased after nsulin 10 9 of the 11 subjects tested 1n 8 of the 9 the decrease
1n the average \SGO excceded 40 mg mun  After sodium chlonde only

Although there were fluctuations 1n the estimated hepatic blood flow of
mdinadual subjects none of the substances admimistered produced a sigmfi
cant change 1n the average flow

The average values for the peripheral 4\ blood gluco e concentration
ifference are illustrated in FICLRY 4 and are summanzed in TaeLF 1 N\o
apparent inerea ¢ in the A\ difference was ob<ersed duning the first 30 min

*Intafe nth e sul jects 1o wh m there was no demonstral fe decrease wn the I\ \
Niference after msul n adn intstrats 1 are Aot inclu Jed 1n the {gures or tatle
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after tolbutamide i S of the 6 subjects tested In 3 of these 5 cases the

average A V difference decreased more than 4 mg /100 ml and in 4 of them

the values became negative  During the first 30 min after insulin there was

no mcrease m the average A V difference 1n 6 of the 9 subjects, the increase
. PYPRI . ey g ™ oA .

[ . ¥

. ' . . . . -
o . ‘ . Vi, v
glucose toward the imtial fasting level at 40 and 50 min after insulin adminis
tration was ac p d by an 1 peripheral A V diff that was

g 4 ,1 1TOLBUYAMIDE

e
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section represent values obtained dunng & preliminary conrol etiod

at feast 4 mg , 100 ml greater than the prehmmnary control value m 5 of the
9 subjects None of the 4 control subjects tested with sodum chlonde
showed an ncrease n A V difference as great as 4 mg /100 ml and there
was no sienificant change i the A V difference for the group as a v«ho;le
o e

d,

tio

. A\ A Herance
produced 1

mcentration

that was accompamed by a decrease m NSGU witnvuL wu savs335€ 1N PEN
pheral A U blood glucose concentration difference demonstrable by the

techmques employ ed
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Disenssson

The techmgues employed in this study impose certain hmtations on the
conclusions that may be drawn from the results obtasned

(1) Since the A\ glucose dufferences were measured only across the
splanchnic bed and in an upper estremity changes i glucose assimlation 1
other organs would not be detected

{2} A decrease i \SGO could result fram a dimmutson in the net hepatic
glucese output an mereasen the glucose uptahen an extrahepatic splanchme
component such as adipost tssue orbath  The present results do nat aflow
a distinction among these passibiine and do not permut 2 deciston as to
whether tolbutamide and tnsuftn act at the seme or different sites withm the
splanchme system  Studies with C labeled glucose 1n animaly? 2 % and
mant? #* have shown that sulfonylurea wduced hypogls ceus 1s accompanied
by an mhbition of glucogenesis presumably frowm the Iner  From simlar
studies with wnsulin some investigators® % * % have concluded that one
action of the hormone was a reduction of the rate of glucogenesis while
others” ¢ have been unible to demonstrate such an eflect conssstently
Direct measurementy of the hepatic venous portal venous glucose dsfference
i the dog have showun a decrease tn net hepatic plucose output after tol
butarude, but not after wsubin adminstravon 7 Such direct measurements
are pot avaslzble m man

(3) The hmtanans of the analytial method for glucose and the necessity
for assuming the constancy of the perspheral hlood flow make the measure
ment of the AV glucose difference a relatively meenwitive techn que for the
detection of smaif changes n pevipheraf glucose uptake  The farlure to detect
an merement 1 A\ glucowe difference by this techrque does not exclude
the occurrence of small increases i this difference and therefore should not
be considered to prove that nesther tofbutarmde nor msulin m this dosage
exerts any peripheral effect  On the other hand of changes s farge as those
observed sn the <planrchme svwiem occursed in sheletal muscle and shan there
1s no reason to behese that they would e cape detection since the total biood
flon to resting sheletal muscle and shin m man 1s simafar in magmtude to the
splancbnic blood flow *¢ 7

(4) The present studies do aot indicate the mechanism of action of telbuta
sude and a0 ulin The two hypogly cem agents mught have different and
ndependent mechamsms of action even though their sttes of attion were the
ame
(5} In man the sites of action of endogenous and evogenous wnsubin might
differ  Such a discrepancy mught be due to differences m thetr loos of entsy
nte the blood wtream Y alterations produced sn the exogenous hormone
dunng s preparation * or the h log: nature of exog msuhn
from antmal sources **

Tt 13 of 1nterest to determine whether the
adequate to account for the fall 1n the artenal blood
that followed tolbutamde of 1l adminntrtion
the rate of glirose uptake by the nonsplanchpic tissues remaned constant

e ob-ecved decrease m NSGO s
glucose concentration
1 2t 5> assumed that
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and that glucose was distnibuted uniformly in the extracellular fluid volume,
estimated as 20 per cent of the body weight,! the decline 1n the blood gluco-e
concentration that would result from the observed decrease in NSGQ can be
calculated  The results of these calculations are shown in FicUres § and 6
Although there are large & between the and observed
blood glucose decreases m individual cases, the average values are similar
1n magntude after both tolbutamide and sulm Tt 1s concluded that the
decrease m NSGO could be the major cause of the blood glucose fall after
tolbutarmde or 1nsulin, but the occurrence of an increased glucose uptake
1n a nonsplanchmc tissue cannot be excluded  In these studies the return of
the blood glucose concentration toward the initial fasting level after insulin
induced hypoglycemia 15 not adequately accounted for by the observed
changes 1 NSGO or petipheral A V glucose difference

The similanty of the results obtained with tolbutamide and smail does of
nsulin appears compatible with an insulin-mediated hypoglycemic action
of the sulionylureas However, because of the imitations of the techmques
employed, other mechanisms of action are not excluded

Summary

In nondiabetic human subjects the artenal blood glucose decline produced
by the peripheral mtravenous admumstration of tolbutamide was accom
panied by a reduction 1n NSGO sufficient to account for the major portion of
the blood glucose fall Vo 1ncreace 1n the peripheral A V glucowe difference
was demonstrated

Sumilar changes were produced by small doses of msuln

The similanty of the effects produced by tolbutamide and in~ulin 15

with an ! diated hypogl; acuon of the sulfonyl
ureas  This conctusion must be tempered by recognition of the hmitations
of the expenmental techniques employed
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THE RELATIONSHIP BETWEEN THE MECHANISM
OF ACTION OF THL SULFONYLUREAS AND THE
SECRETION OF INSULIN INTO THE
PORTAL CIRCULATION*

Leonard L Madison Burton Combes,f Roger H Unger, Norman haplan
Department of Internal Medicine The University of Texas Southe. estern Medical School
Dallas Texas

The conclusion that the hypoglycemic effect of the sulfonylureas 1s
mediated through the secretion of endogenous insuln 1s based upon data
indicating that the presence of functional pancreatic beta cells 1s prerequisite
for their hy poglycemic action  In all experimental preparations in which the
beta cells are ablated mcludmg completely alloxanized, depancreatized, or
ey d amimals the iyl do not significantly lower the blood
sugar '¢ By contrast hypoglycemia eventuates whenever the beta cells are
intact ® even in hepatectomized amimals ¢ 7 Recently Pfeiffer has reported
an ncrease 1n insultnlike activity of the portal venous blood after sulfony!
urea admmistration *

Despite the formidable evidence inhing the hypoglycemic effect with the
presence of beta cells objections to the insulinogenic mechamsm of action
have been raised  For the most part these objections are based upon the
fatlure of the sulfonylureas to duplicate precisely the metabolic effects of
exogenous msulin on a variety of parameters  The sulfonylureas are said to
produce hypoglycemia by decreasing the hepatic output of glucose b
This hepatic effect and the farlure of the sulfony to increase perif
ghucose utthzation consistently'® 4 have been aited as physiolog:cal actions
mconststent with the beta-cy totropic mechanism of action It should be
pomted out that such objections tmplicitly assume that endogenous insulin
reduces blood glucose concentration primanly by ncreasing peripheral
glucose utihzation and has little or no effect on the hepatic output of glucose

To conclude from these conflicting data that the sulfonylureas do not
stimulate endogenous insulin secretion leaves therr dependence on intact
beta cells obscure and unexplained In view of this beta cell dependence,
an alternatinve conclusion would be that the sulfonylureas stimulate the
secretion of endogenous 1nsulin which, 1n turn may differ in 1ts phy stological
effects from exogenous msulin  The natural hormone and its commercial
counterpart exogenous insulm may differ for several reasons (1) exogenous
msulin may be altered 1 1ts commercal preparation, (2) exogenous msulin
prepared from one species and administered to another species may not have
physiological effects 1dentical to the spectes specific endogenous hormone
(3) the metabolic effect of exogenous insulin may be altered because it enters
the body through the svstemc circulation  Under phy stological condttions
endogenous 1nsulin 1s secreted mto branches of the portal cnculauon there

* The work described in this paper was supporsed 1n part 1y grants from The Upsobn

Company Kalamazoo Mich  and The Dallss Ileart dssociation Dallas Texas
1 Amencan Heart Inc, New York \ ¥
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fore, all of the natural hormane must traserse the lnver before entry mto the
systemyc crculation, whence 1t becomes available to the peripheral tssues
The delivery of endogenous msulm to the hver in amounts and concentra
tion greater than those possible for any other tissue w the bady suggests that
thesecretion into the portal circulation has physiological signtficance Never
theless the controversy as to whether msulin hasa direct effect on the hepatic
output of glucose still persists 1 1 4 [y vytro effects of wsulin on the hver
have been difficult to demonstrate but 1z wize effects of varying durattan
and magmitude have been reported ? ¥ Recently new esidence both
nira and 1 reve 1 % supporting a durect effect of msulin on hepatic glucose
metabolism has appeared  The data of Wall * Duan *! Jacobs * ard their
colleagues obtained by the techmque of determiming changes 1n the specific

sntravenously there results only a transient decrease i hepatic glucose out
put and & prolonged increase m peripheral glucase utthzation of considerible
magnitude By contrast when insulin 1s admmistered subcutaneously or
by stow ntrivenous infusion a depression of hepatic glucose output of con
sulerable ducatian easues  In the present studies dfferent parasmeters the
a:ltno\cnous (A V) glucose difference across the leg™ and the hepatic output
.. " < s v . » .

subjects durmg the intrasenous tnfuston of glucagon free ansulm admims
tered for 120 mm at a rate of 016 to U1 U nun  The chaoges tm A\
glucose difference were then compared to changes that occurred m the same
8 subjects follonmy the mtravenous admmistration of 1 gm of sodwm
tolbutamide  F'emoral arterial and venous blead samples were cotlected
simultaneousy at 10 mun mtervals duringa 150- to 180 min period by means
of mdwelting Cournand needles  Blood glucase concentrations were deter
muned by the Somogyr copper 1odametric method™ on 2 mt blood samples

Durtng ansuln mfusion’ mean artern] blood glucose concentration fell
frum 80 10 52 mg per cent femoral A V glucose difference Eailed to mcrese
and averaged only 18 mg per cent  Ssmular results occurred after tolbuta
mude admimstration  Vlean blood glucose concentration fefl from 83 to
32mg percentand \ \ glucose dufferences averiged 23 mg percent  The
data andrcate no difference heral glycose as
mantlest by changes in \  glucose difference after tolbutamde and after
the slow mfusion of msulin While 1t 15 possile that peripheral glucose
ubhzaiton was increased but could not be detected after insuln sdouus
ation, these data can be alternateh interpreted to indicate an hepattc
effect of Both tolbutamide 1nd msubin under these experimental condittons
Such an interpretation 1s i accord with the previously mentroned data af
Jacobs ¢f a0 who noted an hepatc effect of msuln admmsstered subcu
tancously ur by slow miravenous mfusion ™ A typrcal <et of experrments
showimg the effects on A V glucoce difference of insulin and tolbutamide
Are shown int FictRes 1 and 2
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The conclusion that the hypoglycemic effect of the sulfonylureas 1s
mediated through the secretion of endogenous insulin is based upon data
indicating that the presence of functional pancreatic beta cells 1s prerequisite
for thewr hypoglycemic action  In all experimental preparations in which the
beta cells are ablated including completely alloxanized depancreatized or
eviscerated anmals the sulfonylureas do not significantly lower the blood
sugar '* By contrast hypoglycemia eventuates whenever the heta cells are
ntact ® even 1 hepatectomized antmals ¢ 7 Recently Pfeiffer has reported
an mncrease 1n mnsulinlike activity of the portal venous blood after sulfonyl
urea admimstration ®

Despite the formidable evidence linking the hypoglycemic effect with the
presence of beta cells objections to the insylinogenic mechanism of action
have been raised  For the most part these objections are based upon the
failure of the sulfonylureas to duphcate precisely the metabolic effects of
exogenous tasulin on a variety of parameters  The sulfonylureas are said to
produce hypoglycemia by decreasing the hepatic output of glucese # 1"
This hepatic effect and the failure of the sulfonyl to mcrease peripheral
glucose utilization conststently® ' have been cited as phystological actions
wnconsistent with the beta-cytotropic mechamsm of action It should be
pointed out that such objections implicitly assume that endogenous insulin
reduces blood glucose concentration primanly by increasing periphera)
glucose utthization and has hittle or no effect on the hepatic output of glucose

To conclude from these conflicting data that the sulfonylureas do not
stimulate endogenous msuln secretion leaves their dependence on intact
beta cells obscure and unexplaned In view of this beta-cell dependence,
an alternative concluston would be that the sulfonylureas stimulate the

- physiological

ts commefcial

(1) exogenous

wnsulin may be altered 1n 1ts commercral preparation (2) exogenous msulin
3 [

a a ma nathaie

the body through the systemic arculation  Under physiological conditions
endogenous insulin 1s secreted mnto branches of the portal arrculation, there
* The work described 1n this paper was supporied 1n part by grants from The Upjohn
Company halamazoo Mich and The Dallas Heart \ssociation Daftas Texas
t Establishe § Favestigator \merican Heart Assocation Inc New York N Y
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fore all of the natural hormone must traverse the liver before entry mto the
systemuc circulation whence 1t becomes available to the peripheral tissues

The delivery of endogenous insulin to the liver 10 amounts and concentra
tion greater than those possible for any ather tissue 1n the body suggests that
thesecretion into the portal ! has phystological Never
theless the controversy as to whether insulin has a direct effect on the hepatic
output of glucose still pers sts 1 15 ®  In rriro effects of msulin on the Iner
have been difficult to demonstrate but i mvo effects of varymg duration
and magnitude have been reported 7 '* Recently new evtdence both in
wilro® and 1 1120 ¥ supporting a direct effect. of Insulin on hepatic glucose
metabohsm has appeared  The data of Wall  Dunn ! Jacobs ** and their
colleagues obtained by the technique of determining changes in the specific
actinity of a trace dose of umformly labeled glucose C* after insulin admums
tration indicate that the rate of msubin admmistration appears to fiect the
magnitude of the hepatic response  When 1nsuhin in large 2mounts ts 1njected
ntravenously there results only a transient decrease in hepatic glucose out
put and z prolonged incresse 1n peripheral glucose utilization of considerable
magmtude By contrast when msulin 1s administered subcutaneously or
by slow intravenous infusion 2 depression of bepatic glucose output of con
siderable duration ensues In the present studies different parameters the
arteriovenous (\ V) glucose difference across the leg? and the hepatic output
of glucose ™ were measured duning the stow 1nfusion of glucagon free insulin
and a similar depresston of hepatic glucose output was found

Changes m femoral A V glucose difference were determined i § normal
subjects during the intrasenous infusion of glucagon free msulin admints
tered for 120 mn at a rate of 006 to 01 U min  The changes n A V
glucase difference were then compared 1o changes that occurred i the same
8§ subjects following the intravenous administration of 1 gm of sodum
tolbutamide  Femoral artenal and svenous blood samples were collected
simultaneously at 10 mim mtervals during a 150- to 180-min period by means
of indwelling Cournand needles  Blood glucose concentrations sere deter
mined by the Somogy 1 copper todometric method?® on 2 m! bload samples

During msubin mfuston mean artenal blood glucose concentration fell
from 80 t0 52 mg per cent femoral A \ glucose difference failed to increase
and averaged only 18 mg per cent  Stmilar results occurred after tolbuta
mile administeation Mean blood glucose concentration fell from 93 to
S2mg percent and A} wlucose differences averaged 2 3 mg percemt The
data indicate no significant m heral glucose as
mamifest by changes in A \ glucose difference after tolbutami te and after
the stow mfusion of msulin  While 1t 1s possible that penpheral glucose
Bthzation was increased but could not be detected afier insulin admmnis
traton these data can be alternately interpreted to indicate an hepatc
efiect of bth tolbutamide and msuln under these experymental conditims
Such an interpretation 1s 10 accord with the previously mentined data of
Jacebs ef af “why noted an hepatic effect of meulin Admmistered subcu
laneoush or by slow tntravenous infusion ™\ typical et of experiments
showing the effects on \ V glucose diffcrence of msulin and tolbutam le
are shown in rigures 1 nd 2
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Tn order to determine by direct measurement whether the stow infusion
of nsulin results m 2 decreased hepanc output of glucase hepauc blood
flow and hepatic vem artenal glucose differences were measured in normal
and diabetic suh_lects Follow ving hepauc vein catheterzation hepatic blood
flow was d by the ¥ of Bradley e al ¥
Simultaneous hepatic venous and artenal blootl samples were collected at
10-min 1ntervals for 20 10 30 mn prior to and dunng the 60 mn duration
of the msulin mfusion  Examples of two experiments one 1n a duabetic
subject and the other tn a normal subject are shown in TABLE 1 and In FIGURE
3 1In both instances the hypoglycerma following the insubn infusion was
associated with a profound reduction 1n the hepatic output of glucase

Tanie
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In order to obniate the cnticism that these changes reflect only alteritions
m net splanchme glucose output and tot necessieily 1 net hepaue glucose
output eight expenments were performed on dogs with complete portacaval
<hunts  In ths preparation all the blood perfusing the hver comes from the
arterial carculation A typrcal example of the effect of the infusion of 0025
U min of plucagen free msulin on hepatic enous and artenal blood glucose
concentrations and on the hepatic output of glucose 1» “hown in FIGLRF 4
ot B .

These datr indicate that under proper evperimental conditions exogenous
wsulin apparently has an effect upon hepanc glucose metabohsm  Since
all endogenous meulin must traverse the lner before entering the systemic
nirculation the concentration and amount that reach the lver must exceed
thowe reaching all other tisues  Tlus suggests that endogenous insuhin
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may have a greater hepauc effect than insubn adwumstered nto the sy
temic circulation and therefore may account for the hepatc effect of the
sutfony lureas

In order to deterrime whether the mitial pissage of insubin through the
Tiver alters the magmtude of 1ts hepatic and penpheral actuns the effects
of ghucagon free msulin admimstered by the portal vemn and by a penipheral
ven were compared i 16 expeniments on 8 dogs  The details of these
expeniments have already been reported @ In these studies the magnitude
of the artenal by poglycemia was the sume after both routes of admimstra
tion  However 1n each dog the penpheral mjection of msulin vesufted m a
sgmficantly greater increase 1 periphera) glucose utihzation than did the
portal admumistration  The combimation of suntlar trtenal hypoglycema
coupled with a lesser augmentation of penpheral glucose utilization after

' -

nartal noemtan o mee 0 hat e - e € ol s leg woa

vemn than when njected mto the nferior vena cava A t3picat example of
1he comparatne effects of the portal and peripheral routes of wsutm admin
wtration on the magmiude of artenaf hy poglveemia and on the magmtude of
snesease in penpheral glucose uihzation is shown 1n FIGLRE §

‘Ihe apparently greater hepatic effect of msubn injected by the portal
vem suggests that a substantiat amount of this msulin 1s retamned by the
Iner durmg the witial transhepatic passage  Studies were designed to
determine whether a signiticant amount of 1sulin 15 retuned by the hver
dunng a simgle orculation and 4lso to compare the peak hepatic binding
of msubn after portal and penpheral admmistration ®  In the first study
196 rats were injected with I'* labeled ansubn In one half of the rats the
nsulin (0002 umits) was injected into the portal vewn 1o the other one hatf
o the femoral vein  The tats were sacrificed at {requent wntervals from
4 sec 10 15 mn after msubn mpection  Immediately thereafter the ner
was perfuzed with 30 to 30 cc of modified Ringers soluuon  The Iner
Luineys and nther bissues were then assayed for radivactinity m a well type
gamma counter and the percentage of the admiatstered dase bound i each
organ was determined  The results indicate that during the single trans-
hepauc circutation following portal wjection 1 per cent of the admunsstered
nsufin was bound firmly to the ritfiver Iy contrast peak hepanc binding
after the penpheral route of admimstration was only 27 per cent of the
adramstered dose

In order 10 determine whether the human biver binds a signiheant amount
of insuhin during a single transhepatic circulation the follos ing stady was
petformed n 12 human subjeets without hnown hepat or pancreatic dis
ease ¥ Dyning abd i a sofutnon Gy L oof M
fabele 1 insubim and 2 hnown Amount of wmubin was mjected rapidly into the
pottalvein  Ten <econ Is Jater a trachial arterial blood sample was collected
o\t 3 10 10 15 <ec penod  The concentrations of wnuhin and inslin 1
were then determmed  Smee hnown amounts of imsulin 1™ and inuhin were
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irjected, their volumes of dutribution could be calenlated and col
Control studies were performed m 8 subjects by ngechng ah:‘ m!;?::ﬁf
tubn and smsulm 1'% nio the antecubital vemn and collecting the artersal
blood sample at precisely the some tme as after portal injection

In the controf studies the volumes of distibution of labeled wnsulin (2058
mi) and muln (1989 m1) were almost wdentical By contrast, after portal
injection the s oluime of distnbution of the labeled wnsulin (3581 md ) was more
than twice as Jarge as that of uln {2584 ml) This mdicates that 52 per
cent of the wsulin was bound 1o the human hver m a sinigle transhepatic
creulation

¥ a0 ADMINISTRATION OF GLUCAGON FREE INSULIN
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Frovre §  Typreal example of the comparative effects of glucagon free insulin admms-
tered by the porsal vew and by a penphersl ven on the magnstude of the hypogh cemia
and the magntude of the merease n penipheral atteniovenaus glucose dufference Note
that the degree of hvpoglycemia 1 the same after both routes of admintstration and that
the sstgriovenous glucase diffesences ave grester alier the penpberat admumastrasion of

msuhn  Reproduced by permusaon of The Sournal of Climicaf fusestigation

These data support but do not prove the concept that endogenous snsubn
in man regulates the hepatic oucput of glucose  Hawever, they should not
tie construed to mean that thus 15 the sole function of msuhn  We hare
other data indwating that, when the hepatic wsulin bincing sites azre satn
rated? or blocked,’ a greater portson of endogenous msulin passes through
the Iner 1o the penphery where 1t exerts a greater effect on peripheral glucose
withzation # Crandafl and Chersy have also previously reported that
changes in the hepatic autput of giucose follow anesthesia and acute operative

stress ¥
Summary ond Conclusions
There 15 a growing body of evidence not yel incontror ertible, indicating
that insuhn, when admumstered under proper experimental condmo:;ls,
esults 1n 2 decreased hepatc glucose output and therels contributes o the
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hvpoglycemre effect  The data from the present experiments support such
an action  Moreover, the data indicating that more than 30 per cent of
labeled 1nsultn imjected tntraportally is bound v the Iner suggests that
endogenous insulin may play a significant role n the regulation of the hepatic
release of glucose

While thece findings do not prove the beta v totropic mechani m of action
of the <ulfonylureas, they are 1n complete avcord wuh such 1 by pothesis
The fatlure of the sulfony lureas to duplicate prect ely the cffe t~ of exogenous
tnsulin may be related to the evidence presented here which mdicates that
the site rate, magmtude and durition of msulin adminstrition apparently
alter its subsequent metaliolic effect  or these reasons such differences
cannot be used to controvert other formidable evtdence in hiciung that the
bypoglycemic action of the sulfony lureas 1s beta cell dependent and that
these agents in rease the secretion of endogenous insulin
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CHANGES INDUCED BY INSULIN AND TOI BUT A\MIDE
IN THE GLLCOSI OLTPULT OF THE LIVER

P Schambye wnd I Tarding

Research Laboralmies Nevr Terapeutisk Taborat rizm | S C penkigen Denmark

Following the independent observation of the addiional hyvpoglycemic
effect of the wulfony lureas 1n insuffictently insuhin treated pancreatectomized
dags! st became estdent that these compounds miht produce the decrea e
tn the blood sugar concentration of both normal and dial etic dog, by inhubut
mg_euher partly or totally the release of glucose from the liner

The first part of this report describes our experimental sbsers ations after
applying the single injection of (1 labeled glucose for mes uring the gluco e
output 1n the bver tn normal dog before and aiter intras enous injections of
aither tolbutamde or 1nsulin

Anen method for calculating this output from the 1motope data was devel
oped By equiling the ratio between specitic actinity of glucose in samples
of hepatic venous and artertal blood to the amount of glucose entening and
leaving the hver, the output of unlabekd gluco e from this organ conld be
aleulated for any period before or after the admnistration of a substance
producing a change in the wize of the glucose pool  This method may have
anadvantage over the ordinary 1otope ditution method haed upon 1njection
of " glucose, which does nat allow calculation of the gluco-e turnos er during
the actual changes of the plasma glucose concentration a the Jatter will not
necessarily be representatis ¢ of the sarious compartments of the glucose pool

The <ccond part of the report deals with the results obtamned with this
method when msulin was mfused portally 1nto normal ¢y clopropane anes
thetized dogs

Lflect of Intra=enous Injections of Tolbutamsde or [nsulin®

These studies were performed tn normal dogs fasted overmght and ane-
thetized with pentobarbital sodtum (\embutal) 1 dose of about 200 uc of
umlormly labelec ~ * A « ected
intry enously nples
nere collected e tn a
Penpheral ven  After a control peniod of about 1 hour 1 total dowe of
o - Iy 1n 2dowes (0 10gm hg

\mples were collected at

As shown In FIGURE 1

the exponential decreave of the blood glucose specific acuvity observed 1n
the control perod, which reflected a constant release of unlabeled glucose
fom the liver to replace the amount of glucose utihzed in the peripheral t
Sues was interrupted by the njection of the tolbutamide as the specific
actvity remarmed almost constant for a period of 30 to 40 mtn  Dunng
this time the plasma glucose concentration decreased to about 40 to 50 mg
Percent  When these hy pogly cemic levels were reached, the specificactivity

557
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;Ezzldd;ffzc?:?e :;(}‘p?nemmny at a rate shghtly higher than i the control

rtheless co

foned 2 Tresponding to a lesser release of glucose from

mfg:‘;he gxample shown in FICURE | the rate of glucose release from the
s about 57 mg /min i the contral period  Assuming that a sumlar
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MOURS AFTER INJECTION OF CGLUCOSE
The effect of mtravenonsly mjected tofbutamde (0 860} on the plasma
glacose concentration and speafic activity i an anesthetized normat dog
rate of penpheral glucose utihization persists under the actual decrease n
the blood sugar, ths rate would be sufficient to decrease the blood sugar 10
the level observed, as this would require 2 utthzation of about 65 mg /mn ,

SPECITIC ACTIVITY OF PLASHA GLUCOSE AS PLR CENT OF INJECTED DOSE (x 10")

Foure 1

which is nat signzficantly different from the control value The steeper
dechne later 1 the postyjection penod, mdicating the mate to be about
45 mg /run , does not reflect an increased rate of wtihization, but is due to the

conniderably smaller glucose pool
Searle and Charkoff? observed a ssmilar platesu after creating 3 hyper
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PATIENT NO 2696 g AGE 48years WEIGHT §2kg
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FGERF 2 The effect of snitaverously mpected toftutamife 15 860 on the {lasma
Bhucost concentration ani specific achwity 1o sn unanesthetized daletic jagent who
veceaved the last anjection of regular msulin 18 hours prior (o the examunaten

glycema that was tterpreted asan inhibition of the glucoseoutput  Accord
g 16 this, the practicafly constant specite actnity of the blood glhucose
after the myecton of (ofputamude may aho indicate a block i the glucose
release from the tiver  The short duration of a complete intubitiare 1 thought
to be due ta the measures taken by the orgamsm to uvercome the large degree
of hypoplycema shortly ofter st has been extabliched

Actually shyg explanation was indiectly confittned when a plageay sn th
specific activity curve was obserned under dentical expermmental cand:tions
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m 2 diabetic patients and 2 pancreatectomized dogs In these cases the
plateay Jasted for the enture pastinjection period of observation {FIGURES
2 and 3) Although evogenous insubn {20 1U lente sulin) had been
admmstered 1o the diabetic dogs only 18 hours before the mnjection of tol
butamide a very clear cut inhibition of the glucose output of the hiver nas
produced (FIGURE 3)  As & result of this the blood sugar decreased from
about $50 mg per cent to about 250 mg per cent in the course of 4 hours
This decrease was preduced by the rate of glucose uptake m the penphersat
tissues and the excretron 1n the urne

The experimental data of Creutzfeldt? and others indicate that the hypo
glycem:a might be preduced by & sttmulation of the release of msulin from
the beta cells of the Langerhans wlets  Therefore rdentical expenmenis
were carned out replacing tolbutamide with 2 intravencus injections of

PANCREATECTOMIZED DOG N0 §1q 20 2kg
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fucose recened its Tast dose of msubn
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wabn (015U and 003 FL Lg at 10 mm wterval}  In contrast to the
findings after tolb de this was Iy fallowed by a « ferably
steeper decrease m the wpectfic actinity which cannot be produced by ar
mhibitton of the gluco-c release from the hver {(Frctee 4)

In an independent «tudy Dunn ¢f af * ob enved 1 very <hort plateay (5 to
10 mmn ) 1y the <pecific actnaty cunve following do es of meulin 1 the range
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TicumE $  The effect of smtravenously tmjected tsul n on the (12sma gluc se concentra
t1on anid speafic acthaly  an anesthenzed normat tog

of 11l kg Toa certamn extent we can confirm this observation as doses
of insulin exceedsng 05 I L kg produce what appears to be a sery short

lasting plateau indeed far shorter than that aberved after (olbutamide
Thismay be related ta these rather unphysiwologual doses of insulin ¢ pecrally
S 1t 15 not observed 1n our expenments when smaller and perhaps more
physiologicat do e of insulin are injected  Therefore from our paint of v 1ew

it ss not hikely that the hypoglycemic effect af tolbutamude s due to an
enbancement of the in<ulin release from the pancreas
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However, i order to test the possibility that an increase of the msulia
secreted from the pancreas nto the portal blood nught have a special and
lmited effect upon the glucose output from the Iver, the subsequent study
of the effect of rsulin constantly mfused intraportally m amounts ‘arying
from 002 t0 012 Y U/ /hg ‘mumn was undertahen

Tle Glucose Output of the Liver Foloning Intraportal Insibin Infustans
The principles of the caleufation of the amount of snfabeled glucose released
from the hver are shown schematicatly n ¥16uRE 3 The speafic actnaty
HEPATIC VEINS
GLUC ¢ KNOWN
SPEC.ACL : KNOWN (¥ )

a
INACTIVE

cosE HEPATIC ARTERY
o GLUC  KNOWN

PORTAL VEIN
GLUC  UNMNOWN
SPEC ACT KNOWN (§a)
”q'GAI;AM

{or caleutating the
Fituxe 5 The prmerple of the sotope difation method »orked out

release of unlabeled glicose (a) from the Iner  (Q = total amount of ghicose feaviog the
Twver }

of the glucose s portal and artenat blood 15 wentical 1f no dilution oceurs
with uﬁlabeled gglacose absorbed from the mntestnes  This 1s ccnﬁrr:\rez}
expenmentally w nosmal dogs starved for 18 hours, although the concen n.: ;
tion of glucose may differ tn blood from these tod vessels Thfl a{‘ime
specific agtivity can thus be regarded as sepresentatsve for all bkzo ! glu“M
entenng the Ier If y4 and vH represent the spectiic sctivity of (g‘u e
1 arterial and hepabic venous blood, 1he ratiw ¥ ¢ 7 walt bcdu;]ua a e
ratio between the amount of glucose leaving the iner () and the amo
passng through the lver (D) Hence

A

LIRS 1)
£2:4

Y
D
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1 hile D cannot be ascertained the salue of Q1o calculated {rom the estimated
hepatie blood flow® and the hepatic venous glucose concentration, and fur
ther as

g=D+4a (&3}
where a »» the amount of unhbeled glucose relered from the hver, this
amount can be derived as
I
a= 0( -7 ) o)

Thi> equation wil} be swtable for Iner outpus calculitions even in penods

“==Spectfic activity

e =~ Glucose contentration
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73 isotope artution method  EZZ3 Liver catheterization technique

Tiovar © 1 ffect uf antraportaf mfused iosubn (002 LU ig /houe) nto a norwa! dog
upon the ouiput of unlabeled ghicose from the liver aad the net amount of glucose leavirg.
the splanchmic ares  In the vpper part of the figure are shov n the artersal and hepatc
wvenous plasma gluvese contentration and speafic scts sty
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where a steady state with respect to glucose metabolism 1s not ‘mamtamed
as vanations m the glucose pool do not nterfers

The output of unlabeled glucose from the hiver before and during an intra
portal mfusion of 002 1 U of nsulin kg /hour 1 shown 1n FIGURE 6 together
with the net amount of plasma glucose leaving the splanchnic organs, caleu
lated from the difference in glucose concentration of hepatic venous and
arterial plasma multiphed by the estimated hepatic plasma flow Although
this dose of insulin does not have any apparent effect upon the artenal blood
sugar concentration 1t could be anticipated that 1f insulin effects the glucose
uptake of the liver cells this dose grven mtrapartally mught be followed by
an alteration In the net amount of glucose leaving the hver, and also 1n its
release of unlabeled glucose This however was not the case as the values
remained approximately constant for the whole 1nfusion period although
the hepatic cells presumably were exposed to concentrations of msubn that
would have stimulated the glucose uptake of peripheral tissues

Similar results were obtained with intraportal nfusion of 004 008 and
0121U /hg hour The decrease in the artenal blood sugar imdicates only
an ncreased uptake of glucose i the peripheral nssues, as the output from
the ltver remained almost constant in this period  Thus the results obtaied
after intraportal snfusion of relatively small doses of glucagon free nsulin
1mnto ¢y clopropane anesthetized normal dogs indicate that the glucose output
from the lner 15 not even partly ihibited by the influence of exogenous
msulin

Dascussion

The temporary stop in the decrease of the plasma glucose specific actvity
following tolbutamde njections mnto normal dogs and more so the Jonger
lasting platean observed in the pancreatectoruzed dogs are thought to be
due to an mhibition of the output of unlabeled glucose from the hver A
sumlar imhibitory action of the sulfonylureas upon the hepatic release of
glicose has been observed by Anderson ef al 7 Recant and Frscher,? and
Ashmore ¢f al® Simultaneously a stmulatory effect upon the glucose

take of the peripheral tissues could not be demonstrated, which 15 m
w peneies € Bow an and Yalow!® and of Ashmore ¢f o/ ¥

er as a single ntrayenous mjection
plasma glucose concentration was

aever associated with any decrease 1n tne hepatic gluco e output  Thus
the strnulatory effect of mnsulin upon the glucose uptake in the periphery was
responsible for the fall in the blood sugar This was al\o evident from the
ncreased rate at which the plasma glucose speafic activity decreased after
the msulm was admumistered, and confirms previous observations with
CH glucose * 1°
8 Conclusions

t associated with any

the hypoglycemuc effect of the sulfony lureas s no

iy );gxfnyof the glucose uptake 1t must be concluded that their action
a an mcrease 1n the secretion of ynsulin from the
£ in<ulin avatlable in the body, but must be due

such stimul
15 not hkely to be exerted vx
pancreas or 1 the amount of
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to its mhibstory effect upon the glucose output from the iver However as
Dulin and Johnson! and Sobel et al i have been able to demonstrate a
hy pogly cemuc effect of y 1n the hepa rat or dog the
action upon the hepatic glucose output may not be the only mode of action
of these compounds but 1t presumably plays 2 major role n the mtact an
mal which 1s not able to mobilize more liver glycogen to counteract the
hypogly cemia produced by the sulfonylureas

Swmmary

The nfluence of tolbutarmde and 1nsulin upon the hepauic glucose output
and the glucose uptake in the peripheral tissues was stud ed in normal and
pancreatectomized degs and diabetic patients by applying the techmque of
angle injection of C* glucose

‘Tolbutarmide produced a defimte cessation 1n the constant ditution of the
plasma glucose specific activity normally cavsed by the release of uniabeled
glucose from the hiver to replace the blood sugar taken up by the periphery
as demonstrated by a plateau in the speaific activity curve which was most
pronounced 1n the pancreatectomized dogs and the diabetic patients  As
1o increase 1n the perspheral utihzation of glucose was demonstrated 1n these
preparations it was concluded that the hypoglycemic effect of tolbutamide
15 caused by an inhibition of the release of glucose from the iver

By b hepatic venous 1on with the C!¢ gluco e tech
nique a new method of calculating the hepatic glucose output was worked
out this was not affected by changes in the size of the glucose pool or the

-

1 U /AE/NOUC 10 NO MSIANCE R4S INIS IOLOW €4 DY a decrease 1N tne nepatic
glucose output the hypoglycerma was solely produced by a sumalation of
the penpheral glucose utilization which 15 not observed after mjections of
tolbutamide

It was therefore concluded that 1t 1+ very unlikely that the sulfonylureas
exert their hypoglycemic effect via an increased release of insulin from the
Ppancreas
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Discussion of the Paper

Stovey WEINHOUSE (The Institute for Cancer Research, Philadelphia, Pa )
1 appreciate this opportumty of describing some experiments published 1n
the September October 1958 issue of Diabefes These were carned out bv
my colleagues Reichard Jacobs and Friedmann Like the studies already
reported by James Craig and Leonard Madison they suggest ar important
role for insulin, as well as for the synthetic hypoglycemic agents, 1n sup
pressing hepatic glucose output

FiourE 1 shows results of an expersment similar to those that have yust
been described by Schambye, indicating that i the normal human hepatic
glucose output 1s suppressed by the mntravenous injection of insulin 1n a
dosage of 01U /kg  Wath the admimstration of msulin there 1s an immeds

o Avam an the hlood sugar which comcdes exactly i time with the

by a resumption in drop of Specllic dilvity uv e v
bi’gms to le?/e\ off Approuimate inflow and outflow rates can be calculated

from the data presented thus 1> shown 1n the mset of the figure  The solid
Iine represents the inflow rates the dotted lme represents the rate of dis

e bly due to penpheral utihzation  When the insulin 15
aé;umstemdrm ane dose there 1s a profound losenng or dnappearance of
glucose flow simultaneous with a large increase m glucose disappearance

mlIS GURE 2 shows a similar expenment 1n which tolbutamide was admints
terecli Experuments were not carried oul with chlarpropm}:u?e, uncf‘:;x:;g
nately, but we hope to do this Here again 1t can Ee ;ecn thal ’,'cv;;u: lClﬁC
h the hypoglycemic action of the drug, there 1s a “plateauing” of <pe i
:’c‘:wny of the blood glucose for a period of about 20 to 30 mun , again ndi
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cating a suppression of glucose output How
wever, when the infl d
outflow rates are calculated, we find a sign; : e
ificant di

ments with insuln ! ® ¢ dferencefrom the epent

Although tolbutamide lowers the nflow of blood elucose, 1t does not have
the sumulating effect on utithzation observed when nsulin was gnen  This
apparent lack of stimulation of peripheral utilization represents a profound
difference m the action of the tno hypoglycemie agents
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FictrE 3 Ffiect on the time course of blood glucose concentration of 10 U of insulin
given subcutaneously to a nondiabetic patient weighing 66 kg Arrow indicates time of
admmstration of insuln  Broken line represents blood glucose level, solid line specific
actwity  Inset shows approvimate rates with solid hine representing entry, broken line,
remaval

It also occurred to us, as it did to other investigators, that endogenous
msulin secreted slowly mto the portal vein might have an effect different
from that of intravenously mnjected mnsulin  To simulate the slow release
of msulin that, presumably, takes place when tolbutamide 15 mjected, we
did some expenments 1n which we injected the <ame amount of insulin
subcutaneously, so that there would be slow release mto the blood stream

Inflow without a simultaneous mcrease m the utthzation of glucose

We interpret these results as mdicating that the slow ntroduction of small
doses of nsulin 1nto the blood stream causes a depression of the hepatic
glucose output, but has httle or no effect on the peripheral uthzation of
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glucose We have also carned out expeniments using slow intravenous
wfusion, and we have obtamned dentical results

As others have indicated, these results do not exclude the possibility that
tolbutamide or chlorpropamide have effects other than the stimulation of
msulin release, but they do recontile <ome of the previous results that were
interpreted as indicating a different effect  More significantly, these results
suggest to us that we should reconsider and re evaluate the possibility of
hepatic glucose output regulation i the problem of diabetes



COMPARISON OF SOME METABOLIC EFFECTS OF
INSULIN, CHLORPROPAMIDE, AND OTHER
HYPOGLYCEMIC SUBSTANCES*

Piero P Foa, Giorgio Galansino, Guseppe D’Amico, Doris Kanameisht
Department of Physiology and Pharmacalogy, The Chicago Medical School Chicago, I

Convincing expenimental evidence suggests that carbutamide and tolbuta-
mde stmulate the release of msulin from the pancreas !¢ However, this
cannot be accepted as the sole explanation for the hypoglycemia because
these drugs do not share other metabolic effects of exogenous msulin * 2t Tno
hypotheses may explan these differences 1n mode of action: (1) insulin
secreted into the portal system as a result of normal pancreatic function or
pancreatic stmulation acts differently from msulm njected penpherally, or
{2) the drugs act not only on the pancreas but on the liver’ *" or other
tissues also  Experiments designed to study these hypotheses have ginen
contradictory results  Two groups of workers compared the effects of insulin
and tolbutamide on the rate of disappearance from the plasma of injected
CHglucose  The first group® concluded that tolbutamide causes hypo

msulin mjected into the femoral vein  The other group of werhers ! con-

firmed the observation concerning tolbutarmde and msulin injected intrave-
v L = ~c 1a e wmected subcutane

ng a suppression
' Still anather
oglycenua, mjec-
reases in periph-
heral ven, thus

conﬁ;mmg the observation that the metabolic eftects of nsulin may vary,
depending upon the route of adminmistration Uniorluna(eiy’, these con-
clusions are based on the measurement of arterigyenaus (A-V) differences
without sof blood flon  Exp: ts performed in this labora~
= e Veees add farences between the effects

1ta the femoral vetn of

se 1 the concentration
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mde ani mlhuumlde may act on the liver but only 1f small (permissive)

of or insuhn are provided ** 7 Fssentially
the same conclu ton was reached recently by other imvestigators ™ Thi
paper reports stmilar observations on the action of chlorpropimide

Methols

A [ ' 1~

1 1 ¥

rapid induction and the long lasting unsformly deep anesthesia with com

plete muscle relaxatton that is essential to prevent fluctuations i blood
pyruvate and lactate t to the exy Chlor * was
mjected rapidly mto the femoral vein m doses of 5 or 50 mg /hg or mio the
pancreatic artery 1n doses of > mg /ml /hg at the rate of { ml /mm  Con

trol 1njections of saline mto the femoral vein and of saline or glucose (0 5 gm
w 20 cc) 1nto the pancreatic artery had been performed previously ¥ #
Blood samples were taken from an exposerl femoral ven for duplicate analyses
Glucose was determined accordingto Nelson * pyruvate according to Friede

mann and Haugen! lactate according to Barker and Summerson ® and
potassium with the Coleman flame photometer  The carotid pressure of the
dogs was used to check therr general condition which remamed sausfactory
in all but twe ammals these were discarded  The statistical significance of
the results was calculated accarding to Fisher 3

Results and Discyssion

The results are given 1n the form of curves representing average changes
from premjection values FIGURF 1 shows that the injections of saline or
chlorpropamide in doses of > mg /kg 1into the pancreatic artery or mto the
fernoral vem had no siguificant effect on pertpheral blood glucose concentra
tion  In contrast the ingection of glucose caused a significant (p < 001)
hypoglycemia  The results suggest that contrary to the results obtained
under comparable conditions with carbutamide and tolbutamide chlor
propamide does not smulate insubin release  FIGUR¥ 2 shows that the injec
tan of chlorpropam de 1n doses of 50 mg /hg 1ito the femoral vem causes a
prompt and significant decrense m the concen\muons of bload glucose
(p<O00L)anlo rvaain
(p<00)d
canteffect or

.

not designed to deterrne whether the hypoglycemic action of chlorprop
amide like that of catbutamude an tolbutam de requires the presence of
small {permissive) quantities of insuhn

* Donated by Chas Pfizer & Co Inc Brooklyn N \
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Snmmary and Conclusions

Chlorpropamide was injected mto the pancreatic artery or into the femoral
v . N

s

tions of blood glucose pyruvate and lactate  The results are consistent with
the hypothesis that the hypogly cemic effect of the drug 1> due at leastin part,
to a decreased Iner glucose production and offer no evidence for a pancre
atropic action of chlorpropamide
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EFFECT OF CHLORPROPROPAMIDE ON INTLRMEDIARY
METABOLISM IN HUMAN SUBJECTS*

Harold L Dobson, Hooshang Guilak t James A Greene
Baglor Unsersity College of Vedicine and the Jefferson Dawss Hosputal Houston Texas

Development of the oral hypoglycemic agents has stimulated widespread
mvestigation m an attempt to clanfy their mode of action As a conse
quence, the metabolic activities of insulin have been investigated more
mtensively At the present time there are two general congepts about the
action of the sulfonylureas One concept 1s that the principal action of
tolbutarmde and carbutamide 1s to stimulate insulin release from the pan
creas ! ? the other 1s that these agents produce hypoglycemia by decreasing
hepatic glucose output without 1ncreasing penipheral utilization 37 Almost
all metabolic studies reported n human and 1n expermmental ammals have
been acute experiments, that 1s, the metabolic effects have been studied overa
period of a few hours after the admmmstration of the intial dose of the drug
It was felt that it would be worthwhile to investigate the metabolic effects of
chrome administration of chlorpropamide m disbetic patients who were bemng
maintamed on 1t

Methods and Matersals

Diabetic patients were selected from the general Diabetic Clinic at Jefferson
Davis Hospstal, a ity county chanty institution  Patients known to be free
of metabolic disease and members of the professional staff served as normals
‘Where possible, studies were performed before as well as after chlorpropamide
therapy was mstituted  Each patient had recerved chlorpropamde at least
one week before the “on treatment’ study was performed  After an over
night fast the patients came to the metabolic laboratory and remained at rest
in the laboratory until completion of the test They took insulm and;or
chlorpropamide 1n the dose of 500 to 1500 mg /day m their usual manner
Blood samples were obtamed while the patient was fasting and at 1, 2 and 4
hours after admimstration It 1s known that the composttion of the diet will
mfluence the blood levels of certain metabolites It would be desirable to
have all patients on a standard diet, but this 1s not possible because of the
very limited resources avatlable to this group of patients  Experience with
these subjects has shown that the majority consume a rather constant diet
that 1s low 1n protein and high in carbohydrate fat, and calories,® for this
reason no dietary instructions were 1ssued and the patients were asked to
remain on their usual diets

In the majonity of published studies glucose has been used as the test meat
In order to determine whether any other aboormalities would appear when a

* The work reported 1n this paper »as supported in patt by a grant from Chas Phizer
& Co Inc Brooklyn,N Y

1 Trawee Dxab tes Traming Grant Program National Institute of Arthritis and
Metabolic Diseases Public Health Service Bethesda Md
75
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more normal dietary mixtore was wsed the bull of the data heremn reported
was obtamed ustag a test breahfast tontamung 20 gm protemn 6> gm
carbohydrate and 0gm fat  Addional studies utilizing glucose have also
been performed for campatison  Analyses were performed for blood sugar,*
inorgame phosphate ™ pyruvate ! alpha hetoglutance acrd 1 Jactate 1 total
Letones ¥ and citrate U

Resujts
The blood sugar lowerng effect of chlorproparde ss seen 1 Frcure 1 It
shauld be noted that after the rest meal the normals did not dexelop any

elevation i blood sugar which is probably due 1o delayed absorption  In
contrast the dubetic developed significant elevations both before and after
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Frerre 1 Blood sugar after test meal

ficantly fower than the
thera However the after therapy curve 15 signyl

b:funp}t’heram curve although its shape 15 not altered greatly In general
these results are in agreement wath those reported by uthtlr’ i estigators
utthzing 10lb de and car de 1n acute x eof

The studses on serum marganic phosphate appear m ¥teuRe 2 Inspr
the flat glucose tolerance curve the normals showed ty pui;al fz;‘ll l{n pht:':‘sr;‘hz:’l:
turned fo normal by the fourth hol
wing the meal and the values re
?:\H?h‘cx?fsuhn treated dibetics this response 13 still seen, but 1s less mar;‘e:
In the chierpropamde treated diabetics there ;s no’ changg m’ ::?;:1 ;;h”c
s indica
} following the test meals  Statistical analy s

psh:;edlft;eience‘)\‘n thge tesults obtained before and after therapy  These find
i
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Ings are 1n agreement Wwith ather reports? $? on the effect of tolbutzmide and

5 after acue ad tor

Pyoavate bload levels (gioure 3) normally nse after a meal wath fall back
o normal a1 2 to 4 hours ¥ ¥ The same 1§ true af the mnsalin treated
diabetsc  The untseated diabeuic alsa has essentially the same response
The chlarpropamide treated dubetic however has an elevated fasting, level
of pyravate that fell afver ;ngestion of the real  This elesation 3 of border
e s gnificance and appears m all of the espersments  This fasting elevation
of pyrurate w chroncally treated pabents has not been reporied previously
The data of Hennes of af * are not comparable, as these authors subjects were
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not tecesving sulfonylureas on a chromc basis  The elevation 1n pyrunate f
substantiated would ndicate either mereased production probably from
fan: ord 1 utal As there has been no evidence that
sutfanylureas increase glucancogenesis 3t s probuable that the elevated fasting
pyruvate level 15 due to decreased wuhzation of pyruvate
Under the conditsons of these studies pyruvate lactate airate and alpha-
i will vary desably, and ai wotld requsre rather
d je to be The results on lactate appeac
TasiF 1 and show that f2ere »s no signipeant alferation although there 13
tonsiderable varabihty  The relatiwely high fasung vatfues ase probably
due to yecent activity of the patient 1n commng ta the hospieal rather than
any sdrug wdaced effect 7  InTABLE 2 1215 seen that after the test menl the
citne acd lesed sises ot the Arat hour and then falis to normal  Other
wvestigitors have show that the response of serum citrate i normal persons
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after glucose feeding 15 a fall with a return to normal 1n 4 to 6 hours 18 1
However, in diabetics there 1s often a rise after the meal  Glucose was fed to
6 normal sndividuals, and the serum atne acd Jevels fell as descnbed i the
titerature ** It appears that the nise in citrate m normals after the test meal
i related to the diet  In duabetes, before treatment, the postprandal nse
n atrate 1s rather large and prolonged, and this 1s not altered after treatment
with ether msulin or chlorpropamide  The studies on alpha hetoglutarate
(rasiE 3) reveal po sinking changes  The apparent elevated fasting levels
after chlorpropamide therapy n the group that was studied before and after
therapy would appear to approach sigmificance, but the results abtamned 1n
the group studied onfy after chiorpropamude therapy do not support this
Tasre 1

Lacrare
(Time 1n hours)

Norma! M1x12 393 .tDGZJ‘)StUEE EEER B 6
Insutin 118413 129 x37 113215 [118219 8

de
Ch!‘?‘:z::mm 1o+t [1204£13}125+19 (10614 12
BOLTO58]104 £D66]108+001]100£075 15

Aftes
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Taete 2
Covic Aci
(Time in hours)

; \ . 2 ' s [N
Mean £ S1 mg %
Normal 214£028[22£016{201£024{182¢013] 6
Tnsabin 21%013128%019}29 £022)26 £023) 8
Chlorpropamide
Before 26t00{302025(32 2015{26 x010( 9
After 23£012)1202024128 £014125 +023] 9
TapLe 3
ALena hErosLyTARIC ACTD
(Time 10 hours)
r 1 1 2 ‘ 4 Ne pts
Mean £ S1 mg <,
Normal 045+4009(052+018{035+015(036+012} 6
Insuln 047£010{069£012 13
Chlorpropamide
Refore 041+006{0512007|0404£005|0362007| 9
After 054+013{0482005|0462005{0402005| 9
After unpatred [0 44 +007| 0450050 35£006|0332005! 12
Taoir 4
RETONES
{Time 1n hours)
E ] 1 2 | 1 No pts
Mean £5F mg
Normal 195£019{175%048l217¢05 120 xaal| &
Tnsulin 315£0%5[2244040)275+£066]28 x050] 38
Chlorpropamde
Befare 462:2104(3042061(28320501313 5068 12
After 295%077]2202031)208+02)23120% 12
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The blood ketone levels appear n TasLe 4 It may be seen that there 15
mcreased ketone praduction 1n the untreated diabetic  This 1 returned to
a more normal level by the admimstration of msulin or chlorpropamide
The 1nsulin treated djabettcs herein reported were 1n only farr control, and
the chiprpropamtde treated patients had been on this drug for approxmmately
1to 2 weeks  Wath better control of the disturbed carbohy drate metabolic
defect 1n diabetics the production of ketones 1s further dimmished for
example a study of 6 patients who were 1n excellent control after seseral
months of chlorpropantide therapy showed a mean fasting blood hetone level
of 089+ 018 (SE) This does indicase that the chlorpropamide has the
ability to increase the utilization of carbohydrate to the potnt of reducing
Ketone production to Jow normal

Conclusions

The study of human intermediary metabolism m normal and diabetic
patients before and after admmistration of msulin and chlorpropamide indi
cate that there are some differences between the metabolic action of insulin
and chlorproparmide  The configuration of the glucose curve and the failure
of the phosphate response indicate that chlorpropamide on chromc adminis
tration has essentrally the same action as that of tolbutarmde and carbut
amde and that this action differs from that of msuhn  In addiion there
1san elevation of fasting pyrusate level after the administration of chlorprop
amide  The chrontc ad ton of chlor) Je effectnely supp
overproducttan of etones  No stgnificant alteratrons sere seep in citrate
Jactate and alpha ketoglutaric blood levels however small differences would
not appear under the condtions of these experiments
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METABOLIC EFFECTS OF CONTINUED ADM
2 INISTRA' J
OF SULFONYLUREA DERIVATIVES IN ASELECTEDTIO\
DIABETIC SUBJECTS INTERREL ATIONS WITH
GLUCAGON*

Joseph L Izzo
Depariment of Mederne Unvers 1y of Rochetter School of Vedicins and Dentestry ond
Strong Memoredl Hospeict Rockester 3 1

smfzijlhz:f:;‘lhe‘ !rlx]ode of a;uanf of sulfonylureas 1s not completely under
e n well established facts have emerged from the accumuviated
espersmental data  For example several laboratones have

demonstrated that the hypoglycemsc action of sulfony hurea compounds 1
associated with a reduced output of glucase by the hiver '3 The mechanims
by which the reduced ghicose output 15 accomplishied have not been clearly
established despite an mtensive study of the problem  However, a decreased
canverstan of galz ctose or frurtose to glucose by the Iver has been observed
duning the penod of hypoglycerma nduced by admumnstration of sulfouy}
ureas® 7 and this has & the bility that selectne
with hepauc gliconeogenests might contribute agmficantly to the hype-
gheemua  Luttle of any mformation 53 avaslable on the effect of sulfony]
ureas on comersion of amno acids to glucose 15 the fner

In the present studies an attempt has been made to detezmme whether the
sulfonylureas might inlbnt hepatic gliconeogenesss from protewn and amino
auds as well as hepatic glycogennlysis  To this end  the effect of sulfony !
ureas on the metabolic responses to repeated dasly mtramuscular injections
of glucagon has been stucied  The abshity of glucagon to inerease the daly
urnary mirogen excreton as nell as to raise the dady blood and unnany
sugar levels with 2 nd without the simultaneous admumstzation of carbutamde
has been studied 1n two dibetsc patientst who extubited a strhing hypo
glycemic response to carbutamde  The effects of glucagon and carbutamide
on the daily fasting levels of serum inorgame phosphorus on the daily
urtnary tion of reduany cortic §s and on the daily balances of
phosphoras potassium and sodium hiave abo been wy estigated

The ratonale for the ghucagon carbutamide expenments was ptovided
by eather work an this laboratory  Metaboke studses sith fed dabetic
patients® ¥ and with fasting expenmental rats'” have shown that mereased
protetn catabolism seems to be an integral part of the hypergly ceme ghyco-
genohy tic vesponce to fairly large doses of glicagon Fusthermore, studies
of the rat hare suggested that the increased protein catabehsm induced by

« The work reported 1 this paper was supported by grants from Clt Lilly and Company
Indsavapol s Ind and Chas Phzer & Co Inc Broaklyn,n 3 and Rescarch Grant 1611
from the Natwnat Instituze of \sthrits and Metabolic Drizases Puthc Health Serssce

Rethesda M1
+ The results of such @ stady mn one of the panents have been published 1 pact 1n 3

fiminary Teport *
prehmmary s
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plucagon 1 probably due to an enhonced hepatic gluconeageness from anuno
aods
The second pact of thug papee ¥ Ht deal with the gue-ton of & possible

hypoglyceme action of sul m the severe, betic recenving
suhopnmat doses of ewgenous msuhn  There 15w en—documcn\ed evidence
showng that, 1n long-term studies, carb de and de can lower

the levels of glucose 18 blood and urne in drpancxcauzed dogs recerving
~uboptimal doses of exagenoys weuhn,!t ¥ bat nat 18 <evere, unstable da
betes 7 10 humans simularly treated sith suboptimal doses ofexogenous
msuhn  Vuth the miroduction of more potent hypogh cemic agents such
as chior! de, 1t was ¢ tered worthwhile m gate x 15 prob-
lem  The effects of talb de and on and
protetn metabolm have been determined for two pauents with sewere,
unstable, long standimg dabetes, who were presumed to be critically lacking
m endogenous wsubn

MerRovs
Subpects

Four patients with diabetes melltus <erved as subjects  One of the
patients {R E } had the stable type of drabetes, the remaming three had the
unstable type  The illress was of very recent auset i ane of these unstable
cases {4 F 1}, the other two cares £ R and E D ) was of many years”
duration  The subjects were classitied s unstable or stable according to 3
cnterton described in 2 prevtous paper ™ Throughout the penod of study,
which in each case extended ceveral months, the patients ved qwmetly m
the metabolism ward of Strong Memonal Hospital uader routine but ngidly
cantrolled condiions  Physical actvity was usually restricted to bemng up
and abaut sn the ward as the patients wished

Dsets

Each patient recened a weighed diet constant n chemweal composition,
the wdentical menu beng senved every day  The methods and rationale for
calewlating prorewn, fal, carbohydrate, total calones, and distnbuvion of
carbohydrate among the meals have been reposted clsewhere ¥

Insulin

Insubn sas admimistered regulatly to each patient as a single daily dase of
either NPH or lente msubin every mormng before breabdast  Imtially, the
patients were placed on approumately the same dose of msulis that they had
been recerving befors hospiiahization  Subsequently, the dose was adjusted
to achieve optimal regulation of blood and urmary sugar levels  In order
to achieve more satifactory regulation of the levels of sugar in blood and
urne patients A FLE R,and E D received also a small dose of erystalhne
msubin each marnsag before breskfast  Subopuiraal regulation of blood and
wrimary -egat levels was achieved by appropnate reduction of the total daily
dose of insulin to the point where the levels of blood and uninary sugar became
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significantly higher than those obtamed with
1A
without the development of ketosts epumal dores of wsubn, b

tnalytreal Procedures

All patients weze weighed daily every morning before breakfast, and fastin
blood sugar and 24 hour urinary excretion of sugar, mirogen ;)hmphom
petassiur, and sodium were determmed datly foreach A samp’le datly men
for each patient was analyzed for mitrogen, phosphorus, potassum, an
sodium  In eack case the average datly fecal excretion of nitrogen, 'r)hm
phorus, potassium, and sodsum was calculated from a pooled 5-day ca!!ecuq.
of feces  Carmine was used to mark the begimning and end of the penod o
collection  Dauly bakinces far mtrogen, phosphorus, sodium, and p
were obtatned by subtracting the observed daly 24 hour urinary values anc
calculated average dasly fecal values from measured amounts of nitrogen
phosphorus, sodiam, and potassium m 2 sample diet Fasting plasma, mor
ganic phosphorus, and 24 hour unnary excretion of reducing corucosteroids
were determuned daily 1 patients R E and A F In patient R E the
fasting blood levels of carburammde and captiary blood sugar w ere also rras
ured darly

Capillary samptes of blood were drawn from the finger tip, usually 1n duph
cate within ¥ or 2 mun of the vewpuncture using pipettes cahbrated to con
tain 0 2m!  The purpose of this procedure » as to estimate the concentration
of glucose m artertal biood (capillary blood was assumed to equal aztenal
blood i glucose concentration) The fasting levels of total plasma aming
acyds and chlosprepamsde were determined dasly sn patient E I

Chemcat $ethods

Sugar 1a blood and unne was determned by the Shaffer Hartman coppes
wdometric method,” pang Somogyt s new copper reagent ¥ Unines were
analyzed for total mtrogen sn duplicate by a maodified micro hyeldahl method
Diets and staols w ere analy zed for total prizogen in tnplicate by the macro-
Hjeldahl method uang the wet” techmque ™ Sodwm and potassium i
ciets, stools, and unnes were determuned by meansof 2 Baird flame photome
ter Inorgamc phosphorus in plasma unne diet, and stool was measured
by the method of Fiske and SubbaRos #  Total redueing corticosterotds n
unine were determaned as foflows the unne was hydrolyzed for 48 hours at
47°C with f-glucuromdase after adjustment 1o pH4 5 and buflening  After
the steroids had been extracted i chioroform a ‘ neutra} extract of the
Tattes® was prepared  Finally, the cortscosteroids were estimated colonmet
ncally by 2 modification of the Vader and Buck method ** ysimg biwe (etne-
zohum (BT) "¢ Plasma ammne acd mirogen wis medeured by the method
of Frame ef ol **  Serum car de levels nere 2
of the method of Marshafl and Bratton ¥ and sesum chlorpropam:
wete determined by D fezzom of Chas Plizer & Co, Inc, Brooklyn, N Y.

Glncagon

R E and A F were allowed to reach mtrogen equilibnum before
{of several days’

de tevels

Patents
the control data were obtaned  Ater smitable penods
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daration) each petient receved enfer 1 or 2 mp of an agueous solution of
glucagon mtramuscularly every 8 hours 24 hours per day for 6 days One
such course of glucagon was admimstesed during the pertad of aptinal regula
tion of blood and unnary sugar levels with exogenous insuhn as described
abave and one cautse was given during optimal regalanon of sugar fevels with
cashutamude  The ghicagon wed wn these studies was an approumately 50
per cent pure phous p A {3 d between 0 005 and 005
U of wmeubn per millshiter of solution and bore the Lot “o 208 1385 214A

Ursladfonylureas

Alf of the sulfonylureas used a these studies were gsven by rmouth daly
n dnaded doses  Patients b E and A F recewved 28 gm and 25 gm of
carbutamde * respectively per doy Patent E R recened 151023 gm
of tolbutamidet per day, and pavent E D sas given 2 separate courses of
chiorpropanude § the first at 15 gm per day and the second at 2 6gm daly
At least 2 o1 3 days were allowed o elapse after heginmng or stoppng treat
ment with the drug before the metaholic data were obtamed

Resurts

Lferts of Carbrtamsde an the Responses of § armus Mrtabolic Indaces
11 Glneagon

The pertment metabohe data obtaned i patuents R E ard A F are
shown m F16LRES 1 and 2 and i 1amrs Land 2 respectsvely Al data are
expres ed as mean daily values + 2 standarg eeears shout the mean with the

4
excepiion of the %mlms m pr6vre 1 The Jatter values are expressed

45 the mean daily values 4 1 standard error about the mean  This was done
10 avord negative values atraut the mean which would have occurred for some
penods because of the marhed vanabibity n the dady observed values and
because of the small size of the sample

Blood and urreary sugar levels  Belore companng the responses of the
blaod and vrinary supar levels to glucagon when the patients were or were
70t receving earbutamude 2t may be well to point out that admimstration of
carbutamude caused a strihsng 2l in the levels of fasting blood sugar and
m the excretson of glicose  This 4> evadent from a comparisan of the blood
and urmary sugar levels 1n penods 1 1nd § with those of perzods 6 and & sn
FICURF § and of the levels 1n perod 4 with thase of pestods 5 7 and 8 m
wioure 2 Inpatient R F the regulation of both the fasting blood sugar and
the ammount of sugar excreted m the unme was equal i not superior to that
achiesed by the adnunistration of 36 U of msulin daily andin patient A F
the tegulation by carbutarmide was as good as o better than the adminstra
tion of 100 U of wnsulin dady without earbiutamde  In both cases the darly
ingeston of 2010 2 S gm of carbutam de resalted witimately in fasung Sload.
sugar fevels close £0 or nithin the normal yange and the excretson of less than

* Supplied by ¥4 Lally and Comg any Ind asapobs nt

4 Supplied b The Upjobn Campany Ralamazoo Mich

1 bupplied by Chas Phzer & Ca Inc Brooklyn N 3
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o 1 2 3
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1 PERICD

Foyret Effect of continued adminstratian of carhutanide on the vaniows matabel ¢

respanses o ttramuscales mgections of glucagon esers 8 haurs for S-day peesads W1

data are expressed as mean dath values 2 ST alowt the mean evcept for the ‘-ai

rao which 35 #thresses as the mean Saly fasting ratio £1 ST about the mean  For

further explanavion see text  Pauent B F female 61 yeass old, stable dubetrs Jong
dusauon

20 gm of glocose m the vrne every 24 hours  The mean dasly Jesel of

blood carbytamaude was 7 § mg per cent to patwnt R £ and 7 14 mg per

centinpatient A F It should be noted that there was greater consisiency

1n fasting blood sugar levels from day to day when the patients were recening

catbutamrde than when they sere recersing el onls, as shown by the
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the tune of optimal regulation with exogenous insulin resulted in sharp
increases in fasting blood sugar lesvels and 23 hour excretion of sugar (petiods
2 and 3, FIGURE 1, and periods 1 and 2, FIGURF 2) The mean increase m
daily fasting blood sugar abose contra! levels was 101 mg per cent in patient
R E and 119 mg per cent 1 patient A F The mean increases 1 dady
unnary sugar levels were 731 gm and 24 47 gm , respectny ely  With dis
contnuation of glucagon the levels of blood and urnary sugar promptly
mozed towasd the control lesels (penod 4 FIGURE 1 and persod 3, FIGURE 2)

Intramuscular administration of glucagon to pattent R E during the time
she was recerving carbutamide resulted 1n a mean increase m fasting blood
sugar level, which nas only shightly less than that caused by similar injecttons
of glueagon duning the time of optimal msultn regulation (pertods 7 and §

FIGURE 1) The mean nse m 24 hour excretion of sugar was 333 gm It
should be noted that the rise i the levels of fasting blood sugar induced by

glucagon when pattent R E was recersing either msulin or carbutamide nas
not associated with any ncrease in perrpheral glucose utilization, as measured

by the % ratto  In sharp contrast to the results obtatned 1 patient

R E, the admnistration of glucagon to patient A F at a time when she
was recenving carbutarmde with reduced doses of insulin produced no nise in
levels of blood or urinary sugar (peniods 5, 6, and 7, FIGURE 2)

glucose m the blood and urme glucagon also caused a signtficant rise 1n the
excretion of mitrogen in the unne, with a reversal of nttrogen balance from
posttive to shghtly negative (period 3 FIGURE 1 and period 2, FIGURE 2)
The mean daily increase 1n the excretion of nitrogen during the period of
glucagon administration was 2 39 gm higher than the control levels i patient
1 and 140 gm higher than the control levels in patient 2 Wath discon
nnwance of glucagon the excretion of nitrogen promptly decreased and the
mtrogen balances again became positive (penod 4, FIGURE 1 and period 3,
FIGURE 2) It should be noted that patient R E was in positive mitrogen
balance during periods 1 and 5, FIGURE 1 when msulin was omitled, even
though the levels of hyperglycemta and glycosuna were stmilar to or e\‘cn
ngher than the levels produced by glucagon and mnsulin Glucagon 2! -«;
caused a greater excretion of mitrogen in patient A F than did reduction of
1nsulin to suboptimal levels although the hyperglycemia and glycosuria were
greater dunng the period of suboptimal msulin admmstration than durmﬁ
the period of admmstration of the optimal amount of insuhin together wit

glucagon
The ad:

mimstration of glucagon m the presence of carbutamide aho resulted
tn a stgmficant 1ncrease n the excreyson of nitrogen n the urfme mn p‘at(;:naz;
R E and A F The nses were roughly of the same order of magnitut e as
the rise 1n mitrogen escretion that qccurred when the p;\\lnentsﬂ:\cgglgn"s
glucagon while receiving optimal doses of wsulin  Nitroge
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reverted from positive to shghtly negatine m patient R £, and to equilib
rium 0 the case of patient A F (periods 6 and 7, FIGURE 1, and penods §
and 6 ricuRe 2)  The increase in the mewn daily mirogen excretion induced
by admimstration of glucagon was 129 gm 1 patient R E nd 167 gm an
patient A F Asin the glucagon insulin studies mitrogen excretion promptly
decreased and the nitrogen halances agam became positive when the injec
tions of glucagon were stopped (period 8 FIGURF 1 and penod ¥ FIGURE 2}
It 1s of wnterest to note that carbutamide did not diminish the mitrogen
response 1o glucagon i patient A F esen though it virtually abohshed
the hyperglycemic glycosunc response to glucagon  Niirogen retention was
greater in patient A F when she was recerving catbutamide and reduced
dowes ol insulin than when carbutamide alone was given although the regula
uon of blood and unmary sugar levels in both periods 7 and 8 FIGURE 2, was
stmilar However because periads 7 and 8 were of shart duration, htile
wgmficance can be attached to these differences m mitrogen excretion
Plasma tnorganic phosphorus  Before discusaing the effect of carbutamide
on the response of the level of plasma iorganic phospharus to the admimstra
uon of glucagon 1t 1s pertinent to pomt out the occurrence of an inverse
relationshup between the level of fasting blood sugar and the level of {asting
plasma morganic phosphorus n hoth patients R £ and A 1T This &
shown in patient R E by the significant nse 1 mean daily level of plasma
morganie phosphorus from 4 11 mg per cent to 488 mg per cent as the
PN S, re e Fax .

. . ' ' —

ectively the
phosphorus
durmg the penod of suboptimal msuln thetapy (penod 4 FIGURF 2) were
263 mg per cent and 4 98 mg per cent respecinely  Infact a close inspec
tion of the mean daily levels of fasting blood sugar and plasma wnorgamc
phasphorus for all periods 1n both FIGURES 1 and 2 suggest with a few excep
tions described below that there 1s an inverse relationship between these
two varables irrespective of the type of treatment The glucose phos
phorus relationships just descnbed are sumilar to those reported previously
m diabetes ® ¥ They are of nterest since they are the reverse of the welt
Anown short term relattonship between glucose and phosphorus which has
been[ observed 1n nondihetics following the admimsiration of glucose or
meghn

1n levels of plasma nerganic phospharus (penods 2 and 3 FICURE 1, and
peniods 1 and 2 Ficurr 2)  The mean decreaces in levels of plasma ot
game phosphotusm patients R E and A [ were0 76 and 0 56 mg per cent,
respectively  Inscontmuation of ghicagon resuited m a prompt return of
plasmia morgame phosphorus to control levdds (penod 4, FIcURE 1, and
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period 3, FIGURE 2}  The admmistration of carbutamide did not after th
hypophosphaterue zesponse to tnjections of glucagon m esther paten
{period 7, FIGURE §, and penod 6, FIGURE 2}, even though, in one of thes
patients (A F ), carbucanude virtaally abolished the hypergly cemtc responst
to glucagon admibistration  The 4 durmng gh

'a the mean daily tevels of serum morgame phosphorus below the contro
levels i patients R E and A F were 102 mg and 663 mg per cent
Fespectinely  As was the case with glucagon admimstration duning peniod
af aptunal msuhin therapy, discontinuatiog of glucagon resulted in a promp!
return of servm waorganic phosphorus taward controf fevels Tt should be
noted that i patient R E the fall m serum sporgame phosphosus taduced
by glucagon 1 penods 3 and 7 was mot associated with any sigficant
inerease i penpheral glucose nthization as measured by changes 1 the

—‘v{» Tatio

Lranary reducing corticoslerords  The mean daly unnaty everetion of
reducing corticosteroids was within the normal range in both cases  Gluta.
gon adnumistration produced a shght but sigmficant nse m the mean datly
excretion of urinary reductng cartecosterosds i the case of patient R E nhen
she was being treated with optsmal doses of insulin {pertods 2 and 3, Fic-
vRE 1), but this dud not oceur when ghicagon nas again admustered white
the patzent was receiving carbutarmde instead of msuhn (perods 6 and 7,
FIGURE 1) Newther glucagon nor casbutannde had any effece on the fevel
of excretion of urinary reducng corticoverowds wn pasient A F

Phasphorus, potasstum and sodim balances  Shght mereases n the mean
datly umnany excrelion of phosphorus were observed when both patwnts
R E and A F nere gnen glucagon esther while recerving optimal doses of
insultn or carbutamide in peniods 2, 3, 4, 6 7,and 81n Table 1, and 1 penods
1,2,3,5 6 and 7sn Tabte 2 The tncreases in tnorgantc phosphorus excre
ton induced by ghicagon were highly significant {p < 001) 2 the ease of
pattent R E (only when carbutamde was given) but nere not statistically
sigmficant (p > 005) in the case of patent A F Afthough the daily bal-
ances for sodium and porassium vaned markedly from day to day and pensod
to penod wn both patients, no relatonship could be established between the
changes m balances of sodimm and potasssam and the admuustranon of
plucagon and carbutamsde erther singly of togethes

W etablic Effects of Sulfonsinreas s Patieuts with Severe, Long-Slandsng,
L nstable Diabetes of the Juremle Tape

Tolbutannde  The oral of 20 gm of tolb de datly
topatient E R (#1cURE 3) for 12 days did not lower the levels of blood and
urnary sugat (periods 1 and 2} Jn fact, the glycosura tended ta tncrease
while the patient was recenmg fofbutamide I should be poimted out
that this pattent was recen g only sufficient nsulin dahy to mamtan the
fasting blood sugar at shghtly above the normal range, and the mean 24 hour
excretion of glucose m the unne at approvumately 23 gm  hetonuna was
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taneous falt 1w levels of blood and urinary sugar (period 3) the nitrogen

PERIOD ToLeyT
OONTROL ANIDE RECOVERY

MEAN DALY
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Figtre 3 Effect of cons nue i admmstration of tofbutamde in a severe unstallc
dabetic mamta ned on suboptimal day doses of visuhn W data ate expressed s mean
dadls values $251 atoutthemesn Patent F R mafe 50 yearsold unstable dnbetes
tong duration

balance became mote positive even though the daily dose of insubin was
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Chlorpropanude  This compound was administered orally to patient E D
during 2 different periods separated by an adequate recovery mntenal (ric
URF 4} On 22 U of mnsuim daily (20 U of lente insulin plus+ U of crystal
line 1nsulin), the mean daily fasting blood sugar level dunng the 11 day
control pertod was 247 mg per cent and the mean darly excretion of sugar 1
the unine was 50 2 gm (perod 1) With the admimstration of 10 to 1 Sgm
of chlorpropamide per day 1n addition to the 24 U of msulin per day for
16 days (period 2) the mean fasting datly blood sugar level was 188 mg per

Annals New York Academy of Sciences

TaBLE 3
Pioserionvs Sonius Ann POTASSILN BALANCE Data of Pamzar T R Mare
50 YEaRs Otp Unstame DiAReTes of Long Diramion®

Penod
o
1 H 3
No of days 10 10 6
Tolburamude gm 24 hours 20
Insuln U 24 hours 6 34 36
Unne morgamic phosphorus gm 24
bours 796t + 048 794+ 090 736 & 106
Urnine sodium mEq 24 hours B804t 136 96 5 + 16 4 766+ 164
Unne potasstum mEq /24 hours B4t 272 | 884£338 ) 8041212

* For further details see text and FIGURE 3 \ll urinary values are expressed as the
mean +2 S E about the mean

To obtain the dafly balance subtract the unnary value from the aversge danly intake
unnary values less than the average daily intake indscate positwve balasice and unnary
values greater than the average daly intake tndicate negative ¥ alante

Phosg horus gm  Potassum mbq  Sodwm mEq
Sample daity diet 1017 98 52 102 62
Average dally fecal excretion  —1 024 -84 ~ 178
Average daily intake 863 %0 0 100 84

cent znd the mean daily excretion of sugar was 26 7 gm  The decrease in
tevel of fasting blood sugar nas yust sigmficant at the 5 per cent level white
the decrease m the amount of glucose excreted 1n 24 hours was sygmificant
2t less than the S ner cent level  Vuth the discontinuation of chlorprop
amide, both the mean daily fasung blood sugar and the mean 24 hour excre
ion of sugar returned toward control value~ {period 3) The mean daily
{asting blood sugar level 1n pertod 3 was 234 mg per cent and the mean dailv
excretion of glucose 41§ gm  After a 10-day recovery mtenval chlorprop-
amide was admnistered agam (period 4)  On thus occaston the daily dose of
chlorpropamude was increased to 20 gm  per day while the daily dose of
jente insulm was decreased to 16 U per day, with the 4 U of crystalline
msuhin omitted  There was no change mn the 24 hour excretion of glucose
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FiouRe 4 Tffect of continued adsmin stration of chlorpropamide 1n a severe unstable
diatel ¢ ma nta ne | on suboptimal daily doses of mnsuhn  All fata are expressed as mean
daly values £2 SF about the mean Iawent T D female 31 years ofd unstable
datetes long durstion

in the unne (339 gm 1 penod 4 as compared 1o 31 5 gm i petiod 3) but
the fasting biood sugar feil from a mean daily vatue of 234 mg per cent in
penod 310 142 mg per centin perniad 4 The decrease of 92 mg 10 the mean
daly fasting blood sugar level was wignificant beyond the 5 per cent level
When the chiorpropam de was discontinued but the daily dose of ynsulin
maintained at 16 U of lente insulin per day the fasting blood sugar jevel
moved toward but did not exceed the control levels, whereas the mean daly
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tion as measured by changes in the A I glucose difference  This suggests
that the phosphorus was not entenng into the glycolytic cycle of peripheral
tissues It s possible that, under the conditions described, the fail of 1nor
game phosph may rep entry of phosphotus 1n the glycogente cycle
in the ltver, and that glucagon may be wnvolved i the regulation of these
processes A different type of study would be needed to estabhish or disprove
the vahdity of this hypothesis
The failure of tolbutamide to lower blood or urinary sugar levels 1n patient
E R 1sm agreement with the results of other investigators who have been
unable to demonstrate a hypogly cemic action of tolbutamide or carbutamide
n severe, unstable diabetics '* 17 For this reason the Jowenng of blood and
unnary sugar levels i patient E D, which appeared 1o be assoctated with
the a Tation of chlorpropamide, 1s of interest ‘The results suggest
the possibility that some types of suifonylurea compounds may have 2 hypo
v + e Lot

glycemc response to chlorpropamide on the basis ot stimulation ot the msulo
gentc function of the pancreas It 1s reasonable to suspect that a different
type of mechanism may be involved Chlorpropamide did not affect the
daily mitrogen balances 1n this patient  However we do not consider this
as strong evidence agawnst the possibibty of an 1nsulinfike’ action of the
sutfonylureas because the patient remained tn mitrogen equihbrrum whife she
was being suboptimally regulated with insulin without chlorpropamide

The findings that have been discussed are not all readily explainable on
the basis of a single locus of action of sulfonylureas As ponted out, the
probable hypoglycemc action of chlorpropamide m patient E D, who was
presumed to be cnitically deficient 1n endogenous msuln, and the mhibition
of the hyperglycemic response to glucagon by carbutamide n patient A F
are difficult to explamn on the basis of sumulation of the beta cells by the
sulfonylureas to produce more msuhn  Nevertheless, the results of this
study are not inconsistent with the hypothesis that the main action of sul-
fonylurea compounds 1s 1n the pancreatic wlets  This does not necessanly
mean however, that the sulfonylureas simulate the beta cells to release or
secrete more insulln as some investigators have suggested 313 It seems
for example, that the sulfon) lureas might act by decreasing the
ratio of glucagon to 1nsubn through an mhibiting action on glucagon produc
g cells However, hepatic effect of glucagon cannot yet be excluded
on the baws of the work reported above

A~ aed nw ta avallable evidence, the hypogly cemic action of sulionylu‘rea:

possible,

of giuost B

increasing the permeability of penpheral tissues for sugar, the fndings

he
described have been mtcrp’rete‘d by some |nves:|g‘a‘mr;sl as evidence that t]

herefe t the
{ycemic action of 15 not , no
l::'x{{; };i stimulation of beta cells by sulfonylureas ** 7 This conclusion
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seems reasonable to us but some nvestigators® hald that the sulfonylureas
stimulate the beta cefls 10 refease or secrere smadi quantities of in-ubin directly
Into the portal venous system This small amount of releaed endogenous

penpheral glucose uptake as measured by avalable techmques It should
be potnted out, however, that a direct action of sultn on the liver has not
yet been unequivocally established #* 1t appears to us that a more playsible

Glucagan 15 known to have a well defined action on the Iiver, but av yet
no action has been established for peripheral tissyes

One of the chief arguments raised to refute the possible action of sulfonyl
urea compounds on glucagon productton 1s that the compounds have no
hypoglycemic effect 1n alloxan diabetic ammals® 1n which presumably, the
alpha cells are mtact  This may not be a sufficient basis for excluding the
hypothesis of an alteration 1 the glucagon 1nselin ratio as a mechamsm of
action of sulfonylureas however 1t may well be that some msulin must be
present 1n order that the effects of a diminution in glucagon may be obsersed
This 1dea seems rational because, 1 the absence of msulin, the utibhzation
of glucose by the penphery is too small to cause a lowening of blood sugar
sufficient to expose the fmlure of glucagon to act

SuMsARY AND CONCLUSIONS

The metabahc effects of prolonged administration of carbutamide, tolbut
amude, and chlotpropamide have been investigated in four selected drabetic
subjects, under lled condu n the bol ward of the Strong
Memonal Hospital

Txcept for an effect on blood and unnary sugar levels, none of the com
pounds that were studied appetred to have any direct or consistent effect
on the following metabolic parameters (1) daily balances of phosphorus
potassium, and sodwm (2) datly balances of mtrogen, {3) daily levels of
fasting plasma « amine acid nitrogen, and (1) daily wnnary excretion of
corticosterords

The effects of sulfonyfureas on hepatic gl and gly cugenoly
were investigated m two diabenc subjects who showed a strang bypoglyce
mic response to carbutammde This was done by studying the effect of
prolonged admimstration of carbutamide on the abihity of repeated dasy
miramuscular injections of glucagon to increase the unmary excretion of
nitrogen as well as to increase the levels of glucose 1n blood and unine  The
wfluence of carbutamide on the ability of glucagon to depress the level of
serum morganic phosphorus was also investizated  Previous studies from
s laboratory had demonsivated that the increased protesn catabohsm that
1s an mtegral part of the hypergly cemic gly cogenoly tic action of glucagon
1s related to an enhanced hepatic gluconeogenesis from protern
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Carbutanude markedly diinished the fhyperglycerme and gly cosunc
response to glucagon 1n one patient but had no effect on this response
the other patient even though the drug had produced markedly decreased
levels of blood and unpary sugar 1 both patients  However, 10 nesther
patient was there any influence of carbutamde on the mcreased pratetn
cataboltsm or the depression of serum phosphorus caused by the adminntra
tion of glucagon  These results suggest that the well established action of
sulfony lureas 1 reduaing hepatic gluco e output 15 not dependent upon
ether an inhibition of the hyperglycemuc glycogenoly tic action of glucagon
or a selective mterference with hepatc glutoneogeneys from protem

The present studes (onfirm the previous reports from this lahoratory of
the occurrence of an imerse relationship between the levels of fastng biood
M a .- The possible role of

B wdmimstranon of tol
butamide and chiorpropamide to reduce the levels of blood and unnan
glucase m tno cases of severe unstable diabetes where there was presumed
o be 2 crtical deticiency of wsubn  Both patients were mamtarned on sub
optimal doses of msulin  One patient was gven tolbutamide and the other
chlorproparude  Tolbutamide was ineffective 1 reducing the levels of
gluroe 1n blood or unne chlorpropanude admumnistration was as ocated
with significant Jowenng of Jesels of blood and unnary sugar  The findings
sugpest that the hypoglycemic action of sulfonylureas may not be entirely
dependent upon remaining 1slet cell reserve and that the capaaity may vary
with different compounds

The metabolic effects of sulfony lureas that have been deseribed are incon
sistent with the hy pothesis of a single mechamsm of action such as a stimula
t2on of the beta cells to secrete oy release insulin However the results do
not preclude the hypothests that the central locus of sction of sulfonylureasis
pancreatic 1dlet tissue It 1s possible that the actwon of sulfony [ureas
reducng hepatic glucose output apparently without increasing penpheral
glucose wuhization s due 1o a reduction 1n the ratio of secreted glucagon to
cecreted wsulm rather than to stmulation of the beta cells  This possibafity

s analy zed
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METAROLIC STUDIES OF CHLORPROPAMIDE TN NORMAL
MEN AND IN DIABETIC SUBJECTS*

Raymond E hnaufl § Stefan S Fajans, Edvardo Ramirez,}
Jerome W Conn
Aetabolism Researchs trmi Drviston of Fudocrinology and 3etabalisen Depastment of
Internal Medicone £ nsoersuey of Wiehigan Medial School dnn Arbor ftch

We have conducted short term and studses In norma! men nnd
10 diabetic subjects to compare the p) Jogical properties of ¢k
and tolbutanude  The prmary objectives of the inestigation were first,
to carrelate the hypoglycemic effect with the serum sulfonylurea fevel for
each compound and, second, to compare the rates of disappearance of the
no drugs from the biood In addition, we performed metabohe balance
~tudies 1n 1o normal met duting, the admuinistration of chlorpropamide

Methods

Sernm sulfonylurea drte Serum of both chior

it de were d d by the same analyhica) method

Thas mev.hod, developed by Toolan and Wagner for chlorproparmde and

described elvewhere in this monagraph was found to serve equally weil for
the determunation of tolbutatde

The performance of the method in thns laboratory 1s summanzed n Tas1r 1

Tasz 1
PERFORMANCE OF THE ANALYTIC MEDIOD 1N TiRE DETERMINATION OF SERUY
G Axp Tou E Lo

Recovery of the sulfomsiureas from serum
Chlorpropamde +125
Tolbutemde 06 t 0 8

Features of the method
Reproducibality (standards)

£0 25 mg /100 mi <uffonylurea
Precaston (intrasef serum replicates)
33 mg 100 m! salfonybucea
Acturacy (mserse) serum dupheat £
4023 mg /100 ml sulfonylurea

33 1g /100 ML scattered amang 13 sels

The recovery of both sulfony lurcas added to <erum was essentiaify complere
Br .
an .
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;I‘he methodl which shoved evcellent reproduaibihity, afowed a precision of
pprovimately 01 mg per cent and an accuracy of approuimately 0235 mg
Per cent in serum measurements of sulfony lyrea
Addétmnal data relevant to the application of the serum sulfonylurea
me!hll;J are provided th TABLE 2 Chlorpropamtde and tolbutamide, as well
:; to lilamlde{:ndblhe tolbutamide metabolite, are mnterrelated mn ternss of
elr relative absorbance nfensity i the method A low # "
value was found * serum “hlank
b LE 2
TA RELEVANT TO TIE \PPLICATION OF THE SERC 3 SULFONYILREA ANALYTICAL METHOD
Comparative quantitation data
Relative absorbancy
(on a nerght b:
Chlorpropamtde 100 0 it basw)
Tolbutamde 838 1000
Tolbutarmde metabolite — 385
Serum  blank values (35 different serum samples from
Suoormal 2 diabetic and 2 other subjects run in 22 sets)
022 + 054 mg 100 ml (as chlorpropamide)
Methed not corrupted by
(1) Products from hemolysis
{2) Custence of the tolbutanude metabohte

Mean + standard deviation given for serum blank values

The method 1s not corrupted by the products from hemolysis ~ Aliquots of
2 different blood samples devaid of sulfonylurea swere briskly beaten with
wooden applicators while the blood was cloting  The resultant deeply pig
mented serz when compared i analysis with nonhemolyzed “duplicates,”
were found to have increased 1o apparent sulfony furea only by about 04 mg
per cent  The degree of hemolysis produced deliberately in this evaluation
was approamately 10 times greater than any expenenced throughout the
mestigation bemng described  Mention ts made of this obsenation con-
cermng hemolyss, since plasma and serum tolbutamide methods i current
use have a demonstrated® or bhely ? 4 sensitnaty to corruption by the products
from hemolyst>

As an important consideratton, the sulfonylurea method used 1 our studies
1s not corrupted by the eustence of the tolbutamide metabolite® {1 buts}
3 p carboxyphenylsulfonylurea)  The metabolic half he of the tolbutamide
metabolite was determined by techmques sumlar to those descnbed Lefow

for tolbutannde It was found to be approximately 9 times (8 6) shorter than
de The bolite thus disappears

the bolic half lfe of
from blood appronmately 9 times faster than tolbutanude and exmbits

absorbancy approvimately 213 times less than tolbutamide in this method
(tapte 2) It 15 unhhely therefore, that measured serum sulfonylurea
fevels, after tolbutamde admnstration, could be more than about 3 per cent
1 errer because of the presence of the metabolite

Other determinations Fasting blood glucose serum sodwm,
and chionde and unnary mtrogen, creatinine, sodium, potasstum, ch

potasstum,
loride,
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17-hydroxycorticods, and 17-ketosterords were determined by methods
previously used 1n this laboratery ©

Subjects  Two normal and 2 diabetic subjects were admutted to the
Metabohism Research Laboratory and maintammed on constant diets  The
2 normal subjects (R R, male, age 23, 70hg ,and | D, male, age 20, 69 hg )
recened a diet that pmvxded 200mEq ~odwum, 113 mEq potassium, 17 3 gm
nitrogen, 320 gm carbohydrate, and 2900 calorxe, per day One diabetic
patient (A R, female, age 62, 87 kg ) recened 178 gm carbohydrate and
2150 calones per day the other (R B, female, age 63, 73 kg ) recetved 150
gm carbohy drate and 1400 calortes per day

Eleven diabetic patients, chosen because they responded poorly to tolbut-
amide, were studied 1n the Cndocrinology and Metabolism Out Patient Chime
of the Unnersity Medical Center

Results
The disapp of chior prop ard tolb de from the blood  Meas-
urements of chl de or e d. from blood were
made after of each 4 The senes

ncluded observations on 2 normal and 2 diabetic subjects  After an over
mght fast each subject recewved chlorpropamide or tolbutarmde sodium*
(30 mg kg ) at 800 A x, and food was withheld for 6 hours

Data lur one of the normal subjects are pre-ented 10 FIGURE 1 It 15 seen
that the chior de <erum dechned from about 21 mg
per cent at 15 min to about 18 mg per cent at 6 hours whereas the tolbut
amide serum concentration fell more rapidly from about 20 mg per cent at
15 min to about 8 mg per cent at 6 hours The serum chlorpropamide

amide  lhus under the of this e Ib dis
appeared from the blood approumately 8 times faster than chlorpropamde
It s of interest to nclc (HGURE 1) that there was no significant difference

hetuasn tha nnt o an

amide As would be anhcipated, there was no correlation between the
serum drug levels and the blood glucose levels m these scute (¢-hour) expen
ments Y11 hhely that under these was
mduced when the serum sullonylurey levels (an:r the admimstration of
either drug) were above 20 mg per cent for 1S mun , 18 mg per cent for
30 mn or 17 mg per cent for 45 min  Reyersal of the progressive hypo
giveemm at about ¥5 min was undoubtedly the result of effective counter
action through physiological mechanisms that function to normahze the
contentration of blood glucose

L1GLRE 2 shows dita for one of the diabetic subjects  This subject had

* Chlorpropamide was <upphed by D fezzom Chas Phizee & Co Inc Tolbutamle
wag supplied by € J O Donovan The Unjohn Co, Kalamazoo, Mich
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somewhat higher serum sulfony urea tevels dunng the study —The higher
serum levels probably resulted from the fact that the dose administered was
based upan gross body weight and also from the fact that this subject was
moderately obese  Another notable charactenstic of the sulfonylurea dis
appearance curves 1n this case 1+ the marked difference between the chlor
propamde and tolbutamide serum levels Since the diappearance Tates
B ~ 1 i

In spite of the higher serum levels and the imtial cifferential between the
curves the disapj earance rates for chlorpropamide and tolbutamude m this
diabetic subject were quite sumilar to those for the previous normal subject
(FIGURE 1) It should be noted that this diabetic subject as well as the
other one 1n the series was previously treated with both sulfonylurea com
pounds The admimstration of chlorpropamide to both dabetic subjects
was discontinued 9 days before these studies began

In the diabetic subject (FIGURE 2) there were almost 1dentical progressive
reductions 1n blood sugar after intravenous admimstration of equal quantittes
of the 2 drugs It 1s impressive that these acute blood glucose responses
were remarhably similar 1n spite of the great difference that had developed
in the serum sulfonylurea concentrations by 6 hours These results are
consistent with those obtained m the normal subject and they suggest
that the pattern for the blood glucese response was determuned at an early
time when the serum sulfonylurea concentration for each compound was
sufficiently high to mduce a maumal response

Tn the other 2 subjects the second normal and the second diabetic there
was also no significant difference 1n the acute blood glucose responses after
intravenous admumstration of the indicated amounts of chlorpropammde

' -

evaluation 13 Wustrated in PIGURE 3 for one of the diabenc subjects  The
disappesrance rate 1s expressed as metabohc half hfe (1) which conven
tionally 15 defined as the time required for the serum concentration to decline
1o one half of a previous level

It 15 seen that after chlorpropamide administration at zero time there
occurs a very rapid decrease i the serum concentration durng the first
10 min (first 2 dots at § and 10 mmn) A rapid dechine 1n serum concen
tration follows so that the lic half hfe of chlorp during the
time interval from 15 through 45 min 1s calculated to be 28 hours At
about the first hour the serum concentration of chlorpropamide stabifizes
and remains es entially unchanged up to the sixth hour  During this 5 hour
period the half hfe of chlorpropamide 1s de cribed of course as infimte
After this plateau phase the half | fe time fluctuates constderably unui
about 36 hours when a terminal steady state disappearance begins

During
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this phase of termal steady state disappearance (36 to 144 hours) chlo
proparnide is calculated ta have a metabohe haif hfe of 35 to 36 hours

The disappearance of totbwtamude (F1ouRy 3}, after st ntravenous adpw
Istration can be descnbed afso in rate phases  The three sndicated DPhast
for tofbutamide represent half bfe times of 3 3, 49, and 3 & hours

The phases which have been described m this subject for chiorpropamid
and tolbutamede by half hfe caleutations were aiso observed 1n the secon
diabettc and n both normal subjects  The smplest interpretation wine
can account for the phases obsered after intravenous admimstsation of eac
compound 15 (1) an early (0 to 60 min ) unstable space distnbution, (2)
redistnibution (1 to 36 hours for chlorpropamide, 1 10 6 hours Jor tolbut
arde} and (3} 2 stable space dsstribution (> 36 hours for chlorpropamde

e e | ety

\l\l\f-x I

»
g

t/2e3sne

SERUM SULFONYLURER  $MG 7100 WC }

3

= et
- 36 48 &0 2
OB OR 8 R &
TIME (MR TIME (MR

Ficorr 3 Metabobc balf bfe nmes for chlorpropamide and tolbutamude m a diabete

subject (A R female)

s for tolbutarmde) [t would be extremely interesting to make
;aiehn;l;mb:hon calculations for strategic timings 10 such an expenmental
senes as ths  Since our studies did not extend to drug balance (e(:rel:or)
studies) this was not possible for these subjects It was m\ercl;unw ‘0\\,-

vet, to make mmtia) or zero-hme caleufations of <pace distnbugion n a
iom;&nn«on of the 2 drugs  Extrapolation from the 5 and 10 min Pgln\&d,
n the 2 diahetc subjects gave chlorpropamide space solymes m}'ﬂ? an

91 and tolhutamude space solutnes of 90 and 931 The mean chlorprop
{a)m)de and tolbotamde Splaces in these 2 diabetics were 9 and 11 per cent

Spectiy g
dﬁz’:ﬁxﬂ:&:zx\een r)nean values of 73 and 921 for chlarpmpa:;xnde
d talbutamude spaces respectively would seem tighly slgmﬁcrané n ! 3 :
;;n bjects From prelimmary studies of dehberate blood sample temo 5:

e Jcﬁ!urpmpamlde and tolbutamde admintration 1t appears that the
zf:g(:m <pace distboions of these 2 drugs may be explamable, to a major

ft
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extent on the baws of different concentrations 1 red cell nater  The calen-
lated zero time istasbulion volumes are probably smaller than the equilib-
num distribution velumes and are discussed bere only because they point up
a difference between the 2 drugs  On the basis of publnhed data by Wick
of af T for tolhutamide m the evsscerated and nephrectomized rabbat, the

de space rught be 4 as 13 to 19 per cent of
body wesght 1n man  Lero ume dustnbutian cafeulatiens have aot been
made for the 2 sormal subgerts, snce 5 and 10 mn points or the sulfony -
uren disaprearance CUNE, were not shtamned

Troes 1
Mrrapeuc Hawr BE MEssUREMEATS PR CHLORPROZANIDE AZT TOLEL TANINE
¥ TwD NurdAL Avp Teo Dnaperc Stmjeets

Metabohe hall & e time (hous}
L

Tune
Phase  interval | Narmal subject Duabene subject
thours

i T
TIpRR \Ie:ni\ill(\xikl\ ] Mean £ M B
i H §

Chlarpropamde

——— [,
Voo Jo}zq 18301 izsgzs< EEET Y
B tw &) = “ i ) -
¢ %o 720 3% 3 §oss )3 {

7210120 | - et 3 P .

Toctoral 2440 120 | i3 W | Wl -
e i

(S

¢
chabtic sybgects 35 38 = T ¢
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The duappearance data for all 4 subjects m the series are summanzed in
rart 3 4 B, and C represent the 3 phases previously described for sntra
venous chlaepropamde and tolh Mo wath FIGURE
These are probably no o w the bohe half e tumes
hetween the 2 notmal and the 2 diabetic subijects for any of the 3 phases
with each of the drugs, wsth the powable exception of the totbutamde phase A

Half hie times caleulated after the cessation of oral (postaral) chlarprop.
amnde admmniration aze given i Taer 3 for 3 of the 4 suhjects as well

The phase € and postorst metsbobe half-iife times, which esprasent term
nal steady-siate diappearance and o wide range of serum concentrations,
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;\edre used to arnve at a comparnson of the rates of disappearance of these
bek:\lg-;s,\;(;"; :}:\3 hlgod 1;‘1:13 co‘rfpanson 15 given as a ratio caleulation
at de d from v
7 to 8 umes faster than chiorpropamde i the blood fram
The relative potency of chlor propamde

and tolbutamide 3t was Sear that
;m:te studies and classic dose response studjes would yeld information of
imited value 1 2 potency comparison of chlorpropamide and tolbutamide,
especially if one attempted to apply such information o terms of Jong term
oral therapy  On the other hand, 1t appeared as though meanungful data

an oz a oo

sy,
o ]

3]

A8 8 00 pecass

DIRCICCAEICE)

ey P
FicvsE 4 Fasting blood glucose and fasunyg serum sulfony furea levels in 2 normal men
dursng the administration of chlotpropamde and toft utamude

could be derned from long term compancons of the 2 drugs at varous
dosage levels and from 2 separation of the classic dose response study into
2 distinct components the relation of dose to drug blaod lex el and the relation
of drug blood level to blood giucase response  Such an approach would
tahe into account the facts that (1) the 2 drugs had markedly different
half Ife tumes, and (2) the 2 drugs prabably had different epaces of dis-
tnbution  With these considerations 1 wind 2 normal men were studied
for 2 peniod of about 4 weeks on an identical schedule of changing doses of
oral chlorpropamide (FIGURF 4)  During this period the men were carried
through 2 ¢ cles of symptomatic hypoglycemia  In a <ub equent penod
they were observed dunng episodes of tolbutamde wduced hypogls cemiz
Much larger ora) dosages of tolbutamde (at least 6 tumes farger} were
required to produce comparable bypeglycemia and compatable serum sul
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fonylurea levels  Da ly measurements of the fasting blood ghicaue and the
fast ng serum sulfonylurea levels durmg oral admimistzat on of the 2 drugs
revealed a consistent patern

In Ficurs § the fa t ng erum sulfonylures ievels are jlotted agonst
<t anges n the fasting blood ghico e fevel for the 2 normal men  Standard

e v v
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2 sob  * GHLoRPROPAMIGE i

F X TOLBUTAMIDE
o {Subjects RR JD)
-60p R
s s n . ...
] 5 G 15 20 25
FASTING  SERUM  SULFONYLUREA

{MG 7100 ML}

Fiourn 5 Coceli wn be ween change n 12 oy blood plucow. snd fastag s wm
u omyiu eafe els 1 2 no mab subjes 5

dev ahions refate to both men for da ly fast ng blood glucose measurements
fur ng an 8-lay pretest perod  The curse was ong nally constructed n
the abwence of the tolbytam de ponis with reference only 1o the chlor
propam le jonls 1t 1s apparent however that vhen the tolbutam de
pa nts are sncluded as they are i ths fgure they {1 the previou ty con
tructe § curve for ¢t lorproy amude  Thee te ults mlcate that w thn the
tandard zations an i exten neness of these ob ernvatons chlorpropami te



612 Annals New Vorl. Academy of Sciences

osesa v i L SLANUALRG deviation 1n the fasting blood glucose 1 these
normal men A& decrease of twice the standard deviztion m theJfasting
blood glucose resuited from a serum sulfonylurea level of about 13 mg per

N FASTING BLOOD GLUCLOSE (%
N
[}

=30
B + CHLORPROPAMIDE
Z —40]
E X YOLBUTAMIDE
o ~50| (Subjects RR,00)

~60

! L 2 1
5 o 15 20 25

FASTING SERUM SULFONYLUREA
(MG /l00 ML)

Fictze 6 Correlation brineen change in fasting blood glucoce and fasting serum
<ulfony larea levels in 2 normal subjects (semuloganthmc presentation)

cent Al sulfonylurea levels above 185 mg per cent produced decreases
1 the fasting blood glucose of a¢ least twice the standard deviation  Withun
the range of fi in serum sulfonylurea
concentration of approximately 3 mg per cent double the eflect on thefasting
blood glucose
The data from FIGURE 5 are reproduced 1n FIGURE 6 with semiloganthmic

d Under this ¢ the rel hip between the fasting
serum sulfony lurea level and the change m the fasting blood glucose 1s repre

sented by a strmight e
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Stnce chlorpropamide and tolbutamide on the basis of thesr serum con
centrations are approuimately equally active, and since tolbutamide disap
pears from the blood approimately 8 times faster than ch]orpropamxde 1t
follows that chl de has the p lity of bein ly
8 times more effective than mlbutamlde ona \velghl basis, \\hen the 2 druvs
are used as oral therapeutic agents

Tt was of nterest to gbtatn information on how the serum chlorpropamide
concentration vaties dunng 2 24 hour pertod when 500 to 750 mg 15 adminis
tered each morning with breakfast (TABLE 4)  Although the 2 subjects had

ABLE 4
Y ARIATION OF SERLM CHLORPROPAMIDE LE\ELS DURING THE DAY AFTER SINGLE
OraL Morying Doses oF THE Dric v 2 NormarL MEv

Chlorprop Serum chlor | Per cent of
Subject Day* | amide dose Time propamide mitial

(gm /day)t {mg 100 ml) |fasting level

R R (10kg) 15 07 800 an 157 100

1000 A% 235 150

1200 N 246 157

2008 x 24 136

16 800 ax 168 107

20 050 800 AN 27 100

300 272 120

2 800 Au 03 8

2 050 800 an 23 100

00PN 246 121

2 800 ax 165 8t

J D (69kg) 15 075 800 a3 146 100

1000 Ay 16 0 10

1200 8 180 123

200pu 170 116

1 800 Ax 158 W08

20 0 50 500 Ay 216 100

100%x 26 8 109

21 800 ax 06 st

2 050 800 Ax 206 100

500 P 212 103

5] 800 Ax 182 88

* Days correspond with those 1n PICURE 4
1 Total lose taken shortly after 8 00 A X w th breabfast

very simlar fasting serum chlorpropamide concentrations on the same drug
dosages they showed somewhat different but quite consistent vanations 1
serum levels during the intervals studied  The subjects developed masimum
serum chlorpropatde concentrations of 123 and 157 per cent of the fasting
tevels about 4 hours nfter an oral dose at 8 00 A3 The serum levels at
500 P\ were 103 and 121 per cent of the morning fasting levels even when
there was 2 moderate decline in the f1sting serum level the following mornum,
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Thus, a single dose of chlorpropamide at 800 Ay would seem
elevated serum sulfonylurea levels (that 1s, relative to the fasting Ie\l:l)péz‘r,:se
the absorptive portion of the day (about 800 Ay to 8 00 p1r) and to allof
the serum level to dechine to a near fasting level early m the usually non
absorptive portion (about 8 00 r to 8 00 A3t ) of the day  This feature,
which 1s provided by the long metabolic half hife time of Chlcl‘pmpamlde’
may prove to be advantageous therapeutically '

Clanscal studies Eleven diabetic patients who responded pootly to tolbut
amude were treated with chlorpropamide  All responded better to chlor
propamide at considerably lower daily dosages in most cases

‘The comparative response of the 11 diabetic patients ta the 2 compounds is
illustrated m TABLE 5 Each patient recerved each substance, at the indi
cated dosages, for at least 3 days and usually for 1 week pnor to the deter
minations  Camplete comparative data were obtained far the first 3 patients

TABLE §
ComparATIVE RESPONSE oF Parients witst Draperes MELLITUS TO ORAL
TOLBUTAMIDE AND CHLORPROPAMIDE THERAPY

Tolbytamide Chlorpropamide
Patient Fastng Fasting Fastung Fast ng
Dosage blaod serum Dosage blood serum
(gm /day}|  glucose tolbutamide |(gm /day)]  mlucose chlarpropamide
(mg /100 m! ) | (mg /100 ml ) (mg /100 1) | (mg /100 cal )
AR (95kg) 30 181 075 138 142
EE (4 k) 15 183 0s 86 195
HH@k) | 30 176 10 88 293
R B (13kg) 20 1% 10 136 20
A C (S8kg) 20 10 20 116 —
FR(Ska) 20 168 10 131 161
kR H (721g) 10 155 05 8 212
s J aorkg) | 30 27 ts 155 363
MR (S3kg) e 153 05 109 102
P S (4 k) 15 it 10 139 355
NM@ske) | 10 131 a2 Ed 13

hsted The decreases m the fasting blood giucose levels evpertenced by
these 3 patients on the indicated tolbutamide dosages were shight  The
relatively low fasting cerum tolbutamide levels are to be noted In the
same 3 patients considerably lower dosages of chlorpropamyde produced
igher serum levels of the drug and, concurrently, more intense decreases
of the fasting blood glucose levels ~ The same pattern of response described

for the first 3 patients 1s charactensic of the other 8, as well
I . ! 1.« § + =+ ove censetent with the
. . o

3 4 s tn te lnneer metabane Nail sue \

schedule
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An example of the difference 1n re.
o £ p sponse to the 2 drugs 1s 1lustrated m
Vetabolic balance studies  Two normal men were studied for o yeniod of
about 4 weeks on an 1dentical schedule of changing doses of chlorpropamide
The balance and renal excretion studies (Tapre 6) duning chlorpropamde
administration ytelded results similar to those previously published from
this laboratory for tolbutamide and carbutamide ®
There -~ ~ £ ! ‘
nary exer
17 Letost

rating 61030 ¢ veore
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Ticure 7 Fasung blood glucose and fasting serum sulfony furea levels in a diabetic
{ tolbutarmide and d

suliject dunng the ol

days when severe symptomatic hypogly cem had been produced, urtnary
excretion of mirogen and electroly tes was sigmficantly decreased and the
excretion of 17 hydrovycorticoids was mncreased  Serum levels of sodum
potassium, and chlonde Iikewise were not affected

Summary and Conclusions

(1) A sigle analy tical method has been found to perform well for the
— el earh

sam la mooemm

Ll
e . = 1esan

»d of normal men and diabenc
oes chlorpropamide
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(4) Chlorpropamide, when compared with tolbutamide on a weight basis,
exhibits a markedly greater chnucal effectsveness

(5) The greater chnical efficacy observed with chlorpropamide seems ade
quately explamable on the hasis of the capacity of the drug to produce and
maintain higher serum levels on a giuen dosage schedule
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A COMPARISON OF THE ACUTE HYPOGLYC
EMIC POTENCIES
OF TOLBUTAMIDE AND CHLORPROPAMIDE* ’

James W Craig Max Miller, Frank D Mulls, Naomi Nickerson
Deprriment of Medscine the School of \edreine W estern Reserte Unttersity, Clasdland Olo

Comparisons of the chnical effectiveness of tolbutamide and chlorprop
amide during their chronic admmistration to diabetsc passents has e indicated
that smaller doses of chlorpropamide are required to produce 2 similar Joner
g of the blood glucose concentration At least part of this greater chmeal
potency of chiorpropanude as compared to tolbutarmde 1s explaned by 1ts
slower rate of disappearance from the body 1In the current studies the
inherent hypoglycemic potencies of toJbutamide and chlorpropamide have
been compared 1n terms of the acute decreases in blood gluco<e produced by
the ntravenous admunistration of equal doses of the two drugs to the same
diabetic patents  Use of the intravenous rather than the oral route of
administration avorded possible differences m the rates of gastrointestinal
absorp of the two comp {s, and the acute nature of the study per
mutted a comparnison of the effects of the drugs before the difference m therr
half lives had become manifest m sigmficantly different plasma drug le el

Each patient was tested twice, once with tolbutarmudef and on another
occasion with an equal dose of chlorpropamide I The patients were free of
the influence of any hypoglycemic agent that 1s, they had recetved no fong
acting insuln for at least 48 hours, no regular msnlin for 15 hours, no tolbut-
amude for 15 hours, and no chlorpropamide for at least 96 hours before any
of the tests  Preceding the tests the patients rested in bed afteran ov ernsght
fast A § per cent aqueous solution of the sodium salt of the drug was injected

mto a penpheral vein within t min Blood samples were obtained through
£ o Aassas aramenals after

3lood glucose
opamide and
110 sanspeal sig

solbutanude by the method of lootan ana svaguer
nificance of differences between responses to the two drugs was assessed by
analysis of the mean differences of paired observauions

As shown i TABLE 1 equal doses of tofbutamide and chiorprapamide pro
duced similar decreases m the blood glucose concentration duning the 3 hours
after drug admimnstration  The dufferences between these dechines were pot
statsuically significant  The plasma concentrations of the drugs are shown
mrwie?  Although at 2 and 3 hours the aerage tolbutamde levels were
shghtly less than the chlorpropamide levels, again the differences were not
statistrcally sigmificant

- * % Dysbetes Research Program of
. « earck Grant A 1317 from the

blic Health Seryice Bethesda
.- [ Related Metabolic Diseases
Foundation Inc, New Yofl

NY
1 Supplied by The Upjohn Compant Kalamazoo Mich

3 Supphed by Chas Phizer & Co I Brooklyn S 1
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TARLE 2
MEeAN Prasua CONCENTRATIONS OF TOLBUAMIDE (T) anp Crrorrropaums {C)
AFTER INTRAVENOUS ADMINISTRATION OF EQuar QUANTITIES OF THE Soproy
SALTS oF THE DRUCS TO THE sAME DiasETic PATIENTS

Contentration of drug 1 plasma (mg /100 m1)
e

Dose of Drug
No of
I
’1’;;3) subjects ;d‘z;r; Minutes after adminstration
-
60 120
T 99 78 64
1o 8 C 88 86 81
TC* 11412 ) ~08438 ) ~17+11
| T S8 45
os 4 c 72 50
[TC‘ 14:13 | 05202
7| 30 [ 20
02y 3 (| 25 24
Te* 05 ) -0y
T 2m | 07 0s
a1z 2 c 12§ 11 -
TC* 16 -0 -

* Mean dufference + one standard error between plasma concentrations of tolbutam de
and chlorpropamide
t Only 2 values included
1 One of samples obtamned at 90 min
§ Both samples abtained at 90 pun
Thus at ssmilar blood levels the two drugs produced a simlar fall in
blood glucose dunng the first three hours after their antravenous administra
tion to diabetic patients These data cannot be applied directly to the
chrome admimstration of the drugs however, hnauff ef ol found dunng
{ong term ad tion of tolb de and chlorprog de that the degree
of fasting hypogly cemia was a function of the fasting sulfonylurea level and
that the same relationship apphed to both drugs  These findings suggest
~ ¢ far shlarnronamide as compared to totbut
opamide rather than to any
1 of the two drugs

References
1 Somoear M 1945 ‘e v Chem 160 69 73
2 Toowsn T J &R I . . '
amide and its determ . :
3 kmawr RT SSF
chlorpropamade an but « -
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Part T1  Climcometabolic Studies
STUDIFS WITH CHLORPROPAMIDE IN DIABFTIC PATIENTS*

Wilham B Hadley
Joslin Clintc and \ew Fugland D aconess Hosp ts! Boston Vass
Avedss Mhachadunant
Boker Clintc Pescarch Laboratory \ew England Deaconess Hosprial
Alexander Marble
Jostin Chimic New nglond Dea oncss Rospifat and Harvard Hcatcal School Boston fass

The chinical tnals of chlorpropamde reported here were begun i 4pnil
1938 our expenence to date therefore extends over only 5 months  The
studies were imuated wuh the following four objectives in mind first to
determine the effectis eness of the drug as a hy pogly cemmc agent in the man
agement of diabetes second to observe serum levels of the compound in
patients under control third to determine whether or not fong term effectinve
ness could be predicted by the blood sugar response 1n a single dose test and
Ginally to study the possible toxicity of the drug by perfornung senal ner
and kidney funciion tests ind hematological studhes

Clinteal Matersal and Methods

Seventy esght patients w\(h pro\ed dabetes selected prmanly on the
hilelshood of re pe have been piven
chlorpropimide to date The group consisted of 48 females and 30 males
The ages of this group varied between 35 and &3 years and all but 10 were
above 50 years of age The age at anset of diabetes varied from 23 to
77 years 1n 10 panents this had been below the age of 40 years  The dura
tion of diabetes varied from a few weeks to 21 years in 60 patients this was
more than 1 year

In all cases but one the patients were hopitalized and maintained on
wesghed diets  The total amount of sugar excreted 1n the unne was deter
ned for each 2% hour peniod The blod sugat was deterruned frequently
ustally 3 tmes datly before breakfast at 11 ax andat3 ey The major
1y of the patients were ambulatory  ‘The diets provided from 130 10 200 gm
of carbohydrate daily, with most in the range of 150 to 176 gm ~ The calonic
content varied {from 1000 to 2000 calones daily often this was low so as to
favar weight reduction  In all but 21 patients the insubn requirement had
been estibiished esther by Tong term usage or dunng a brief penod of regula
tion prior to trial of the oral hypoglycermc agent  In the 57 patients whose
wn uha requitement was hnown this was 40 unuts or below 1n 47 patients and
26 units or below 1n 22 patients

Rlood sugar determinations were carned oui by the Somogy: \elson
procedure  Most blaod sugar levels before breakfast were determined on
venous blood most other xamples were capiftary  For the determination

* Che wotk reported 1n this paper was supported 1n part b grants from Chas Dhizer &
Cu fuc Brooklyn N 1 and The U} jobn Company halamazoo Mich

¥ Research Fellow
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of the level of chlorpropamide we used the method of Spingler ! as modified
by R H Carmichael In this procedure serum 1s extracted with isoamsl
acetate and treated with 1 fluorp 2-4 dimtrobenzene and the resulting cotor
measured in the Bechman spectrophotometer at 345 my  Prior to the begin
ning of therapy most patients had base hine Inver function studies including

f{uncuon studies are being done after each 3 months of treatment with the
rug

Sulfomrlurea response fest Prior to long term tnal with chiorpropanude
a single dose response test was done In general the procedure used was
the same as that previously described 1n studies with carbutarmide and tolbut
amide * The test was carried out as follows (1) long acting insulin was
omitted for 24 hours prior ta the test day with crystaline msuln beng
subsututed where necessary and (2) at 8 Ay on the day of the test 10 gm
of chlotpropamide was gnen orally after an overmght fast and glucose
determmations were done on 3 blood samples (a) fasting before chior
propamde (b) fasting 12 noon and (¢) at 3 par (about 274 hours aftera
regular noon meal)

The mamtenance dose in almost all patients waseither 0 23 0r0 50 gm /day
A few patients recetved 1 gm  day for short penods duning the early penod
of the study

Resnlts

Response tests  The response test was carried out 1n 71 patients In37a
a1l 1n blood suvar of 20 per cent or more occurred at both 4 and 7 )u.nm
-t
13l
1

periods varying from a few days to 140 days  Lniyy Ly vy

et Ar ¢ for penods longer than one month and 48 for more than 10 :iays
ety

i
1
1

reasons poor control on mammtenance 1z wB v 4y
~adan ate 11 nonmedical reasons 11

.
‘The average
test dose wer

Minor touc effects consisted of mimimal gast

spup e
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2 patients and a skin rash i another  One patient developed jaundice after
3 weeks of therapy with 050 gm /day He was hosputahzed, and mtial
laboratory stuches showed the foliowing results biirubmn, total, 39 and
direct, 30 mg /100 ml, Bromsulphalemn retention, 49 per cent at 45 min,
alka\me phosphatase, 19 2 Bodansky umts, thymol turhidity, 0 3 umts, and
cephalin and thymol flocculations negatine  The differential white blood
cell count showed an eosinophilia of 10 per cent, faliing to 1 per cent after
12 days Liver biopsy showed canahcular bile stasis, but no evidence of
hepatocellular damage The patient mproved with conservative therapy,
and the last follow up 2 months later showed the following laboratory
results bromsulfalein retention, 9 per cent 1n 45 min  alhaline phosphatase,
47 Bodanoky umits thymol turbidity, 08 umts, and thymol flocculanion
negatine

Dscussian

Of the 50 patients who showed a fall of more than 20 per cent 1 blood
glucose in the 4 hour sample of the response test 41 achieved good control
Gf the 3t patients showing a fail of 20 per cent or more in both 4 and 7 hour
samples, 26 actieved good control  These results i conjunction with the
finding of an adequate serum level of chlorpropamde at 4 hours suggest that
the response tess carned over 7 hours has no advantage over the 4 hour test
Exghty per cent of patients having a satifactory response with either test
ate lkely to have thew dubetes conteotled O the 13 pauents whe had less
than a 20 per cent fall at 4 hours, T achieved good control, 2 fair control, and
4 poor control It thus seems that a poor response test does not preclude
subseguent control of diabetes with chlorpropamde

The serum chiorpropamide deternunahions suggest that adequate levels
are attained within 4 hours and maintained aver 24 hours after an mitial dose
of 1 gm, and throughout longer periods with doses of 25 to 050 gm  day

In evaluating the effectiveness of chlorpropamide in controlhing dushetes,
the rofe of diet must be considered  As most of our patients were obese their
diets were restyicted m calones as well as carbohy drate content  The average
neght lows of our patients durmg this study period was 29 kg and m
i1 pitients chlorpropamide could be discontinued and control mamtaned
with diet afone

The only serious 10x1c mamfestation 1n our group of patients was the occur
rence of yaundice 10 @ 54 year ofd man  The climical picture, the laboratory
darta, and the histologreal appearance of a punch biapsy of the hiver were afl
similar 1o findings 1n jaundice produced by chlorpromazine and methyl
testosierone 1t 1s notewarthy, howener, that aur patient had o past and
famyly history of jaundice, the nature of which was not determined

Suwimary end Conelustons
(1) deventy-ey \\l p:men\,, selected mainhy on the bkelihood of responsive
ness to d» were pven chi Allbut 10sere

above 50 years o( Jge and the onset of ((nbclcs ocrurru\ before the age of
40 1n 10 patients
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(2) In 71 patients the response of the blood sugar to 1 gm of chlarprop
amide was determined at 4 and 7 hours Fighty per cent of the patients
who had a f2ll of 20 per cent or more at 4 hours subsequently achieved good
control of hypoglycema and glycosuna with mamntenance doses Of the
72 patients who received the drug for a period of up to 140 days 68 per cent
achieved good control 15 per cent fair control, and 14 per cent poor contral

(3) Serum chlorpropamtde leyels ranged between 3 and 32 mg per 100 ml,
with an average of 10 mg per 100 ml

(4) One patient with a past and family history of jaundice developed an
obstructive type of jaundice 3 weeks after onset of therapy There was
complete recovery Two patients had mnor gastrointestinal symptoms
and 1 patient developed 2 skin rash

(5) These prelimnary studies indicate that, n selected patients chlor
propamude 18 an effective hypoglycemic agent  Wider expenience with the
drug s needed to evaluate 1ts long term usefulness and incidence of untoward
effects
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USL OF CHLORPROPAMIDE IN DIABETES MELLITUS IN
USUAL DIABETIC PATIENTS AND IV PRIMARY
AND SECONDARY TOLBUTAMIDE FAILURES*

Samuet § N Sugar, Lawrence J Thomas
Gearge Waskngton Unnersify School of Wediaane W ashinglon D C
Serkis Tather
Prince George s General Hospuial. Cheverly o

In a prehmunary repart! on management of diabetes with chlorpropamude
(Diubmeset) successiul control was noted in 58 per cent of 45 patients studied
Further observations were made in 70 cases for periods up to 8 months ~ We
were fark m g the of chlorpropamud,
w a group of pauents who wete pumanly uaresponsive to tolbutarude
{within the first month of treatment) and m a larger senes of cases classified
as secondary tolbutamude faitures  that 1s, patients 1n whom diabetes had
shipped out of control after a \anable prnod of satwniaciory management
with tolhutamide

Aethod of Study

Diabetic patients who were taking insulin an occastonal patient not con
trolied with diet afone and those not re~ponding to tolbutamide were used
m ths mvestigation  The first few patients were hospitahized, but later
the drug was given to cdimic and ambulatory pnivate patients  Diet was
prescribed according te optimal calone requirements

In the hospital, fractional uninaly<es for sugar and acetone were made by
the ward nurses before meals and at bedtime  Each test showing more than
a trace of sugar (Chmtest} modification of Benedict’s test) was covered by
an wjection of regular nsulin ranging 1 dosage from § to 20 U depending,
upon the percentage of sugar present  In this way we were able to preveny
Letous and at the same time observe the degree of effectiveness of chlor
propamide  Daily fasting blood sugar an occasional blood sugar after a
meal, and 24 hour unne ghucase were made as
added parameters of control 2

A e e

3 days indicated that these requirements had heen atiamed, patients nere
given a supply of medication and discharged for fallow up i the outpatient
chime  Particular stress was ind on the need for frequent unne 1ests at

STy smamhen . P4 e a2 (I

Inc Brookbin N 3
1 The Clinttest apparatus and tatlets are maoulactured by The Ames Co, Inc Flkhan
Tod
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quate control, as measured by the enteria descnbed above  Sit of the
28 patients who fatled to respond to chlorpropamide were bnttle tvpe
diabetics requinng large doses of insulin and having a proncunced tendency
to acidous  For reasans such as fear of tnjections ar recentness of anset of
dabetes, 4 pauents had not previowly taken msulin  These cases were
easily controiled with chiorpropamide  Three patients who had been faking
wmsuhin for more than 3 years remamned well controlied after chiorprapatmde
was discontinued  However, one of these {ricuse 1) developed hyper
glycemma without glycosuna after 2 months without medication  Thas was
relieved by a small daily dose of 025> gm chilorpropanude  Ouly 2 of the
10 cases classified as  primary tolbutamide falures responded well to
chiorpropamide  One of these 1s shown graphically i Figure 2 Our
experience with secondary ‘or late tolbutamide failutes was much better
Twenty of the 31 (64 per cent) patients 1n this group were managed satisfac
tordy with chlorproparde A representative case 15 shown 1n FIGLRE 3
Another noteworthy feature was a good responee to a second course of ol
butamde n 6 patients after chlorpropamide was stopped becauwse of wide
effects (PIGURF 4)  We suspect that the patients who responded to a second
course of tolbutamide did so becausc of 1 repened respect for adherence to
diet

Tovterty

Side reactions to chlorpropamide are histed i TanLe 2 Gastrontestinal
symptoms of anorenia nausea ‘emuting and abdomnal dicomfort were
the most promunent  Chest pan <grvere enough to warrant cardioyascular
imvestigation was noted n 8 patients  Electrocardiograms 1n all of these
~howed evidence of coronary artery disease and two of thewe later developed
myotardial infarction  Chlorpropamide was continued 1n 2 of these caces
and the chest pain gradually «ubwded  In fact 2 patients were gven chlor
propamide with good effect soon after suffering an acute myocardial infarct
\nother prominemt complant was weahness usually of Jegs arms and
abdomwal muscles Two of the 7 patients with this complant had

Tame 2
S E REACTIONS TO CHIDRPROPANIDF

No of

patients®
Anorexin nausen vomting atwlommnal discomfort 9
Chest pam 8
Afuscle weakness 7
" - e s . 4
. 4
- 3
- oo [

* 0t a tatal namber of 10 patsents treated
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responded as far as diabetic control was concerned, but the sy mptom was so
:et e{:‘;hnt 1t be;al::e neces-ary fo discontinue the drug  Serum potas um
lexels determined before and dunng treatment wih o
chlorpro;

no dumnution s proparnde shated

Hypogh cemse symproms (anxiets hunger sweating) were noted m
4 patsents  These neverp } to coma and 4 ? preamptly with
admuntstration of sweet drinks and reduced dosage

Fioure §  laculopapular rash on face neck and arms folloning admiistration of
chlozproparude

Four patients with stching (w0 with assopated maculopapular rash of face
arms and legs were noted  One of these (FIGURE 5) nas severe enough to
w irrant disconfinung medicanion, bvt the pthers re%ponded to antthistamine

without ¢

" Three patients had an excellent respnnse wa datly dose of 10 g, but
asked for a change of medicztion because of a disagrecable taste sensation
This was de cnibed 35 2 sich, s ect taste, even a the Itps 7 In retrospect
we believe this could have been 2vorded by starting with a smaller dadly dose
of 05 gm

One case of leukapenta with 2 abeee hlood cell count of 2500 was noted
This was not permanent, nhen medication was discontinued, the count
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promptly returned to normal  The same pa!len! complarned of toss of hair
alter fe had been failed to sub
stantiate this disorder

\ depres jon of thyroid uptake of radioodine was noted 1n 6 patients
The range of lawering was 4 to 15 per cent  There were no ssociated symp
toms of hypothyrowdism and this reaction was not considered of climeal
~ gmficance

No unusual effects on kidneys or Jiver have been noted to date  The
longest pertod of ohservation has been 8§ months

One paviem died of coronary thrombo 1» after having been controlted with
chlorj ropamde for 4 months  He was known to have malignant hyper
tension and hys death was i no aay attributable to the drug

Conelusions

Of 70 diabetics studied 60 per cent were controlled satisfactonly with
chlorproparmde

The mast easily controlled were cuddle aged patients with relatively

' .
. . .
' '

Touaty to chlorpropamide 15 related partly to dosage  Gastromntestinal
symptoms chest pan and muscular weakness were noted m one third of
the patients studied  Occasionally the e were rebieved by reduction i do-e
of the drug

In most cases a smaller dove of chiorproparmide gave as good if not Letter
control than tolbutamide

Un table dizbetics of any age are poor candidates for control with
chlorpropamide
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A LABORATORY AND CLINICAL STUDY OF
CHLORPROPAMIDE I\ AMBULATORY DIABETICS

D\mxon B Handelsman Leon Levitt and Matthew F Calabretta
thetes L4 ot ¢ Long Zddand Colicge Bosp tal and Degariment of Medne Stote
Unvers oy of Vew Vork Dognstate 3ed cal Conter Brootlyn \ 1

. Ph:'rmacologxcsl studies have mdicated that chlorpropanmde 1s a potent

ypoglycemic agent that is relatnnely nontowe  Wath a background of this
knosledge chmcal application of the drug nas mstituted 1 the Diabetes
Chme of the Long Island College Hospital ¢ months ago  Six elderly mdd
iabetics were gnen 1 tablet (500 mg ) of chlorpropamide 3 times 2 day (2
total of 15 gm ) on the first day and 1 tablet twice daly {a total of 1 gm )
thereafter  Four of the patients complained of sevese muscle weakness and
dizziness leading to discontinuance of the drug  This imtial expertence
prompted 2 more detasied vesugation of the pharmacological properties
of chlorpraparmde wn bumans sice the expentnce obtawmed with oiber vral
hvpogly cemuc agents did not seem to apply to this more potent agent

A method of estmating chiorpropamide as developed by the Researth

Department of Chas Pfizer & Co Inc Brooklyn N Y as described ebe
where i this monograph by Toolan and Wagner was employed to study the
level of the drug m sera of patients following wngle doses as well as dunng
fong term administration of the medscation  The results of these miestiga
uons ate the subject of the present work  Chmcal ohservations concerning
the efficacy of the medication obsersed while treating ambulatory d abetscs
wall be discussed etsewhere

Serum Levels Folloung Single Doses Grren Orally or Intravenously

Senal estimations of the serum lesel of chiorpropamide as well as blood
sugar were made at 20 mn mtenals for 4 houts after the admmmstration of
single doses of the medication  Tasee | shows & summary of the serym
drug levels found aftes a0 5 gm dase was gn endrally and after an equivalent
dose of the drug nas gaven intratenously as thesodivm saft - Theintrasenous
mjections were accomphished overa 2 mur period  Bath dhabenc and non
dibetsc patients were studied  Two facts ate lo benoted  Finst the drug
was well absorhed althouzh somewhat slowly when givenorally  Two hours
after oral adwstration high serur levels were obtawed and wathin 4 hours
the concentrations in serum ws¢re n 3 range sumlar to thowe ahamed after the
miravenous inection  Second an appreciable quantity of the medication
was still found m the serum 24 hours after 1ts admimstsation

These obser ations the good absorp and prol
of the drug m serur were agatn found when f gm doses of chlorpropamude
1 ere grien orafh and mirasenoush (TapLr 2 A and B)  In ths senes ozal
admunistration was fotnd to yield serum vakues at +and 2§ hours that were
fugher than tho e htamed after 2 umifar dose had been given wntrazenausly
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This finding suggested that slow absorption from the mntestimal tract might
be a factor cansing the prolonged elevation of drug levels 1n the blood  As
can be seen m TaBLr 2 (C and D), after giving single oral doses of 15 and
2 gm, proportionate Increases 1 serum chlorpropamide Jevels were not
obtained m 4 hours in most expenments The larger doses led to higher
concentrations 1n the serum after 24 hours

‘TasLE 1
SERUM LEVELS OF CHLORPROPAMIDE AFTER SINGLE DosE oF 05 Gy

Dabet ¢ Serum level (mg ™) at
e Body —
Ca Non hab tust
dabet * 0 m 40mu | 1hour | 2hours | 3 hurs | 4 hours | 24 hours.
A—Intravenous
cul o | o yoler |es |50 | ss [so |an
1s ND Q 45 40 48 40 36 38 16
oL e | % sl |33 [es | se l3d s
B 5 D T 79 63 u 60 60 58 3o
eRl 3 i PIlse sy Le sy e
S| 3 5 IR R O
PRl R S AR B RUN R R
FEAI & Bl s sl an
Q1 D o 62 58 55 +9 46 44 17
P B T e P T [P
SR AR AR AR HERHE R
R—Orally ‘
los Lao [oe Jos Pse | =
ARSI A
N R
BRI EREEH
T [Tm (s e | 2|
‘ Metnln iR lin]an

2851 buls D mdabetc ND = nond abet
$Symbols O = abese T = thn M = med um

The variations 1n blood levels obtained in different patients after the same
dose of chlorpropamide had been given (1apLrFs 1 and 2) could not be related
to differences in absorption since 1t occurred after intravenous administration
avwell  The size of the patient influenced thi to <ome extent  In TABLE 2

of the drug assuming that the medication remained 1n the extracellular
space  Tn obewe pitients the space was usually larger (25 to 27 per cent)
and in thin patients such caleulitions found 1t u ually smatler (16 to 18
per cent)
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Tazste 2
SERUM LEVELS or CHLORPROPAMIDE \FTER SGLE Doses

D abet ¢ Serum level (mg o,) 5t
Case Boly

Non | habatust
diabeticr 20 {40mn [ 1 hour |2 hours | 5 hours | 4 hours |28 hours
_

A—Intravenous—1 0 gm

MYy \ND 4 a5 54 45
St - - —_
T F ND T 145 LY g "N na 103 -
Ra)] ~p o saf sef s sa | ued 52| T4
FC| D T sl 137 1 105 | 103 | oa| 58| 36
n N D T 1zs 102 106 89 - 835 13
Mean 8 6 96 86 52_ 86 80 24
B—Orally—10 gm
snl \D T 36l 8v f o1 | 29 | 158
1 o8
AN ND T L ° 14 79 132 "o 91
P M1 D o 0z 61 89 130 151 121 94
TW D AL 33 78 80 99 105 ] 69
Mean 1 8 53 7 109 34 122 16
C—Orally—1 5 gm
MG N D M 3s 51 6t 159 131 7 130
FG{ aD M 2s| 29 36| 74 {138 (158 | 93
P D D T 10 52 84 135 123 2 44
MK | b M sa| 36
Mean 26| 42 | 60 | 126 | 157 | 162 | 89
D—Orally—2 0 gm
sT \D T — | = |2 — Jaa ]
TN gD M iaf 84 | o2 | u 156 [ 152 | 158
As| o o 39| st | 7 az2 ] 3] e
Mean 3 2 .sa‘uo(molns]ms 128

“symboly D = dubet N D aondubenc
+Symbols O = obese T thin M = medum
11n 48 hours A M had a chlorpropamde level of 37 mg < and P 3 Sdmg =

Serum Letels of Chlorpropamide jter Contintied Drug 1dmimistrahion

In view of the prolonged retention of the drug after a single dose, serum
levels were studied in patients recen ing continued daily doses  The amount
prescribed was conservative n view of the previously mentioned experience
1 which 1 or 15 gm /day led to toxic symptoms  In general, 1 tablet of
500 gm was given as a single daily dose After 1 or 2 weehs the dosage was
cut to 250 mg /day n older and very thin patients  In some imnstances, the
latter type of patients were given 250 mg /day from the outset Stnce one
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of the mportant pusposes of this 1vestigation was to ascertan possible
IS effects after 4 ad 1Ay drequent changes o
daeage were avoded

The above treatment was presenbed for 52 ambulatory diabetic patents
who were given the medication from 6 1o 26 weeks  Senat estumations of
chiorpropsmide concentrations were made of the biood, which was abe
analyzed for glucose content and hepatic and renal function profites  The
value of cheching blood concentrations became apparent quute early  Four

.

8
POV
.

10Uy

SEROM CcHLORSRQmAMIDE 3/nl
B

ENE R B I I I S R R -y T T Ty T et
LENGTH OF TIME ON CHLORPROPAMIDE

FiorRe 1 Serum chlorpropimide levels after prolonged admunrsteation

papents reparted to the climse regularly and ansisted that they took the
d: ~et zera tevels of chiorg de were found i the blood  Two
confessed Jater that they had not, but the other tvo ndivadualy ited to
the end that they bad talen the wedicaon  Twenty two patients toak
500 mg day, and 29 others tock 230 mg diy
In ricuRF 1 the bivod lexels of chlarpropamide are plotted aganst the
fength of time (he drug was 1aken  In the patents taking 250 mp, most
pomts (1l between 4 and 10 mg pac cent This range 1 lawer than thas
found 1 a contral group of normal patients given the <ame dose, as reported
ehewhere 1 this monograph by Carloza and Texrons  The lower range
might wet! be explatned by pabienty’ omiseen of eccasional doses  There
were 2 wmstances 1 which the blood lereb were cansintenQly elevated, 1 s
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possible that these patients took aspirm, which mterferes with the chemical
estimation of chlorpropamide

With a dathy dose of 3500 mg the scatter was much greater Agam,
2 patients showed vnexpectedly Jon valves A hustory of emission of do:es‘
could not be obtained 1n these pattents, but the trustsorthimess of such a
history cannot be guaranteed  Serum chlotpropamide Jevels ranged from
1 to 22 mg per cent In general the lower values were found in the obese
pattenis and higher salues in small, thin patients, but thrs could not be
correlated statitically

An observation constantly noted was that panients who had low <erum
drug levels on a given daily dose continued to have relatn ely low concentra
tions while recenving the same dose  The same finding occurred 10 patients
who shoned high serum levels in the first 2 or ¢ weeks, they continued o
have the higher concentrations for months if the dose was left unchanged
Thus, 10 the doses used, the blood level tended to be charartenstic of the
patient  After a plateau level was attamed 2 cumulative effect was not
noted

Relationshp Belueen Drug Letels and the H'poglicemic Effect After
Stugle Doses

Tests performed by esttmatng sumultaneously the venous blood sugar
levels and serum drug concentrations allowed the relationshtp betneen the
2 to be studied  The former declined at a slow contsnuous rate while the
latter rose gradually  FIGURE 2 shows representauve experrments mn dia-
betres and nondiabenres  After 05 gm was adminstered orally, the blood
sugar began to fall when the chlorpropamude concentration was between 2
and 3 mg percent (FIGURE 2 T C)  The drop was mamtained for 4 hours,
when the drug levels were no higher than 6 mg per cent (riovre 2, L F}
The by pogly cemic potency of chlorpropamide at these low dosagelevels pased
the question as to what effect larger doses might have  When 20 gm were
qiven orally and the drug was slowly absorbed (FIcURE 2, A §), the blood
sugar al:0 dropped slowly When absorpuion was rapid, leading to imitial
high sesum levels, the drop 1n blood sugar was rapid (ricore 2, § T)

In practically all the oral expenments, the blood sugars conunued to
dechine thraughaut the entire 4 hour pentod This nas found i both non-
diabetics and drabetic  responders  With the intravenous administranion
of the drug, however, nondiabetics showed a greater initul drop, after which
the blood sugar tended to nise even when the drug blood levels were 10 and
12 mg per cent  In some cases this nice m blood sugar 1n the face of an
adequate drug level was suffictently marked to lead one to suspect that drug
concentration 1n the Iner or other organs might be more sigmficant than

that 1n the systemic blood
tutrdiabetic Lctron of Chlorpropamide
\any studies have reported an mabtlity to carrelate the single dose

response of vanous oral hy pogly cemic agents with their therapeutic efficacy
The blood sugar, although tmportant ts i man) resptcts only an mdirect
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incicator of the complex and subile glteratians of metabotism leading to the
well hnown complicattans that sccur in 2 dabetic orgamsm Demonstration
of the hypoglycennc actiaty of a drug does nat necesvinily denate that 1t 1s
antihabetic  Even evogenous wnsufin was under suspieion by the late
H “Mowenthat wha stated  Tasubn sdouusteced by mitection, i not the
complete remedy for drabetes, because the greater part of the ijected msuha
acts W the extrahepatc tssues and tesults in the deposyt of glycogen m
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T 2 ROl supar falt and chlorpropamude Sevels after & s ngle dme of drug

them ' En s light a total evalvavion of the antrdibene propetties of
chlompropamide must ast many years of chmeal obsenation  Honever,
my atempt o ntiate such an esaluation can begin by employ ng buman
diabetcs of the matuety-onset type 3« (et objects  wnce such pauents
are known to tespord ta the drug

Thirty e ot the 47 srmbulaton patsents sho weye selecassd for reatment
with chierpropamude were of s type 1nd had pressou by been followed
the Duberes Chime for az least 6 months on other treatment  The aim of
treatment in this chime 1 10 obitn a phy slalogicat les el of controf and optimat
autntion  The present gromp of patients was ~elected either becanse they
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did not 21tan these cntena or because a comparisen was destred betneen
chlorpropamide and previous treatment  The patients kept charts of therr
unne te<ts (Chitest) before meals and frequent fasting blood sugats were
obtamed
; The majorty of our patients <peak only Spanih, Hahan or drabie and
e i famihies whese the native dishes are chiefly of hugh carbohy drate con
tent obestty 1s comman  In TABLE 3 (Group A) are assembled 15 uncom
plicated obese mature diabetics of recent onset According to past obeena
uons of Duncan® and of this clinic? prabably all could be excellently con
trolfed by weight reduction with a resuitant increase 1n glucose tolerance
Vanying degrees of lack of cooperation 1 dieting were the cause of poor
diabetsc contsol and all 1n Group A kad nat fost nerght nhile presumably
dieung  In the first 4 caces the additton of chlorpropamide was definitely
at value obtaming a leset of control that was not obtamable 1 (he previous
penod  The fifth pauent d ted that chlorpropamide does not
allow unhiomted eating of cake <he refused msubn therapy

The next 7 patients had recered wsulin for at least 1 year prior to thrs
studs  Replacement of the msubn with chlompropamide led 1o betier, orat
least equnalent results in all but 1 pattent (N O C)  Manv of these pa
uents volunteered the mformation that they previously had frequent mid
attacks of bunger that had forced them to eat more and that they felt better
without msubin  De pite these allegations weight loss nas uncommen even
when on chlorpropamide

The last 4 patients had previousiv recerved tolbutamide  With the excep
tion of patent N O € who did badly with alf attempts at treatment
025 gm of chlorpropamide <eemed to do as much as 1 gm of tolbutamide
Cantrat of these patients might hase been better if Jarger doses of chlor
propamide had been used

In vare 3 Group B 1s composed of a sumuiar type of obese adults with
diabetes of long standing  They had receised insuhn for 9 or more years
and had remamed obese  The replacement of the msuhn with chlorprop~
amude fed to better control i half these patrents  Only 2 patients had pre
vi0u Iy been ginen tothutamide chiorpropamidein® 5 g doses appeared to
be «lightly supertor to 1 5 and Z gm of the former drug

Daabetics who are thin po<e a different problem  Adequate nutntion must
be gven and thus from theonset their diets containa eelatn ely large amount
of catbohydrate  TanLE 4 shons the results with thin adult diabetics
Group C contans 3 patsents nho nere alnays thin developmg duabetes Jater

Yia  The namber was smatl but seemed to <how the alue of the oral

before coming to the chme usualy Gue W hu, e "
erious iines> or previously undmgnoced diabetes Insulin was usualiy

pre cnbied when the patients first presented themsehes ta allow an ample
dtet to be pven  When chlorpropamide was gren a gradus! reduction of
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snsulim was made w patients recening 2> umits or wmore The wmsuhn was
abraptly stopped i those takang fess

1t shauld be noted that the thin crses of recent onset (Group D) respanded
sunilarly 10 thowe of fong standing diabetes (Group E) At the time that
therapy with chlorpropamide was wmtiated, the level of control m thece
11 patients (hoth group-} was excellent in only 1 patient and fair m only 2
even while on msulin Subsequently on osal therapy after discontinuing
mathn S patenia(h L E M1 R, 7 1S SAD,andF I D)ol
the 11 demonsirated duwbenc control that nas egunalent to or better than
when on mawhn  Teo rases who ongmally were badly controlled were
sathedty woproced  Que patent (8§ C H who was completely uare
sponsive 1o 6 g tolbuwtamnde day ohtamed fare control with 10 U NPH
and 025 gm chlorproparade  The best result 1n this group was obtamed
in @ cooperatine pavent {5 U N ) who attamed a physologieal fevel
of control and gamed werght with 03 gm chlorpropamide but couid not
do so with diet alone of sith 1 5 gm tolbutamede  This zeport represents
1 prelmmnary and therelore wicomplete, study Out of the toml of 35
patients 1 TARLES 3 and 4 there were 7 phmary fatures  There s reason to
Behere that 1 ssany of our pabests favther mampulatnon of the domage
~thadule might lead (o better results

1t 1~ importam to seemphasize chinical results 1n trestment  The above
charts giving urine and blood sugar level record anly one of many critena
that <hould be wed in asseswng the astidibetic quahty of 2 medation
I our obese disbetics the mere presctibing of 2 diet wrthout adequate coop
eration by the patent had laled and many had <ush complanis as prunus
wuba and thint altevisted by the oral hvpoghcemic agent  In many
then adult patsents chi ¥ fe altowed bevter utsd of \bt ingested
foad lead ng to deswed gans s seght Such results can only be wiesred
from chasts but again should be mentiened

Tovserdy

To sudv the madence of tosinty the eatsre senies of 47 ambulztory
patients wax reviewed  Jt has alzeady been tated that sath a datly dosage
of 15 gm % oul of 6 patients had =esere asthenia, muscular weahness and
bghtheadedness  In the blood of ane of these patients there wos o drug
level of 46 & my per cent and a blood cugar of 225 mg pes cent afier 2 weeks
of mechication  Such mnewdences of 1oty must be atirthuted 10 overdosage
rather than ta the drup steelf  kevurrence of severe drabetsc s mptomatology
accurred w2 young adulty with ~evete dibetes m whom the mwuln aas
reduced when chlorpropamide way guen  The fatter ~hould be attributed
ta nonresprmaneness  mtherthntenoty Two patents without previous
* i pinan! ped aoyte cholenstins  confumed by
surgery ©and 2 months after tshang ehiorpmpanude  These were probatly
cancidental

In alt 2 panents had prunus while on therpeyi doces requiring che
continuance of the drug and 2 patents had dwzzness and nay 23 One of
the patients with pranits previoasls kad a pruntc sash when faking tolbut
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amide (Oftnase)  All symptoms quickly disappeared with discontinuanc
of the medication  Senial hematological survey s on all patients have reveale
no anema  a shght leuhocytosis (10 to 11 thousand) with a normal differ
ential leuhocyte count was frequently encountered without adequate expla
nasnion  Senal Iner profiles also did not change In this connection 1
should be mentioned that 3 drabetic patients with hnown hepatic cirthow
have been grven chlorpropamide  Laver biopsies had established the diagno
w150 all but 2 had normal liver function tests and only 1 was active a
shonwn by a markedly elevated serum transammmase The latter patien
returned to normal while on chlorpropamude therapy The hver profile ir
the other Z patients rematned normal

The most serious mamfestation of toxicity was encountered 1n a 56 3 ear ok
man who prevtously had urticana when given Onnase  Immediately aitel
the intravenous admimstration of 1 gm chlorpropamide, he went into a state
of shock that responded to an intramuscular mjection of Chlor Trimeton
Blood sugars prior to and duning the episode were 167 and 165> mg per cent
respectively

Summary

Chlorpropamide 1s an extremely potent hypoglycemic agent that 1s quichly
absorbed and slowly excreted Orzl admimstration in therapeutic doses
leads to predictable drug levels in the serum It has demonstrated favorable
antidiabetic activity during the period of study (6 months) and can effectively
replace msuhn m diabetics with matunty onset Vi 1th 1t a better control
can be obtamed 1n that large segment of the diabetic population that does
not fully cooperate in the dietary management Dosagewise 1t 1s more
potent than Onnase Toviaity in thesapeutic doses did not constitute 2
problem
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CLINICAL EXPERIFNCE WITH CHLORPROPAMIDE*

Barnett Greenhouse
Grace NVew Haven Community Hospital New Haten Conn

merication for diabetes
Climical Pilo} Sindy

Chlorpropamide was subjected to a chmeal tnal m 50 nonho-pitahized
drabetic patients ranging m age from 18 to 87 with an onset age of 18 to
72 years and a duration of the disease from 1 day to 33 years  Two thirds
of the patients studied have been on msubn for varous penods to 33 years,
and one third of thee were on dosages of 5010 150 U

The patients sere under close climical observation and centrolled by fre
quent laboratory tests designed to disclose any towic effects on the hver, hid
neys and blood forming organs  Laboratory profiles including bloed sugar
urnalysis penpheral hematogram alkahine phosphatase thymol turbudity
and flocculation and blood urea nitrogen were done at weekly bimeekly
and monthly mrenals

The compound was used 1n three basic chnical situntions (1) transfer
from Onnase (2] conversion from msuhn, and (3) 1 newiy discovered or
previously untreated cases

Transfer from Orinase to chlorpropantide  In the imtial test senes Onnase
controtled diabetics ttwenty two patients) were shifted to chlorpropamide
for comparative evaluation on a gram for gram baus an D3 gm  tablet
of (horpropamude replacing an 05 gpm  Oninase tablet  Control of the
ditbetes proved adequate but
chlorpropamide per day produc
changes 1n one third of the p
ategory of <ude effects of the hypogiyLeine sailds Wit vanying degrees o1
wntensity  The subjectin e complaints were predominantly of a hy pogly cemic
niture with C\S arcufatory and renal mamfestitions  Other side effects
noted wete grstromtestinal dssturbances and allergic shan reacnions

[Tiere was na doubt that chlotpropamide lowered the blood sugar the
respoase was prompt and dramatic exibiing s greater potency than Onnase

l‘l\e \ule cﬂrcli were zlv«ay reverable and gradually <ubsided when

Better wlerance was achies ed
acage afthough some patients

subsequenthy made avalable

* The insestizatin reported here was sup ported by & research grant from Chas P res
& Co Inc Brookbwm N 3

64t
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with 2 lowering of the daily dose level below 500 mg, there nas a decided

3e n chnical ! Patients were successfullv managed
on the lower dosages with smooth contro) of hypergly cemia and glycosurra
and with a low incidence of side reactions  Transfers from Onnase to chlor
p de were subsequently made by replactng & 500-mg Ormase tablet
with a 200 mg tablet of chlorpropamide The medication was given 1n
drvided doses immediately after meals to mmimize side reactions and to
avoid gastric irntation

Chlorpropamide was also found to restore control where Onnase effect
dechned or failed on long use (six patients) One msulin patient who did not
respond to Ornase ded readily ta chi de and discontinued
msuln

Congersion from tnsulin to chlorpropamide  Generally where Oninase was
known to be prnimanly ineffective chlorpropamide was also found to be

TanLE 1
DURATION OF CHLOKPROPAMIDE THERAPY 1N PATIFNTS WITH DIABETES MFrims

Number of cases

Duration months

Totat | Stllon | Lostto | Therapy

91l [ therapy | follow up [discontinued
1 — - 8
2 8 3 — 5
3 10 8 - 2
4 2 2 ~ -
5 5 2 — 3
s 1 1 -
7 7 5 - 2
8 9 g - 1
‘ ‘ 21

Total 50 ‘ 29

without effect in therapeuttc dosages (six pattents)  Larger doses of chlor
propamude however tended to reduce the msulin dose 1n some resistant

cases (four patients) R

withdrawn

d evel
ad:;e At t?x’e same time the msulin was raised 2 to 4 U daily as needed to

combat glycosura
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CORRELATION OF AGE AT TIME OF TREATMENT
WITH RESPONSE To CHLORPROPAMIDE

o-20YEARS O [N 42eqvate Cantrol

2140 n [V e} [Jtmadequote contror

41-80 O .
FIcURE 2

CORRELATION OF DURATION OF DIABETES WITH
RESPONSE TO CHLORPROPAMIDE

AGE ONSET |~20 YEARS { I PATIENT)
<1 YEAR [ 1]
AGE ONSET 21-40YEARS (12 PATIENTS)
< I'YEAR [ 1
1~2 vyears HEK
-5 0 NN
é-10 W
I-go v [

>20 ¢ T
AGE ONSET ABOVE 40 YEARS(37PATIENTS}
<1 YEAR [+ 8N
(—2veARs CHENSENRNT]
N ]
6-10 » [N
H-20 « R 7] 1 2cequote comral
> 20 o [tnsteauerecontrat
FiouRe 3
tablet was allowed after supper whengver the dinner test was positive for
sagat
Tovictly Excluding tovic drug mherent in l no
persistent toxicity nas encountered at therapeutic levels About the only
evidence of toxicity, which relates to other sulfonamides as well, has been the
development of some skin rashes and rtching (four patients) Othersise,
there was no evidence of touicity that could be determined by studies of lver
function, renal function, and the blood elements  No acetonurna was encoun
tered 1n the responsive patients  Dulling of the appetite was nated by some
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EXPERIENCE WITH CHLORPROPAMIDE
THERAPY DISCONTINUED

NO OF PATIENTS F NS R
UNDESIRABLE

$IDE errEcTs U

SUGAR-FREE NSNS

INEFFECTI\VE Gyl

Figrze 7

Clinical Results One half of the group of 50 patients studied has been
under continuous treatment for 3 to 8 months (TaLE 1) approuimately
one fourth of the patients were elmmated 1n the first 2 months becau e of
side effects (TABLE 2) or lack of response to chlarproparuide  Adequate
control was obtained 1 44 panrents of whom 8 were matntamed on chlor
propamide and insulin results were madequate 1n 6 (FIGURE 1)

Chlorpropam:de was found to be effective chiefly 1n patients more than

P

who have had diabetes for as long as 25 years (FIcURF 4) 1 atrents ou priot
s

tween 100 and 400 mg (FICURE 6)
The drug was stopped m mne patients who became sugar free 1t was
naffect va tn SIX Dattents and v patents abandoped medicabion because
B

Tase 3
CoxmEsaTion 07 DALY DOSAGES OF CHLORPROPAMIDE WITIf \TABER OF
SiE EFFECTS

Grams per day
Side effect
<02slos|10(>t0
Hypoglycema and sequelae 13
Gastromtestinal L

Shun

Alcohol intolerance
Re 1 blood cell stipt ling
Crystalluna (*} J 2
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Glycosuria and elevated biood sugars recurred after two to six months i
three patients who had been on chiorpropamide therapy one of these was
previously shifted to chlorpropamide becay e of secondary faiture on Onnase

Comment

Prelimmary and early use of chiorprojamide was undertaken without
previous hnowledge of the chimical effects of the drug  Dunng the explarz
tory phase guided by experience sath Ormase chlorpropamide was firt
admimstered dose for dose to 1 selected graup of Onnase controlled patienty
for comparatine evaluation  The response was prompt and unquestionable
Chlorpropamide proved to be a potent and rapidly actne hypogly cemic
apent With an activity more than twice that of tolbutamide Do ¢s in the
magnitude of 10 gm were found to induce adser e wde effects that Jor
the most part were correlated with hypoglyremic mamfestayons and
sequelac charactertic of the long acting insubns  Fepanding tnals how
ever showed chiorpropatmide to be generally well tolerated and ehmeally
effective in the therapensic range of 100 to 300 mg and to have na significant
undesirable by effects

in vien of 1t~ enhanced potency and sapud action a« obeerved chaicalh
treatment with chlorpropamide was smtiated without a pnming dose  In
the newly treated diabetic the respon e to the drug was found to be rapid
with a mmmum dove from the start for conservon from insuiin a ba 1c dove

or relatively mid disbetics of the middle age or older group re pond best 1o
the drag  [he re-ponsieness of the eatly case v very stribang  The mild
disbetics ant by that 1ohen the older patients are very sensiive to the
dray,
“tgmitec
Ppropam
d »ages talerited beyond the therapeutic range and it may thus prove to be
1 tryer mea ute of drug respan~nene~s than Onnase

A sigmhcant ob entation imolves the effectineness of chiory ropamide in
prmary anf wecondary Onm ¢ falure  The devclopment of a refractory
tolerance to Orma ¢ expenienced on prolonged use of the drag s becoming
evident al o with chlorpropamide  Stopping medication at intenals 1o
allow for a rest penod and siarting again when and of glycowuna recurs
Are mea ures aumed at preventing dsug re mtance

Chlcrproprmide aned Orinase have been uced interchangeably and, cur
rently 1 shaft from one to the other alo 1s being explored 2< 2 pox thle means
of 1ot ling an acquired tolerance to enther

Hy poly cennie ceactions on small doses (200 my ) of chlorp & have
been ob erved 1 sen e ndiadunds mdicating the peed § gt
mamten ince dose to the lowest Jevel ennsitent with gaod n

The management of diabetes with chiotpropamide 13
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of the marhed blood sugar fluctuations and wide metabohc excursions charae-
tenistic of wmsudm  Patsents feel better and are less agitated, and excessine
appetite 1s curhed by the anereuc effect of the drug, as well as by the nor-
mahzation of the blood sugar  Absence of acetonura i the chlorpmpamlde-
respousie patients refects a ble effect on carbohyd

with a stabthzing wfluence on the diabetic state  See case reports belon

Swummary

Cht de (P 607 Dial a new sulfonylusea denvative with a
hypagl\cemlc actinaty sumlar 1o that of Onnase, but with enhanced potency
and tonger duration of action, 15 curremly under chmceal snvestigation

An early pilot study and ding tnals with this d grve promise
of 1ts theraptobie value m the treatment of diabetes Tt 1s proving w0 be
an active and chmeally effectrve oral hy poglycemic agent more than hwice
as actsve as tolbntamide  In the therapeutic range of 300 to 400 mg, 2
appears ta be safe, effectn g, and welf tolerated, with mintmal side reactions

JScknonledgment
I thank D G lezzont of the Chinical Research Department, Chas Plizer
Co, Inc, Brooklyn, N 1, for lus tnterest and aid in the project reported
n ths article
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In § week she had an neulin

C N\ frmale age 4% waght 190 A diabetsc on 1nsulin for 22 years and currentlv on
VL of NPHunwbnand 10 em of Onnate  “he was started ob 230 mg Dial inese and

201 \PH insubin daddy a0 firomg th became sugar {ree
reaction on one-half the previaus insulin dose and graduslly discontinued insaln
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A duabetic for 4 years, he was ongnally converted to

R M male age 46 weight 257
Onnase from 97 U of \PH msulin

He continued sugar free on 10 gm Orwase dally

for 7 months when his diabetes decompensated and he went back on insulin to 123 U datly

Glycosuria

His response to Diabinese was rapid and msubn was disconunued again

recuered after 2 months and he was shifted to nsuhn and Onnase



Jooly ju 22 gy 304

w Ul | SwodaclI2 puT POIW 2303 poul) ASB(RADY SOINIEL, wi(o { 3g) Ay wopues v prusepad 336 ANy ROLL I o
n
o

o

g

B

3 TP 07 {RsuL

B 602 85T | =4 1

R 002 [

= 002

2 002

= 002

< 002

o 002

@

5 a0z

K 007

2 !I\,bmmw ounr,
S 007, L1 I
© 7@ 602 02 STz {58 o mmmw.

g oi | 8 wvinsbndin i A EWAE IR TNV LR
EFINT OV=N  S(B50] HAN 7931, 0194 2ulL, V531 FE4RG B0t 3 aieq
s oy 1ty Hodoy ss916014 pun UOII3AUOY
B SSINIAVIT - AGWHIHL DH1IBVIQ WEC
swrt ke |

ORDAGe Ursa]
¢ LEoaIy V)

e
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W% male age 68 weght 17

of NPH wasulin
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R M male age 46 weight 257 A diabetic for 4 years he vas ongmally converted to
Onnase from 97 U of NPH msulim e continued sugar freg on 10 gm Onnase daify
for 7 months when hs diabetes decompensated and be went back on insulin o 125U daily
His response 10 Diabinese was rapd and inselin was discontinued agam  Glycosuna
recurred after 2 months and he was shifted to insulin and Oninase
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A thabetic for 2 years, and on diet without jasulin
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§ 1043y V)

B AL female age $7 weight 185

Hood sugar 244 wath 4 § lus sugar

ese 200 to $00 mg daily, and

At the end of T week her blood sugac was 138,

She was put on Duabun,

ests became SURar free tn & few davs

Diabinese mas discontinued i 21y weeks



EXPERIENCES WITH TOLBUTAMIDE AND CHLORPROPAMIDE
IN TUBERCULOUS DIABETIC PATIENTS

Francis O Segarra, David S Sherman, and Benson S Chanf
Boston Sunatorrum Vlatiapan, Mass

Although the fiterature regarding the action, use, and results of treatment
of diabetes with tolbutarmde (Oninase) 1, voluminous and detailed, there has
been very Iittle recorded about the use of this drug in the treatment of
diabetes coevistent with active pulmonary tuberculoss Inasmuch as
these two diseases usually complicate each other, 1t seemed appropnate to
study the eflects of this oral antidiabetic drug m such cases When the
discovery of chlorptopamide 1 propyl 3-(p chlorobenzenesulfony lJurea was
announced a comparatne study of the two drugs seemed to be a logical
and desirable project

Tubercdous Duabelic Patients Treatment wsth Tolbutamide, House Drel,
and {ntiinbercidosis Chemotherapy

A group of 9 patients with far advanced active pulmonary tuberculosis
and coexistent diabetes meflitus were treated with tolbutamide and standard
house diet (about 3000 calories per day}  Although all patients mn this group
had active tuberculosis, none had any signs of touicity such as lever, chils,
emaciation or hemorrhage Tuberculosis treatment in all cases consisted
of daily 1somazd (INH) and p aminosaheylic actd (PAS)

Seven patients were males, two were females their ages ranged from 42 to
83 years

Drabetic lastarses  Tn three patients the diabetes had been present for
several years  One of theee had been well controlled with 40 to 50U of
NPH wsubin (cage 1) The other two cases (2 and 4) had been controlled
¥t wathont nselin . N

n
e

fourth {case 7) required 75 U
In two patients the diabetes was
tuberculosis  One was found 21 days al

ths after admission {case 5) .
five months ' "t < ta- sadiabetes, with only one requirnmg 75 U

nts had ever had an episode of acdasts
patents were not wdeal candulates for
heir mnsufin Tequtrements, they were

ncluded 1n the study to determmne it any benefit rught be dern ed from aral

antidiabetic therapy
Lat T

discovered dunng hospitahization for
fter admission (case 3) and the other,

ava w1 1 hefare the start of therapy, after one weeh

) of the

MG [
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(WBC) and fasting blood sugar (FBS)  The sugar was cheched by 4 unne
sugar tests daily and by frequent FBS studies

The duration of tolbutamide therapy in all cases was too brief (22 days to

4 months) to determine any secondary failures Insulin was omitted the

P bafasa ¢ wbmethad o hem A1 d o f9gm wasgiven for 3 days

ere not satisfactonly coen

mcreased to 4 gm daily

TAnLr  represents a tabulated summary of this study  The penultimate

column 1ndicates that only one patient (case 3) was satisfactorly con
trolted by tolbutamide In this very small series this represents a 12 per

Tanie 1
TieFreoLots DiaBETics  FRee DIET  AND TOrmLTAMIDE

|
Aty Tolbut | Durat on
Dabete | Type of | Insul n{ Insunn | oPdt | Do
Patent | Sex | Awe fofsaber | PSS ) TR IS conarel de 1 on tolbut
uloss control
- T
1] os | o e sy | Med |0 Poor | 22 days
i BE @ | 38 | Mod oye | Mod |35 50| Good | Poor Y
il uoc @ | 59 ] act \ 1ma | Md 30 | Gnod | Good & mo
I ¢ | 83 1 Mot tyr | Md |2040' Good  Foor Amo
s EM | v | 5] A 2mo | Mod | 304 Poor 3mo
6| KX | @ | 76 | Mod | 20ma | Mod | 4030 | Fac | Poor | 1tymo
IR @ | 57| 9mo | Mod | 15 | Cood | Poor | i3ymo
5|1 @ | a2 | At Bmo | MW [ 35 | God | Poor mo
elcr | & |70 | At 2y | M@ | 55 | Par | Poar 2mo

cent rate of success Therefore we canclude that duabetic patents who
requite a  free high calonie diet for the treatment of their tuberculosis
even if the diabetes 1 only of moderate degree are not good prospects for
successful tolbutamide control In such cases 1nsulin remains the drug
of choice

In all the cases studied laboratory studies remained normal (with the
exception of urine sugar and FBS in the fadures) and no toxic side effects
were obseryed

Tuberculous Diabidic Patients on Restricled 2000 Calorte Deet Treatment
with Tolbutamsde and Antuuberenlosis Drugs

Ten tuberculous dibetic patients were given a 2000 calorie diet contaimng
fat 80 gm protem 100 gm  and carbohydrate 200 gm (rantF 2)  Fne
of the pattents in thas group were al o members of the first group (unse
stricted diet)  The same prehminary studies were made and the same
todbutamide dosare was gnen

Before vartmg tolbutamide the single-do e test was made 1n all ten
{ahients

Frcept for case 7 who <howed no response 4 hours following the ingestion
of 3gm of Onna e the revulis of the single-do e test vaned from 18 to 52 per
cent reduction of blood sugir with an average of 28 per cent

There w1s no correlition betw een the effect of the single-dose test and the
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rematng six pafrents, wha requited more than 30 U of msulin, did not
respond well

In the chlorpropamide group, 6 of the 9 patients had disease that was con
trolled with 30 U or less of insuln  These six patients showed a good
response to chlorpropamide, and were well controlled  The remarming three
cases had previously required more than 30 U for adequate control, and
these patients did not do well on chlorproparmde

From these observations, we conclude that in our small groups of tubercu
lous diabetic patients the efficacy of both drugs 1s dependent on the mild
or moderate nature of the diease  Those patients requinng less than 30 U
of msulin for control do well with either drug  This conclusion 1s further
supported by the fact that, of the seven patients who were studied 1 both
drug groups the same patients did well with both drugs and the remainmg
patients did badly with both drugs

Although our studies were limited to a smail number of pattents, we feel
that e can state as a clinical guide that a tuberculous diabetic panient, even
with far advanced pulmonary disease nho 1s not toxic and who 1s on a 2000-
calorie diet will do well with either tolbutamde or chlorpropamide of his
1nsulin requirement for control 15 30 U orless On the other hand, patients
requintng even a httle more than 30 U falled to respond to either drug

The ction of Isontand on Carbolydrate Metabolism

Isomazid (rsomcotime acid hydrazide) has been for the past several years
one of the drugs commonly used n the treatment of tuberculosis ~ There has
been only rare mention of the effect of INH on carbohvdrate metabolism
and on the fasting blood sugar these reports have been pnmanly m the
foreign hiterature  We beleve that our prehmmnary observations {ramie )
1n this area mught be of more than academic mterest and that this subject
ments further i estigation

TasLz 4
HYPOGLYCEMIA EpFECT OF ISOAlazt0
5 g u eteer | BS 4 b atter BS e atter
9 me totiuram de ps | tolbutamde
il N ¥BS EXLS l;z and INH
e
poent [Sex| T8 R ] er
cent | g pee] wde | 7 Imaper] 5 de S g per | % de
cent | crease cent | erease cent | ereast
] ) 4
34
2 |28 1w o faa o2 {2 |20 o
; {\BB z :W 182 5 17 a0 40 222 126 43
HERS < 321 285 13 318 159 19 310 309 1‘7,
dca el el su o | 4% | 0 o | a0 s}
s{ HC ° 201 136 26 176 l:a ‘135 ;?‘! z:\; 5;
L 234 153 33 m 153
g E é g 420 59 135 443 348 21 318 Hi };
g]30 (o] 182 201 100 | 212 126 n 150 10
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1n a group of 8 tuberculays disbetic pattents, the followng procedures sere
perfarmed (1) tolbutamude wingle dose test wsng 3 gm of the drug, (2} e
AT 1t dsimg 508 my of INH (with determunation of the FRBY before,
and 4 hours after, imgestion of S0 mg of TNH} and (3) a amdar test vwing
both 3 gm of tolbutarmde and 306 mg INH gnen amullaneously

Reedfs  The wibutamide sngle dove tests produced bload sugar redac
tons rzaging from 19 10 43 per cent, wath an average decrease of 28 per cent
of the truat LBS leve!  One patient showed no rnponse

In the [\NH sngle-dose test one patient shawed an increase in the ¥ RS
of 10 pescent  The patient sho Jhov ed 3o response to tolbutamide showed
»o response 1o INH - The temaining 6 patents showed 2 sigmficant zeduc
ton of the Llvod sugar, ranging from 5 1o 34 per cent with an average reduc
tion of 18 per cent

Y4 hen the camned single-dowe test {3 gm Onnase and 500 mp of INH)
was given to the same groap, there were reductions 1n the bload sugar ranpng
from 17 to 37 per cont with 2n aterage of 35 per cent

Yrom these studies st = apparent that PN baw a definute effect on carbo
fydrate metabohyn 1n atmost every case INH exerts n hy pogly cemic effect
that 15 nat an . one and when bined with il de, ccems
te enhance the acttan of this drug

Thewe ohservations suggest an ares of muestigation that hnkerto has not
been reported w the seasch for oral control of duabetes

Summary

The tfhcary of two oral antuhabete agenis in comes of diabetey with coex
istent puimonany tuberculons {acthve but not toac) was studied and com
pared  These two agents are totbutamide and chlatpropamsde  The saient
shrervations resulung from thes study gre as foliows

The results of treatment with tolbvizmide and chlorpropamide in tuber
wulous dizheltcs are evsemnally the same

Tubesculous disbette patentc who require free diet { howsediet’ ) because
of their tubercaloe ate not good <andwd ries for treatment with either of the
oral anthiabene agents Thiyas tzue vrenf the diabetes 1 mifd

fuberculous dnbetic patients on 2 2000-ajont diet \how good response
to both tolhutamidy and chlorpropamide m cases of muild diibetes that were
previaucly condrofied by 3 L of migta or lews T 1 ateresting to rate
that 1f asubin requirements were even shghtly more than 30 U, neither
drug wax effectne in mawniammg adequate controt

The cxtent of tuberculous dud not seem tn wiluence the actnwty of either
drag U patienys seudied have ace disease but were not towe

Freleunary ~tuches of she effects of romiszd, the most commondy uced
drox 1oy wethe chemotherapy of tuberculoas an the bivod sugar, revealed
4 sgnumeant bypoglycemece effect an aimo-t every case  When compared
with one of the ol antidiabetic drogs {tolbutamided, the hy pogly cenuic
eflect wa~ grearer than wsth ather INH o5 the antdisbetsc drug alone  In
other wards 1onnad enkanced the by pogh cemic effect of the antudubetic
drug  Thes sugpests further possthiditses for the atat drug controtof diabetes
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greatest falt in blood sugar levels oceurred at the 60 min intenal and con
tinued 0 120 min The men percentage fall at 60 mun was 30 per cent
with 2 range of 3 to 55 percent  Ar 20 min the mean percentage fall w38
11 per cent, with a range from a 10 per cent rce to 2 30 per cent fall At
40 mun , the mean percentage fall was 23 per cent with 2 range from a 1 per
cent nse to a 44 per cent fall  It1s to be noted that, at this time interval,

9 PREGNANT NONDIABETICS

BLOOD SUBAR
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Twyre 2 The mean tolbutamude tolerance curves of mne pregnant nondiabetscs and
nine preghant dabeties  Tndwidual responses are recorded

the blood sugar levels of 3 pattents (11 per cent of this group) were able to fall

helow the grealest mean percentage fajl of the nondiabetic group ’{hn?
- PSRRI

ot the DALELIL LIVUP by WidraviliiG vy w "
maumumat 60 min o more, and demonstrating na sigmficant ky pogly ceme
Tesponsit eness

The respopse to intravenous tolbutarmde 13 not altered wn pregnancy
(rigure 2 upper graph})  In a group of 9 nondsabetic pregnant patients
the greatest mean percentage fall was 28 per cent, and occurred at 40 mn
The range of sanation was 4 10 52 per tent  They abo demonstrated 3
considerable degree of hy pogly P ness  In the group of 9 preg
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nant dibetic patients, the greatest mean percentage fal] otevrred at 80 smn
aith & renge of 10 to 35 per cent  Wathin 120 min  there was no hypo-
glycomic Teponstnesy of any sgmbeance  Of these 2 pavents, only 1
whose glutose talesance was abnormal demonstruted a notral tolbutsmide
Tesponse
can
o GLUCOSE TOLERANCE TESTS

FMOHTHS POSTRARTUM
bod m

~
R 180 A
o V12 33
2T HR1A2 12
I WA 30 n

TOLBUTAMDE  CURVE

———— O RAPARTUN
wovmen v POSTPARTIN
0!
€0

CASE X
BLUCOSE TOLERANCE TESTS

THONTRS  PASTPARTUM
at 7

¥

[0 N ¢

LR e £
Rt 21 a

TREUTUADE  URVE \
st (NTRAPARTUM W0
e~ POSTPARTUM
00

Bty 1 Cunes of t8u pazents whow midhy sbnormal ghtcase and tott miasmde
ofetance At seven oonthY furznaney Rak ceversnd completedy in the postpastam penad

1n 2 mtances, bofh glicose tolerance and tolbutamde curves were studied
i the 1ntrs and postparium periods (rGLke %) The uppes part of the
chart demonstrates 4 mudh abnormal glucowe tolerance curve sharactenzed
by a tiood sugar of 192 my per cent at 2 haurs  The tolbutamide curne 15
aho fereid to be abnormat, & g both a delayed fall and no
<«gmtcant weturn  The posipartum glucese tolerance test shows a mersion
tonard normat  The tathstamude curve shows a compielely normal zesponse
charzcterired by a vagned {41 and a tapsd retwrn The louer ection of the
chart shows a wmsiar atuation where both abroemal glutose tolerance and
olbutamide cunes at 7 months reserted to nnnmat in the postpartum petod.

Ihseussron

Tt onh i amstances of suspscrous mukd duabetes, aither in ar oWEHE
aancy, that it & difficult to armve at a definte dugnosss U™
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cumstances additional measures beyond the glucose tolerance test have been
wanting  The response of the blood sugar 1 a 2 hour period to an mtra
venous mjection of sodium tolbutamide sepurates the mild duabetic from
the normal patient if 2 conditions are fulfilled first the fall in blood sugar
should be prompt and should reach 1ts lowest level by 40 min and second
1 Lo - - L - . ‘e L

promptly with a bush talt i plood sugar levels the remaimnders ot their
curves are also 1n a downward direction  In a very few mstances was there
a mimmal irregular upward turn - Analysis of the latter part of many more
curves 1t1s hoped will allow the degree of hypoglycemic responsiyeness to be
expressed mathematically We should lIike to emphasize the fact that
Moyer s glucose tolerance criteria clearly separated the normal from the
abnormal when correlating the tolerance curves with the tolbutamide curves
There were no patients with blood sugars higher than 140 mg per cent at
2 hours who had a normal tolbutamide response  Nine patients with dis
tinctly abnormal tolbutamude curves had 2 hour blood sugars between
140 mg per cent and 160 mg per cent

The p d 15 not 1 with any side effects  Only
two patients had early m the test hypoglycemic symptoms that required
the admimstration of glucose

We feel that further expenience with this procedure will permit greater
accuracy n detecting the mild diabetic state

Summary

The muld diabetic response demonstrates a lesser fali with no sigmficant
hypoglycemic responsiveness

(3) Pregnancy does not alter the tolbutamide response 1n normal patients

(4) It s felt that this procedure will help in detecting the mid diabetic
state
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THI INTRAVF\OUS TOLBUTAMIDF RESPONSF TFST IN
THL DIAG\OSIS OF MILD DIABI TES

Roger H Unger and Leonard I Madison
Departn ent of Meds tne The Unsvers ty of Texas Sout) & stern Meds al School
and ¥ clerans {dminssiration Iospsial Dallas Tevas

The striking difference 1n response to intravenously admimstered sodtum
tolbutamide exhibated by nondiabetics and muld diabetics has heen reported
10 detal elsewhere 4 More recently the clinical usefulness of a standardized
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of the Journal of Clin cal Iuvest gation \olume 37 1938

ntravenous tolbutamude response test m the diagnoss of mild diabetes
metlitus has been dehineatel and diagnostic standards ~uggested * This
paper therefore will merely review briefly certain aspects of these earher
reports as they pertain to the expenences of Zare vtz and Eist with this test

Zarowitz ani Fis have provided further valuable evidence to <upport the
qualifications of the intravenous tolbutamide response test as a diagnotic
procedure for mild diabetes  In addition they have evtended experience
with the test to the pregnant state  The corrclation between reverwble

607
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abnormal tolbutarmde response curves and reversible abnormal glucose
tolerance curves i the ntra- and postpartum penods, which they have
observed, 1s consonant with the hypothesis that both tests measure the
same physiological function

Chincal usefulness of a diagnostic test for mild diabetes melhitus depends
onats abibty to dfferentiate the diabetic wathout fasting hyperglycenua from
the nondiabetic  That the wntravenous tolbutarmde test qualifies 1n this
respect 1s ndicated by the data in FIGuRe 1 It will be noted that the
response curve of the mildest diabetics with fasting normoglycemia closely
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patallels the gently sloping curve of the more severe diabetics and 151 dis
tinct contrast to the rapid fall m blood glucose fevel tymical of the non
duabenc group  This fall reaches a nadir between 20 and 40 mimn and 15
generally followed by a vigorous rebound to or toward the pretest value
Zarowatz and Fis report similar results

Zarowitz and Eis have h d the d ~alue of the
A ammnmtenr ae « hich g2 thev nomt out, seldom occurs except

test beyond the 40 mtn pownt
ve  Whle there 15 no doubt as
yunds 1a the nonduabetic gmuyg
dary to the more rapi
we have regarded this phenomenon as bewng secondary
dectine 1n blood glucose level exhibited by the group, that 1s, the result ::(
counterregulatory forces thus set inta play Rebound, m our opmio
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reflects both the rate and ettem of dcchne 1n blood glucose level and the
La ~d wathar than hata el funce

be expected to mirror most directly beta cell responsiveness to this sumulus

o
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In HOURE 2 10 which the tolbutamrde re pon<e curves of 10 nondiabetics
and 75 mild diabetics are recorded maumum <eparation of the 2 groups
occursat 20and 30 min A clo e up of these points 1~ prosided m FICLRT 3
At 20 min 95 per cent of the dunbetic group have 1 blood glucose level of
80 per cent or mote of the pretest value whereas 96 per cent of the non
diat etic group have 1 level of fe  than &1 per cent of that value  Sclection
of 84 per cent and more s the diabetic zone and 80 per cent and less a< the
nnn finbetie zone has provided standards that have thus far been 95 per
cent aceurate  The zone Fetween %0 and £4 per cent of the pretest level 1
cons fered pre umptnely abnsrmat but nondragnostic *

* These stan fants ap v only if Hsnd glucose 15 determ ne by the Somorys Nelson

techns gue  Ttis hoped that the lata of Zarowts and ks will | rovide diagnostic standar fs
T v the Fol n Wy method
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The 30-mn specimen (FIcURE 3) appears to be diagnostically more speaific
1nasmuch as 99 per cent of the nondiabetics are at less than 77 per cent of the
pretest level by this tme  However, this specimen 15 far 100 msensitne to
be of value 1n the exclusion of diabetes, since 15 per cent of mild drabetics
hase reached the nondiabetic zone at this pant

It would seem that the blood glucose response within the first 30 min of
the tolbutamude njection provides the necessary diagnostic imformation in
the vast majonity of wndividuals  Termimation of the test at this point

40,
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96% of nond sbancs

$4% of nondiavetics

20,
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oy .
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blood gucose levels fin percentages of

Ficure 4 The frequency distrbution of the blood g ceets Iy pescncages o

er cent range

- with the pet

endows 1t with an asset unique among diagnostic tests for mild dmbc;es{
namely, brevity  Furthermore, 1t shortens the period of hypoglytemia l\Ea
oceurs 1n the nondiabetic group  If, however, the data of Zarowitz and : 15
should indicate that examination of the rebound phase of the curve pl’ov; ef
an unmistakable tcrease i dfaguostc ACCULACY, prolonganon of the tes)
ary
mzA)s ?: tx}lxic:;iero)f the glucose tolerance test* *1t would be nan e to expect that
+to tathutamide Tesponse test ¢an provide a shup demarcation hﬁl\:&c‘:
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rane of userdap tncludes 10 per cent of esch group and extends from 75 ta
#9 per cent of pretest fevel  Wathun thus 7ane ngd adherence 1o the recom
mended ciagnostic critena c1n lead to error <ince only probabifity of disease
can be estmated  For example these imsted data suggest that among per
sons whose Jevels fall to between 75 and 29 per cent of the pretest value the
diagnostic probability of diabetes 1 21 per cent between 80 and 84 per cent
of pretest fevel 1t 1~ 36 per cent and between 85 and 89 per cent 1t 1» 91 per
went  Above and below the overiwp zone diagaostic accuracy approtches
100 per cent

It 15 our tentative tmpresson that the zone of overlap of the tolbutimide
Tesponse te<t 1» somew hiat smafler than that of the oral glucose tolerance test
due pnmaniy to fewer false positive results It would be premature how
ever to pass final yudgment on the standards proposed for the olburamide
response test in vicw of the tontrosersy that still presasts in respect to the
aral glucase tolerance test despite several decades of extensive use

At present however the intravenous tolbutamde respomse lest appears
0 quakily as an accurate safe rapid and not unpleasant dagnosuc procedure
for muld dubetes that compares favorably with other methods now com
monfy used for thys purpose
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A CLINICAL COMPARISON OF CHLORPROPAMIDE
AND TOLBUTAMIDE*

Peter H Forsham, George J Magud,t and David E Dorosin}

Department of Vedscwne the Metabolic Unit for Research sn Arthostes and Allsed Diseoses
Untoersisy of Californts School of Medicine San Francssco Colsf

Chlorpropamide, a recent orally admmustered hypogly cemic agent, has
been compared to tolbutamuide with regard to acute and chronic hypo
glycemic potency and chimical effectiveness The chemistry and ammal
studies of these two sulfonylureas are discussed elsew here 1n this monograph

Yeatersal

Stud:es were conducted on 26 subjects mncluding | normal and 25 dabetic
Five of the dabetics were b lized and d th hout thesr
course on a constant diet of known composition with a daily intake of carbo
hydrate ranging from 150 to 220 gm and protein from 80 to 120 g Both
acute and chronic potency of the drugs were studied under these conditrons
The normal subject nas allowed & free diet between comparative studies of
the 30 gm dose  Sufficient time was alloned between the acute dosages of
each drug to prevent interference with the subsequent hypogly cemic response
One of the diabetics had a presjous total bilateral adrenalectomy and another
had diabetes secondary to a total pancreatectomy  Sixteen of the diabenics
were studied for § months as outpatients in the diabetes ¢linic of the Univer
sity of California School of Medicine

Vethods

Blood sugars were measured by the method of Nelson and Somogy1?
Unnary glucose was measured by the glucose oudase Inethod * Serum
chlorpropamude levels were determined by a procedure developed by the
Chemical Research and Development Department of Chas Pfizer & Co , Inc
Brooklyn, M ¥ ¢ The content of unesterified fatty acids 1 the bload was
obtained by the Davis extraction procedure,* followed by titratran according

to the method of Dole ®

Results
teute ky pogiscemic effects  Vanous amounts of chlorpropanide and tol
butarmde were admumstered as a single dose to both normal and diabensc
subjects 1 order to compare the acute hypoglycemic effectis eness of each
Serum values of chlorpropamide and blood sugar levels were measured
« The study regorted i thit paper was aided by a grant from Chas Phzer & Co, Inc,
Rroien ¢t 1 . Degearch Fellow of the
. esearch Fellow of the
York Hospital \ew
York, N }
° 672
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simultaneously to study the acute relationship between the hy pogly cemic
effect and the concentration of the drug in the blood znd to observe the
degree and rapidity of absorption  In FIGURE 1 the effect of the 05 gm
dose on 3 diabetic patients 1s nated  The blood sugars are measured 1n the
fasting state for the first 4 hours 1t 15 apparent that the onset of hypo
glycemua 15 within the first 2 hours with both drugs and continues for 4 hours

05-GM PO SINGLE DOSE
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V16tRr 1 Conyarat ve acute hypghycem ¢ g tency of chl rprojamute and toltut

amife foll wing 0 5'gm as aimgle orst dose

before the standard meal 1s given  Po tprandinlly there 1s a rise toward
Lae hoe lenad The comyamune bypodneemat poteres of thtorpropamde
s greater i cach case than that of tolbutamude by a factor approtchung 2
when the arews representing blood sugar fall are compared  In the lower
prrtof Frevks 1the effect of a similar dose gaven orally 1o an adrenalecto
mizet patient muatuned on cortione replicement abine shows a minimal
fespomse (o tolbutanide becoming significant 3 hours after the dose 1s given
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amide following 30
Chlorpropamide, however, causes & much wore sigificant fall starting
within 30 min after oral admimstration Here the acute hypoglycemic
potency of chlorpropamide 1s greater than that of tolbutamide by a factor

ter than 2
g’;‘:‘mvk: 2 fllustrates the comparatne effect of the 10-gm dose of the
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2 compounds  Again it may be noted that chlorproparmde has a hypo
glycemic potency approaching 2 times that of tolbutamde when the areas
of hypoglycemia for simifar time 1ntervals are measured

In r1curt 3 the 3 gm dove of each compound admintstered to 2 normal
subject demonstrates that at this dose level the comparative hypoglycemic
potency of chlorpropamide 15 greater than 2 imes that of tolbutanmmde when
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fioimn 4 Serem levels of chiorpropam ie compased 1o changes i bood 1ugar at the
10gm dose {ug per) 20d 30 gm dose (lower)

the total areas of blood sugar fall below the base hne are compired  How
[ NS S

o ar the

in blood sugar below bise fine feveds that lasts fess than 3% hours

It would appear that the mtrinuc potency of each drug has reiched a
mavimum at this dose level 1nd that their hypoglycemic effects are equal,
acutely  Their overall hypoglycemic potency, howerer, varies with the
differences 1n duration of activity
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Blood lewels of thlprpmpam;dz and zl: hypvgl)cemxc effecliveness

serum levels of chlorprop
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y with blood sugar

levels (shown 1n FIGURE 4) follow the 10 gm and 30 gm single oral dose
It may be noted that the rate of increase and levels achieved for the serum

values of chlorpropamide are proportional to the dosage

that absorptton 15 rapid

These suggest
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demonstrated by the fact that, as compared to tolbutamide, a lower serum
salue is required to achieve a <igmificant hypogly cemic effect

Chramie hypoghycemic effects  The comparative hypoglycenue potency
upon repeited daily adminntration was studied 1n 3 hospitahized diabetic
patients maintaned on the metabolic ward on constant dietary intvke for
profonged periods  Ticure 5 demonstrates that the selatine potency of
chlorpropamude 15 again greater than that of tolbutamide 1n all of the indy
viduals studied  Upon interruption of wtahe of each drug the hypoglytemic
effect of the former peraisis longer, and [asting bload sugars remam below
their otiginal levels for 4 days  Inpatient T P 7 days after stappiog the
drug the fasting blood sugar levels had not retumed to their previous base
line levels  Twenty four hour unine sugars measured 1n these studies were
generally below 100 mg for 24 hours and were not changed significantly
during therapy  The comparatne areas of hypoglycerma reveal that the
chrome potency of chlorpropamide upon repeated danly adminmtration 1s of
the order of G times that of tolbutamide

Rate of disappearance of chlorpropamuie  The apparent discrepancy
between acute and chromc potency of chlorpropamude 15 most probably
related to the prolonged rate of disappearance of this compound in the blood
Half life peniods were calculated baced on the serum lesed of chiorpropamule
following cessation of medication  TbLr 1 shows that the half hife rate of
disappearance of chlorpropamide n 3 patients at different doe levels ranges
from 30 to 39 hour~  In 2 previous studies tolbutamude revealed a half bie
ringing from 4 10 6 hours as calenlrted from the disappearance of the com
pound from the plasma * 7 These figures are close to the srefolid increnee m
chrome potency for chlorpropamide compared to tolbutamide presiously
~hosn  InTante 1 we note that the scrum level of chlorpropamude following
repeated danly admimstration at doses of 05 gm duh and 200 mg 3 tmes
daiy remains steady dunng continued administration It 1s apparent that
the serum levels of chlorprapamide have wsen 1o more than the efiectne
fevels previously determined to be between 20and 120 pp ™l In addstion
the fevels reach » platean with repeated daily admimstration and remam
refattvely constant therrafter  Thus after 72 and 107 days of tretment
vespectively 10 Ahet 1no cases serum levels Teraam bevween 239 and 30
ug ml throughout  Yasting blood sugar fevels are not related o serum
fevels of chlorpropam le ance the steady levels have bieen reachad although
oo control of hy pergly cemia has been achiered 10 each c1se

Meckamisms of actton  The powable mecham ms of action of this new
~ut{ony turea compound 1ppear 1o be <imlat to thowe of tolbutinude and the
otfiet suffons (ureas previoushy studied  Thus, in ¥FICURE b we note thit the
fasung bloomd <ugar levels are not agnificantly affected in a depancreatized
duabetic who recened fir U aline and then chlorpropamide miravenousty
Thix 1 agreement with previous studies on ather sutfonylarer compounds
n 1n|lm\l~‘ andimmin?®  Repeated duh administratons of chlorpropami le
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their daily dosage of msutm  All 3 were found to be primary fatlures on
chlorpropamide therapy at doses ranging from 05 gm to 15 gm daily and
demonstrated steadily mcreasing blood sugar levels and Letosis within the
first 3 to 4 days of therapy It 1s apparent therefore that functional beta
cells are required for the action of chlorprapamde just as they are for the
other sulfonylurcas

I 1nally, chlorpropamide was given 1n repeated datly doses to an adrenalec
tomized patient maimntamed on cortisene alone  In FICURF 7 a rather exag
gerated hypoglycemic response may be observed The 24 hour unmary

OM JAGE 64 UCH $t 204806
PANCREATECTOMY AND DIABETES
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—
FesBIZ -
85 223] CHLORPROPAMIDE
1o} oo € NoAMAL
HILE
PERCENTAGE 20} o s
DECREASE
FASTING 30
BLOGD
SUGAR 40 20
LA —— 715 UFA
sof -~ - -IOmEq/I.
0s

S51 2 3 4
HOURS AFTER DOSE{t V)

Tioeze 6 Acute effects of chlorf ropamide (an ta similar volume of eal ne mven intra
venoushs) on the fastng tlood sugar an 1 unestensfe 1 fatty acid levels of & depancreatized
habetic

<ugrs shoan in the lower part of the figure parallel the fasting biood sugars
nonset and durttion of fall  This sugrests that chlorpropamide may havea
depre<sant action on the gluconeogeness indaced by steroid adminstration
an important factor in this patent « hypergly cerma

Outpatient Irsals A himted number of stable dibetics was given chlor
propamide m the duabetes chime  Cnitena for selection of patients were the
<ame as those used 1o select candudates for tolbutamide therapy  \one had

- [ .

had been treated on dietan regimen alone without <uccess  Three patients

had been well controlled on small doses of in ubin and § patients had been
on tolbutimide previou b wath good control and no untoward effects It
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FiGure T Increased sensitraity and prolonged hypoglycemic effrct of chiorproparide
admnistration to an adrenalectomized diabetic patient

was found that 7 pauents complained of nausea soon after starting chlor-

propamde  Doses 1n excess of 600 mg daily were consistently assocated

with nausea, reducing the dosage below this level was generally falloned by

relief of symptoms Four patients however, had to be returned to their
N P, PR

wa st ante poR rememn

TarLe 2
QuTPATIERT TrIALS O (HLORPROPAMIDE
Total aumber of panents 16
Unstable diabeties (all prmary failures) 3
Stable diabetics 13
Previous dictary treatment alone 2
Previous nsulin g
b 7
4
9
2
2
Prestous tavutatisat 5
Dosage tolbutamide 1to 2 gm dady
Control good
Untoward symptoms none
Duration of treatment 6 months to 2 years .
Dosace, chlorpropamide 230 10 600 mg daily
Conttol good
none

Untoward symptoras
Puration of treatment 3 months to 6 months
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from 3 to 6 months of treatment  Repeated hematologic, hepatic, and renal
studies have revealed no tovic effects of the drug to date

In our clinical expenence the dose of ch de was
found to be one third to one quarter that of tolbutamide However con
sidering the chronic potency and the difference i the rate of disappearance
from the blood a relative dosage ratto of 1 5 or 1 6 should prove effectne
further chnical studies may show this to be <o

Duscussion

The present study suggests that chlorpropamude 1s a significantly more
potent hypoglycemic agent than tolbutarmde both in acute and chronic
activaty  The former appears to be determmed merely by the intninsic
I PR [ - ' " '

[4
half Iife of the drug in body fluids n its actnve form  This was found to be
36 hours wnstead of the 6 hours for tolbutamide, and might thus account for
the difference in chromic potency between the 2 It was interesting to note
that the serum level of chlorpropamide reached a relatively steady plateau
not exceedding 350 ug per ml folloming prok d penods of
at the dosage of 0§ gm daily

As to the mech of action, chl de would appear to require the
presence of functioning beta cells of the pancreas Just as do the other sulfony1
ureas previously studied  Chlorpropamide did not effect a decrease in blood

ones showing that higher dosages of sulfonylureas than those necessary to
produce by pogly cemia may intubit insulin degradation 1

A lightly exaggerated hy pegly cemic effect obwers ed in an 1drenalectomezed
patsent on cortisone therapy suggests that chlorpropammde may al o be an
nhilntor of action on gluconcogenesis

The dosage of appears to he betieen one
third and one sixth that of tolbutamide I rom our experience we conclude
that of this 15 Lept at less than S00 mg per day, the incidence of nausea 15
marhedly reduced

Summary

Chlorpropamide has app roximately twice the hvpoglycemic actnaty of
tolbutamade m its acute efiect for a lans hoer perod,

ac .
tr -
10 be six times grealer than nm ol tolbutarmde

The mode of acton of the tao sulfonylurea derinatives appern to be
1luntical
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The prolonged action and tendenty to nausea, when 500 mg daly 15
exceeded suggest that care must be observed m 1ts chintcal use

Acknouledgments

We acknowledge the cooperation of Herbert C Moffitt, Jr, chief of the
dizbetes clinc of the Unnersity of Calfornia Department of Medicine
Robert Reiss and other members of the diabetes clime  We are debted
ta Richard Havel for the studies mentioned under Wethods

References

1 Npwsov N 194 A photometnic adaptation of the Somogy: method for the detet
mination of glucese  J Bol Chem 163 375-350
2 Froescr E R & A E Reworn 1956 Speafic enzy matic determination of glucose
B a L. Rk

3 .
4

'y
protans  Arch Biochem 16 351 358

5 Dore V G 1955 A relation between non-estenified fatty acids im plasma and the
metabolism of glucose  J Clhin nvest 36 150-154

6 Stowers ] M R P Maurer & R B Hunter 1958  Pharmacology and mode
of action of the sulfonylureas in man  Lapcet 1 278-283

7 Mostniore G E \ C DiRamoxno & P H Forswam 1956 Metabol ¢ effects
of Onnase 1n diabetes including two €ases complicated by ather endocrmopathies
Metabolsm & 840-846

8 Youssay B A J € Prvaos N Trooosio J Bowrerr & J Aerumavst 1957
Acnon of the b sulfony} 1n hypoph; d ads
mized and depancreatized ammals  Ann N ) Acad Sa 73 (12 12 2;‘

9 Ocrvzoro M A &7 Harmson 1956 7~ e -
creatic diabetes following panereatectomy

10 Beray EL V P Dore & T N R
estenfied fatty acd metabolism in diabet

1) Dotz N P 1958 Fat metabohsmmnda .

12 Mirsxy A I G Pemisurrid& D DiedGor
hypogly cemuc sulf d hiem 5 156-161




CAPLRIENCES WITH CHLORPROPAMIDI WITH REFERENCE
TO ITS INTLRMITTENT USE

Tand Fulethan and Cahin H Phmpton
Department of Med ctne American Unsrersity of Besrut Lebanon

Our expertences with chlorpropamide were obtaned 1 the Middle East
where there are two reasons for a tremendous need for an oral antidabetic
preparation  First the standards of hygiene and the habits of Iving make
the use of nsubn difficult if not hazardous Second the people are accus
tomed to a gigantic consumption of carbohydrate  Arabic bread 1s indeed
the stafl of hfe and carbohydrate 1 consumed at the tate of 300 to £00
gm /day  If the production of other foodstuffs were feasible from an eco
nomic and cultur1l pont of view many diabetics might be controlled by
weight reduction and a shift in the source of calones  This 1s not now posst
ble hence an oral antidinbetic agent 15 most \tluable

Tasie
Brodp 1rvrLs or CurorrroraMipE® 1N uc Prr CENT ON A Dy Oxap INTake
¥ 1 ox AN Crssatiov o 81 Dav

Days

Patient -

No |
1|2134so7 s(vmu 12
- 1 [ — T
1 :is S9 12292/ 2226|118 /1569 [10 S la
14 0 | 23 | 15 |10 45[55 25015
17 63 11 12 (14 {1614 f B30 ‘11 68 —1258

*Sar1leily Max Gahwyler of Chas Ifizer & Co Tne Brooklyn ™ Y

Chlorpropamude has certain charictenstics that apart from 1its hype
Klycemic qualities make it of specaal use sn the management of diabetes
Lpon the daily ot admnistrition of a fixed amount the blood level nves
gradunlly to & maumumn S to 7 davs  If the administration 1s then inter
rupted the blood level falis very <lowly wo that there may [e a concentration
of 4 1o S mg per cent cven after 5 days  This 15 1llu trated in the figures
furnished Iy Gahwyler on blood fevels (Tantr 1) This suggested the po a1
bihty that the drug coukl be guen intermuttently

Our patients were admitted to the ho pital where diet and actinaty could
be controlled  The pitients wlc:ml lhe nhcx l)m ﬂmugln they could

manianfartdaner wafo 1 P - -

noted
083
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Our detailed studies with chlorpropam:de are illustrated by the following
cases

The first patient was an 18 year old mrl (\ D 99277) with diabetes of
7 months duration chlorprepamide did not control her diabetes 10 any way
(FIGURF 1)

‘The second patient was a 50 year old farmer (M S 126347) with diabetes
of 4 years duration and a low renal threshold for sugar  Ihs diabetes was
severe and agun could not be controlled by chlorpropamide (FIGURE 2)
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FicTRe 3 Mild duabetic

I1 was wmteresting to note that there was no apparent effect on his renal
gheosunia The concomitant use of chlorpropamide with wasubn did not
appear to reduce the insuhn dosage substantnlly

The third pitient was a 60 yearold a former wrestler (M K 125037) with
mikl drabetes for four years (FcLrr 3)  He had been talung 20 units of
msubn arrepubarly  He had proteinuna <ight edema and a shightly low
serum albummn of 29 gm percent  \fter a perind of stalnhization on insulin
he was changed to chi; de  Onaduly dose there nas
na evidence of hyponly rtmn Lut the interesting feature was that a single
dose of 15 gm mamtained his blood sugar and 24 hour urime excretion
within norma! kmits for 72 hours and without hvpoglycema (FiCtRE 4)
There was no evidence of acceleration of the diabetic \awculu dam;ge shle
on chlorpropamide  His evegrounds nd by
rumuned constant  His urea nitrogen fluctuated beu\mn 15 and 27 mg
per cent

The fourth patent was a 30 year old man (K D 89351) wath duabetes of
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Frorre 5 Muld diabetic with prolonged response to chlorpropamide
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troiled hts blood and urme sugar

The fifth patient was a 60 yeas-old noman with diabetes of four months
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duration Difficulties 1n her control by intermuttent chlorpropamide are
<hown 1n FIGCRE &

The studies have been extended to include our clinie patients whose diet
and activity cannot be controlled  In five patients takuing 0.5 gm of chlor
propamide every two to three day- the nonfasting blood sugar could fre
quently be mamtained at the upper lmits of normal However, this was
much less <tnking than m the third patient (M K 125037), whose 72 hour
control probably represented the delasved excretion of a cumulative dose  On
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Froces 6 Mild dubetic with response to

the other hand, our fourth patient (h. D 89351) mantawned nermal values
for a very long time after a relatively small dose of chlorpropamide  The
fifth patient rep: <ome of the difficulties mherent 1n nter
mittent dosage

We have not had the opportumty to study the <pecific effects of this drug
on the complications of diabetes In the cases studted, there was no evt
dence for any acceleration of the degeneratn e processes i retimal, coronary,
or renal circulations

The aspect of 15 1ts mechanim of action
particalarly, how this drug can, while arculating at dlowly decreasing blood
level: maimntain the blood sugar within pormal hmits despite three ingestions
of carbohydrate a day
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Fiorre 4 Mild diabetic with prolonged response to chlorpropamide

AMutd diabetwe with prolonged response to chlarpropamide

Fiovze §

2 years’duratsion  He wasa mild diabetic and of a comfortable, middle-aged

habitude that resists all changes in werght (FIGURE 5)  On lus parniculas

diet the need for 20 units of insulin 15 demonstrated, and 1t 15 apparent that
de given at derable ntervals con-

very small doses of chlorprop
trolled his blood and unne sugar
The fifth patient was a 60-year-old noman with diabetes of four months’
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duration  Difficuluies in her control by intermtttent chlorpropamide re
shown It FICORE 6

‘The studies have been extended to mclude out chnic patients whase diet
and actinity cannot be controlled  In five patients taking 0§ gm of chlor
propamude every twa to three days the nonfasting bioad sugar could fre
quently be mamntamed at the ug per hmuts of normal  However this was
much less stnling than m the third patient (M k. 125037) whase 72 hour
contro) probably represented the delayed excretion of a cumyhinedose  On
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Ve have nat had the opportunity to study the specifc effects of thys gry
on the comphications of dabetes In the cases studied there wag mg

dence for any acceleration of the degenetative processes i pe,
or renal circutations
The aspect of 1S mechye,
E
particuarly o« this drug can while circulating at slowly dtm-n:,ln a;}l)»;)r:i
level mamtain the blood sugar within normal lunts desp te threg 4n, . t ons
of carbobydrate a day ges!

tnal corgnary
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Conclusion

In occastonal patients the slow excretion of chlorpropamide may permit
1ts Intermittent use

Discussion of the Paper

J D N Napirro (Middleser Hospital London England) From the
purely chimeal standpomnt the question that must be answered 1s Does
chlorpropamide have any advantages over tolbutamide? Chlorpropamide
1s certainly easier for the patient to take and 1t can be given once daily
whereas tolbutamide must be gnen in divided doses

A major problem with tolbutamide at the present time 1s the development
of acquired or secondary resistance to 1ts hypoglycemic action  This 15 not
the same as secondary failure a term used by several contributors to this
monograph  Secondary falure 1s more often due to the fact that the patient
has brohen his diet than to acquired resistance to the hypoglycenuc drug
and 1t 15 not reasonable to blame the drug for the indiscretions of the pattent
Acquired resistance can be established only 1if the patient 1s hospitahzed
and remains hyperglycemic while on a strict diet or if 2 high dosage of
tolbutarmide (3 gm /day) can be withdrawn without any further nise of blood
sugar  Qur inadence of acquired resistance 1s 10 per cent for patients on
the drug for more than 6 months and 1t has developed between the seventh
and <eventeenth months of treatment  One patient with acquired resistance
was transferred to chi fe without adeq: respanse

Wehave had to withdraw tolbutamide in 7 per cent of our patients because
of side effects 4 per cent abdomnal and 3 per cent shin changes One
patient who nas unable to take 1 § gm of tolbutamide becruse of abdominal
discomfort 15 now well controlled without symptoms on 02> gm of chlor
propamude daily

One final pomt that I should hike to m1he 1s that we must not under
estimate the length of time required for proper assessment of the value of
these drugs e have recently examined all our data on tolbutamide
treated patients and have found that the percentage still on the drug and in
satisfactory control drops steadily over the first 18 months However
between 18 months and 3 years the figure levels out at about 35 per cent
of those giving 2 good mtial response  This of course tells us nothing
about the anudiabetic value of the drug and 1t relates only to its hypo

gly cemic action



A CLINICAI AN\D PHARMACOLOGICAI COMPARISON OF
CHIORPROPAMIDI AND OTHIR SULIONYLURI AS*

J M Stowers L W Constable
D partment of Weds e Un versity of 38 Andreies Qeeen s College Dundee S otland
R B Hunter

Departnent | Phorma ology ard Therapeutt s Untrers ty of St Andrewes Queeen's
College Dundee S witand

The effective blood level of chlorpropamidet probably hes between 4 and
16 mg per 100 ml which 15 comparable with those of carbutamide and

\ 1t

de but chlorp duffers from m
that 1t 1s not readily lized to a physiol lly actne d as
de 1> to carbovy tolk ' Infact the ultraviolet absorption

spectrum of chlorpropamide wn the blood seems to be identrcal with that
of the drug in the unne suggesting that it has undergone no chemical change
Tapir 1

Meay Haty Lire ano PrecesTace or Bopy WeGnT 1% Witien Tugre
SULFONYLURFAS W ERE DISTRIBUTED

Half bfe Volume of distribuuion
bBours | as percentage of body neight
Cart utami le 10 (® approx 45
Tolt utamude 3 56) approx 20
Chlorproparm le | 345 approx 18

Numbers of individuals in pareatheses

This effective blood level of chlorpropamide can be maintamed with as httle
as 05 gm day in contrast to the three or fourfold dosage that 1s required
for tolbutarmde  Both drugs are rapudly absorbed they produce peah serum
levels 2 10 3 hours after ingestion  The volume of distribution of both drugs
m the boly 1s sumilar (rABLE 1) and approuimates the volume of the extra

cellular flid whereas carbutanmde 1y distnbuted in about twice as large a
volume The half kfe of chlorpropamide that s the time required for
any grven serum level to fall by 50 per cent 1» approximately 10 times longer
than that of tolbutamide and nearly a« long as that of carbutamide (T1sIT 1)

Ficure 1 illustrates how these data were obtained  \ single dose for exam

ple 2 gm of a sulionylurea 1 given 1o an indn sdual who has not previously
recenved this drug  Blood samples are then withdrawn at intervals deter
mined by the anticipated half Ife and the concentrations of the drug are
estimated 1n these samples usng a tontrolled scrum taken before the exnen
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ment started  When these concentrations are plotted on 3 Jog <rale agamst
tme a straight line 15 obtained  This line can then be extrapolated back to
zero time, and the theoretical mtial concentration 1s then read from the
scafe  The assumption 1s made that 11l the drug administered was absorbed
and that no sigmficant fraction was excreted before absorption was complete
Having thus denived the theoretical mitial concentration the time at which

A CARBUTAMIDE

3

A
S TOLBUTAMIDE

PERCENTAGES OF
JNITIAL BLOOD LEVEL

o

X HALF LIFE  CARBUTAMIDE  33mours
TOLBUTAMIOE  4fours

~—

4 I 24 28 32 36

20
HOURS
d tolbutamide after a single
FicorE 1 Rate of fall n sceum level of carbutamide and
adn:mlslrnlon of 3gm of each to the same individual at dufferent times  The theoretical
1mitia) concentration 1s obtained by extrapolating the hine representing the rate of d;;xeas,e
of Llood Yevels recarded an a log percentage scale . Reproduced by permss on of Tke Lance

+ Whayefallen by 50 per cent can be read from the graph  1n the examplf

The volume of distribution of the drug can reauny vt e u e v

the theoretical mitial concentration and the size of the dose admmstered
L sk amt an was complete

uted in the body 1n a volume

W 1t s of snterest 1o hnow

;uhe:hker 1t1s freely 1n solution or bound to proten  There 1s somlc c\{ncd;;:;c
that 1t 15 protemn bound because serum contammng § mg /100 mi o
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FIGLRE 3 T flect of chlorprop amide on serum sal cylate Jevel

propamide had all traces of chlorpropamide removed by the precipitation of
the protein with tnchlorzcetic acid and neither chlorpropzmide nor tol
butamde has been found m the cercbrospinal fluid when the serum concen
tration has been as high as 14 to 24 mg /100 ml The protemn binding 15
evidently a loo e binding because chlorpropamide can be dialyzed out of
serum quife readily The difference in the half Lves of tolbutamde and
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Figose §  Changes during glucose tolerance tests (50 gm per 05} an 11 muld diabetics

chlorpropanude must depend largely on therr handling by the Lidneys, smce
the unne 15 the vehicle of thewr elimmation The protein binding itcelf
would tend to hmit the renal excretion of those drugs, but the mechamem of
tubular transport must be the hey to the understanding of thi> problem
Some wnteresting sidehghts were thrown on 1t by studying the mteraction
of chlorpropamide and salicyJatest on bload lev els, first when gn en smgh and
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then when gwen together to the same wdnidual (FroLges 2 and 3 Such
sesphs are explatned wost eastfy by mutual snterference with ~ome process
of tubulif secretion 1e the hidney, and may have same pracucal beasmion
therapy, snce therr hypagls cemtc effects tan be skawn to be addiwe

In 4 hypogly potency of je and chlorprop
amnde, the supenorty of chlorpropimide s apparent notwithutanding the
small number of cases that we have properhy stucied (tintt 25 At blood
levels that were shghtly lower, chlompropamide produced a 61 per cent tail
1w the fasting venous bload sugar compired with a 29 per cent £all sndyeed
by tolbutanude  Sadeed, so great i< the by pogly cemic potency of chlarprop
amide that we have taice been troubled by b pogly cemin induced m mkd
dnaletscs, a feature we have rarehy experienced suth tolbutirude  Unlihe

Tagee 2
Tiveoceycesic Freecy o TOLeR TAMIDE AND { HIORIROI AMIDE.
Virid tiabettes (number<an pareathecest

ean pereuntage fallin asung

Vi sugar
ol sug ean drug fovet

Wy 100 mi
! Drug day ?\q treatming day
- . i
i
Talbstamsde b3 @s 24
Chisrpropam le o g

61
P~ 000

our expenience with talbutannde, we hay e never faund chlorpropamde to be
&ven probably responsible fat dyspepsia  We have had three pitienls wha
had had dyspepsia, ane an actuaf case of hematemests that e attnbuted 1o
tolbutamide Al three were changed over to chlorpropamide and made
ua further complants about their Qigestion  The less frequent admmstra
tion of chlospraparmde i stself s no doubt helpfud in this respect

Data have been obtained on pattents taking talbutamide and chlorprops
amude dusing otal glucose tolerance tests and compared with simiar data
obtaned when they recerved no treatment  In iy nay 2t nas hoped that
“ome information might be gamed regarding the method of the hy pogly cemic
acton shown  The parameters measured were the hfferences between the
cepullary and venous blood sugar levels,? the fall in the serum imosgamc phow
hate! and potasciusm,® and the change s the serum level of lactate? and
fyrvate,® all estimated six tsmes duttng exch glucose tolerance st The
results are expressed. un RIGURY 4

T there had been an msulnhhe actian in the penpherat tassves characterss
4ic changes would have Leen found sn each of these different measurements
In fact, no signficant changes were abserved and thus no evidence was
obtamed that these suffony lureas acted hhe msulin in the muscles  The fact

* Internal standard fame bhatometry
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FIGUPE 0 Glucose tolerance curve gbtasned i the same patieat when on no treatment,
when receviog chlospropamide fone half gm /day), snd when recerang the same dosz
of chlorpropanude with caleim aspinn snfiicient to bring the serum sahicylate level to
26 mg 100 ml
that relatively they have much more effect on the fasting than on the post-
absorptive blood sugar levels suggests that they mnhbit glucose output by
the hver

{FIGURE 5)
sigsficant,
Broop Grrcose Levers v 4 Mup Drasetics
Ghucose Tolerance Tests 50 gm per o3
¥asting venous blood glucese] Peak venous blaod glucase
mg /300 mi

Tatient MD (MK IHC {€C [MD{MKIHC CC
Control 293 $80 | 167 | 200 | 343 | 323§ 200 | 385
Sutfony turea 62 734 120 | 131 ] 189 { 235§ 200 } 340
Ca aspran 123 1 169 { 143 255 | 347 | 233
Sulforyfurea 4 Ca aspiein o1} 45| 46 220 ) 203 [ 27 120 %
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acting bhe of by means of m wlin icuke 6 and Tiste 3 diustrate how
salicy lates sametumes can enhance the hypoglycenue effect of the salfonyi
ureas  The serum level of <alicy lates necessary to achieve thus action s no
hegher than 10 mg /100 ml 18 some of the cases we studied
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ONF VFAR OF CLINICAL EXPERIENCE WITH
CHLORPROPANIDE IN MORE THAN ONL
HUNDRED DIABETIC PATIENTS

Zeb L Burrell Jr Afberto Martnez Lenette O Busrel)
Department of Medne Milledger He Stare Hosp tal Maledgeselle Co

During the past {3 months we have treated 130 drabeue patients with
chiorpropamude the duration of treatment vary wg from 1 to 13 menths and
averaging 6 3 months

ethod

Our only entenon for celection of patients for & tral of chilorpropemede
therapy was the presence of diabetes 1 z reasanably coupesatne patient
The presence of comman diabeuc vascular wmplications did not preciude a
trial of this drug untes< they wete acute nar did the occurrence of vasculat
compliuations result 1w a change w therapy as fong as the patient remained
able to tahe the drug  Chiorpropamnde therapy was never begun while the
patient s a5 chimcally acidotc however the drug was tried later an several
patients who were acidotie when first seen  The majonty of the patients
were hospitahzed for minal therapy

Most patients » exe staried on the follonang therapy with mmorvanstions
v ndradual cases ¥ the panent was on 2 long acting wsubn this was
discontinued abruptly and he was started on 05 gm of chlorpropamide
daily usually w dresded doses  Dusing the tnttiad period of treatment the
mate acuie cases wete gnen regulur msulm as andicated by glycosuns
Revisions of chlorpropamide dosage were made upward or downward as
necessaty 510 7 days usually bang alfowed before revision upaard due o
the accutantation nated in the use of this drug  The dosage was gradualfy
increased to tolerance or adequate control this being normogly centia 7y per
cent of the tsme and the absente of sigmficant symptams or side effects

We have attempted combined therapd on but one patient  No attempt
has been made to eyaluate thy form of treatment

Urine agalysts, hser function ang hematological studies as well s bood
sugar determustions wiere followed feequently during the il treatment
and appmumam(y once monthly on chrome trestment

Resulis

Before analyzing our results it 18 negessary 1o corment on the patents
who compase out series  Approumately tsa third»> of qur patients were
mmates of a state mental nstitution Ay 3 group these patients constitute
a poor ik for sy study  There ate a number of reasons for ths including
advanced age the avemge age of out eatire senes beng 611 years Most
of these patieats have mental deteroration that seronsly Jumts thewe abibity

The mental changes 1n many of these

{0 cooperate it such matters as diet
patsents bave heen due to previoits vascular hsese of the centsal nersous
696
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<y stern, renal insuffictency, or uncontrolied disbetes arself  Many of these
patients have had previous franh episodes of cerebral, myocardial, of penph-
eral vascular msufliciency

Of 130 patients, 108 (83 per cent) were convulered adequately controlied
on chlorpropantide, B3 {63 per cent) are sull under study  In diabeties pre-
tousty on less than 60 to 80 units of insubin per day there vasa smalt correla
yon between prioy mswn dosage and hlehbood of conteal with thus drug
alone (Tasre 1} There was a small but sigmficant correlation between

Tapiz §
CORXELATION 0F PRIOR TREATNFNY nzrs RESPONSE T CHIORPROFAMIDE®

| ; Respanse to chlurpropamale
Toral
Prior therapy e | \
| Adequare mnlm!{ Tnadequate control
: |
No treatment 7 1 17 i o
Tnsubin ' i
0 ta 20 units. 3! 21 2
21 1p 48 umty 4 36 E 7
41 4o 60 umts. P )6 16 3
63 to 80 umts o 4 | 5
Over 80 ututs | o [ | 3
Unknownamowns | 7 | 3 2
Telburamude |
Tio105m ° L] i [
15t 20gm [ H 2
Over 20gm ' 2 | i
Tatal 5 12t % 25

* Suxteen patients cecerved both msuhm and toliamde

duration of drabetes and probabibiy of control  After a duration of 10 years
the pabieat was less lhely to respend to chlorproparmide with adequate
control {rusLe 2} There was a shght but positnve correfation between age
% the tume of onset and probability of contrel, the older patient Lemg the
better candidate (zamie 3)  (ne hundred and eleven of our patients were
above 40 years of age at onset of diabetes, and 86 per cent were adequately
controlled  Only 2 of one patients were yus e e diabetres, and hoth of these
cases fatled to respond

Tf 4 pitients previousty pootly controlied on tolbutamde, 3 showed
improved control on chlorproparmde  Qnly 4 prtients poorly controlled
an chlarprapamide were grven a wal of totbutamude, which alo failed AR
12 patients previously contsolled satisfactorly with tolbutarmde were alo
adequately managed with chlorpropammde

No extenswve comparative stuthes hetween tofbutamide and chlorprop
amde have besn undertaken  However, the following three observations
appear thatle  Fust, chlorpropamide 1s about 3 times more potent than
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tolbutamide on a waight to-weight basis  Second hypoglycemia can |
produced with chiorproparmde m most pauents, this Is uncommon w1
tolbutamide  Finaily, the on<et of action of chlorpropamude 15 approv
mately 38 per cent slower than with tolbutamide, however, the observe
cumslatn e effect wath chiorpropamide 1s more lasting than with totbutamid
Thas effect has been noted for as long as 7 day s following the discontinuan
of chlorpropamide

Taste 2
CORRELATION aF DXCRATION OF DIABETES %irst RESPONGE TO CHLORPROPAMIDE

Response to chlorpropamds
Duraton of Total .

diabetes
(sears) | | Adequate | Inadequate
contsal control

Oto 1 20 20 [
S0 2 2 b 2
310§ 4 34 8
61010 36 2 8
1t 1020 9 6 3

20 2 1 1
Totat 130 108 2

Taste 3

CORRELATION OF AGE AT Timg or OusET wirt RESTONSE TO CHIORPROPAMIDE

Response to chlorproparide

Age at me | 1y
of onset cases
{years) Adequate Inadegate
control control
Bto 20 2 2
21040 17 12 5
4t 10 80 "1 05 1%
Torad | 130 , 108 2

After tmiesal contral there appeared to be a graduat veduction m the do<age
requured for adequate management It has been possible to dicontinue
the drug entirely sn S patents after mitai control this could vepresent spon
taneous or wduced remission At the time these patieats were admstted to
the senes, treatment 1 addstion to diet appeared to he mdxca!es! Four of
these patients had been on the following treatments 0 umits I\P'H snsulin
daily forene year 30unmits NPH insuhn daly for 63 ears, 15 units NPH msu-
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I for 12 years followed by tolbutamide (05 gm ) for 6 months and tolbut
amude (3 gm /day) for 8 months  The fifth patient was a newly discovered
untreated diabetic  These patients will be watched with interest

Forty six per cent of our patients en muntenance therapy require 250 mg
or less of chlorproparmide daily ~ Seventeen per cent require 250 to 500
mg /day 33 per cent require 06 to 10 gm /day and only 4 per cent require
more than 1 gm /day

In our series there were no untoward hematologcal effects several of our
patients had mild anemuas both prior to and during treatment These
condstiens did not seem to be afected by the drug  Low normal white cell
counts were seen with some frequency rarely dropping below this level
There was no mstance of agranulocytosis One patient had a mild chronic
iymphatic leukermia that was present prior to treatment and asymptomatic

There were no significant renal effects Many of the patients had albu
minuria both prior to and duning treatment  Most of these were thought to
b fe of diabetic nep hy and were apparently unchanged

e
by therapy

d to hypog) was a complant of several patients
early 1n the course of the treatment This was not of such seventy as to
require discontinuance and subsided 10 a few days

One patient developed a jaundice that was thought to be mduced by
chlorpropamide  This individual developed a rather severe skin reaction
and eosmophiia  The drug was discontinued because of the skin reaction
jaundice was apparent the nextday ~ Laboratory studies suggested primaniy
obstructive type jaundice  Both Jaundice and skin reaction cleared within
a month after the drug was withdrawn  After 3 challenge doses of 025
gm /day there was a dermatitis and the drug was discontinued  Although
1t was unsubstantiated we feel this was possibly a hypersensitivity type of
hepatic reaction

Three other patients developed jaundice while on chlorpropamide therapy
In one patient the drug effect was elimmated by surgical correction of an
obstructing leston this patient has subsequently been maimtained on treat
ment  Inanother patient the drug effect was eliminated by readministration
and continued treatment  The third patient developed a Jaund ce assoclated
with biliary tract disease and franl, acute pancreatiis  The drug was dis
continued dunng the peried of treatment for pancreatit s The pancreatitis
and jaundice cleared completely and the drug was resumed The patient
has remained clear for 2 months after chlorpropamude was resumed  Tran

r .

forms of treatment

The drug was discontinued n a total of 47 patients Seventeen of the
47 patients had the onset of a terminal iliness while under study  Autopsy
was performed 1 those cases i which the cause of death was not chmcally
obyous No death was thought to have been related to the drug  ‘The
causes of death were generally those expected m elderly diabetics Nine
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wete from cerebral vascular thrombosis or hemorrhage, and there were
3 epreodes of fatal puimonary emboh  Two deaths were due to myocardial
mfarction with fateee  There was | death due to each of the follewing
staphylococcic pnesmonta winh lung abscess, staphylococtic preumonia,
and dabetic nephropathy with usemia  Special attentzon was pad to the
Iner at autopsy i pavents who were on the drug at time of death Mo
stological change was noted

The drug was discontinued m 9 of the 47 patients due to poor control
Light of these patients are labile diabetics and are also poorly controlted on
their present wsuhn regume w spite of our best efforts i that direction
Seven patient were lost to follow up  These essentially represented patients
who mandested psychitric recovery and were therely discharged from the
mstitution  As prevtously mentioned, it was possible to discontinue the
drug 1 3 pattents becanse of appirent rerission of the dubetsc state  Gase
tromtestingl side effects, especaally nausea znd vomiting, necessitated dis
conbinuance n 5 paents  Several other patients manifested Jesser degress
of nausea which gradually subsided w:th continuation of treatment

Chiorpropamide was discontumued 1 4 of the 47 rases due to severe shn
reactions that did not subside on anth £ and
of the drug  These reactions subwided on withdrasal of chlerpropamde,
and the role of the drug was substantiated by a recarrence with a second
course of the drug

In addition to the 130 duabetic patieats, & nondmbetic chrome schizg
phrenccs were given 0 5 gm chlorpropanmude daily 4 days neekly for 6 neeks
in hmsted metabolic studies  Four of these patients suffered early morning
hypogls cemsa in &pite of midrught feedings  Tins was the only sigmificant
observation  No effect ou the psychiatric state was noted

Summary and Conclusions

(1) Chlorpropamide has been @sen to 130 diabetic pattents for an v erage
of 6 3 mouths, 83 per cent of these cases were adequately controlled on this
mechcation

(2) Sude effects were those usually noted with drugs of the sulfonamide
group and occurred m some 12 per cent, requirng discontinuance i 8 per
cent  Nausea, vomuting, and shin reactions wete the most commanly noted
side effects  One patient manifested a jaundice possibly caused by by per

epsttvity to the drug
’ XZS} Ch{urpropamxde 1s 3 patent hypoglycemue agent in a large percentage
of nonyus emle duabenc patients as weil as nondsabenc mdividaal

(4) We feel that chlorpropamide s a2 sgmficant addion to our arma-
mentanum 1 the treatment of dabetes metlitiss




THE CORRELATION BLYWEEN ORAL DOSAGF, RLOOD
LEVELS, AND CLINICAL AND METABOLIC ACTIVITY
OF CHLORPROPAMIDT I\ THE TREATMFAT
OF DIABET!S MFLLITUS*

Samuel B Reaser
Harvard Vedieal Schaol and Abraham Rudy Diabetes Clinic of the Medicol Service
Reti tsract Hospilal Boston Mass

Chlorpropamide was administered over a period of 8 months to 60 aduly
dubetic patients  These were all pmate patients among whom were a
considerable number sufficiently reliable 1 their adherence to diet 10 be
sustable for experimental trials  Treatment was combined with insuhn
and other hypoglycemsc agents w 12 of the cases  Follow up \isits were
made at frequent intervals both blood <ugar 4nd blood chlorpropamide Jevel
determinations bemng made at each visit  The objective of the study was
o derermme 1he therapeutic effectiveness of chlorpropamide and to astertan
the relationship between dosage blood fevels and chmeat acton

Vethod

The patients had previously been treated with diet alone with insulin or
with tolbutamide  Some had also been treated vath carbutamide and DB
As in the case of tolbutamude the drug was used to replace ail previous medi
cattan where passible  In two patients 1t was supplemented with msuhn
when necessary

The pauents were all on a nonweighed diabetic diet and returned at snter
vals of 3 days ta 1 manth  The blood sugar level was deterruined 1 hour
after breakfast or junch on each occasion by a pienic acid method that yields
results equivalent to those af the Folm Wu test  Blood chiorpropamide
levels were d by method §*  The dose of
chlorpropamide was de\lbcmle\) v:mcd widely m a latge number of patients
usually over the range of 50 mg 10 600 mg /day but in a few instances up
to 15 gm /day  The total amount was admimstered as a single dose after
the everung meal  In some instances the drug was omtted for tnal penods

Of the 60 patients 34 had enough multiple detesminations of blood chlor
propamude levels to form the basis for an analysis of the relationship between
orat dosage and blood fevel of the drug  In all, 214 determnations were
abtamed for this purpase, each after at least one week or more at a gven
dosage Jevel

A composite curve of all the determinations (FIGURE 1) shoss a direct
proportion between dosage and hlood level of chlorpropamide  The regres
sion curve shows that for the range of dosage between SO mg and 1000
mg ‘day each 100 mg ncrease in dosage of e drug ranes the Mood level

* The work reported 1n 1his paper was supported by the Chmical Research Department
Chas Phizer & Co Ync Brookhm N 1 g €% Departmen

{ Developed by the Checal Rescssch Department of Chas Phizer & Co, Inc
01
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by roughly 25 gamma/cc 1 FIGURE 2, where the mndividual responses for

ot
blood chlorpropamide responses
The varabilty of the blood chlorpropamude levels was analyzed m 10

pauents with 14 different panient dosage levels  The doses studied vaned
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FiGtRE 3 Dhabetic paent L D acute effect of increasing dosage of chlorprapamide
wpon blood sugar and chlorpropamide levels over & 9 day peniod

from 02 to 1 0 gm /day, and there were 4 to 10 blood determinations at each
dosage level over a penod of 110 5 months  The vanability of blood chior
propsmide levels between patients was gbviously greater than those for a
given patient at a given dosage level  In the latter the blood levels vaned
oser only a limited range for long pertods of time

The wide vanation in dosage of chlorpropamide admimstered to some
25 diabeties made possible an analysis of the relatsonship between the doss
of drug and pharmacological and chnteal effect  This was done especially
for the purpose of determining the area of dose dependency of the drug
The diabetics stadied were usually those of moderate seventy (requiring up
to 40 units of nsulin daily), 1n whom the needed msuln could be replaced
compietely by chlorpropamide

T16URE 3 illustrates a subacute experiment A 64 year old white female
{L D) with diabetes of 10 years duration had previously been regulated on
tolbutamide alone (10 gm /day) Under hospital conditions, with fixed
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diabetic diet, chlorpropaude was given m increasing doses o
peniod  These1s a stnhang effect ongbbood sugar, \uthgrtsl;g dos‘:;nii 21‘2231
tevel of chlorpropamide  While such an acute XPENMENL 15 Mierestng
slawer ipcrements of dosage are necessary 10 establssh quaniative relation-
ships betneen dose, blood level, and hypoglycemic effectiy eness
Accordingly, the remaiming patients nere studied over penods of months
with slow stepwise changes n the dove of the drug  As tn the case of the
other sulfory lureas, the end results of replatement therapy tn dishetics can
be scored n terms of the blood sugar ievel achieyed ane hour after 2 meal as
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Fioorg 4 Dinbetic patient § § a long term study, umiormly goed therapeunic effect
over & wide range of successively decreasiag dodage

follows farr or partial reguiztion, 190 ta 250 mg per cent {Folin W), good,
150 to 190 g per cent, and evceilent, belon that level

Even 1n the less responsive patients mith an end result of oaly partral
regulation the maumum effectne dose 15 stil no greater thor @ ¥ 6
gm day with 3 corresponding avemaze B 7 f
130 gamma per cc R~
Py

i

wat with good regulatson
< at the higher levels, although sy mptoms

e were produced, as discussed below
In the mare responstve diabenics increase tn dasage over a range of S0 mg
upto06gm dz) ma) or may notimprove regulation from good 1o excefient
When such ymprotement dad occur 3t frequently could be correlated with a
detectable leved of dose and blood leve] of chlorpropamide The reverse

o
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could be demonstrated on the reduction of dosage level from the effective
levels
In some of the most responsive patients not necessarily the midest n

In several such cases the drug was omutted and the resultant rise m blood
sugar affirmed the activaty of such small doses
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bicoRe S Diabetic patient B G along term study successful replacement of 64 units
of isulin and cl mcal titzation of minimum effective dose and blood level of chlorpropamde

The following cases illustrate these pnnciples

Case 1 Patient J S (FIGURE 4) a 33 year old white male with diabetes
of 7years duration  He had only a partial effect on 2 5 gm of tolbutamide
per day (blood sugar 250 mg per cent Folin Wu 1 hour after meals) On
chlorpropamide he had a definstely better effect  The inordinately large
mual dose did not produce hypoglycemia although 1t did produce lethargy
and ather symptoms  Decrease in dose and blood les els of chlorpropimide
was accompanied by no decrease 1 effect on blood sugar  Indeed theres
a suggestion of increasing effecuveness with time n the face of decreasing
a A s
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i better regulation  Tyen better regufation was achieved on chlorpropamide
025 gm fdas)  Titratson by very gradual reduction in dose showed a
definste nse 1n blood sugat at a dosage lesel of 0 1 gm /day at a blaod chior
praparmde level below 70 gamma/cc  The effectine replacement of 5o farge 2
dose of msulmn by so small a dese of sulfonylures 1 strihing

Case 3 Patient ¥ B (ricURe 6) a 79 year old female dabetic with dia
betes discovered Apnt £958 with an nial bload sugat of 350 mg per rent
Tolbutamde (28 gm /day) produced an evecHent therapeutic response

EFFECT OF CHLORPROPAMIDE THERAPY ON BLOOD SUGAR
AND CHLORPROPAMIDE LEVELS (F B)

M
Bre ~ Chiarpr £
590+ - o g
® & z
o N\ 3
© °w ¢ s
ML EX IS Hizo 8
© z e 2
o = o H
]
> s E
% 200+ § Leo &
- 5 g
3 2 S
3 k=

a a
Y 1504 40 2
s t g
: ]
Dose i
+

Chiorpropom de

Gmy/day

T v
b © 4o 80 120 160 200

tood leselrequire
Fioree6 DiabemcpatientF B along termatudy low dosage and bl
mem“ 2{ chiorpropatrude in mild diabetes proof of effecteveness by withdeanal of drug

3 1 dose of
Chlarproparmde therapy nas begun i May 1958 with an mta
o1 grfugay The rasponse was mamtaned on reduction of dose to 50
mg /day and a blood chlorpropamide fevel of 28 gammayc. Qmussion of alt
therapy resalted sn a gradual rie s blood sugar to 250 mg per cent orer
i t 40 days
! Sl"g?dow de)pendenq of chlorpropamude noted in patients studied with
total replacement of msulin could ako be ascertamed by Liration i severe
diabetics m whom snsulin could not be entirely omutted  Tnope such msi:l;lC?
chlarpropatmde €04 gm /dny ) replaced 5 umts of msuln at 2 blead lc\co:d
150 gamma/ce  while 06 gm /day replaced 11 units of wmsulin at a bh
tevel of 210 gamma/cc
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Of the 60 patients studied several were ginen excessively large dases
deliberately or because of the exploratory nature of the early therapeutic
studies  Nine patients had defimie symptoms of overdosage consisting of
subjective muscular neakness 2 groggy of fuzzy  feehng Itsatude numb
ness and tinghug m toes and nausen  All managed to perform thesr mental
tasks although with an overlay of lassitude and sleepiness  Atavsa occursed
n ane exceptional mdividual who recened 30 gm /day

The daily dosage levels associated with such symptoms were 1 patsent
3 gm 2pauents 15 gm 3 panents 10 gm 1 pauent, 675 gm and
t patient 04 gm  Thete was a defimte correlation with blood chiorprop
amde level which was usually over 230 10 275 gamma/ce at the time of
~ywptoms This was underscored by the exceptional patient who had symp-
tams at a dosage level of 04 gm /day whie due 10 unusually slow disposal
the blood bevel was 280 pammafcc  However other pauents were asymp
tomatic at blood levels of 275 to 295 gamma cc  as were ol hers on doses of
05 to 16 gm /day Thus dlustrates certam indnadual factors sovolved
in the subjective symptoms of overdosage

Al D of dosage disapp ¢ readiy within 4 1o 5 days or
less of reduction m dosage even n the most highly overdosed individual
(30 gm /day} with no residual sy mptoms

Finally the average and usual dose of defimtve regulation of all these
cases 3as 01 to 04 gm day so that the 075 to 1 5gm dose productne
of symptoms was 2 to 5 times the therapeutically necessary dose

Duscussion

It 15 of considerable theoretieal woportance that there 13 a proportionahty
between oral dosage and bloed levels (and presumably hypoglyceme actn
1ty} of chlorpropamide 1n treated diabeties this is especinlly true wm wnds
vidual patients  The relavionship 1s closest with least variabibty n blood
chiorprapamide levels i indinadual patents on a gnen dase of chlorprop
amide whe may show remarkably constant bleod levels for several weeks at
atme No accumulation of drug i the blood becurs even after months of
therapy

Since panents vary widely in the dose required for optimai regulaton
s leads to the distinct chmeal advantage that the drug may be admims
tered 1 Varying doses wthout determanation of biood levels However
mdwidual patients do show vanations from one another 1n thewr blood
response  This helps to explan unespected treatment faitnres and suggests
the judicious elevation of the dose of chiorprepamide above the usual man
mum {06 gm /day) i such patients

The range of effectts ¢ blood levels 1s qu te wide {ram 25 to 175 gamma/cc
Thieﬁcch\eness at the low dosage and blood levels n regponsive patients 1s
stnking

While chrucal experience suggests that the ather sulfomylureas {carbut
amde and 1ofbutarmde) probably also have the same dose—blood sulfonyl
urea respanse relationstap this type of extensive lang term study has not
been performed for those drugs
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The sisk of hypogls cemna 15 small in spite of the great clinieal effectss etiess
of chlorpropamude  The leve) of overdosage 35 far beyond the usual thers
peutic range, and its symptoms are so mld ard easty recognizable as to
present no chmcal problems I3 15 of smterest that one symptom, muscuhir
weakness of the lower extremities has been produced 1 the evpenmental
ammal by very large intravenous doses of tolbutamide (270 mg /kg /hour),
and 15 due to direct action on the spinal cord 7

Summary

Chl sasmsde has been ad: d to 60 dubetics over 3 penod, of

8 months  Both chnical sesponse and blood chlotpropanide levels were
measured  In geneval, there 15 a close relationship between dose and blood
chlorproparmde Tesponse, hut there are some wdwvidual vanations ameng
patients 1n such resp Pauents 1 blood chiotprap fe fevels
within narrow fieuts at a given dosage fevel over fong peniods of ime  These
is nio accunwulation of the drug after long penods of therapy  The mutine
i of bload chl de s y 1 chmcal reguk
of diabetics, although :t may be useful 1n some nenresponsne patents

The effertne dosage range v the treatment of disbetes 33 50 mg to
0 6 gm /day, and the correspending blood levels are 23 10 175 gamma/ce. In
some patients a demonstrable level of bloed chiorpropamide for effectieness
may be determwed Hypoglycemia 1s rare, and symptoms of overdosage
are mamly mld weakness This dees not usually occur below a dose of
075 to 10 gm /day, which 1s beyond the usual thesapentic range

tekuewtedgment

The statistical analysis of the date used i the preparation of FIGURS 1
was performed by Hilda Sumon of the Statsteal Department of Chas Phizer

& Co, Inc
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CLINICAL ENPERIENCES WITH CHLORPROPAMIDE, WITH
SPECIAL REFERENCE TO COMPARISON WITH PREVIOUS
EXPERIENCE WITH CARRUTAMIDE AND TOLBUTAMIDE

H A Hensen
Medical Clinsc and Dicbetsc Depariment, W aldkrankenkowus Zeven, Germany

At this wnting 1t 1s about 3 years since we first used sulfonylurea prepara-
tions 1n Germany for the treatment of diabetics  During this pertod we have
employed these drugs systematically and on a large scale A short time ago
1 reported our accumulated expenence with these new therapeutic agents
In that summary I emphasized the fact that there can no longer be any
doubt that oral sulfony lurea therapy has proved to be of value m the treat
ment of diabetes despite the fact that the mechamsm of action of these sub
stances remains to be clanfied completely ~ Approumately 40 per cent of
all diabetics can be treated succcssiully by means of oral administration ni
these antidiabetic drugs, and the metabolism can be stabatized
for the duration of the therapy The number of “late failures” did not
exceed 10 per cent  The nadence of undesirable side reactions was 8 per
centin the case of carbutamde (BZ $5) and less than 1 per cent 1n the case of
mlbulamlde (D 860)

and are the 2 sub that h have
been generally avaiable in Germany for oral sulfonylurea therapy  Prefer
ence has been given to the latter, both in Germany and, to the best of my
know ledge, i the United States alo, because 1t does not possess sulfonamide
characteristics  Therefore 1t 15 sigmficantly better tolerated and exhibits
an tnadence of side reactions derably smaller than that of
carbutamide

Recently, experimental and chnical studies have been conducted tn the
United States on chlorpropamide, a new sulfonylutea demvatne  We have
been the first iy to use this new diab drug m Germany,
employmg 1t for the treatment of dibetics m the Diabetic Pavilion of the
Waldkrankenhaus  We had available information supphed by the manu.
facturer concerning the physical and chemical properties of chlorpropamide,
its intensive hypogly cemnc action in the dog and rat, and the observed lack
of damage to the mnternal organs of these test ammals

Valerials and Methods

Altogether, we have completed control wath chlorpropamde m 50 hos-
pitalized diabeties  Inan 24 cases, full

has not yet been completed While this 15 an admittedly rather small test
group, the patients were very carefully examined and specific tests were
conducted to determmne the effect of therapy on carbohydrate metabolism
and to detect any untoward effect which might develop All patients
received thorough examinations at intervals of several weeks, beginning with

09
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the mitiation of treatment

vahd conclusions on the basss Iof t:s:i:;:nbe?c?: fhat we can offer e
TA!;LE 1 presents the composition of our test group according to age

may be seen, the 50- to 60 year age group clearly predomsnates with

pauents  Eleven other patients were between 40 and 30 years of age

Germany we classifly adult dabetics (those having matutity-onset dgbe

chiefly into 2 categores fisst, the sihene 1y pe, which includes patients «

B Taste 1
CE Grotes oF TRE Diapcrics TREATED wiTH CHLORFROPAMIDE

Ape
(vears) | Men | Women{ Totay
21 30 2 1 3
3148 - -— p—
41 50 4 7 11
516 v 1 23
6170 ! 5 7
71-60 X 5 5

B SRS S—

Tasie 2
DuranioN of 1is Diseeres Brrork IMTIATION oF CHLORPROPAMIDE THERAPY

Time {yesss}
Nesiy
diggnased
5'3?1 1330231374317 Moethand
Number of patients 10 3147 3{7/6]6 6!!2 4

appear wefl nourshed and 1n whom ssuhn output may be considered to b
normal or near normal, but who develop the disease ate n Ufe due to th
effects of other endocrine glands on the metabolism of the patient, anc
second, the asthene type, which mctudes patients who are thin, not we
noutished, who suffer easily from fatigue, atid « hose wsuhn eutput may b
considered to be deficient

It 15 the sthemc type of duabetic who generally responds to therapy wat
oral antdiabetic agents, the asthenst type usually is not amenable to sucl
therapy  The majonty of our patents were of the sthenic type, and enly
could be considered as defmtely of the asthenc type

TanLe 2 indicates the duration of diabetes i each indstidual case,

shown, the mintmum duration 15 si¢ months, the maumum more than seres
It would appear, however, that the duration of the chisease 15 pot at

years.
for determunsg the sdvisabrity of imtiating sulfony lere.

important criterion



Hemsen Climcal Experiences with Chlorpropanude 711

therapy This 15 the same impression we gamned from evaluztion of the
other two aforementioned antidiabetic agents

What does appear to be more important 1s the age at which the disease
first mamfests 1tself e already knew from our expenences with carbut
amide and tolbutamide that, i general, the prospects for success were better
the later diabetes mamifested 1tself aiter the fortieth year TapLE 3 shows
thss relationship i terms of our patients treated successfully wath chlorprop
amide three of them were cases where the disease developed before the

TasLE 3

ACE AT Onsgr oF DIABETES IN PATIENT> SULCESSFULLY TREATED WITH
CHLORPROP AXIDE

Age (years)

Men
Women = 11— 11— 3

w

ABLE 4
PrevioLs TRFATMERT OF THE DraBrrics wHO RESPONDED SUCCESSFULLY TO
CHLORPROPAMIDE

No treatment

D et alone

Diet and insul n

Diet and carbutamude

Diet and tolbutamide

Diet tolbutam de and mnsul o
D et and guabeta

m=Bumae

pattent s fortieth year  This ts particularly worthy of attention  The rest
of the patients are distnibuted regularly with respect to the first appearance
of the disease between the forty second year and the sixty seventh year

TasLE 4 shows that some of our patients had not been treated before
snitiation of chlorpropamide therapy  In these cases the diabetes has been
diagnosed very recently In others treatment consisted of dietary meas
ures erther alone or with insuln A third group had recewved erther carbut
amide or tolbuter ds = as b L :

This last group 1
opportunity for

Resnlts
On the basis of 0 » valat al comall go 3 o N

propatmide appe
namely the sther - 1
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astheme type wn whom dizbetes 15 a result of a pronounced lack of imsubm
chiorpropamsde seems to be Just as unswitable as the other two sulfonyiuxea’
preparations  Of course there are exceptions to this general rale, wndeed, the
treatment of all dazbetics must be so carefully based on each md’mdual ’casc
that one tan say there 1s hardly any other disease that requires such stret
sndividual attention  Aside from this, we had the unpression 1n a fen other
cases that the use of chlorpropammde was possible 1 cases where casbutamide
and tofbutamide frad previously failed 1o brng abput metabolic compensation
at the same dosage levels Two cases lustrating thus pont are shown m
blood
sugar
mg%

300 &~ BZ55
BZ 355

o P 607
o/

i

!

]

50 {- i
’

00 i I 1 !
R 2nd 3t ath week
Ticvre | Blood sugar Jevels 1n selatton ta wreatment with chlorpropamde and car
butarude  Favent § W M male 53ycarsofd  Dowage was 1 tabler twice darty (1607
mg duly)

ricvees 1and 2 In FIGURE 1, one carbutanude tablet twice daily, for evams
ple, was 0 the bohsm 1n balasnce, the daly blood
sugar profile showed values as high as 280 mg perceat o contrast, 1 chlor
propamide tablet tnice daly mamntatned blood sugar values at conuderably
Jower levels, never exceeding 200 mg per cent  Ficuer 2 shows a sumiar

situation i regard o tojb de as compared with chiorp de therapy
T shonld also bike to call your attention to 2 othes ponts  First, whea
eqvalent dosage of the diat agents 1s ad d, the hypos

glycermic action of chiorpropamsde 15 defirutely more potent thau that of
lolbutamude  Second, the fasting blood sugar, especally, 5s Ipver when
chiotproparmide 1s admumstered Ve obsert ed these effects quute frequently
1n our test pattents, and thereby we were able to come to mportant con
¢lusions regarding dosage for chlorpropamide

At the begmning of our tests we generally used an nstsal desage of 500 mg
af chlorpropamide three umes daily  This dosage was never evceeded, and
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we continued to admmister 1t until a definite improvement i metabolic
compensation was evident, with unne sugar and blood sugar values approach-
ing normal  As our experience accumulated, we learned that for a number
of patients an 1mital dose of S00 mg_twice daily would achieve the desired
tesult and, 1n a few cases, we were able to mitiate therapy with a single daily
dose of 500 mg of chlorpropammde  This was possible, however, 1n only a
smail proportion of the total cases  Furthermore, the initial dosage, as well
as subsequent matntenance dosage, required adjustment to individual need,
blsod

sugar

mg %

350 —
D 860

100 L — L L.f
ot 2nd 3rd 4t week
TGURE 2 Blood sugar levels in relation to treatment with chlorpropamide and tol

butamude  Patieat M W , female, 57 yeats old  Dosage was  tablet tuuce datly (1000
mg daily}

to the mndividual response of each patient, to the tempo at which the com-
pensation of the metabolism progressed, and to other such factors  Thus, as
with all antidiabetic medication, over all mdications can be given for dosage,
but ro hard and fast precise directions can apply to all indduals  In a
number of our patients we observed that satisfactory metabolic compensation
could be obtained only 1f the mitial dosage was 500 mg three times a day
admimstered for several days

With occurrence of satisfactory metabolic compensation the mitial dosage
was gradually reduced after 4 to 6 days, being replaced by a mantenance
dosage of 125 to 1000 mg /day, as shown ;n TABLE S Few patients required
2 darly masntenance dosage as high as 1000 mg , and these were mostly cases
whoe sugar bohsm had not been d 1 balance by the same
dosage of carbutamide or tolbutamide  In <ome of these cases exammation
a few weeks later revealed that metabolic compensation had improved to
such an extent that the daily maintenance dosage could be reduced to 500 mg
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©OF M SOme cases even fo 250 mg  According to my recollection this is an
ob ervation we scarcely ever encountered duning our earher msvestigation
of tolbutarmde  Wath <ome resesvations one can pethaps conclude from
this obsersanion that under chlorpropamide medication the poorly func
boniag pancreas unproves somewhit and agam begins to produce weuhn i
wore adequate amounts

From the facts I have already presented it i clear that it 1s still somesvhat
premature 1o mahe any definittve statement concerning the maumal mitial
and e dosajes of chiory de  AsIhavestressed this must
be a matter of mdrvidual adjustment Nevertheless we do have the 1mpres>
sion that the dosage 15 fi 2 bly lewer than with

Tasie §
Mavrevance Dase or CRroprropiyior

Chlorpropam de (mg )

i
230 every 125 every
10004 500 | 250 [ ondday | 12 | second das
Number of patients R f 13 r 1

carbytamide angd tolbutamsde so that m masy cases the sugar metabohism
can be bal d sly as long as chlorpropamide mamtenance dosages
on the order of 125 250 or 500 mp are contanued  Only conjectures can
be offered for explanation of this behavior  Chlorpropanude s absorbed
very quichly from the gastromtestinad tract  On the other hand the sub

stance ts ehnunated from the body very slonly Because of these factors
st 1s possible to preserse 2 blood level of chlorpropam de high enough to
accomphish a satestactors hypoglycenuc action with very small daily dosage

1t 15 also posstble that the explanation of the more potent hypoglycemne
effect of chlorproparide fies in the same factors  All of these questions
require further nvestigation  As { have alceady tndicated we wereimpressed
throughout our study by the fact that the fasting bivod sugar frequently was
quitelow  For this reason we have preferred to admsmster the drug early in
the day and accarding to patient need giving tather a daily dosage of one hatf
or on full tablet tmmediately after breabfast as a single dose or where dady
dosage 1s required of 1 tablet tnace dady that s, after breakfast and after
funch

Patients previously treated wath msuhn can be succesefully placed on chlor

proparmde therapy just as 35 the case with cathutamde and tolbutamide

With such patients we were able 1o replace datly meubm dosage as Tugh as
48 utts with chiorpropamide  One of these cases 15 shown 11 FIGURE 3

Heretofare the patient kad taken 37 untts of insubn dadly ~ Frve hundred mg

of chiarpropamide datly did not produce 2 complete normalizaton of the
Dblood sugar values which we consider the necessary cntenon for the lastsng
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success of oral diabetic treatment  With 2 daily doses of 500 mg each the
blood sugar was completely normalhzed so that the use of insulin could be
discontinued It is worthy of mention that mn a number of newly diagnosed
diabetics who suffered from acidosis before nitiation of treatment we did
not use nsuhn at all but tested the effectiveness of chlorpropamide by

1t from the as the only antidiabetic therapy given
The acidosis d sappeared and the metabolism was normalized This was a
most teresting observation but 1t was merely m the nature of a clinical

blood
9y
e P 607
399 [ 32 units of .
depot Insulin
A 1 taoblet
250 ‘once daily
ll \ (590 mg daily)
iy
200 P\ 7 3 tablet
1 N/ twice dally(1000 mg daily)
1 \‘,' P
150
1 1
100
ot 2nd 3rd weeks

T1ouREd  Blood suger levels n relat on to treatment with chlorpropamide and nisul n
Patient W § male 52 yearsold Dosage was as shown

e and I do not d1t as a regular to be followed

returned for examination and 1t was found that i both cases the metabohsm
was decompensated  Even when the dosage was increased to 500 mg three
+ mes datly there was no improvement so that 1t was necessary to remnstitute
sulin therapy
Stde Effects

We devoted particular attention to the question of whether chlorpropamide
had any deletenous side reactions such as may be <een to some degree with
wwrputumde  ‘The $ofio ving may be reported up to a dosage ol 500 mg

tollowing an attack of hepatitis  Serum bilirubin amounted to 15 mg per
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cent and tests of I er function gave abnormal results as expected  Hereto
fore the patient had been taking 40 umits of insulin darly, which we replaced

chlorpropamude dose could be reduced to 250 mg  After an additional
month and one half of therapy examination of the liver showed completely
normal results the Iiver was no longer enlarged and the function tests gave
normal results The panent felt heaithy and had gamed wezght  This
case shows not only that hepatic damage need not be feared with chlorprop
amde but also that exnsting hepatic damage can heal durmng chlorpropamde
treatment

The appearance of a pruritic measleshke exanthema was noted i three
patients some four to six weeks after inhation of medication with chlorprop-
amude therapy  Thus side reaction disappeared a few days after the drug
was discontinued  Exammnation of metabohsm ndicated that futther
admistration of chforproparmde was no longer necessary, since metabohc
balance could now be maintaned by dietary means alone A so called
thrust effect of the sulfonylurea substances occurred, we bad seen ths pre
viously when usmg carbutamude and tolbutamide  Furthermore, m these
cases there did not appear to be a drug allergy to chlorpropamide, since the
intracutaneous tests and the Praustitz Kustner test nere negatne

Ustng an initial dosage of 500 mg three times daily we observed a number
of cases of gastrointestinal disturbances principally epigastric distress, feel
ings of pressure m the stomach and nausea  For the most part however
these disappeared when the dosage was decreased so that maintenance
dosages of 250 to S00 mg /day were only rarely accompanied by epigastnic
manifestations  Interestmng in this connection 1s the reaction of 2 few
patients who had also complained of epigastric distress when carbutamide
and tolbutarude were used W hen these patients recerved the smaller, but
fully effectrve, dosage of chiorpropamtde, they to longer complained of
epigastric distress  App. 1y they tok d a3 th amount of
chlotpropamide better than they did erther of the other 2 sulfonylurea

preparations

Conclusion

Agam 1 stress most emphatically the fact that our chmeal mvestigation
of chlorpropamide 1s prehmnary in pature and invalies tentative tests con
ducted nith a relatively small group of test patients, hence 1t 15 not feamble
to come to fina) and defimtive conclustons from this worh  Further research
should be conducted to establish validity 1n regard to indications, tolerance
side reactions and toncy  In future wnvestigations it will be mmportant
to explore further posaible side effects that may 1 elve the hepatic orhemalnh
poletic systems  As T have indicated, we have never seen any sign of suc
effects but other muestigators haye reported oecastonal occusrences  There
fore further evaluation of this new oral antidrabetsc agent 15 necessary
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Intreduction

QOral therapy for duabetes 1» no langer .1 novelty  As momhs hm: grown
wnto years of exps aith oral
that harm might ensue from their use mer long penod> 13 subsrdmg Asa
result search for the most effecuve compound with the least toxraity has
been ntensthied  This paper deals with 2 chmeal testing of chlorpropamide
w 15 hospitahized diabenic patients wath a follow up of 6 months The
duration of the diabetes ranged from 1 week to 16 years {Taprz 1) Seven
pahents recerved a daily average dose of 30 U of wsulin prior to the test
period  One was taking 55 U darly  Two patents were recerving tolbat
amide with unsatisfactory results  In 6 patients the diabetes was not under
good control none of these was recesving msuhn or tolbytamude

Ideally the patients for chlorpropamude therapy sould be selected from
appronmately 10 per cent of the diabetic populanon  This 13 based on the
relatavely sound assumptions that 1t 15 passible to controf diabetes barnng
acyte comphications 1 80 per cent by diet atone that S per cent are children
and that the rematmng § per cent are aduits with lable dtabetes  1n these
two latter groups long term treatment with chlorpropimde 15 meffectne

Vethod

A few prelumimary days of obsenvation preceded the test period that con
sisted of 2 mummum of 3 consecutne § day penods  Duning the first 5 days
the amount of msuln gves was reduced or ehmnated and s the case of
patierts recerving tolbutamude this drug was withdrawn  In each 1nstance
the abect was ta perm ¢ hypesglycemin and gly cosuria to develop i order to
ducern the effect of chlorpropamide frare dearly  Dunng the second § day
penad de w3s ad 4 and th haut the thied pened
this drug was omstted  Throughout the 15 days darly blood sugar deter
mmnations were made by the Somegyr Nebwan method on saroples taken
the fasting state and at 3 e ¥ with dasly quantitative determnations of the
gl)cosuna Tests for were d on vordiags shen
“heroutin theraps wasteduweed  Oibver kbotatory studies were made during
the fisst and toward the end of the second weeh  The diet remawmed constant
throughaut and patients were guarded agamst undernutntion

* Reserch 1 ellows in Metabol sm
77
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Results

none of these was adequate control of It WlLELES du  wu o
-~ asnecessaty  One patient who

»f tolbutamude daily bad fasting
cent with an average of 296 mg
rompt reduction of the fasting
g]ood sugar io 82 mg percent  The comparative efects of tofbutanude and
chlorpropimide as observed dunng the period of ho pialization ndicate
(T\nLE 2) that chlorpropamide 1n this instance (s & maze potent blood sugar
reducing agent than tolbutarmde This smpression was supported by 2
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In 2 cases 1 which tolbutamide had been a recent secondary fallure
excellent control of the diabetes was achieved with chlorpropamide  The
drug had a blood sugar lowermg effect 1n 10 of the 15 patients

Following discharge from the hospital of these 10 patients the diabetes 1
each of them has been controlled by 0 25 to 1 0 gm of chlorpropamuide daily
The average amount given mn 1 dose daily was 075 gm  Expenence with
this drug and hypoglycemic reactions caused by 1t have prompted us to
begin therapy with a daily dose of 05 gm and modify 1t as needed ~ Addy

TABLE 2
Trrscrs oF IpENTICAL Duses OF CRLORPROPAMIDE AND TOLBUTAMIDE ON THE
BLOOD Stcar VALUES AND ON tnE DEGREE oF GLYCOSURIa IN ONE PATIENT

Average
6 Month follow up
average & range
35 Blood blood sugars
TES Unine sugar
suga t
mg per cent ;se::nng gm /24 hoyr [ T8 PeF cen
Pretest control 28 284 98
Clorprepamude. lOgm 147 168 21 194 (147 210y
Tolbutam Je 1 181 262 113 206 (271 342)
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tions

hy;og;;g:;;tzzz?gi &m to the daily dose n 1 week increased the nsk of
A typscal favorable response ¢~ ~t1 —-

FIGURE 2 Both fasting and

rected  Furthermore faflostr

of the blood sugar to abnormaity high levels ensued

AM 0" 268 78
OVERWEIGHT
DIABETES S YRS

GLYCOSURIA 1Gt?

® @ 23 2™ 2 23 o
way
FiGuse 2 The hyperglycemia and glycosura observed in the prelminary conteot
period were corrected by 1 Cgm of chlorpropamide dally  The favorable effect gradually
subsided after the chlorpropamude was omitted

Primary Farlures

Fure primary faluses wath chlorpropamide therapy were Boted
2 vases scetonyna appeared in mcreasing dmounts m the first 24 bours after
the withdranal of msultn, as Mustrated in Ficore 1 In another case an
acute cholecystitts nath cholehithiasts was a compheatmg factor, w, t case
metastatic carcinoma was present, there was 1 patient who had gangrene

of an extremty
Data m the case of a failure to respond favorably to chlorpropanude are

In



Duncan ef ¢/ Hospitalized Patients 721

-
- ML Q AGE 57
280 [ Thea.. OVERWEIGHT
,
-~ 260} ., DIABETES 15 YR
=
b 240
32 220
o 200
H
9 4
s p
Q
H

2| 4

CHLORPROPAMIDE (GM /047,

tem}

GLYCOSURIA
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Ficuze 3 The byperglycemia and glycosuria were not siymicantly improved i this
case dunng five days of chiorpropamide therapy

shown 1n FIGURE 3 Neuther the hyperglycemia nor the degree of glycosuria
was favorably influenced by the drug

Stde Reactions

Hj poglycemic reactions, mild n nature were accompanied mm twno cases

025 gm prevented hypoglycemic reactions

A transient pruntic, maculopapular cutaneous eruption occurred on 1 fore
arm of 1 patient who had recewved 1 gm daily of the drug for 1 month  The
rash receded under mfluence of antihistamine therapy and there has been
no recurrence without interruption of chlorpropamide therapy
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Specral Tests

An abnorma) athaline phosphatase value was noted 1 one nstance, but
this was doubtless due to nght sided heart failure with aurtcular fibnllation
This panient died { month after these studies were completed  The hyer
expibited a marked central vemn congestion constdered charactenstic of the
cardiac disease, with no other detectable abnormalities In none of the
remamng 14 patients was there any detectable disturbance i the hemato
potetre, renal or hepatic functions

Acute Effect of a Single Dose of Chlorpropanide

The speed of action, degree of effect and the duration of the blood sugar
lowening effect of a single dose of chlorpropamude were abserved when a rquid
dietary formula comprised of proten, 113 g, carbohydrate, 268 gm , and
fat, 63 gm (2090 calories} was divided into 12 equal amounts, 1 of which was

chnpno»muz 10 oM

CASE NO 6

220 2090 CALORIES
P 113 M
F= 63
2‘0}‘_ 268
A+ BLOOD SUGAR PLUS

iz ToTaL
NOURISHMENT

BLO02 SUSAR MG /100 Mt
3
3

02 4 6 8 1012 M 16 1820 2224
HOURS
R QersMlustrated  Temtical
6eme 4 The effect of a single dose (1 gm ) of
thldtr:unshmenu ere givem 1 2 hout intersals fof 24 howrs _ The Lload sugac lawe;l;i
effect became apparent between 2 aad 4 bours afier the frst nourishment was p;\ ;n The
effect was most marhed between B and 12 hours, but nas stull appareat after 24 hours

elapsed
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. mpas On hen wbn ka2 he ¢ Ac W oten ad nwevow 2

10 hours after which a slow and very gradual increase begin A marked
depressing effect on the level of the blood sugar was still mamfest 24 hours
after the drug had been admimstered
‘The effect of 05 gm given twice daily 15 compared m TABLE 3 with that
of 1 gm gnenn I dose The single dose produced the more consistent
Tasis 3
DEGREE AND DURATION OF LrFect oF 05 6 OF CHIORPROPAMIDE ON THE FASTING
AVD POSTPRANDIAL Broop SuGar LEvELs AS CowpareD witd THOSE Forro vive
THe ADMINISTRATION OF 10 M GrveN ONCE DaiLy

Average
" P Urne sugar
Chlorpropam de £BS 3es gm 24 hour
B ood sugar
mg percent | Do0 Mt
05gm bid 108 242 28
10gm single dose 147 168 21

blood sugar lowenng effect  On this basis because of sim lar observations
we give a single dose of chlorpropamde before breakfast daxly

It was observed that with the daily admmstration of chlorpropamide its
apparent effect increased for several days after which a plateau of effect
ensued Also after withdrawal of the drug the blood sugar lowenng effect
abated gradually over a 3 to 5 day period

No nstance of decreasing effect of chlorpropamde during therapy up to
and 1n excess of s1x months has been observed It 1s possible and indeed
probable that the lack of secondary failures 1s due to the brevity of the
per od of therapy

Summary

This study of the properties of chlorpropamde involving 15 closely observed
hospitalized patients indicates that this drug s a potent blood sugar reducing
agent when given 1n doses as small as 025 to 0 5 gm /day the blood sugar

the d abetes 1n 10 of the 15 patients having adult acquired diabetes 10 no
T
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apy, and the detection of acetonuria i 1ncreasing amounts after a reduction
of the amount of insulin green sersed as a reliable guide 10 detecting those
patients 1 whom a satisfactory response would not be obtamed whereas, 1n
cases tm which no acetonuna occurred there were effectne responses to
chlorpropamide therapy

Prolonged therapv under close surteillance 1s still necessary to prove the
harmlessness of this drug  Also, the khelthood must be guarded against that
such an effective agent might recenve widespread adoption as a substitute
for appropriate dietary meacures
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nutted control of clnical and laboratory abnormahties in mild to moderate
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FioUsE 7 Comparson of artenal hepatic venous and penpheral venous levels of
chlorpropam de after sdmin straion of 10 gm of the doug intravencusly
s distnibution and excretion its effects on artenal venous and hcpauc Ten
blood sugar levels 1ts wnfl on the 1 ghicose~tol e test
and epinephrine induced hyperglycemia and expenence with 1t and other
sulfonylures dentvatives on diabetes made overt by hver injury
Vaterrals and Methods
Distribution and excretion were studied 1n 2 thabetie subjects by measuring
unnary output of orally admintstered S* chlorpropammde and 10 non
duabetic subjects bv determuning drug levels in asteral venous and hepatic
venous bleod after oral or intravenous admimstration of nontadioactne
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serum levels and a concomtant increase i urna

ensuing 48 hour period  Radioactsity was present?n :;‘xgxg:rc\:;x‘xlz(;:r'm
96 hours later (fF1GURF 1) A comparison of drug levels 1n arterial, ‘enﬂ)un:
and hepatic venous blood after parenteral admmestration of chlurp;opamxde
showed a small but defimte difference due to 1ts uptake and metabohsm b
the hver and other tissues and excretion by the Lidney (FIGURE 2) Aitc}r
oral admusstration of the drug 1n healthy subjects chlorpropamude could be
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the presence of wtrahe|
Penpheral drag lese!

patic and estrahepatic shunts *

ls vaned considerably m different subjects after a
single or repeated datly doses of chlorpropamide A levef of 4¢ gamma or
more was vsually mamtamed for 24 hours and was aften stifl present at
48 hours after ingestion of 10 gm of the drug (vicvre 4} W eekly drug
levels i 12 ambulatory patients showed a cumulaine effect of the drug with
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hepaticactian as prevously demonstrated with insulin,® phenethvldiguanude,?
and other sulfonylurea dervatives* A rebound mcrease in hepane venous
sugar was noted and atinbuted to release of epinephrne ¢ While a s
muficant hepatic venous artenal glucose dufference was noted, Ittle change
occurted 1n the penpheral artermal venous glucose chfference an 6 subjects
without fiver disease (sicure §) In contrast, 2 of § subjects with etrrhosis
and e idence of vascular shunts eshibited a defintte peripheral effect  Srmul
taneous chlorpropamide and blood sugar studies in 1 of these subjects showed
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Frevae 6 Chlorpropamide and blood sugar levels in selected duabetic patients on joain

tenance therapy

dimimshed drug uptake by the fver httle alteravon )n!p:m[c \‘e:;)r\;s
glucose, and increased penpheral arteniovenous glucose dl%:mteh al lzrxn toira
venous mjection of 10 gm of the drug (¥icURF B) 1S pI moel cnu:
which has numerons ympheations,” ¥ requires further shnzyh !ls E n:i e
nature ts probably related to the location and number of shunts a

h latent diabetes? or hiver ths
erglycemma and gly cosuria i patients wit
:ia ‘g }émdm mregconducud on the influence of chlorpropamide on catbo
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' a A awne fh

of an adrenal steroid was followed by an abnormal glucose tolerance test
reaction) were chosen for sludy In each mstance chlorpropamide blocked

a 1 Lohydrate tolerance and the post therapy
curve was frequently luwer lhnn tolerance studies without adrenal steroids

BLOOD SUGAR
3

20.

1R 2 mrs 3 HRS Y HRS
AFTER CHLORPROPAMIDE 1 ¥

SN #EPATIC VEH ARTERIAL GLUCOSE OIFFERENCE

) PERIFKERAL ARTERLAL VENOUS GLUCOSE DIFFERENCE

BEFORE
THERAPY

Ticure 7 Compos te of hepat ¢ ven arteria] and per pheral arterial venous glucose
d ference in 6 patents 1thout |ver d sease after adm mstration of 10 gm of chlor
propam de intravenously

Similar results were obtamned with oral and parentera] tests (FIGURES 9
and 10)

.

endogenously secreted steroids 1s not the basic mechamsm of actton of chlor
propam de it 15 evident that in adequate dosage this drug prevents blood
sugar abnormalities resulting from short term receipt of glucocorticords
We have also found 1t effective in control of carbohydrate abnormahties 1n

a patient with latent diabetes who required prolonged adrenal sterouds for
a shin disorder
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mlj{stdx on epnephrine hyperglyceme The capacity of sulfonylurea dern 2
0 icrease hver giycogen has suggested their usefulness in treatingy

patients mt!x deficient hepatic glycogen resulting from diabetes or hver

disease ¢ Unlike bealthy subjects 1 whom there 15 an tnerease m bloo’i;

s;:gar of 40 mg per cent or more after admunsstration of epinephrine or

glucagon, those with bver mjury and poor gly cogen stores frequently show
BLOOD SUGAR

T

15—

w4

%

EFORE ) Hr 248 3R
THERAPY
AFTER CHLORPROPAMIOE, | ¥

R seeatic vew-snrenias auucast orsresence
PERIPHERAL ARTERIAL-VENOUS GLUCOSE DIFFERENCE

Ticure 8 Hepatic vem arterial and peniphera) arteral venous glucose difference 10 a
patient with aurchosis and vascular shunts

2 dumnutien 1n anticipated response ' In most instances there 1s con~
comstant increase in hyperglycemic response with an improvement in bie-
chermical and histological abnormahities of the lver This tmproyement
may be accelerated by glucocorticords 1n nondrabetic patients and by tasultn
i diabetic patients  Sulfonylurea dernvanves produce a similar effect w
dhabetes (FrouRe 10)  Evaluation of the effect of pamide 10 4 sub-
Jects with chromic active hver disease, normal fasting blood sugars, and
decreased glycogen stares tevealed a significant increase sn response to
epinephrine not associated with imp t in other bioch ! tests in
2 patients

Response of lser discase and diabetes  Drabetes and hepatic dysfunction
frequently coeust, and assembled evidence mdicates that either of these con
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-t ' 1 s man hlafar the athar 15 The nresence of the

8L00D SUGAR
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'
0 t t t 1
HOURS FASTING i ' 2 3
e GLUCOSE TOLERANCE | 75 GRAM OF GLUCOSE PER KILOGRAM OF
BODY VEIGHT
@~ == @ GLUCOSE TOLERANCE WITH 15 MILLIGRMS PREOKISONE
6 AND 2 KOURS BEFORE INGESTING GLUCOSE
® e PREONISONE GLUCOSE TOLERAKCE WITH T O GRAM OF
CHLORPROPAMADE AY TIME OF INITIAL PREONISONE

FicuRe 9 Lfiect of chiorpropamide on the oral adrenal steraid glucose tolerance test

of diabetics tn this category have abnormal liver function tests, abnormal
biopsies, or both 1n our experience  Only by long term seral studies 1s 1t
possible to evaluate hepatic effects of this drug  To date, we have not
encountered any chinical biochemica! or histological changes resulung from
chlorpropamide therapy

Many have suggested that subclinical metabolic changes involving the
liver are responsible for :ulull onset diabetes The association of lnex
injury and dubetes i b and other

and 1nfectious processes 1s well documented The diabetic may develop
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mtercusrent viral hepatitis brhary obstructton or hepatic changes d

heart failure however nutntional deficiency s responsible for mos% n t:e o
of hver disease in this condation The diabetic panent 15 szmllarsl ﬂ‘thes
msulin maitamed depancreatized dog 1n that potropic defictency mgut "
a fatty Iner and may eventually lead to crrrhosis ¥ In our expenexrzce dzs
and msultn or sulfony lurea dern atives have been effective in control of bath

BLOCD SUCAR

BLO0D SUGAR
(R

s i :
+

° =T
HOURS  FastinG 4 ' 2
g GLUCOSE TOLERANGE TEST ALOXC
0 5 GRAM OF GLUCOSE PER XIXDGRAM INTRAVENOUSLY
L] 4 ARENAL STERQ @ GLUCOSE TOLERANCE TEST

(NTRACERQUS GLUCOSE PLUS 100 NILLIGRANS OF
CORTASONE { K., 8 AND 2 HOURS PREVIQUSLY

@ = ——q CHLOAPROPAMIDE PLUS ADRENAL STEROID  GLUCOSE TOLERANCE
TEST
4 O GRA OF CHLORPRGPAKIDE | ¥ WOUR PREVIOUALY

Frotge 10 Effect of chlorpropamude on the intravenous adremalsterod glucose
tolerance Lest

the carbohydrate and hepatic abnormahities i most patients with hver
dysfunction secondary to poer nutritton

Occasionally Inver disease may be le for 2 diabetic synd that
will disappear with improvement 1n broct 1 and histol: 1ab i
ties ¥ The pred glucase tol test | d after th apy
of evidence of diabetes has permatted division of such patients into a grosp
where post therapy adrenal sterords produce a diabetic curve and ane where
glucocorticords do not alter glucose tolerance  The mechamsm of the dix
bettc syndrome 1n the latter group is unfnown but may be due to a di>
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turbance 1n regulation of Blood sugar caused by mterference wih hepatic
production or the use of humoral substances responsible for glycolysts and
penpheral utihization of glucose 0 2

n our expenience patients with this condition teadily respond to carbut
amde  tolb de and chlorp de Th ly, sull
dernyanves may be the drugs of choice 1 such patients because of their ease
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FicusE 1t Effect of vanous therajeutic measures on cpunephrine nduced hyper
glycemia 10 d abetes and 1 ver disrase

PO -

of yperg! and glycosuna to Liver myun
This prtient was found 10 have bypergly cemia and glyeosura which disap
peared on carbutamide and a diet of 300 gm carbohydrate 100 gm protein
and 100 gm fat  There was no story of familial ciabetes or chimcal and
laboratory evidence of pancreatiiis or endocrine disorder  An il hiver
biopsy showed marked fatty ph which d after

d b [
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2 months of treatment  Post therapy studies demonstrated an increase tn
epmephrine induced hy perglycema over control levels 1 subsequent predat
sone glucoce tolerance test was normal

Summary and Conclusions

Chiorpropanude blood levels appear to depend primanly on its absorption
and urinary excretion and secondanly on ti.sue storage and metabolism
This drug usually produces an earlter decrease 1n hepatic venous glucose
than artenal glucose with hittle effect on peripheral artenovenous glucose
difference  Selected patients with csrrhosis and vascular shunts may exhibit
a smaller than normal hepatic activity and a significant peripheral effect
Chlorpropamsde mhbits glucocorticord 1nduced hy perglycemia and may
. P Pt .

respand to sulfonylurea dernatives makes 1t difficilt to evaluate hepato
toueity of these drugs  They have been valuable 1n management of hotk
the carbobydrate disturbince and hepatic abnormalities seen 1 diabetic
patients with secondary hepatic changes as well as diabetes made overt by
iner injury
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CLINICAL EXPERIENCES WITH CHLORPROPAMIDE
A DOUBLE-BLIND STUDY

Charles T Let, Jr, Guy I, Schiess, Garfield G Dauncan
Pennsylvanta Bosprtod, Phidadedphis, Po

To determune the clinical effectn eness of chlorpropamde as a hypoglycemc
agent, a double blind trial was conducted 1n the dubetic outpatient clinte
at Pennsylvania Hospital  After completion of the trial, the patients were
ashed to continue m 2 follow up study of the drug  The response to chlor-
propamide as measured by the eventual state of diabetsc contro} dunng
the follow up period was then compared with the resnlts obtamed durmng
the trial and also with the control obtained with previous dibetic therapy
The results of this study indicate that chlorpropamide is a potent hy poglyre-
mic agent that produced excellent control of diabetes 1n most patients

Method

The double bhind study was divided mto 3 periods of 2 weeks each  One
week before starung, the patients stopped msultn or tolbutamide 1f they
were taking enther of these, but continved thew regular diabetic diets  The
first 2 week pertod of the tnal was 2 control for ail patients while, in the
second and third 2 week periads, they recen ed chlorpropamide, 1 0gm daily,
oraplacebp  The order of recerving chlorpropamde and placebo was chosen
at random  Ustng this sequence 1 the study, 1t was possible for a patient
to have no therapy other than diet for a perrod of 5 weeks  In selecting
natients to partiupate i the tnal, ee chose only those who, we felt, ED"'M

The pattents came to the clinic 11 a fasting state at 8.4 4 dfiu Lduy v
drawn for a blood sugae and approprate blood chemstnes They were
then taken to a hospital dimng room and nere gnen thi same 400 calone

ara ntariawad

UL puntai e J

provedure was repeated for 6 weeks with eacn patent
tested their urine before meals and, at bedtime, with Tes Tape,* secorded
the results, and brought the tapes to the cluc for our count Chlorprop-
amnnde, 1 0 gm datly, and the plarebo substance were adminstered sdentically
to all patients as 2 tablets before breakfast After the tnal, patients were
seenat4 week intervals 1n the chiic while being continyed on chlorpropasmde
Dunng the follaw up penod, the dose of chlorpropamide was changed as
mdicated by the state of dabetic control TPostprandial blood sugars were
done during the follow up study
m}i\ll patients En chlomropal:mdc had additional soutine laboratory studies
+ El Lty and Company, Todianapolis, I;\;Is
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petformed  These comprised a complete blood count, ncluding hemoglobin,
hematoent, white cefl count, and differentsal count, 2 routine uninalysss,
divect and total serum bihrubsn, alhaline phosphatase, thymoel turladity,
and cephalin cholestersl flocculation  These stuches were done prior to
beginmng the double blind 1nai, at the end of the trial, and routinely at 1, 2,
5 and 7 months during the fallos up periad, or mare often if chmcal mdica-
cations wasranted Blood sugar determunations were made using the
Somogy) Nelson techmque, while al} other studies were done by the routine
methods used in the blood chemistry and hematologieal Jaboratonies of the
Pennsy lvama Hospital

The results of the double bling study were assessed by averaging the
fasting and dral blaod sugars sep: y m every patient for each
2 week penod  Thrse values were then compared for the 3 periods  This
permitted 2 compatison of both the fasting ang the postprandsal blood sugar
values betneen the control and placebio peniods, between the control and the
chlorpropamde periods and between the placebo and the chlorpropanude
periods  Anadequate response was taken to be a decrease ws both the fasting
and postprindial blood sugars of 20 per cent or more when levels i the
treatment pertod were compared to those obtamed 1n placebo and n control
periods

The final state of control of the diabeles achieved dunng the follow up
period was dasuified as good, fair, and poor The cotera used were as
follaws good cantrol, fasting blood sugar under 120 mg per cent and no
glycosuna, farr control, fasting blood sugar below 150 mg per cent and
minymal glycosunia  poor control, all conditions worse than this  Those
patients who had taken tolbutamde prior to this stud) also bad their diabetic
control while on that drug assessed 1n the same way so that a companson
between the level of contrat on tol and an chlor could
be made

Results of Double Blind Trial

Thirty two patients completed the tnal  The chaical charactenstics of
the group are given n Taste 1 Al patients were 1 the older age group,

‘Tan)
Cumicar Craracterrstics 07 PATENTS N CHioRPRoPAMIDE TrisL

Yge bearsy 59 8av 43 78 sange
Age onsec of dabates 526av 32 75 Tange
Duratton of diabetes 6 Gav -3t range
Previous therapy

Insulio 23 pavents | 307D IF range

et only § patents

Toltutamide 19 patients | Just greor 10 tniad

with an aduft type of disbietes  There were 5 men and 27 women Twenty

three hiad taken wnisulm at some tme and 19 were taking tolbutamide mme-
diately nriar ta the fral
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The response to chiorpropamide 1s shown 1n TARLE 2 ‘The resulis are
divided 1to 2 groups 23 patrents who recerved the placebo 1n the 2-weel,
period before chlorproparude, and 9 who recessed chlorpropamide before
the placebo  Thirteen, or 56 per cent of those 1 the first group showed a
falt 1 blood sugar of 20 per cent ot more when the fasting and postprandial
blood sugar values dunng chlorpropamide admimistration were compared

Tante 2
RESpONSE 10 CiioveropaummE

Ocder of triat No Adequate | Inadequate

patenty respopse | response

_ |
Placebo fisst B3| 136 | 10 @iy
Chlorpropamide first 9 | 80 | 1051
2 (65%) J 11 (35%)

Total ’ 2

Adequate response = fall in 1asting and postprandiad blood sugar values of 20 per cent
ot greater compared to control and placebo levels

TasLE 3
RESPOVSE 10 CHLORPROPAMIDE PERCLNTAGE CHANGE OF B1oOD StoAw

! Chlorpropamide | Chiorpropamide
Placebo Cantrol pelidie L

Order of tnal

TBS r PPBS | FBS { I’I’RS! FBS f rrs

|
Placebo first
Adequate response 2% | 420 | =27
Placebo first
Inadequate response
Chlorpropamide first
Adeguate response

—230, | —28e; | —22%
109 | 416 | 42 |+ | ~10% | +1%

4-12@ 190 | 335 | ~319 | ~11% [ ~10°,

to the values of the placebo and the control periods  Eight of the 9 patients
who recetved chlorpropamide first showed an average decrease 12 blood
sugar of more than 20 per cent, but 1 this group the values obtained on
chlorpropamde were compared only with the control values

TasLE 3 shows the averape percentage change in blood sugar values in the
2 grovps  The 3 compansons are gnen separately for both fasting and
postprandial blood sugar levels When placebo adminustration followed
the control period, the blood sugar values were hugher dunng the placebo
peniod  However, when chlorpropamide was given Lefore the placebo, thf.;
placebo blood sugar levels were about 20 per cent lower than xhe,comm
fevels This was assumed to be due to the persistence of the hypogly cemic
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effect of chlorpropamide after the drug was stopped  An adequate Tesponse
in this group of patients was judged on a companson of the controf and the
chiorpropamide penods only It can also be seen that in each group the
decrease 1 blood sugar was shghtly greater in the fasting than m the post-
prandal levels However, the difference was so shght that, in a patient who
has fasting hyperglycemia, determmmation of the fasting blood sugar alone
sould have been an adequate indicator of response

Follow-Up Study

Thirty of the 32 patents continued to take chiorpropanude after the
tnal was completed  Of the 2 patients not followed, 1 was hospitahzed
with a cerebral thrombosis 5 weeks after the trial, the other refused to return
TABLE 4 gives the final results to date for the remainmg 30 patients  Twenty-
five of these achieved good control, although the maximum response was

AP
Resronse 10 Carorrroradoe Fortow Up or 30 Pamients

Duration until best contral 1
No of
Present state of dabetic control Pt ts] e
40(1:55}6[8{12[\60!\“(1\1
Good FBS under 120 mg per cent Mo
glycosuna 25 13 {3l2fe 1
Falr FBS under 150 me per cent Shght -
glvcosuna LRI !
Poor RN

|

Of 11 pauents with madequate response during trial, 10 were avatable fof follow up
and 9 achueved good control

Tante §
REsPoNsE 10 CILORPROPAMIDE  COMPARISON OF CONTROL Wit TOLBUTAMIDE
AND CHLORPROPAMNIDE

Chlorprepamude control

Tolbytarude
controf
Gaod Faw Toor
Goad 7 ke 0 o
Fa 7 T 4 o
Poor 5 4 1 o
Total ’) 19 13 1 0
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often delayed for several weeks Probably this was due to the fact that
the dose of chlorpropamide was usually reduced to 05 gm daily after the
trial proper was completed  The 1 patient who fatled to show a good response
was a 45-year old Negro female with diabetes of 5 years’ duration who had
required 50 U of insulin darly for ind:fferent control before the study .
Nineteen patients were taking tolb before the T

tnaf started The effectiveness of diabetic control with these 2 drugs 1s
compared In T\BLF S Seven patients showed good control with both drugs
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Of 12 pauents not well controlled on tolbutamde, all showed improvement
with chl pamide, and with one , the final state of diabetic
control was very satisfactory  FIGURE 1 tllustrates this by companng the
range of fasting blood sugar determinations on the two drugs  In almost
every case the blood sugar vafues are sub ly lower with chior

There was no correlation between success or fature with tolbutamide and
the dose of chlarpropamide necessary to achieve good control Ficurr 2
Dresents the chronological hstory of a patient who w1s treated successively
with msubn, carbutamide, tolbutamide, diet alone, and chlorpropamide

Average values for fasting bfood sugar, glycosuna, and weight are gnen for
each peniod of therapv  The patient <howed poor cantrol an 20 gm tolbut

o~



744 Annals New York Academy of Sciences

amide daily but has been very effectniely controlled with a single daily
05 gm dose of chlorpropamide  FIGLRE 3 shows the results of oral therapy
n a gluttonous woman who might be controlled by a low calotie diet and
weight reduction  Neither threats nor bribes nor tolbutarmde was effectne
tn controlling her appetite or her diabetes, however on a dose of chiorprop-
amude that has now been reduced to 0 5 gm daily, she has an average fasting
blood sugar of 100 mg per cent and no glycosuny Her appetite 1s unchanged
and she continves to gain neight

Tovicity

The side effects and po sible tonc reattions noted with chiorpropamide
are Disted 1n TABLE 6 Siy patients complained of symptoms suggestne of

E 6
Resrovse 10 COLORPROPAMIDE Spor Errrcrs avp Tovic REACTIONS

Ao of

Side effect or reaction patients
Hypoglycemic symptoms 8
Fasting blood sugar below 60 mg per cent 4
Hunger 5
Gastrowtestinal disturbance 0
Skun rash (transient) 2
Liver function test abnormal (transient} 3
0

Blood count or urne tests al normal

hvnoglycemia and 1n 4 nstances fasting blood sugar values below 60 mg

hazard with chlorpropamide therapy  fwo patients deveioped a s >«

1tehing maculopapular eruption  There was no associated eostnophihia and
want decn te rontnume

Summary
chlorpropamde
gly cosurta and
Twenty-one
nd postprandial
Th rtv natients
of the
5gm

Thiety tno patents parpeipated in a double blind tnal of
All had an adult type of diabetes but every patient also had
fasting bypergly cemia dunng the control penod of no therapy
or 65 er vent of the group had a decrease 1n bolh‘(dslm? al
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ot less daily given in a smyle dose  The maximum response to chlorprop
amide may be delayed until § weeks or more after therapy 1s started  Com
panson of diabetic control between tolbutamide and chlorpropamide in the
same patients shows that good control often can be achieved with chlorprop
amide when tolbutarmde has been proved ineffective  Chlorpropamide was
a more potent hypogly cemic agent than tolbutarmde  Toxic reactions were
seen 1n 5 patients but mn every case the mamfestation of towicity subsided
without stopping therapy Hypoglycemic reactions occasiomally severe
may be provoked by chlorpropamide and the dosage must be individually
adjusted
Acknouledgments

Ve thank Brooks W Gilmore Joyce Laubach and Sandra Frank for their
invaluable assistance duning the study



LONG TERM THERAPY WITH CHLORPROPAMIDE

A W Alviand J P Maclean
Depariment of Chinwcal Investigation, St Bomiface Hosputal, and Department J
and Medical Research, University of Manttobe 1t ;nn:.bu,zéz;;'!;" o Phomloy

‘The influence of chlorpropamide has heen ey aluated 1 56 diabetic patients
with reference to changes in hyperglycemia, gly cosura, iner function, the
hematopoietic system, and genera) health

dfatersals and Wethods

The subjects were selected largely from the diabetic chnic of St Boniface
Hospital ~ As 2 group they tended to have little Tespect for dietary restnic
tions  Before mclusion 1 the study an attempt was made to categonize
the drabetes as stable (adult, obese, nonketotic, and semfe) or fabile Quvenle,
thin, ketotic, and bnttle) Using this chinical assessment, we felt that
49 subjects had stable diabetes

The imual response to chlorpropanude was assessed 1n hospatal on 37
patients  The other 19 were studied as outpatients  The liboratory tests
done prior to therapy and at intexvals thereafter were a complete uninalysis,
hemogram oral glucose tolerance (Folin Wu) blood urea mtrogen, plasma
prothrombin time, serum allaline phosphatase (hing Armstrong), glutamic
ovaloacetic acid 1 hosphoh thymol turbadity
and flocculation, cephahin chol 1, and esters and
Bromsulphalein excretion  The radwactne 1odine uptake by the thyroid
was measured 1n § of these subjects

Depending on the type and seventy of the diabetes, chlorpropamide
adunnistration was begun in one of several ways the drug was gnen and
the wnsubn gradually reduced insubin was discontinved 24 hours befare
gnang chlospropamde, msubin was discontinued for several days, patents
who had not been using 1hsulin were given the drug after a prehminary
assessment on a constant diet  In all cases 10 gpm chlorpropamide was
~ an tha firet dav and 05 gm darly unul the hypoglycemic effect could be:

3 D vose
hol [ P

Results and Discussion

Thurty nine of the 56 subjects have recewved chiorpropamide for at lexst
3 months, which 15 our cntenon for long term therapy  The 7 patents
adjudged 1o bare labile diabetes all faled to show a hypogly cemic effect with
chlorpropamide ether alone or i combmation with wmsulin They were
grven the drug from a mimmum of $ days to 2 maumum of 20 days Ve
concluded that chlorpropamide, hike the other sulfonyiurea drugs, does not
control the labile diabetic  However, our dose schedule for mitiating therapy
with chlorpropamude was not vaned, and 1t 15 possible that a higher arta)

746
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dose might have produced i
ypoglycemia  No side effects other than ket
were observed  One Iabie paneat 2 39 year-old female, dred 19 da:\r;rsez:?::
chiorpropamide was discontinued  The cause of death was 2 pulmona
embolus fallowzng electzoshack therapy  The consulting psychiatrast Ie?t’
that her psychosis was not drag induced
Some of the pertinent data oa the 49 stable dusbet
1cs are shown n TABLE |
The comphestions mdicated as +-++ refer to reumopathy, nesropathy,
nephropathy and other oechustve vascular disease by good control we mean

npH O
U 35
e O
m """"
3t0
X
I
[}
o
§ 2501 %
3 ¢
L2 x g
gg 10 '
9
@
130
70
0 YRS 4 1 2 MONTHS 4 5 6

FProvrz | Potient H M female aged 43 diabenic for 9 years

aplycosuria and fasting normoglycemia, and by fair control we mean fasting
blood sugars (Feln Wu) between 120 and 160 mg per cent  Tasting blood
sugars aver 160 mg per ceat indicate poor control  The patients vatied
age from 41 to 81 years, with a mean age of 63 Ten of these subjects did
not satisfy our cnterion for Jong term therapy  Si¢ were lost to follow up,
3 faled to show a hypoglycemc effect on 20 gm  chlorptopanude daily,
and 1, who remaimned hyperglycemic on 0 75 gm daily, became anorectic and
drowsy  Of those Jost to fotlow up, 1 died suddenly of a myocardial infaret
diagnosed post oortem  EHis imtial response hiad been goud and he may
have been hypoglycemic at the time of mfarction  One died of E cols septt
cemuz dunng s third bout of acute cholangmtis  He was nermogly cemie
on 65 gm chiorpropamide betneen the second and third attachs  The
drug was discontinued at the onset of symptoms 2 weeks prior ta death At
post mortem  multple huer abscesses nere found, together with common
duet calculs and a contracted gall bladder A thud patient deseloped
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. .
1 showed good 1mual control on 0§ gm  and 2 showed poor mitial control
on 05 gm
Al of the 39 long term subjects showed an smual hypoglycemic effect
Three were late favures FIGURE 1 shows the decrease wn fasting blood
sugar level m 3 45 year old obese female who was changed from insulin to
NPH O
Y s0
e

]

280

240{ - -

2004 »

160 .

BL.OOD SUGAR mg %

120 A
100 T -
01 23 4 56 783
MONTHS
Fioret 2 Paucat D M female aged 50 d abeti for 7 years

(XN

pual but contrel at home was better than on previous therapy  The other
30 patrents remasned well contrefled 4t home

Two of the long term subjects have died one of leukemia and the other of
subphreme abscess fallowmg cholecystectomy for chromc recurrent chole
wystitis Both patients showed good control on chlospropamde  Good
controf was mamtaned on the leuhemc patient during 2 3 week pertod when
he recened tnamanolone (100 mg /day}

In t}m long term group 9 futther medical events have oceurred 1 myo

‘ 1
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shows the blood sugar response 1 a 50 year old female
cardial infarct and later a second degree);cald of k;;e abd::\z: ndlljl::t a:}ﬁe
role of chlorpropamide mn the production of these fatal and nonla!alp‘c)\.em
15 Botll\nlown, butlno direct correlation could be detected :
ral glucose tolerance tests done 24 hours following il

hypoglycemic effect, but no other difference 1n the typegqi ll::l:y Slll;)c\;;i;
shows 1 pretreatment and 3 treatment curves m a 52 year-old male The
subject nas on an unrestricted diet duning the 7 months between the third
and fourth tests  The fourth curve shows less hy poglycemic effect

Liver function showed no deteroration except in 3 patients who died  In
those 3 a satrfactory explanation of the pathology was found (see above)

360
E
> 280 PRETREATMENT
13
g
g 200
@ +9 MONTHS
f=1
g +6 WEEKS
3 120 +2 WEEKS
@D

40—

o

( 2 3
HOURS

116ORE 3 The effect of chlorpropamide on oral glucese tolerance Patient A K
male, aged 52 diabetic for 2 years
In 3 other patients Bromsulphalein excretion improved durnng drug admns.
tration  Hematological studies showed no change in hemogiobin and no
evidence of agranulocy tosis or thrombocytopema  Two patients showed a
transient unexplained eosmophlia  Chlorpropamide did not change the
uptake of radioactive todine by the thyroid in the 5 patients studied, including
the one with hyperthyroidism

Sy mptoms that may have been due to the drug were dtarrhea 1n one pattent
and pruntus n another In both cases the drug was contiued, with disap
pearanee of the complant  One patient complained of anorevia and drows:
ness wth hyperglycemn but no acidosts, and the drug was discontinued

An attempt was made to find a correlation between duration of insulin
therapy and blood sugar response to chlorpropamide 1n the stable group
Of 18 who had never taken insulin, 10 showed a good response, I a fair
respouse, 2hd 1 a poor Tesponse  Six were lost to follow up  Of 18 on
snsultn less than § years, 14 shoned a good response, 2 2 fair response, and
2 were late fallures Of 13 on msulin for 5 years or more, 6 showed good
control, 3 showed fair control, and 4 showed poor control  Of the 31 who
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had used insulin, 5 had taken more than 40 umts duly Three of these

patients showed mp; contro} with nmde Ten patients
the stable group had previously used tolbutarmde Of these, only 3 had
proved on tolb de, whereas 7 1my d on This

13 used 05 gm, 6 used 075 gm , 3 used 10 gm, and 1 used 15 gm daily
Final adjustments in dosage have not yet been made

Summary

W e could neither control the hypergly cema nor prevent ketosis with chlor
propamude m 7 labile diabetics Thirty six of 43 stable diabetics were

Tled better with chl\ than with previous therapy ~ Although
the mortahty and morbxdny rates were high, chlorpropamide could not
be of liver, ! or thyroid function

could be delermmzd Duarrhea, pruntus, and anorevia each occurred in one
pattent  Neither the amount nor the duration ol wmsulin therapy correlated
with the hypogly cemic rcsponse to 7 Some tolb fa1l
ures were by ch The dosage of chlor
propamide averaged 05 gm datly

Acknouledgments
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CLINICAL EVALUATION OF CHLORPROPAMIDE
IN DIABETES MELLITUS

Ismael Canessa, Sergio Valiente, Inis Mella

Departamento de Nuiricsion y Diabetes, Servicto de Medictne Profesor Armas Crn , Hosputal
San Juan de Dios Santiago, Chile

The use of the sulfonylureas for the treatment of diabetes mellitus 15 now
well accepted  Numerous studies dealing with the indications, contraindica
tions, and chmcal results of oral treatment with carbutamide and tolbut
armde have been pubhshed Therefore, 1n a climcal study of a new drug
chlorproparmde, 1 propyl 3-(p chlorobenzenesulfonyl)urea, 1t seems unnec
essary to survey the literature, even for the sake of comparison, since the
fundamental therapeutic data are so well known

MATERIALS

Chl de was ad to 80 diabetics (38 males, 42 females)
The ages of the patients, dates of onset, duration of diabetes, nutritionaf

Tasie 1
AGE AND NUTRITIONAL STATUS IN 80 PATIENTS TREATED WITH CHLORPROPAMIDE

Agen years

Nutntional status Total | Percentage

<20 |21-40| >40

Obese — 4 4 600
ormal — 5 9 175
Underw eight 2 5 1 225
Total 2 14 64 100 0

Age of onstt
<1] 15 |610]11 1o, 1620
— 25
<20 — 2 —_ —
21-40 3 8 4 gi ;
>40 6 19 12 15 3
Total i 9 29 20 15 7 100 0




Canessa et al  Clinical Evaluation

Tapie 3

CoupricaTioNs 0F DIABETES AND \ssocratep Discwoses v 80

WITH CHLORPROPAMIDE

753

Parrents [REATED

Complications or associated dhagnoses o of cases
Retinopathy 2
Nephropathy 17
Atherosclerosis 42
Blood hypertension 15
‘Tuberculos s 9
Other diagnoses 10
Patients with 1 or more compheations or assoctated diagnases 53
Patients without complications or associated diagnoses 27
4
THERAPY PRIOR T0O CHLORPROPAMIDE 1N 80 PATIENTS
Prior therapy No of cases
Insulin treatment 6t
Tasulin only 3
Insulin and oral treatment (nonsimultaneous) 26
Oral treatment only 3
New cases without treatment 4
0ld cases without treatment 7
Total 80

YEARS 02 INSULIN AND DOSE 2 61 PATIENTS TREATED WITE CHLORPROPAMIDE

Dose of insubn (an )
Years of wsul Total

<20 {21-40] >11
<1 ‘ 3| 4|18
1-5 4 15 1 20
6-10 =1 81 9
1-20 1] 5|1 7
Not determned 3 s | =17
Totat s e
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condition compheations and asspoiated maladies, and previeus treatment
are tlustrated an TaBLes 4, 2, 3, 4, and §

MEeTiOD

Tharty four cases were frst treated while hospitahized, atl the other cases
were outpatients  The diet, adjusted to the thearetical calone Tequitements,
vazed between 150 gm and 250 g of carbohydrates  The imstiaf dosage
of chlorpropamide was 2 gm (23 cases) and 1 5 gm {5 cases) darly, based
on the usual dosage schedules for the other sulfonylureas  As our evaluation
continued we found that we could reduce the witial dosage to 1 gm (49 cases)
and G5 gm (3cases)dasly  In general, drvided doses were employed, exeept
during the muntenance penad, when the dose was reduced 10 0 25 gm daty
In the case of 2 patients, both chlorpropamide and wsuhn were gven

The outpatients were esamued weekly at first, and then monthly  In
these cases the blood supar was deterrmuned dunsg 2 fasting state and unine
sugar wos determined from a 24 hour poeled sample (glycerma determmed
by the Solomos method) Before and dunng the course of treatment tests
were made of bepatic, hematopoietic, and renal functions (focculation, atha
line phosph prott B Y retentsos, h and
complete urine tests)

The first dose was adnumstered as a single dose and the hypogly cemic
actson of the drug was determuned in 76 cases at 3, 4, 5, and 24 hours {selec
non test)  On the bass of these results the potency of the drug was estib
Iished  The pauents fasted dunag the first § hours of stud)y  In addition
to obsersing immedate action, n& wished to determme whether the resuits
of this test would relate to the results of prev:ous treatment  Serum chlor
propamide also was tested dunng the course of the treatment *

Resuts
v pogheemic Actson of the Drug

Selecion test  Response as abserved tn the selection test was based on
Blood sugar determimnations on satuples taken § hours after the mual dose
was admumstered (fisal glycemia) On the basis of our prior expenence
with other sulfonyfureas, the result was classified as good when the final
blaod sugat was fower than 160 gm per cent or 3 drop of mare than 50 per
cent from the mtial fgure occurred  The result was considered fate when
the blood supar was between 161 and 2 gm per cent or when 2 dzap of
hetween 25 and 50 per cent from the wmtis] figure occurred, the tesult was
termed poor when the final blood sugar was aver 2 gm per cent or % hen z
decrease of less than 25 per cent from the mtial figure occurred

A sigmficant hypoegly cemic effect appeared i 57 patieats {68 4 pet cent},
the other 24 did not sespond to thedrug  FioURE | presents the curves of the
average values obtasned 1n the patients nho responded 1o and those who ;ixd
not respond to the drug  The tests catned out with 1 and 2 gm of chior-
propamude are shown separately  The greatest decrease in Lload sugat m:S

* Using the techmgue communicated to us by Chas Phizer & Co Tac, Beooklyn, N
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n o . R %o nd 1 am vacnes
the other yl chiorprop: has an d. hypoglycemic
action
——ws 2 gms (13 responsive patxents;
2I7°°7, 1 gm. {39 responsive patients
e - -« 2 gu. (5 nonresponsive patlents)
240 o < 1 gm. (19 nonrespansive patients)

D SUGAR
kLo S PER CERT

MILLIGRAM

!ui—

— .
1 2 3 4 5 2%

TDE IN HOURS
Fiovze 1 Average blood sugar response to d flerent doses of chlorpropamide

TABLE 6 presents the results of four selection tests conducted on patients
who recerved chlorpropamide 1a which serum levels of the drug were also
determined at the same time

It may be seen that i the 3 cases with good hypogly cemic response there
were cona lerable quantities of chlerpropamide in the tlood during the early
hours of the test These values ncreased even mare at 5 hours The
increase 15 more rapid 1n some cises  There seems to be a peniod of latency
of action since the blood sugar values rapidly fall at § hours after 0§ or
1 gm are admumstered even though in the serum at the 3 hour determina
ons there are greater quantites of chlor) Topmide than are usvally obsery ed
1 patients who hasve responded to the drug and are recen ing maintenance
do age  The case with poor response (case 4) showed serum chlorpropam fe
levels at 3 an1i at 24 hours that were higher than these obtained 1n other
patients who had a favorable response  In addition to the usual differences
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Tame &
CrIORPEOPANIDE SERCM LEVEL 4D BLOOD Spoax RESFONSE pw 4 Parivs,
APTER ADMINSTRATION OF A Snote Dose o2 10 our ’

4 3 Hours 5 Hours 24 Hours
@ Hour
Hood Serum Serum Serum
sugtc | Blood | chlorprop | Blood | ehiorprop | Blood | eblorprop
sugar amide sugar amide Sugar 2mde
mg e % mg %
5 i

Case 1 222 | 166 103 114 g2 125 6 5

Case2 | 66 153 39 143 510 190 9&3
Case 3 108 | 200 640 119 933 {Notdone| “ot done

Case 4 210 [ 267 1 741 190 | N\atdone | 285 678

]

Case 1 Record 492 (£ R) Case 2 Recard D0 (C Z)
Case 3 Recard 501 (E M) Case 4 Recard 3RU(P V)

Tapsx 7
Tie of CHioRPEOrAMIDE TREATMEVT RFQUREp 70 OTay Covizorn or Buwop
Sroar ov Grycosvria®

Blood sugar Glycosumia
Time of ‘
Ereatment No cases Percentage | Mo cases Peccentage
i Tacal Total
ngtlgm‘ 2gm(13m
st Veek s {1 [ 2 g 58 g | 1213 58 4
2od Week ‘ 3 12 17 Q 3 2 1 1 25
1ed Teel |2 2 | 4 73 — 1t it 19
1th Week — -~ — 1 31 4 75
5th Weck 1 12 36 1 31 4 75
Total b 5> cCases we 53 Cases { 98

* Rlood sugar below 150 wg per cent no sugar in 24 hour priae specumen

m yesponse that can be expected due to the different degrees of duabetes,
there also may be vanations caused by differsng rates of absorption and
excretion

Normalization of blood sugar and diseppearance of sugar from ihe urine
Blood sugars were returned to pormal levels in 55 of the 80 patients  Of
these, 5§ per cent occurred 1n the first seek (16 per cent i the first 4 days),
and 31 per cent m the second weeh  Disappearance of sugar from the urine
occerred at smtlar tumes (camee 7) There nas o evident difference
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Letween those cases receming 2 gm or those recenng 1 gm dunng the
mial treatment period  Compensation was somewhat miore prompt i
the hospitalzed cases than i the outpalients, possibly because of better
observance of the dset

Clisiscal Resslts

Rewults ate classified as good, fair, and poer  This s the same standard
as 1« used 3n ather pubhications of thus department, with the omsssion of the
categary excellent, no curves hawing been taken for po-tprandial blaod
sugar duting the dav (TsB1E 8)

Tasee 8
Stavparp OF Piazrmic Contnor®

Fasupg 24 Hours 2 Hours postprandiat

|
Control blood sagar | glscosunia |

mg percent|  gm me per cent

- - N
Exceftent {150 o <180
Goont <150 o | <115
Far | 150-200 <l <25
‘ > 250

Poor | >200

M
g

* 180t 200 gm of carholy drates m the dict

REsULTs 07 CHL0RPROPAMIDE TREATMENT 1N 80 Patiehrs

Results Y Lasrs( Dercentage

- . | -
§
Good "y | Bm
Fair 23 875
Poot o 16 2>
Totat =, 0060

The yesults b e been analyzed i relation to ceveral factors the ageof the
patent- age of onset of e dinerse, duration of the disense the patient’s
putrne stafe, Lompheations and nworsated diosders previous treatment,
espeasth sitls aeulin, mtroductory amd mamtenance dowe- of the drug and
the verum level of the drug  The re-utts of the <election tests have been
compared abva with the results of the trestment

The analy s> has not tehen wto account the differences 1n reaction betneen
youthful dabetics and middle-aged obese dabetics, thewe differences are
welt known, but tn practce 1 1s dufficult 10 clasafy many patents actording
to nmd catepories nithout dong violence to the facts of the cace  In the
pre-ent amaly<is greater emphasys has been gnen to the nutntonal state
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of the patient a fact that can be determuned readily  Results of treatment
are presented 1n TABIE §

In practice accordimg to the criternion adopted patients tn whom we
observed esther a good or a fair response were considered subjects for Jong
terra treatmen wath this reservaton the faur cases must be subject to ngid

observation since it 1s possible for such cases ta develop i €s as
time passes € en when such development for
example as Gretary d oo hat
annre ith

1g¢ as Related to Respornsse

Treatment faifed 1y the 2 patients under 20 years of age  In the 21 to
40 year group and the group over 40 the percentages of good cases are equal

8 good
£] Fair
% Poor

re

(123

504 -

NUMBER OF CASES

204

o - V2 41+ Years
-0 2 te R Gases

Ficome 2 Age and resuls of chlorpropamude treatment io 80 patients.

but the fatlures ave more {requent 1n the younger patients (2]1 4 amﬁ fiZasepf;
cent respectively) Tihs tendency reveals a defimie corsel :u;gn : a(‘lg .
response but one that probably would have been more stahing

number of patients snvolyed been greater {F1GURE 2}
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Ouset of D abetes as Related 1o Result

This1sa complex factor  Aside from considening the special charactenstic
of diabetes this factor includes an unknown the duration of the disease
Nevertheless both factors suggest the same conclusions that d abetes in
younger patients 1s habitually refractory to oral treatment and on the other
hand that there 1s a possibility that the disease existed for a longer period
of time 1n t! 0se who develop diabetes while young (2mong our patients were
23 more than 40 years old :n whom onset of the disease had occurred between
ter twenty first and fortieth years) It was observed that when the onset
of diabetes was between 21 and 40 years of age the percentage of good results
was 47 8 per cent 1n those n whom the onset of the disease occurred after
the fortieth year good results were obtained 1n 60 per cent of the patients

Duration of the Disease as Related fo Response

The groups are rather small for a ngorous statstical analysis but the
nfluence of duration of diabetes seems to be considerable in patients treated
with other hypoglycemie drugs

Of those exhilating a good result 89 per cent were patients whose diabetes
was of less than one year s duration  Of 22 patients who had had diabetes
for more than 10 years 12 responded well to chlorpropamide while the
remaining 10 showed a fair response  This result may be due to the mter
ference of factors ott er than the duration of the disease Tt may be probable
that duration of the d sexse has little or no durect effect on the result abtained
with treatment It may be of importance 1n long standing cases in an
ndirect manner such as its mfluence on modifications of the nutntional
state that frequently deteriorates in patients not recelving constant treatment

Tffect of Previous Treatment on Response

Of the 11 cases that had never been treated with insulin or other measures
T ~ o . '
1 '

'
of the 13 farlures had recened msubin previously and 6 of them abo 1ad
recerved treatment with sulfonylureas However this result should not be
regarded as a direct consequence of the previous treatment factor exclusiely
since 90 per cent of the thin underweight patients had required msul n
previously but only 70 pér cent of the obese patients had recenved 1t and
the nfluence that the nuinuonal state constituhion and ype of dubetes
exert on the respanse 1o oral therapy 1s well known

F1cugr 4 shows that the duration of insulin therapy constitutes an adverse
factor on the response to treatment with chlorpropammde  In fact 55 per
cent of the patients who had used insulin for less than § years had gool
esults with ehlorpropamide and only 2> per cent of the patients who had
u edinsulin for more than 5 years had such results 1t should be noted that
i the latter group more than half the patients inttially had a fair response

In regard to msulin dosage even though the patients who receine high
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dosage are few we found that i the 7 patents studied who had recened
more than 40 U daily there was ho cree m which good results were obsers ed
vith chlorpropamide therapy  We ob 44 farr and 3 poor sesponses m
spute of the fact that 4 patients were obese 2 of pormal weght and only 1
was thin  This would confirm the fact thaz hugh tosubkn dosage 15 an ad
verse factor  The number of cases studied 1 our espenments 1 too smal}
o permit 0 analysis of the combined effect zesutting from the size of the

[ caoa
B Fair
120 M 7/ f % Poor
9
4
20 j /J
70
& 312
I 4o
& 5
I BT
4o
0 9 55
497 |52
26
104
I
sl Oral Total
Ho treatzent Ina n Py A ot

FioxRe 3 Pror therupy anlre alts of chlorprepamide treatment in 80 pattents

msuhn dosage recened and the number of yeats insuhin had been adminis
‘o th the
It 15 1nteresting to campare resuts of other 1y pes of oral therapy w3
tesu‘I:Z abtained &uh chlc?pmpamxde ‘TanLE 10 presents the m;u:‘;smtzztea:::g
using chiorpropamide and other omaily apphied agents (c.’:rI ;; mide and
tolbutamude} on 29 patents It may be absenved zha; r{:r rspmﬁ" ude
txought about compensation 1n 9 of the 14 cases that were an: e ender (he
other drugs and achieved good results sn 3 of the 6 cases \hla ‘x‘r: ¢ mereh
fair under the other deugs  This 1s & fact of grext xh‘:ape;x ;;1 i ‘?!t ]
smce 1t offers the possibility of treating pataents who have !a}\x e
to other forms of oral therapy  In TbLE 111t 3 be seen tha
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X ‘aBLE 11
£scLrs of Treamnzng wisw 3 Hyroorvermic Deues

t Carbatam de ‘ Tolbutam de Chlorpropamide

No cases}l’ercenlzge o cases] Percentage | o tases) Percentage

L
§

Success* 169 84 56 78
Failure 32 16 b2l 272 ﬂ ﬁ ;
Totat m 100 7 o0 © 80 008

* Incinding good and faix vesults

O good
mgair
190 i
€25)
- 14,3
& 3125 -
. # 357
E 114
a
o 5 e
&
401
o 1625
20- 50
10
P} S— S—
Obese Worpal Underweight
48 E¥3 18 Cages

Froonz §  Results of chiorpropam de. treatment and putntive status @ £0 patients

espenence af the authors 18 that chloxp de has d atself
1p be as effectne as or mowe effectn e than carbutamude and tolbutamde

sn the control of dizbetes
Efecs of N strteonal Conditron on Response

From PICURE § 1815 obVIOUS that the highest percentage of success {62 5 per
cent) was obtamed n ohese patients Just asis the case with the othet sul
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fonylureas Lven 1n the group between 20 and 40 years of age the percent

tha crana nf th<

AS 4 MAlter Ol 1L Ul USL Ok LU L

impossible s nce they were generally already recewmg a muderate low
calory diet to conform with their acuvity and they still required medication
to control their blood sugar levels

Effecs of Complacations or Intercurrent Disorders on Response

In general the presence of retnopathy nephropathia and tuberculosis or
other conditions d d not affect the response to an appreciable extent as com
pared with patients who had no pathology mhe[ than diabetes mellitus

~ bar  anf B

1
that 7 of the 9 tuberculous patients benefited from chlorpropamde

Effect of Dosage on Response

There was no apparent difference 1n response to an mnitial dosage of ether
2gm orlgm the latter dose obriated 1n part the appearance of secondary

LE 12
MAINTENANCE Dose anp RESULTS OF CHLORFROPAMIDE TREATMENT IN 67 PATIENTS
Maintenance dose 1n mg
Result Total
125 | 250 | 500 {1000 | 1500
Good 2 12 15 13 2 4
Far — 1% 1 4 | 2
Total 2 12 18 29 \ o 67
Percentage of Cases 3 18 27 43 l 9

reactions especially of a gastromntestinat digestine nature  Tarre 12 inds
cates the maintenance doses employed groujing the patients according to
the results It should be noted that among the 13 failures hugh doses (2 gm
daily) were used i 7 cases 1 5 gm dosesn 5 cases and 1 gm 1n only 1 case
These were considered farlures only after 10 or more days of treatment with
these dosiges thus ensuring that therapeutic blaod levels of the drug had
teen reached  \evertheless despite the high do ages that often produced
wntolerance as with the other sulfonylureas poor responses were obtained

onlv 1n thowe patients who were not susceptible to oral therapy for vatious
reasons



764 Annals New York Academy of Sciences

Response as Related to Observation Time

Of the 80 patients studied, treatment was continued m 67 (the 13 fail
ures having been excluded) Of the 67, 62 undernent 30 or more days of
treatment

We record a fact known from treatment with the other sulfonylureas in
some cases, the results change from good to fair or poor as time passes
generally within several months Such patients represent the so called
secondary failures If one eliminates the cases 1 which decompensation
15 caused by persistent violations of the prescribed diet or by ntercurrent
disease, one 1s invarrably left w1th cases for the course of which an explanation
1s difficult  With chlorpropamide 1n 15 patients whose treatment was con
tinued from 90 to 210 days, we did not observe this secondary failure phe
nomenon, however our obsersation peniod 1s still relatnvely short

Response as Related to Serum Letel of the Drng

From T1aBLE 13 1t may be seen that the serum level of the drug vaned
from 61 to 12 mg per cent 1n 26 of 34 cases that responded to the drug
TasLE 13

SeruM LEVELS OF CNLORPROFAMIDE IN PATIENTS RESPONSIVE Te THIS DRUG
DETERMINATIONS ¥ 34 PATIENTS

Serum levels of Total
chlorpropamide
1500
B — | 4
HA 1]
9 1-12 v
12 1415 t
21 1-21 -
“Total 3 H

rent wndication that this serum level was related to the
;\;;l;l:;:ealng' l:}e):lament Two cases recerving 250 mg of chlorpmp:m}x)dc
daily had blood levels that did not differ from those obtained \vxﬂth 1g] e:
dosage so that this smaft mamieHATRR dose appeared to he 35 effectnne a
the higher dosage
Comparison of Clinscal Results with Earlier Seleclion Tests
d toa degree,

fony lureas may be predicte
Response to treatment with sulfon; lurea: ¥ L
g

by studying the hypogly cemic response obtained with a stngl
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It can be seen from TABLE 14 that of the 40 sefection tests i which good
results nere obtained, only 3 had a poor response to chlorpropamide  How-
ever, 1t was 2lso observed that 1w 21 patients who shaned 2 poor respanse
to the selection test, only § actually showed a poor response to treatment,
which renders the test <omenhat valueless when 1t is compared with the
clmcal indication

Of greater wterestas the test with regard to thin, malnounshed patients
71 may be observed that in this group the resuit of the test comades very

Tasie 14
Seepefiony Tesy, NUTHTA? STATCS, AND RESULTS OF CHLORPROPAMIDE
TREATMENT 1% 67 PATIENTS

Olese 2 Normat Undet weight
Selection T o 7 Total
»
\Good Fare { Toor \)Lw\l Tair | Toor | Goad | base § Pooc
JEUES DU P __ S S
Good juls { 744 J ERR A O L 2|~
Tar 2 2 - -~ § ~ 1§~ - t 1 6
Foor ; ¥ Tt - ~ |~ t 4 2
Tatst ! 2 9 , 2

well nith the response to treatment  The 9 cases with good trests all were
susceptible to treatment, of the 5 tests with poor results, m only 1 case
nas the result of the treatment fair, the other 4 cases heing falures  Our
expenence with thin patents indicates that the test 15 one that provides
a2 tapid means of sefecting those patients susceptible to oral treatment with
Horprap waide

Side Reactions

Side reactions were observed i 2% pauems One thitd of these patients
presented 1 symptom only, one third o }
ousty and the tast third, 4 or more aymp\oms

PRI

m
s
15 cases {hendache, asthema, drossiness, dizzmess or vertigo, and muscular
pams)  The most frequent svmptoms were epigastnic distress (16 cases)
and asthema (14 cases)  The frequency of the other symptoms vaned
hetween 2 and 7 cases

Cutancons mamfesiations were mild T 1 cace they drappeared <pon-
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In the 15 patients who extubited general symptoms, these were mild
60 per cent, moderate 1n 15 per cent, and intense i 25 per cent of the cases

Side reactions usually appeared between the third and fifth days of treat-
ment (range 1 to 11 days), and lasted 4 to 5 days (range 2 to 14 days) They
generzlly appeared when the patient had received a total of between 5§ and
10 gm of the drug (range 1 to 16)

With dadly doses of 2 gm we observed reactionsin 38 4 per cent of the cases,
with 1gm, 1n 21 per cent  With a dose of one half gram only, we observed
1 case of pruntus (which disappeared spontaneously) and no other reaction
The reactions were twice as frequent 1n the patients who responded poorly
to treatment  This 15 understandable, since these patients received much
higher doses for a longer period of time 1n an attempt to control the diabetes
Six of the 13 failures accounted for 31 per cent of the secondary reactions
observed

Since more than 70 per cent of the side reactions were mild or moderate,
and since two thirds of those affected presented 1 to 3 symptoms, 1t was not
necessary to suspend treatment 1n the majority of the cases  The sy mptoms
disappeared spontaneously or, when the dosage was reduced, 1 25 per cent of
the cases m only 6 cases wasa P Y of necessary,
usually for only 2 to 3 days The treatment was discontinued completely in
only 2 cases and, 1n both of these patients, intolerance to the drug coincided
with therapeutic falure  To some patients we administered the drug n wafer
form, which suggested (to the patient) a change of medicatron  This was
followed by the rapid disappearance of epigastnic distress 1n patients pre
viously reporting this symptom  This occurrence suggested to us the pres-
ence of a psychological component that may have been responsible for the
oceurrence, intensity, and prolongation of side reactions, especially in neuro

. . e

pat SO

du

10 2 ane o -

o ' et It takes the form of a
palpitations and, more

violent and prolonged

1 te tetraethylthwram

e of bloching

l;m:lﬁ.der( buse), and can be preted as a conseq)
the oudation of alcohol 1n the acetaldehyde phase
Tt 15 therefore necessary to prevent the patient frotm consuming any alcohol,

even n food We should note at this point that there were patients who
* 4 «f alanbinl {1 ne) at meqle wathout sustamimg

‘ccur, so they contmued to use a small quantity of Wine
" One femalg pattent complamed of hypogly cemrc sy mptoms, % uhl:)ul labug:
toty confirmation since they occurred while the patient was at Omi) n
two occasions we noted moderate hypoglycemia in other patients 50 ne d
these was a young tuberculous patient, thin, with a diet providing 250 gm
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carbohydrates  He began treatment 1 mtense decompensation which has
been controtled exclusively by dietary means

Timally, one patient without alceholic, hepatic, ot bihary antecedents
showed 1cterus of the cholangiolithic ty pe after 18 day s of treatment  Since
this case 15 of especial 1nterest, we reproduce the case history

Patient aged 44, male diabetic since 1952, controlled 1n a very nregular
way with protamine zine nsulinand diet no vesicular of hepatic antecedents
On'Apnt! 1958 treatment wasiutiated with 2 gm daily of chiorprapawide

Tanee 15
Trsre
Tests 3115 \ 4/19 53 | 4/23 58 & 5 2458 ) 5/22/58
Chlorpropamide dose (2gm daly 4 1 38 reduced 10230 mg  twice daily
4/11/58 continued 10 4/18 58)
Prhrubin darect 4 men 03 18 ovs 01 L a3
otal 05 33 14 s | 1o
Total chofesterof 08 o 431 ne -
Alkabne phosphatase 12 107 {107 w7 | 32
langer) flocculation 1¢st (=) {~) =) (=) {~}
Prathrom! memm, 100% no 005 | ne —
Bromsulphalen test® 76% no o o or,
Mucoprotews no no 46 no no

* “ormal retention less than G per cent at 43 man

pain without radiation and with no correfation to mgestion of food al o
anotena dark unne and dicolored stool were noted  On Apnl 15 1938
conjunctinal and cutaneous Jaundite appeared ascocated with moderate
prurtas  Protc to treatment wich chiorpropamide the patient had <hown
normal results m the following tests unne examination hemogram <eds
mentation test tnhrubin determination, alkaline phosphatase test floccula
tion test Bromeuiphalen determination sreatimne clearance and phenol
sulfonphthalem test Il was rehoupitahized on Aprt 18 1938, and
chlarpropamide was discontinued

On physical examination the patient was conscious and liad pube 70,
regairr artenal pressure 110 70, no fever good general condition moderate
teterus of shin and mucosa hepatomegaly of two fingers’ breadth under nib
fine_«pleen not palpable  Other examinations were normal

The finer went down 1o normal «ize two days after admision and the
wterus diappeared chmeall 1% 1o et ot Zu
was dincharged on May
nsubin daty  Colecystc
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propanude treatment was normal, and the patient has remaned m good
heaith up to bus Iast exammation {August 23, 1958} floceulation tests, nega
tive, bilirubin determmations normal, and Bromsulphalein retention at
438 munutes 3 6 per cent (normal, less than 6 per cent)  We were nat able
fotally to exclude the possihibty of a hepatius of virus ongr, frequent w
our environment but from the time of appearance, the cholangiolitsc charac
ter the brief duration and the subsequent course we are nelined to mterpret
the case as an wcterus of tovic onigin {TABLE 15}

Laboratory Determinotions

Hanger reactson The banger reaction was detezmined 113 23 patents In
243t was negamve and remaimed se throughout 1ests made from 20 to 210
days after beginning treatment In 2 cases it was positrie and persisted
from the begiumng for 27 and 28 days respectnely  Suspension of treat
ment was consadered for these two patents

Alkaline phosphatase  This enzyme was studied 3z 21 patients  In 18,1t
semained normal between 30 and 210 days of treatment 0 2 casesst increased
moderately, but became normal at 20 and 28 days, tespectnely, and it

@ considerably in t case {chok fitec icteras)

Bromstdphalein setention  Thirty seven patients were studred m this
connection  In 27 cases the results were normal (less than 6 per cent}
betneen days 30 and 216 of trestment  In 3 cases o which the percentages
were moderately increased before imtiation of treatment, values becawe
normal within 52 and 70 days  Three cases i which Bromsulphalemn reten
t1on had been 1ncreased did not change during o caurse of treatment lasting
56to 120 days  In 3 cases that wese normal before thetapy, very moderate
ncreases occurred m 65 to 107 days (8 3 to 7 & to 104 per cent)

Profhrombrs  This factor nasstudied in 27 cases  In 25 cases, it remamed
normal between 30 and 210 dags  In 1 case there was a moderate decrease
at 84 days {without alterations in othet tests)  In f case there nas a decrease
that lasted for 7 days before sreztment was suspended becanse of an inter
venmng ilness

Hemogram  The blood picture was studied m 47 cases  In 3 cases we
observed mod but di 10 the erythrocytes between
30 and 105 days of treatment  In 1 case there was a 1 ery moderate decrease
1n leukocytes [3200) after 60 days of treatment

Urine  Alterations were observed tn only one case, where athbuminuna
(064 gm per cent) appeared after 80 dzys  The wterpretation of ths case
wsdifficult In the 5 cases i wch albuminuna bad existed presiously, there
was no modihcation up to 30 to 120 days of treatment

Discussion

The most siguificant facts encountered m this chureal test of chlorprop
amde are the evidence of greater activity of this new sulfonylurea and the
increased frequency of secondary seacuions when the rarunal effective dose
ysexceeded  Other aspects of chnncal response are ¢
atth the use of sumilar sobstances, a5 may be deduced

Te vame as those obsers ed
from analysis of data



Canessa ¢f ol Chnical Dyvaluation 769

m relation to age, nutnuonal status, and the other vanable constderations
always tahen mto account in the eral treatment of diabetes mellitus

The greater activity of chl 5 1y a e of the
fact that 1t rapidly reaches effectne levels 1n the blood pmbabh a result of
1ts being excreted slowly  This al<o explains the general symptoms obsered
when doses higher than necessary are used, as found with the first patients
we treated The digestne symptoms, on the other hand, especially the
eprzastnc distress, can be attnibuted to a defimte direct imntating action
that probably comes from the presence of chlorine 1n the molecule It should
be noted that most of these manifestations are only of mild or moderate
ntensity and of short duration, they usually disappear even with continua-
ton of therapy  From a practical vies point, these mamfestations do not
constitute obstacles to the chinical use of the drug except for an occasional
patient who in our expenence, usually 1s also a therapeutic fuilure

Exammations of blood and urine and tests of hepatic function revealed no
significant modifications 1n observation periods lasting up to 210days  The
only serious complication might be represented by a case of hepatitis that
rapidly ran its course since that time no sequelae have become obvious

Like the other <ulfony lureas, chlorpropamide 15 active within a few hours

. f .

alcobol 15 ingested during therapy  Apart from the practical interest and
importance such a fact has 1n areas where the consumption of a moderate
and permutssible amount of alcohol 1s habntual with meals, there i a theoretical
consideration m that 1t reyeals another aspect of the action of the sulfony!
ureas, ope by which they directly modify the intermediate metabohsm,
acting on the enzymatic processes
Foal o %) Tha

e~ 1t . 13

senve only to vary the absolute figures for successful results to a minor degree,
at the same time stll permiting comparisons to be made among vanous
drugs

Smnuary

Chk di d to 80 diab (38 males apd 42 females)
Two of these pmcms were less than 20 years old, and 61 were older than
40 years 48 were obese 14 of normal weight, and 18 underseight. The
diet contamed 150 to 250 gm , mawntenance dosage ranged from 125 mg to
10gm  Patients were obsersed from 30 to 210 days W ith the mitial dose,
the 1immediate hypoglycemic effect was studied on a fasting state The
greatest decreace in the blood sugar level tool place at 5 haurs 1n cases that
responded (selection test)

Dusappearance of gly cosunz and lonered blood sugar levels were obtained
1n 38 per cent of the caces i the first weeh and in 31 per cent in the second
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week  Resuits of treatment wefe good 1 55 per cent, farr n 29 per cent, and
poor in 16 per cent  In the group exhbitang good results, 75 per cent were
obseried for more than 60 days, 66 per cent of the cases were matataned an
a dosage of 500 mg or less (plasma chlorpropatnide ranged between 4 6 and
98 mg /100 ml )

Results nere correlated dizectly with nutnitional status, age of the pauent
age at onset of the dizhetes, and absence of prestous treatment  An inverse
correlation was found to duration of treatment and dosage of insuln No
correlation was found to duration of diabetes mellitus

There were secondary reactians w 24 cases acluding sk (3}, digestue
(20), and general mamfestations (15)  Such symptoms were munot 1 72 per
cent and disappeared spontaseously after a decrease sn dosage of after a short
penod of discontinuation (6 cases} Wath a dosage of 1 gm, 20 per cent
of reactions were gbserved as compared with 38 & per cent when 2 gm was
gnen  One of the patients expenenced jaundice of cholangiohitic type after
18 days of therapy Treatment was discontinuved Alcohol ingestion
mduced anmety, palpitations and flushes 1n 10 cases  No changes were
found in lreer, hidney, or blood forming functions during or after treatment
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CLINICAL STUDY Ol THE EFFECTS OF CHLORPROPAMIDE
ON NORMAL SUBJECTS AND ON DIABETICS
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Institute of Endocrinology and Nutrition British Sanatorsum Rosario Argentina

Smce the year 1955 when Franke and Fuchs published a paper n which
they recommended the use of the sulfonylurea carbutamde {1 sulfanily!
3 butylurea or BZ 55) for the oral treatment of diabetes me]hlus there have
been articles d bing clinical e d d with other

includmg 1 tert butyl (RP 2259) and
tolbutamide (1 butyl 3 p-tolylsulfonylurea or D 860) At present tolbut
amide appears to be preferred by many researchers

In the hope of finding a product that might be useful to all diabetics and
have effecuve hypoglycemic action and a very low index of tovicity research
has continued n that direchion lately there have been tested some deriva
twves of dme especially p (DBI) and
very recently, a new sulfonylurea 1 propyl3 (p chlorobenzenesultonyl)
urea (P 607) commonly referred to as chlorpropamide

The purpose of this article 1s to review the results achieved through the use
of chlorpropamide (P 607) in persons who showed no disorders of carbo
hydrate metabolism and 1n those with diabetes It was administered to both
groups for evaluation of 1ts hypoglycemc actwvity and for determation of
its possible untoward or toxic effects and its therapeutic usefulness

PrLan oF STuDY
Vaterial and ethods

Thirty hospitalized patients who evidenced no disorders of carbohydrate
metabolism and 60 patients with diabetes mellitus from our private practice

TapLx 1
PRATE PATIENTS
Total patients studied 60 outpat ents 56 mpatients 4
Sex male 29 female 31
Age average 51 (range 6 to 76}

ot aly mhother by poghy cemcs 20
Imtially wath msulin

Tatente i more han one group 32
‘Subjects of hormone studies 27

the data on whom are compiled 1n TARLE 1, were selected for this research

which covered a period of 90 days  In the course of this work the follow ng
studies were made

m
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Studies i \ondhabetsc Subjects W athaut Disorders of Carbohydrate Wetabolism

With a view 1o dy the ab and el cury
compound and the ratio between the b!;od concentration reach‘:d :nor; :::
by pogly cemic effect obtamed the subjects of this study were 30 inpatients
(10 males and 20 females) who evidenced no metabohic disorder with respect
;;)c:;ntbohydmtvs and who were divsded 1nta 3 simifar groups of 10} patients

Alter prior stabilization on a prefixed diet {total caloric mntahe 1833 5 cal
carbohy drates 35 per cent 650 cal 1625 gm , protems 21 per cent 396 cal
99 gm  fats 44 per cent, 787 5 cal 875 g} the subjects were respectively
admintstered a single dose of G5 or 15 gm chlorpropamude  In all of the
patients the blood glucose concentration was determined and n 20 of them
that of chiorpropamide 1n the fasung state and 4 hours later 1n the manner
descnbed by Camenm Dévalos ¢f of (1957) The same determinations
were repested an 2 subjects from each group after § 12 48 and 96 hours

Studres of Dhabettcs

Studies were made of 60 patients classified 1n 9 dufferent groups 1th a vew
{0 mvestigating vaneus aspects of the problem most of them were studied
from more than one aspect and therefore appear in more than one growp
This accounts for the apparent dispanty between the actual mumber of
pattents studied and the number resulting from fotakng the members of the
dsfferent graups

Duning the research @ quantitative diet was indwated for all of the patients
the general charactersstics of which were as follons 150 to 200 gm of carbo
hydrate and 75 to 103 gm of proten supplemented by fats mn sufficient
quantities to atwan the total calotic tntale dessred for sack particular patient

Described helon 1s the senes of 5 biochem cal deternunations made sn
addinion o the findings of complete thmeal extmmasions conducted with
a vien to ascertamng the evolution of dmbetes and venfying at an early
stape any disorder that might sccur mn the hematopoietic s) stem or 1 hepatic
and renal fuschion (1) glycemm by Folm and Wu s serum raethod modified
for the determunation of true glucose {2) wremis by Sagastume and Olnas
gasometnc method  {3) complete sxammstien of wnne, {#) penpherst
¥ and (5} } o fuding Hanger s test thymal turbichty
Hounkels test athalime phosphatase cholesterolemts brhrubinemua {rac
tiona) protemnesma and electrophoress on paper

Group 1 “This graup was compo ed of 10 patients who nttually recessed
a dosage of chlorpropamde for 48 hours of 15 gm /day do ded 1nto 2 or
more doses folloved by 1 gm day for not less than 15 days  For the pur
pose of venfyang the occurrence of untoward svmptoms and gastromtestinal
tolerance these patients also recenved at 1atious times and uader dufferent
circumstance, antaods propostioning of doses and admuustration con
currently with ingestion of food

1n 5 patients the drug was benefical and dosage was reduced to a mpmum




Cardonnet ¢f ¢ Chmcal Study of Chlorpropamude 773

effective lesel  These patients were added to the group of diabetics recemving
protracted treatment
Group 2 This group ncluded 70 diabetics who were well balanced with
other hypoglycemic compounds 8 recewved carbutamude and 12 receved
tolbutamide (raBik 2) The mmtial dose of chlorpropamide which was
started immediately after suspenston of previous therapy was 1 gm /day
for 2 days and we attempted to reduce 1t rapidly to lower levels according
to the therapeutic response obtained The purpose of this procedure was
to make a comparatne chnieal study of vanous hypoglycemics 1n relation
to such factors as the efficacy of a dose administered for a protracted time
Taste 2
ge and sex (present age females are md cated in parentheses)
Ages 11010 11020 211030 311040 41to50 511060 61to70 711050
- 2m 9 B(S) 1y
age at onset of diabetes.
\ges 11010 111020 21030 311040 41 '{{50 51 1360 61 «;;70 71 to 80
— - 2 -

Years of d abetes at start of trea ment
Years Recent to 1 1ta2 3 lu 5 61010 11tols 16t020 21to 36
4 1 6 3 1

Body type pykne 1 normal 18 longlnen( 1
Type of d abetes stable 20 (100™) sl 0

Prior drug therapy 1gm 15gm
D 860 — o 3
BZ 55 4 4
Duration of 1 7 or treatment
Less than 6 months 6 months to 1 year 1102 years
8 ]

Prior control good 19 far 1

tolerance and the of proper regulation after of the

dreg

In all of these patients chlorpropamide therapy was continued for a pro
longed period  Five patients from group 1 and 16 from group 4 who also
continued to recerve the drug joined them thereby raising to 41 the total
number of subjects in whom the effects of the compound administered for a

Group 3 This group comprised 9 patients 1n whom carbutamide and
tolbutamide had been mefficacious These patients had received msuhn
and were selected with a view to drawing climeal conclusions on the simular
ties between the different compounds The group includes one case that
had presented a good response but that nas compheated by skin eruption
and icterus
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Group £ In this group were 34 cases who had never before been treated
sith orzl hypogly ceznics, 1 8 of whom no mprevement had been praduced
by dietary Testniction, and who had required wsuln for years for the proper
regilation of their diabetes  The data on the members of this group are
set forth 1n Tamie 3

When wsuhn requirements had been Jower than 30 ¥ , msuhin therapy v as
suspended, and treatment with an average dase of 1 gm of chlorpropamide
was started womedsately  On the other hand, sn those patients who had
recerved mote than 30 U, along with the begwmng of treatment with hypo
gy cemics {125 to 250 mg /day}, the dose of which was then gradually aug
mented, the dosage of isuba was scaled down by a percentage equialent
to 20 per cent of the previous dose every 3 or 4 days

Taste 3
Age and sex {pesent age fernales aTe indicated sn pacentheses)
Ages 11010 {11020 211030 31tod0 412050 51ta €0 611070 711080
3Ey 3dy 1 20 S 1006 86y 2(2)
Age at onset of duabetes
Ages 1told 11ep23 21030 311040 1050 SLindl 61ta 20 7100
§ 1 3 4 g 1 2 t

Vears of dubetes at start of treatment
Years Receat 10 1 $a2 3wwS B0l Mials 16020 2iteds
s 5 12 10 2 3 1

Body type pykme 2, normal 28, longtiineat 4

Type of diahetes stable 25 (75 per cent), unstable 9 25 per cent)

Prsos dose 30U or less More than 30 U
18 6

Duraton of prior treatment
Less than §year 1eeS 6ol 1f1020 Mare xm‘x‘x 20 years
7 1% 12

Priac conteat good 24 far 10 poor —

Group 5 1n this group wese § patents who were well reguiated by dietasy
restriction alome When under therapy, these patients were permutted
a free and ample dset or prescisbed 300 gm of carbohy drates darly for ll’:e
putpose of obserung to what etlent a sustaned dose of chloxp
rangiag from 125 to 500 mg would mahe possible an ad Iibitum diet. They
were administered the compound for penods of 30 days or more

Group 6 This meluded 2 infant drabetics and § juvendle unstayle daa-
betics, in whara thlorproparmds was tested m doses ranging frorr: 123 mg to
£5 gm, at the same tme we attempted to reduce the tased = 3
mmmum

Growp?  The -
function by 1t . wue tompounds had

dy been s . w vi e determination of serum protem

g‘a':zdymdme {tiarher and Humphres’s method), of basal metabolistm, Tﬁnd

of 11 yptahe observed on she gland after 2 and 24 houss, zhe‘pussxhle mftu.

ence that nught be exerted by chlerpropamude, when admnistered over 2

protracted persod in an M erage dosage of X gm dady, was studied "
Group §  The fotlowwng determinations were made 1 10 dmb:ujs, i

a view, to cheching any disorder that mght dceur m fiypophy seal and supra-
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renal endocrine function hypophyseal gonadotropmns by Albright Reifen
stein and Griswold s method urinary neutral 17 ketosteroid by Callow,
Gallow and Fmmen s method and unmary 17 hydroxycorticoids by Reddy
Renkins and Thorn s method

Gronp9  This was 2 heterogeneous group of 8 diabetic patients who mans
fested the special cond: or associated hies listed below

These patients were admimstered chlorpropamide in varyng dosages for
the purpose of observing the changes that might occur in the evisting equilib
rium with respect to the carbohydrate metaboltsm 1insubn resmtance 1

In the last 4 groups control determinations were made whenever 1t was
possible to estabhsh a mimmum effective dosage gradually reached after
mital doses of 250 to 500 mg

RESULTS AND THEIR INTERPRETATION
Studtes of \endiabetic Subjects

The results obtained in this study are tabulated in TaBLeES 4 and § m
which have been compiled all of the blood glucose concentrations and chlor
P le values exp 1 mll per 100 ml of hlaed

From study of the values transcribed 1t can be concluded that chlor
propamide when administered orally 1n humans 15 rapidly absorbed and
reaches efficacious blood concentrations i a few hours  The level attamned
as far as the doses used by us are concerned remamed in direct ratio to
the quantity admmistered and was sustained with proportionally the same
differences dunng the first 48 hours  After 96 hours there was a marked
decline in the values which 1n 4 of 5 cases obeerved failed to show any sig
nificant differences from one another  The decline registered in the glycemic
values was quite prononnced within 4 hours after ingestion since the chlor
propamude concentration had by that time reached at feast 2 5103 Smg 100
ml  we beheve these c 100 are the levels for tk
efficacy  The hypoglycemic action remained evident for the first 24 hours
dimmishing during the following hours despite the fact that there were
effective blood levels 2 fact we ascribe to the alimentary mgestion after
the first day of obsesvation

It must be emphastzed that in this expenment the glycemic decline was
always pronounced but did not remain 1n direct proportion to the blood
concentration attamed by the drug since the latter had exceeded effective
blood levels (greater than 3 § mg /100 ml )

Stndses of Diabetics

Crup ! Seven panents of 10 recenved high doses for several days and
12 took a high dose only mtially Aside from the hypo,tycemic effects
produced in these patients untoward sde effects were mamfested (TABLF 6)
and en vanous occasions some of them expertenced more than one reaction
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Tastr §
<ol {cane

(hlo\'pm‘\ Col me /100wt | Fasting | 4bc | Bhr {12he {24 he 48 he {06 1e

Glucose ws {60 jon (70 { o5 |93 ez

U7 orpropamde] —~ 125 {56 {33 { — {4823

KA R, % {10 {95 & |65 {90 |9
C° ihh‘on\mpamlde — lasi2i s ~ 23iss
T T i Glue R IEER N {105
| ! ;Ci\\mpmp;\mu\e ~ {ssis2is? | — lasi1e
[ e R P ﬁh mle |, u
® Ch‘nrpmpam\de! ~ fr2lse se i~ ise E}i—*

T G {0 w0 e | | & | o0

E M Corprommds] (108 524 lee ; ~ 883t

teee Glucose : CEEE i ¢ 6 90 | —

7 Chlr\rpmp‘.\mld:z — ‘i 16 4 (l wiltot — { IR

Totat Untowsrw Siwe 1 rrecrs Osseoven

Faci) fushing and fevenshness 0

Skin reactioms 4

Dagestave disturbances (pyrosts vepurgilation bioated teehng anotexis) 10
Constipation occasional ympaseible 10 determune accurately

Tleadache 3

Feeling of general maluise with veshgo 2

Increase tn blood pressuce? 2

It & to be pointed out that tenctions of the vasomotar type accompanied
by fevenshness and facial flushing {requently broke gut after wgestion of an
alcoholic beverage, spontineomly receding within 30 min and fathng to
occur when the dose of the drug was reduced or the ingestion of aleohol was
suspended

The slan reactions were largely minor eruptions and on the occasions,
became cvident after the admmstration of a sabine Iaxative  In two patients
3t was necessary to dicontinue the drug, apphcation of which could be
resumed without sude reaction only i smaller doses once the ecutaneous
episode had sebsided

Gastromntestinat dusorders occurring L\rgel) m the upper digestive tract
were the disturk most p ly p: of by the patients
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These manifestations could be relieved with the admmistration of antacids
and proportioning of dosage of the drug prescribed and by the ingestion of
bath at meal times, but the disorders could not be totally elimmated unti
the dos1ge was reduced below 1 gm /day

Some pauents complaimed of constipation, occasional headache, and
malaise and showed an wnerease 1n blood Ppressure, all of these d;sturl;ances
were transitory, and their cause and effect relationship with chlarpropamde
cannot be defined by the present study Tavestigations of ver function
and blood count were unsuccessful in relating any of the above mentioned
disturbances to a possible attack on the hepatie parenchy ma or hematopoietic
system  Analyses of blood and unne urea did not show any significant
changes

Frve patients 1» this group subsequently cantinued therapy with doses of
chlospropamide not exceeding 750 mg /day

Group 2 In none of the 20 patents who had been Kept well regulated
with the use of carbutamde or tolbutamide was any disturbance observed
when the previous therapy was suspended and chlorpropamide immediately

substituted  Chlorproparmde proved efficatious in all of these cases
£ ol 4 e

tolbutamude the effective dosage of chlorpropamide was determined to be
3 umes (in some wstances + times) smaller than that of the hypoglycemic
previously used

Group 3 In 1 of 9 patients in whom other oral hypoglycemics had been
ineflective the same poor results were observed when chlorpropamide was
used tn the other § cases chlorpropamide p d ¥ 1
n cantrast to the results previously obtamed with carbutamide and tolbut
amde It should be ponted out that 1n 2 of the latter patients the falure
of the drug previously used was due partly to untonard side effects that
contraindicated their use (severe icterus) It should afso be noted that on
2 accasions patents well balanced with chlorpropamide required insulin
during the acute penod of an mtercurrent febrite process

Group 4 In 8 cases recening an sufin dose of less than 30 U, it was
posaible to suspend wnsuhn completely and replace 1t with chlotpropamde
On the other hand only 5 patients recerving more than 30 b of insulin
daily could forego the 1njections

In 6 cases the msubn dosage, which had ranged between 40 and 70 U,
could be sgmbeantly reduced (by 20 per cent or more) when chlorpropamide

up this group the additian of chlor

N 1t possible to broaden the diet to

normal hmts wathout untoward efiects It must be pointed out, however,

that repeated dietetic 1ransgressions O €ICESSNE gain in weight contra
indicated the continuation of this leniency 1 the majonty of the patients

Group 6  In none of the 5 members of the group was it possible to suspend

weulin entirely however, 1 2 cases it was possible to reduce the dase b
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0 per cent of the previous quantity when chlorpropamide was alho admins
tered in quantitres of 1 and 15 gm /day respectively In g third case
the reduction of the insulin dose was equivalent to only 10 per cent of the
previous dose but perfect metabolic egmbbnum was obtamed without
hypoglycema which unut then had recurred daly

Gronp 7 1n none of the 17 pauents making up \s group were there any
chiucat £ attabutable ta hypoth The yamations 1
values obtuned after admunistration of the drug for lang periods and i doses

Tnvrown Stupy

{

It

{pereentages) | Serum protenn Rasal
.. bound wodine § mevsbobm | Obseryahons
(ug) (per centy
The {Zhr
b |4 31 + 1
FIRIRTY 4 19 +13 | Hppothyradism
{under treatment}
3 b4 33 +a3
410 41 ~3
S {2} o4 37 ER
6 111 36 z6 +18
T 53 16 + 2
[T 41 —-30
9 +23
0 -2
uiale 91 +30 | Hyperthyrohsm
20N +0
1) 3| % 80 Hypertbyrodism
14 10 34 31 +40
15 ~12
6 P
s 37 +5

( ? favence 1 the sense of func
* e

moo u

reathing stanstically sgmticao.

a shight tendency to dimmsh 1n valne (TaBLE 7)
Group §  The resulis of the hormonat determinations made s this group

af patients and summed up 10 TanLE 8 do not make it posaibile ta state that

chlorpraparmide exerts any influence ont the glandulas funcesons studied
Group ¢ Among the 8 putients with <pecial condutiong, m the patsent

who demonstrated resistance €0 msulin 1t was possible 1o redvee the msahn

dose from 500 to €0 U fday when chlotpropamde {2 gm Jday) was added

to the treatment, this drug also coninbuted 1o greater metaboke stability
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and relieved the patient

i poved the 5‘; sf:;f efe[dthe recurrent penods of chemical atidosss from
The 3 patients with allergy to insulin tolerated this new substance without

inadent  In the patient with the adrenogenital syndrome, in spite of the

extraordinanly high content of unnary 17-hetostermds (120 mg 1n unne

after 24 hours), the response to chlorpropamide was similar to that registered

mn the cases without endocrinological complications

Uns b TastE 8
RivaRY DE ¢ H , NECTRAL
7K D 17 1
Gonadotropins f
Case 17
W | A [ TERETSS | Ganen
‘ To6UL |To96 UL
||
TR ~r | 1 ) -
2 +) (- [ - — —~
3 [SoN (~} 6 41 168 -
4 (+) (=) — — —
5 H* (=) 468 144 —
6 [Cal ) 5 40 698 —
T 34 ) 120 219 Adrenogenutal syn
fome
8 (+) +) 162 798 Menopause
9 -+ (+) 830 341 Menppavse
10 +) (~) 621 182 | —
*Weak

In both patents with functional disturbance of the thyrord gland 1t was
extremely difficult to obtain adequate control, as hiad been the case with all
of the treatments previously employed, because of the accentuated metabohic
instability with marked Ketosis trend constantly present

In the leprous patient the response obtained with chlorpropamide was
to be expected, taking into account solely his metabolie disorder

COMMENTS

Chlorpropamde 1s 2 compound very similar in chemcal structure to
carbutamyde and tolbutamide,

a QSO,N HCONH ~CH—CH:—CH,

the part mcluded 1n the bot draxn with broken
has a propy ! radical mstead of buyl, and that
leus 1t has a chlonne instead of lfxe

having m common wth them
Ines, but differing 1n that it
M ' = == mect Amoof the benzene nucl

an *
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the absence of the ammo radical m chlorpropamuge means that it has no
bactenostatic acuan fos whick reason undesirable chanpes i istestinal flora
are uot registered when 1135 used  This Iact has been corroborated by thi»
study  On the othes hand the aforementioned dwosders of the upper
astromtestinal tracs become comman (in shout 70 per cent of the subjects
studied) when daily doses of more than 1 gm are admpmstered  In o case
did we witness such effects when the dosage did not esceed 750 mg , day

The cusses perinmng to nondibetics reveal the ramd absarption of the
eompousnd and s mathed sherapentic efficsey 1 doses of 85 gm and even
fess since after 4 hours the glycemic levels had descended by at least 20 per
cent with respect to the imtul fevels  The greater quantities resuited n a
higher blood councentration of the drug and m ns sloner ehmination from
the blood strewm tgood concentrations after 96 haurs) whith accounts for
the protracted therapeutic effect after suspension of the drug and for the
hisgh concentrations attained with repeated doses  These observations com
ade wuh other expenmental snd chmcal findsngs (Goldner 1958} 1o the
effect that effectne blood levels attamned after 48 hours slowly drop on
suspersion of the drug untl sts complete elimination from the blood siream
withio 3 pessod of 5 16 Tdays  According te Hewnsen {195%) 50 per centof
an oral dose will stall remam an the biood after 24 hours  Tlus optnion s
<hared by Muller (1958) according to whose expengnce with 2 dose of
1 gm /day the bload concentration mses gradually for a peniod of 1 weeh
and 15 then reamtained ar the lust lesels reached

In one of our cases w which the mamntenance dose was 15 gm day
25 days after the blood chiorprop concentration was 365
mg /108 ml 10 3 other patients secervang 750 mg oy er the same period the
valges were 84 108 and 133 mg /100 mi  respectively  In one of the
patients who recen ed 500 g fday the figure was 94 mg m} on the other
hand m 2 other cases with the same dese the values were 46 mg and $4
mg /100 ml which reveals the :mportance of the size of the dose by stself
and the vananions that can anse accorching to the mdisidusl suscepuibibity
of each patient

Taking the foregoing 1nto actount and sl the facy thar the hypaghycemic
effect hore no duwect relatonship ta the dosage since effecene therapeutic
Jervels had been attamned 1t does not seem hazardous to afirm that the quan
tiies mdieated for clingcal wse should not exceed 750 mg /day whether
single or proporuoned doses the mare so since the ricks of hypoglycemsa and
the onset of untonard side effects become more common with higher doses

Without bemg able to point to & defimte pathogensc mechantsm {perhaps
the of aleaholic deh; mention zhould be made of the
frequency with which we observed a reduced alcaholse tolerance man fested
by feversshness and fzoal flushng, which ceased sith the reductson of the
do e or suspension af alcohal

The posabiity of satnfactonly regulating dsabeties who had previousty
been revennmg carbutamide or tolbutamde successfully was ronfirmed m
06 per cent of the cises studied 1 suck connection and st muyst be added
that chlomprepamude nas abo officacions i tates that had not responded to
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other drugs  This therapeutic efficacy becomes evident with doses that are
usually 3 or 4 times smaller than those of carbutamide and tolbutarmde

In almost all of our case histories the effectne quantity of chlorpropamide
for prolonged treatment was less than 1 gm /day, 1n many instances only
05 gm, and 1n several cases 025 gm and 0125 gm /day were efficacious
This fact bears out the observations made by Root (1958) 1n the rat, when
she showed that chlorpropamide was 20 per cent more active in this animal
than carbutamide and 60 per cent more efficacious than tolbutamde

In all of our cases the blood chlorpropamide concentration was marntaied
at effective levels and, when the doses were 1 gm or larger, the figures rose
sigmficantly, as already mentioned with reference to the results In no
instance was any defimte attack on the hepatic or renal patenchyma or
hematopoetic system evidenced although, on two occaslons, positive hyer
flocculation tests and the elevation of alkaline phosphatase observed 1n
patients maintasned for a relatively long time on { gm of the compound
rased a question as to the harmlessness of the substance to the parenchyma
of the lver when admimstered over a protracted period of time mn high
dosage (see results among 15 patients in TasLE 9)

In general the good therapeutic responses in our patients maintained the
same relationstup with various factors as those reported by Menhert ef af
(1958) with respect to tolbutamide the onset of disease 1n mddle age, small
previcus 1nsulin requirements, short history of diabetes, and recent wnsuln
treatment

The foregoing bears out the therapeutic mefficacy observed i infantile
and jyuvenle patients and n several of those pattents who required insufin
doses of more than 30 U, 1n all of whom the continuation of treatment with
both drugs seems indicated only when necessary to attain metabolic stability
that cannot be achieved by other means, since not only have we been able
to observe a dumnuuion of broad glycemic vanations, but als0 a marked

warding off” of ketosis, which 1n several cases was readily manifested
when mnsulin alone was used

In our cases the reduction of mnsulin dosage among patients who had
depended exclusively on this hormone for regulation ranged between 10 and
100 per cent This bears out sumilar observations Ex:ade i humans with
respect to tolbutamide by Mirshy and Diengott (1957) and by Fabrihant
(1958), which confirm those carnied out m the rat with _ta!butamxde by
Houssay ef @ (1957) and with chlorproparude by Root (1958)

The sncreased metabohe stahility offered by some oral hypoglycemics _has
also been polnted aut with special reference to carbu_lamlde by Izza (l9.37),
to tolbutamide by Fulner ef af (1956), Bander (19_36), Fabrylant {1958),
and to varlous biguamdines by Kralf and Rhute (1958)

It 15 nteresting to note that several patients who were controlled pred
viously with both tnsuln therapy and later with chlorpropamide claime
that they felt better with the latter substance This fact was more pro
nounced 1n children, even 1n periods of unsatisfactory compensation

This feeling of good health made 1t necessary to be extremely vigilant ni to
observance of the prescnibed diet, for patients might easily commut serious
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BLOOD LEVELS OF CHLORPROPAMIDE IN NO
Oor RMAL M.
FOLLOWING CHRONIC ADMINISTRATION MEN

Michael Carlozzi, Domemc G Tezzon, Lawrence Silver
Chas Pf er & Co , Inc , Brooklyn, A 1

As part of a large study program on th
g e efficacy and achivity of the new
oral hypoglycenmc agent chiorpropamide, it was felt that Lnowledge of the
blood levels at various dosages following chronic oral administration would
be of importance We wnere already aware that only small amounts are
e(cre(Q}d ml the unmne ) Therefore 1t seemed necessary to determine whether

serum levels contimued to nse with repeated admumstration or
plateau value would ensue o0 or whether some

Yethod
Three groups of normal male volunteers were

placed on a daily dosage
schedule of either 025, 050 or 10 gm chlorpropanude dally  The group

o~ 1gm DAKY
-+ o3gmoNiy
o~ =0 oz8gm DALY

[P
23552538832

o

CRL S A L
o2 OF ol el
a

o
11cure 1 Chlorpropamde seram levels
taking the highest dose nas composed of 20 men, the other 2 groups com
prised 10 men each A fasting blood satople was drawn on the mormng of
the first day and the drug was admimstered orally immediately afternards
S . PRodR . d B

recened 100 mg daily  The entire group on 10 gm darly had the drug
discontinied at the end of 15 days, and the serum Jes els were followed through
the thirty seventh day  Usual diets were mantatned throughout the study
period escept for added carbohydrates as needed to reheve censations of
weakness and hunger  Analyses of the serum for chlorpropamide were car-
ried out 1h our laboratones by the method of Toolan and Wagner !
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Results and Discussion

The average daly serum levels of chlotpropamude for the three dosages
admimstered ate gven M rIGURE 1 TapLES 1, 2, and 3 show that the mch
vidual serum levels withm each group were spread over a considerable range

L2
Zh00]
E
s
200
H
geooy
H
100]
025gm 03qm 10gm. 20w
oosE
FicurE 2 Log dose chlorpropamide serum level curve
+—— no DosE
© - I00Mg. DIAB NESE DAILY
INIMAL DALY BCSE
Bof A O25gm FOR BOTH GROVPS

MICROGANS PTH W LL LT

7 1A 1920 & 2223 24 35 26 21 28 29 30 31 52 33 3435 36 37
oar

of serum level

Ticvre 3 Ifect of 100 mg daily-—on

of values However, each subject, on a day-to day basis, had reasonabls
consistent values It 1s apparent that at 0 25 and at 050 gm daily the
serum levels reach a plateau n 3 to § days around which there 15 some daily

that the plateau 15 reached somew hat
varnation  Atl Ogm'daxl¥ x_l‘ap_pe:xrs tha ,,AP teau 1s reache e ha
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wderably slower than that for tulbutamide and presumally, accounts for
the more prolonged effect that has been reported  CiCUrEs 3 and 4 demon

were maintained on chlorpropammde at 100 mg daily after distontining the
priar larger daily doses as in those where the medication w15 distontinued

A D RS

S 5100 Mp DIBNESE DALY

W TaL 0ALY 0OSE
"

SauPs.

T8 Y BN ST P TP 300 2 53 36 1934 7 34

Fictne 4

after 15 days  Dunng the wourse of the study there were no subjectine
ot objective symptams observed  However mamy of the subjects did exper
ence hunger and supplemented their diet with chocolate and hard candies

Summnary

Vanous doses of chlorpropanude were gnen orally to normal \clunteers
Serum levels were followed for thirty seven days  No untoward effects were
observed

Referer ¢

U Toouy T &R T Wacwem Jo 1939 The physicsl propesties of :h\mpmpam)de
and 1ts determnation 1n human serum  Asn N Y dcad So T4(Y



SULFONYLUREA DRUGS IN THE TREATMENT
OF DIABETES MELLITUS

P B Landabure, C Delbue, C Alvarinas, N Serantes,
R Camenn D4valos, Gregorio Wanman, A Cabarroy, E Dussel,
F Cicchitts, A Loredo

National Institute of Nutrition Buenos Aures, Argentina
InTRODUCTION

The Natonal Institute of Nutrition of Argentiny first began chncal
imestigation of the sulfonylurea drugs with carbutamide 1n March 1956
The results were reported at a meeting of the Argentine Association of
Nutntion and Dietetics in October 1956 and were published i 1957t Ve
expanded our work to include tolbutarmde, and a report of the results
obtained with this drug was also published 2 Some of us have reported
separately on our experiences with the sulfonylurea drugs 3" Two confer
ences were held on sulfonylurez drugs by the Argentine Medical Association
(in 1957 and 1938) and two special sessions were held by the Argentine
Association of Nutnuon and Dietetics

Theoretically, the 1deal sulfonylurea drug would provide the followmg
(1) minimal gastrointestinal intolerances, with no acute or chronic side
reactions or toxicity and an ample margin of safety, that 1s,a wade difference

between the therapeutic dose and the towc dose, (2) a favorable action m
N M ~utritional

ercurrent
il physio

Jogical mechanism that maintains sugar metabohsm
An analysis of all available preparations reported 1n the literature was
published by one of us m June 1958° and 1s summanzed n TaBLE 1 It1s
evident from the ample hterature of the past three years that we are far
from achieving the 1deal therapeutic agent  For this reason, the appearance
of any ky poglycemic drug mahes 1t mandatory that we determine how close
1t comes to the therapeutic ideal and estabhish a companson with insulin
and drugs presiously evaluated 1n regard to effieacy, dosage, mtolerance,

and possible future effect on the therapy of dubetes
Witk this pownt of view i mmd the Nanonal Institute of Nutntion, the
Chair of Pathology, and the Nutration Chnic, m association with other
Argentine centers for the study of diabetes situated 1n La Plata, Mendoza,
and Cordoba carried ont a study of the climcal effects of chlorpropamide
The method nvolied rigid conformance to the same techmiques at different
places, which mnvests this project with both a umty and a dimversity that

affect the ssigmficance of the results
794
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CaxsFisUs @ \CTION OF AND INDICATIONS FOR DENZIMESULTONAMIDFS®

Benzenesulfonamides, TProbable focus or mode of sction
D N SRR
01 N—Y i
}
N >ts)—"¢~«( £~c~cu. {1) Pancteas
§ NS
o s’ n
» ;
s) l}‘ G H m I\\h.\b:llwn of wsubn degra
i i1
ngc@s»h~n~w~cu,~m,~cu,—cm
¥
O
 aminobenzenesulions thuty furea (9) Luyer enyme systems
ownon

[
u,(‘@aym &R Ol (R CH
~ i Q) Pengheral effect on carbo-
o hydrate metabolsm

# methyibenzenesulions lbuty furea.

Tactors indicating use of
Criterion of case selection =

benzenesulionamdes
(1) Age {2) Ngre than 50 years old
{2 Duration ot diabetes {2Y Lees than 10 ycars
(31 Duration of wsufia treatment (3) Lees than 5 years
) Tosalin dowage 14 Less than 40 U
(5) Constiutionst type 15) Pyhaic, witk abesity and esseatial

bypertension tendencies
(6) Fasting blood sugac level belore treat-{ 6y Not more than 300 oy /¢
¢

men
1y Ketosis rendenty N Rone

* To June 1958

Mateeran axp Mrinops Eyeroved
Characterestics of the Patients Studued

‘Ehe drug was used on 200 patients, bus dasa have been tabulated for only
130 these patients have been treated for 2 sufficient tength of time to peeomt
an evaluation to be made (F1cure 1)

Comstrons Under W huck the Studv Was Conduted

Torm of control  Qf the total of 136 patients whase data have been tabu-
lated, 20 {23 pec cent) were studied wile they were hospitahzed, and 100
{77 per cent) were observed 1n the outpatient depastment  The fatter were
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selected from pauents who assyred us that they would follow tastrection
carefully  Ta evaluate fully the effect of the drug we administered 1t t
patients having various types of dizbetes  After observations of response
were made, we continued our tvestigation of those mndividuals who hac
some degree of satis{actory response to the drug
The diet folloued A nutntiona$ study was conducted m order to acquir
a knowledge of the diet of all patients A dictary mterview was held witk
each patient during « hich a detaslted hstory of hus dretary habuts was recorded
HhoF ~
casss n[
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Tigyre 3 Charactensnes of 130 cases under ohservation

Tretary regimens, with the charactenstics of these normal regumens intso.
duced, were deuigned to provide each patsent with the ealotic value appropn-
ate for lus or her nutntonal status, and to mclude approumately 260 gm
of carbohydrates, thus amount was reduced in certain cases and increased
1 others 1o as muck a5 390 gm 1t s understood, &f course, that the other
s atues—rhose of the imnerals and vitamins~—yere the same as in the normal
Tregtmen 1n every Case

Lrammnatsans end (ests used to evalsate the response to therapy  The obseniz-
tion of each patient 1n the study was carned out under stnict chinseal, medical,
and labaratory control Chnical determimations inciuded body weight,
diuresis, ang ny subjective or abjective symptoms that appeated  Labora-
tary determunations mciuded blood <ugar before breahlast, blood sugar
profile durstg the day, total day urine sugar and usine sugar profile, eust-
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ence of acetonemia, complete unnalysis, protidemta, lipemia, urea in the
blood, hver function tests, hemogram, renal adequacy test and, 1n a sizable
number of cases, hver biopsy puncture'* In the hospitihzed patients, a
study of the carbohyd ol was perl d with the standard
curves (Allbnght’s technique), mtravenous glucose, Intravenous msulin glu
cose and adrenabn msulin  In six cases the action of chlorpropamide 1
mtravenous administration was studsed

Dosage Schedule for Chlorprapamrde

The drug was administered 1n most of the cases in 2 doses {1 after breakfast
and 1 after lunch)  In some patients the drug was given after dinner  The
highest total dosage admimistered thus far 15 71 gm , the longest duration
of therapy 130 days Al pauents are continumg on thewr respecune dosage
schedules

Teclmques end Standards Used

Addis counts were made by the usual techmque  Blood tests were made
as follows urea, modified enzymatic technique of Wrenn, glucose, the

DEFIMTIONS OF STAXDaRDS 07 CONTROL AND LyALUATION POR CRLORPROPAMIDE

Blood sugar mg %

Control (Someges hetom Total unne sugar gm Acetone

Freelient 20 110 none none

Good 111 130 Ta § per cent of the food glucides none

Farr 131-170 To 10 20 per cent of the food glucides] none

No controt Higher levels Tigher levels -
— |

Efhicient

Partially efficient

TInefhctent

Somogy: Nelson techmque alkaline phosphatase, the Bodansky method
blood protens the techmques of Calvary, Cohn, Wolf<on and Ichiva
cholesterol, the methad of Bloor, Sheftel, and Hill, Maclagan, the original

hnigque watl of electroph reading, Hanger, the

tesy, the nseal techmaue
Designations for standards of effectn eness of chlorpropamide 1n the con
trol of diabetes 1n relation to blood sugar and glycosuna are shown n

TapLlr 2 Diabetic groupings according to response to chlorpropimide are
shown in TaBLF 3



BLOOD LEVELS OF CHLORPROPAMIDE I\ \ORMAL MEN
FOLLOWING CHRONIC ADMINISTRATION

Michael Carlozzi, Domentc G Tezzom, Lawrence Silver
Chas Pfier & Co Inc Erooklyn \ 1

As part of a large <tudy program on the efficacy and activity of the new
oral hypogly cemic agent chlorpropamide 1t was felt that a knowledge of the
blood levels at various dosages folloning chronic ora] admm)stmuu‘; would
be of mmportance Ve were already aware that ouly <mall amounts are
excreted in the unine  Therefore 1t <eemed necessary to determine whether
serum levels continued to nise with repeated admimistration or whether some
plateau value would ensue
Wethod

Three groups of normal male volunteers were placed on a dayly dosage
schedule of either 025 050 or 10 gm chlorpropamide datly  The group

2d \/ — ipm pay
30 + + oS oaxy
5= = 025 4m, arr

.
K a2

o +

4 N L
el

ZDJ

o I W )
TN B e £
car

Frerze 1 Chlorpropamide serum levels

taking the highest dose was composed of 20 men, the other 2 groups com

prised 10 men each A fasting blood sample was drawn on the morning of

the first day and the drug was admmstered orally immeduately aftersards
3

recenned 100 mg dally The entire group on 10 gm daily had the drug
- 1 £n Aslmn b

ned out in our laboratones by the method of Toolan and Vagner
788
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Restdts and Discussion

The average daly erum levels of chlorprapanude for the three dosages
admimsstered are gnen 1a r1GURE 1 Tamrs 1, 2, and 3 show that the inde-
sidual serum levels wathm each groug were spread over 2 consderable range
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Fiorre 2 Log dose chlotpropamnde serum level curve
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lieeye §  Effect of WMorpropamide~ 100 g dafy—~on mantenance of serum level

of values  Howener, each subject on a day to day basis, had reasonablt
conq-,?ent valees It ss apparim that at 025 ard at D30 gm datly the
setum Jerels reach 3 platesum 3 t0 § dass around which there 13 some daify
vamation At 10 gm dady u appears that the platead 1s reached somewhat
tater there appests to be a further cumulabve effectafter Sto 6 dass  Aner-
ages of the platery les ek for each dose yielded 2 strmght hae Iug:do&c curve
as shown m MICURE 7 The tate of excretian of chlorpropamide 15 cone
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suderably <oser than that for tolhwamde and presumably accounts for
~ . v e

chiorpropamsde levels 1 substantrily the same 1 those wnd viduals who
were mamtatned on chiorpropamide at 100 mg daily after discontinuing the
prior larger daily doses as sn those where the medication was dicontinued

e §O ORUS

> -0 Mg DMANEE DARY
L paLy pese

©36¢m £4R BOTK GRUPS

BT B W20 RIS EAI5 269728 19 3G 3 32 3 84 35 SR 57 36
oy

Fiotre 4

after 15 days  Durmng the cousse of the study there were no subjectne

os ob sctive symptoms abserved  However many of the subjecss did expent

ence hunger and  upplemented their diet with chocolate and hard candies
Sump ary

Varwus doses of chlorpropamide were given orally 1o normal volunteers
Serum levels were Iollovned for thirty seven days o untoward effects were
olserved

Reference

1 To LN T AR L Waorir Jr 193¢ The physical properties of th!mpmpzsml f
andns determ nation n buman serum  Ann N YV Acad Sa T4 34



SULFONYLUREA DRUGS IN THE TREATMENT
OF DIABETES MELLITUS

P B Landabure, C Delbue, C Alvarinas, N Serantes,
R Camenim Ddvalos, Gregorio Waisman, A Cabarrou, E Dussel,
F Cicchitts, A Loredo
Natwnal Institute of Muirshion Buenos dsres Argentina

InTRODUCTION

The Natwnal Institute of Nutntion of Argentina first began chimcal
mvestigation of the sul 1 drugs with cark de i March 1956
The results were reported at 4 meeting of the Argentine Association of
Nutnition and Dietetics in October 1936 and were published 1n 19571 Ve
expanded our work to mclude tolbutamide, and a report of the results
obtamed with this drug was also published ? Some of us have reported
separately on our experiences with the sulfonylurea drugs 3 Two confer
ences were held on sulfonylurea drugs by the Argentine Medical Association
(n 1957 and 1958) and two special sessions were held by the Argentme
Assoctation of Nutrition and Dietetics

Theoretically the 1deal sulfonylurea drug would provide the following
(1) nummal gastrointestinal intolerances, with ne acute or chronwc side
reactions or toxicity and an ample margin of safety, that ts, a wide difference

between the therapeutic dose and the toic dose, (2) a favorable action 1n
1+ = medlee of ame phuacal condition, nutnitional

the maj
status, . ‘ 110ns, or 1intercurrent
disease, * . . H *3 the normal physio

logical mechanism that mamntams sugar metabolism

An analysis of all available preparations reported m the hterature was
published by one of us 1n June 1958 and 1s summarnzed 1n TABLE 1 Itis
evident from the ample hterature of the past three years that we are far
from achieving the 1deal therapeutic agent  For this reason, the appearance
of any hypoglycemic drug makes 1t mandatory that we determme how close
1t comes to the therapeutic ideaf and establish a companson with nsulin
and drugs previously evaluated 1n regard to efficacy, dosage, mntolerance,
and posstble future effect on the therapy of dribetes

Vath this point of view m mnd, the National Institute of Nutrition, the
Chair of Pathology, and the Nutntion Chnic, n assonation with other
Argentme centers for the study of diabetes situated 1n La Plata, Mendaza,
and Cordoba, carned out a study of the chnical effects of chlorpropamide
The method 1nvolved rimd conformance to the same techmques at different
places, which mvests this project with both a umty and a diersity that

affect the significance of the results
794
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TABLE T
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CONSENSLS ON ACTION 0F AND T

T pzenesuifonamudes

] }]x b{'_‘ﬁz CHy
1N¢ ;g‘\—(c (wl‘-—(m
1 N
G s 8
»

Frobable locus or mode of action

(1) Pavcreas

o HOH
I

(2) Inhibton of msubsn degra
davon

16N Son =€ =N S Y~ CHe-CHy

§

o

b aminobenzenesulfons thut furea (3) Laver enzyme systems
P1sl
i

Lt SN b~ N-CHy CHr—~CH~CH,

i (4} Penpheral effect on carbo-

hydrate metabohsm
5 methvlvenzenesulfony tuty turea,
Factors indscating use of
ntenon of case selecoon renzencsulions mdes

i Age {1} More thar S0 years otd
(2) Durstion of diabetes £2) Less than 10 years
(3} Duration of tusulin treatment {3) Less than 5 years
(4) Iasohn dosage 4 Less than 40 U

{5} Constitational 1ype (t
©

M

(6 Yasting bload sugar level befare treat

shent
{7} hetows tendency

Pyhnic with obesity and essenstial
hypertension tendencies
ot more than 300 mg /ec

None

* To June 1958

MarerivL avp METHORS FurLovep
Charactenstics of the Patients Studred

‘The drug was used an 200 pauents, but data have been tabutated for anty
130, these panients hav e been treated for x sufficient length of tme to perma

an evaluahion to be made {rrcurr 1)

Condutzons U ndee 1Wheck the Stidy 18 a5 Condacted

Toros of confrol  Of the total of 130 patients whose dats hate been tabu
Tnted, 30 {23 per cent) were studied sule they were hospitalized, and 100

{77 per cent) were obsens ed 1n the outpatient departinent

The latter were
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Zzlricr:lel(li) fmgr-xop:‘t:;:;sl “fh(;lnssl\,ﬂedﬂus that they would follow instructions
€ fully the effect of the drug we adminst
ered 1t t
Ew:mems having vanous types of diabetes  After observatians of re‘p;mz:
were made, we contimued our wnvestigation of those mdividuals who had
sm;;z djgreo of satisfactory response to the drug
e diet folloued A nutritional stud:

y was conducted in order to acquice
a hnowledge of the diet of al] patients A dietary intervien was held ?\ﬂb
each patient dunng wiuch a detailed history of hus detary habits was recorded

YEhns oF
orARSTIE

DIALITIS manTe
ATAGS oF

id
CAsts

INSULIN
(repnoey

Figrse 1 Charactenstics of 130 cases under glservation
Dietary with the c} of these normal regimens ntro
duced, were designed 1o provide each patient with the calone value appropn
ate for hts or her nutnitional status and to include approumately 200 gm
of carbuhydrates, this amount was reduced m certain €ases and ncreased
1n others to as much as 300 gm It 15 understood, of course, that the other
vahues— those of the munerals and vitamins—were the same s in the normal

regimen 1n every case
Evamnaiions and tests used fo evaluale the response lo therapy  Theobsersa

tion of each patient in the study was carned out under strict chimeal, medical,
and laboratory control Climeal determinations included body weight,
dresis and any subjecti€ or objective symptoms that appeared  Labora-
tory determimations wcluded blood sugar before breakfast, blood sugar
profile duning the day, total daily urine sugar and urine sugar profile, eust-
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ence of acetonemia, complete urinalyss, protidemia, hipemia urea 1n the
blood, hiver function tests, hemogram, renal adequacy test and, in 2 sizable
number of cases, iiver biopsy puncture 12 In the hospitalized patients, &
study of the carbohydrate metabolism was performed with the standard
curves (Alibright s technique), 1ntrasenous glucose, mtrasenous insulin gl
cose, and adrenalm msubn  In six cases the action of chlorpropamide m
intravenous admimstration was studed

Dosage Schedule for Chlorpropamide

The drug was admmstered 1n most of the cases 1n 2 doses (1 after breahfast
and 1 after lunch)  In some patients the drug was given after dinner  The
Iighest total dosage admimstered thus far 1s 71 gm , the longest duration
of therapy, 130 days  All patients are contmuing on their respective dosage
schedules

Technmques and Standards Used

Addis counts were made by the usual technique  Blood tests were made
as follows urca modified enzymatic technique of Wrenn glucose the

TasLe 2
DEFINITIONS OF STANDARDS OF CONTROL AND FVALUATION POR CHLORPROPAMIDE

Blood o
Control (goum::f?rz\:?im Total urine sugar gm Acetone
Freellent 50-110 none rone
Good 111 130 To § per cent of the food glucides | none
Tair 131 170 ‘To 16-20 per cent of the food glucides| none
No control H gher levels Higher levels —
Effaent Produces excellent or good control

Partially efficient | Produces poor control  Reduces tnsulin use o less than 50 per cent
Has stabihzing action on glucose homeostasis
Tnefcient Apparently no action on diabetes

Somagy1 Nelson techmque, alkahne phosphatase, the Bodansky method
blood proteins, the techniques of Calvary, Cohn, Wolfson and Ichwva
cholesterol, the method of Bloor, Sheftel, and Hll, Maclagan, the ongmnal
techmque with adaptation of electrophotometnic reading, Hanger, the
ongimal techmque, including maintaning in the dark for 48 hours Kunkel,
the oniginal technique, Llood bilirubin the technique of Mallory and Exelyn,
erythrosedimentation, the techmque of Westergren, and the cytological
test, the usual technique

Designations for standards of effectss eness of chlorpropimide 1 the con
trol of dibetes 1 relation to blood <ugar and glycosuna are shown m

TABLF 2 Diabetic groupings according to response to chlorpropamde are
shown 1n TABLE 3
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ABLE 3
CLASSIFICATION OF DiABETICS

Group Defimtion

1 | Controllatle with proper diet and nsulin of as ruch as 20 U Insulin with
drawal does not produce ketosis

2 | Controllable with proper dict and imsuln dosage of a5 wuch as 59 U Tnsul o
total withdranal even i less than 20 U praduces Aetasis  Histot of ketoss

eusts
3 Controllatle with proper diet and more than 60 U of msulin - With or without
past ustory of cama

ResuLts
General
The effects of chlorpropamide on bleod sugar fevels 1n normal ndwiduals
are shown m FIGURE 2 FIGURF 3 shows the effect on bload sugar levels of
duabetics and FIGURE 4 the effect on the control of diabetes as indicated by
blood sugar levels and glycosuria

o
-
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o
0w
<
o
>
n
3
ES
2
novas 0 H - 24 hey
P“B7
ORALLY DOSE P&OT
1o &1 170 76 5 gm
%or 2,18 279 201 1 sm
DESCENT 3x 79 1 o 1 gm

i’
Ao N6 134 101 2 gm
5= 181 101 1gm
Frcue 2 Glycema response with chlorg ropamide in Gve normal subjeets

Special

The y action of ¢ de on the control of cases of
habetes treated with msufin 1< flustrated m FIGURES § to 8 Ficize 6
shass the contral exerced by tolbutamide and chlorpropamde n drabetics

undergomg surgery  FIGURE 7 shows the action of chlorpropamde 1 two
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Ticvxe §  Results 1g 130 dtabetic patsents treated sirh adequate diet and chiorptop
agude for 4 months

cases of pancrest ¢ diease—one chsonic pancreattis with steatorrhea and
diabetes the other with scute pantreatatss, operated far obstructss e hepautis
{cholecystojejunastomy) three years before the beginning of dubetes The
action of chlorpropasmide 1n one case af hy perthy rordism in diabetes 15 shown
wn FIGuRe 8 Separate abservations were made of the effect on bloud sugar
tevels of methylth W, methyl dazol t

P <hior
propamide, and chiorpropamude with methylihwurand  In one case of
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dubetes and vitihgo good control was posuble with chlorpropamide
(F1GURE ) The effect on blood sugar level of chlorpropamide administered
ntravenously 15 shown 1n FIGORF 10

No beneficial effect nas observed from chlorpropamide administered to
1w cases of moderate to intense andosis  Three cases of mild Letosts were
correctable with the drug
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TiGURF 6 Surgical cases treated w th toll utam de and chlo | ropamude

Daring treatment with chlarpropimide relatively high blood sugar levels
wese obwerved suthout plyeosuma or with only shpht ghcosuma This
Apparent elevation of the renal threshold 1 accompanted by a decrea<e 1n
dirests

In two cases we hate oberved a relationship between dosage and degree
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Fictze 11 Action of chlorpropamide i relation to body weight and dosage

el CASE NP I2?
Diabates v #h 21yeant motutsn ronous hactment 7 (Boars
e Tragtment w INBESS DD POOT CPWmiodder® ca sop »avv sosomstUintutniful sagovery
b Dot C1960 gH 2805 P %03 § 40y
E
g 0
@
8w
o
; -
H .
2 ‘@ aome 43 B2S5
& =
s § (B 190530
<x) £
ol 3| lfrem - 19 Po07
§ 3
z° 1 s _{
P¥hrary ¥ e e % e ® R % [@
Frovre 17 Action of drugs 1 panent whose body weight was kept constant

of the drug used and the degree of control 1n a patient 1n whom the body
werght nas mantatned at a constant level (FIGURE 12)

Stde Fffects s the V\dmunsiration of Chlorpropamede

There was 1 gastromtestmal case (constituting less than 1 per cent), and
no renal or hepatic cases Hematic effccts were innited 1o 2 cases of Jenko-
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pemia {16 per cent) and cutaneous effects to 15 cases (11 5 per cent), 13 of
flushing (10 per cent) and 2 of pruntus with ¢xanthema (1 6percent) The
flusluing observed appeared similar to that produced by the ingestion of
nicotinic acid  In two cases where the flushing was ntense, 1t was related

(08 per cent) of cyanosis that disappeared spontaneously and did not
reappear when dosage was decreased from 05 gm to 025 gm of chlor
propamide  There were < M o :
presented symptoms of
reducing the dosage of chl .
symptoms of a mild hypoglycemiz, but these caves were transitory and could
not be classified defimtely as actual hypoglycemic episodes In one case
{pauent 26) epigastnc and precordial discomfort was experienced 4 hours
after mgestion of 05 gm of chlorpropamide, 1his comaded with a clearly
low bloed sugar

Side effects were related to dosage  They appeared when the dosage was
1 gm daily or hgher, and rarely with dosage of 05 gm daily {ca~e 89,
cyanosis)  We have the impression that the margin between the therapeutic
dosage and the dosage that produces side effects 1s small 1n other nords, the
margin of safety 1s narrow

Discussion AND CONCLUSIONS
Classtfication of Diabeles

From our espenence with sulfonylurea drugs and, particularly, with
chlorpropimide 1n the treatment of diabetes, 1t 15 possible to subdivide
diabetics into three groups  Our clasuficauion 1~ based on symptoms that
are obvious and reliable  After studying all symptoms that can be used for
classification, 1t was decided that the most constant, i relation ta the results
obtatned, are Letosis, diabetic coma, and previous msubn dosage required
before establishing therapy with the sulfonylurea drugs  On the basis of
uL;e pLautnls’ responses with recpect to these three factors, we have defined

1ABLF 3§

TABLr 4 shows the control achieved with other sulfonylurea drugs as
observed 1n earhier studies carned out with the same methods used with
chiorproparmde

Idmimistration of the Drug

The effectine dosage of chlory was 0123
gur (4 cases) 10 0 5 gm per day, the ftter was the most commonly used
fosage  One-half gram dasly was effectsne 1n 3% coses  To be effectn en

o
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was necessary to increase dosage to 1 gm daily in another 33 cases  When
it was necessary to mcrease the maintenance dosage further, 15 gm was
effective 1 2 cases out of 3, and partially effective in 1 other  Tn 7 cases
n whuch the drug was ineffective, the dose was increased to 2 gm , with some
improvement  With chlorp: de, the gluc Jating effect 1s <ome

TarLe 4
ResuLts witn CARBUTAMIDE O% TOLBUTAMIDE 1N 130 DitseTics

Carbutamide
Daabetic
group

Cffective

Partially effectnye ’ Ineffective

Percent | No of | Percent | No of | Percent | No of

ages | cases { ages | cases | ages | cases
1 73 30 ai 9 52 4 16 66 7
2 68 05 49 15 27 1 16 66 12
3 18 75 3 0 8t 23 13
Tolbutamde
1 61 42 43 17 14 12 21 42 15
2 48 07 25 34 61 18 17 30 9
3 37 50 3 25 00 2 37 50 3

times delayed for as long as 1 neek or 10 days, dunmg which tsme the patient
should be obsened carefully to determine if a change mn dosage 15 necessary

Mode of Lctron

The smestigation as conducted does not give any clue to the manner m
which chlorpropamide acts  Its action appears to be simufar to that of other

sulfonylutea drugs although effective dosage math chiorprapamide 1s lower
! omms = = Anenmes of the three

the dosages of

defimtety AUl possible LS VL 5

Qur myestg do not

term thera,
eWe h:ncpased chlorpropamide for five months, a rather short time, there

fore we €an reach only very prehminary conclustons
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Tolerance of Chlorpropamde

The tolerance of effective dosage has been good as the percentages of
intolerance and of side effects indicate  Gastromtestinal intolerance
ncreases with dosages greater than 1 gm daily

Usefulness of Chlorpropantide

Treatment with Chlorpropamide and the Importance of Dictary Measures

Regardless of the group m which a diabetic 1s clasaifed a basic factor in
the treatment 15 a balanced diet that normalizes body weight It has been

M e
M

Ficure 13 Comparative mortal ty indexes for d abet ¢ pat ents in England and Wales

observed that with chl de as with other y drugs sta
bitity 1s endangered when the patient s weight increases Dramatic evi
- - e

lanranf hok L

the mortahty rate for diabetics dropped to a marked degree o more
graphic evidence of the importance of adhering stnctly to dietary regrmens
custs

Stanrary

Chlorpropamide was studied at the National Institute of Nutrition with
the colliboration of diabetes centers of La Plita Cérdoba and Mendoza
The medication was administered to a total of 200 diabetic patients all
more than 13 years of age  Thus far however detailel tabulations have

been completed on only 130 of the e cases  Patients were subdivided mto
3 classificitions

—
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Group 1 those controfled with msuhn, dosage of as much as 20 U, but
in whom withdrawal of insulin did not produce acidosis '

Group 2 including (a) those controlled with less than 20 U of 1nsulin, but
tn whom acidosis appeared on withdrawal, (b) those requinng between 21and
59 U of nsulin and (c) these presenting a history of 2cidosis

Group 3 these requinng more than 60 U of insulin or having a history
of drabetic coma  Using this classification of diabetic disease the results
fi}:m\n n TABLE 5 were observed with chlorpropamude m 130 patients of

1S series

TanLe §
RESULTS WITH CHLORPROPAMIOE IN 130 DIABETIC PATIENTS

Ffiective Partially efiecave | Ineffective

Duabetic | Total
s

roup | cases
P Percent | No of | Percent | No of | Percent | “o of

ages cases ages cases ages cases
1 59 100 59 — — — —
2 50 (1] 30 20 10 20 10
3 21 28 3 2% 5 48 10

Hypoglycemic action has been demonstrated with chlorpropamide 1n
normal indwviduals  As for companng its efficacy with carbutamide and
tolbutamide equal hypoglycemic action was obtained with smaller doses
of chlorpropamide  Otherwise, the same factors appear to govern the
effectiveness of these drugs  Daily dosage ranged from 01 to 20 gm most

frequently an imual dose of 10 gm (67 per cent of the caces), w1th 05 to
- 1 &~ n @Aaaffaste nrlyded

Tests of hepatic and renal function revealed no disturbance, even those
patients recening the drug for as long as 130 days  The action of chlor
propamsde has been studied 1 relation to a diet that contains less carbo

hydrate than a normal diet
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PRELIMINARY CLINICAL AND ENPERIMENTAL STUDIFS
WITH CHLORPROPANMIDE IN DIABITES MELLITUS

Ewen Dowme Joseph Bornstewn Harald Breidahl
Tie D abets and Metabol ¢ Ut Alfred Hosptal Un vers 1y of Melbourne M clbourne
Austral 5

The purpose of this communication 15 to descnbe our experiences m the
climeal management of sixty diabetic patients who have bean treated wath
chlorpropannde for periods varymg from a few weeks to six months, In
addinion the results of some comparative evpenments on the action of tol
butamide and chlorpropamide 1 nifro are gien  These suggest that the
mode of action of the two drugs upon hepatsc enzyme systems is ssimilar but
there seems to be a quantitative difference between them

Clintcal observations have heen made on sty adult diabenic panents
twenty one males and thirty mpe females  In view of earher expenences

< e e Da -

been made from patients attending the routine practice of the diabetic
service of this hospital
In contrast with earher chimeal trats conducted 1n the Disbetic and Meta

bohe Unit of the Alfred Hospital 2 many of the patients t this sertes nere
ot admtted to hospital for continuous observation It was felt that expen
ence gained durmg the past three years was sufficient to enable s to assess
the efficacy of chlorpropamide without the need for hospuahzation In
consequence 3 number of patients were instructed to present the fesults of
urine tests taken at regular tymes each day and spot bleod sugar esm:\ahons

gations were undertahen tor ev dence o1 pepaue e a1 aly sy u
ab 1 Patients § from e doses of msul n were
mstructed to report datly exther 1 person or by telephone and ta present
the results of urmalyses performed four times each day
Almost without exception the loading dosage prescribed was 10 gm per
ad the mamtenance dose 0S gm pr day gwvent sn divided doses of
arled to respond the
» » few nstances to
day for a short
1ents considered
atment and the

number fatling to doso  The relatively large number nat responding withia

the first 4 weels of treatment can be refated to several such factors as inap-

propriate election of patients and attempts to transfer cases from msulin

Taprr ) showns the distrbution of the patients by age and sex
810

day a
025 gm morning and evemng In any case that
R w

therapy
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and TABLE 2 shows the over all results obtaned in the entire series It 1s
convenlent to presenl the results oblamed for 4 categories of patients (1}
ty treated by dietary restriction, {(3)
prcvlcus]y treated by diet and tolbutamide, and (1) previously treated by
diet and 1nsulin

[ Success
& Fature

Male 21
Femole 39

N3 —r07y
[}

Ol 23456

Months

Fiouee 1

E 1

DistaiaL1ioy 0F PATIEATs BY AGE AND SEX
Age | Male | Iemale

20-30 1
3040 1
40-50 2 t
50-60 4 5
60-70 9 15
70-80 4 13
B0-— 2 4
2 39

{1) Fourteen patients previously untreated! were placed upon an approprn
ate restriction of diet wath chlorpropamide 10 an 1mitial dosage of 1 0 gm and
amamtenance of 0 S gm perday A number of these were assessed as likely
to requre insulin for control Twelve patients responded satisfactornly,
while 2 fatled 1o do o

(2) Twenty patients who had shown wnadequate of mtermttently satss
factory response to dietary restriction for periods from a few months to
several years were treated along similar lines  Seventeen are considered
to have shown a satifactory response to chlorpropamide therapy, while
3 fasled to do <o

(3) Four patients who had been treated for periods from 1 to 4 months
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with dietary restriction and with tolbutamde 1 cons entional dosages of
15 gm per day and all of whom had failed to show satisfactary response
to this drug, were transferred to chlorpropamide m dovages of 025 gm huice
datly  Three showed a satifactory control while 1 failed to respond

{4) Twenty two patients whose condition had been regarded as contratled
more or less san<factonily by dietary restnction together sith varying dosages
of msulin were transferred to chiorpropamude therapy  Successful cantrol
was estabhshed 15 while 7 fatled to respond

Chlorpropamide was used ttermittently for perods of a few daystolto
2 weeks tn treating still another group of 12 patients who, for various reasans,
had become unstable while on dierary restriction alone It was felt that a
short trial of a sulfony! drug nught restore control and that the drug might

Tamg 2
RESLLTS OBTAINED 1 TATIRE SeRins

Previous treatment Success | Taifure

. J
N a *‘l;‘; i2
}

2
Thet alone 20 7 3
Diet plus tolbutamde 4 3 ]
Dret plus wasultn 2 15 7

then be discontimued  In every instance the fesults obitamed were consid
ered entirely satisfactory as after a short course of dosages of 6 25 to 0 S gm
per day 1t was possible 10 discontinue its use, the patients being restored to
their previous state of equibbnum
Tante 3 gnes some detatls of the 13 patients who fasled tore pond  Two
patients previously untreated one a mate of 54 and the othet a female of 64,
both with a history of diabetes of short duration who on general prnoples
were considered hhely to respond farorably showed no evidence of contred
on docages of 1§ gm and 1 0gm  tespectinely although these dosages were
continued for more than a fortmght  In peither case was there any evidence
of an apprecable fall s the leve) of blood sugar
In three nstances, panents whose dietary control had been regarded as
unsatisfactory for several months were tned with chlorpropamude therapy,
These patients nere a female of
were treated for 6 to B weeks with
these patients was subsequently
] GNUGIICT Wi 18 oy
m‘::‘va:\:(:(‘?h: 22 patients previously taking msulin fatled to show satnsfactory
conttol when transferred to chiorproparude  In § of these the duration of
chabetes ranged from 6 to 10 vears and ther daily requirement of msulin
vaned between 20 and 50 U perdas  In two mstances, a female of 36 and
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another female of 24, chlorproparude was used because of the brittle nature
of 1he duabetes, and 1 the hope that it myght facshitate the acton of msuhn
In both wstances it failed in Jesy thas § week, § patient developing 8 severe
hetosss that necessitaied admssion to hospital

Fout patents nho had been madequately controfled by diet snd tolbur
amde were transferred to chlorpropartide  Qne patient faled 10 respond
She was 80 years old and, easher 1 her duabetic history, had been contyolied
with 36 U of protarmne zinc msubin eack day  She had bees transferred to
15 gm tofbutamide per duy, Lut show ed no tesponse and, hkenise, was vag
mfluenced by chlorpropamde

in this tnal there have been no anexpected eprsodes erther in Yesponse ot 1
fasture to respond to this new sulfonyl compound  The wde effects observed

Dats yox Twidvzes PaTievrs FrannG 10 REsrosd 70 Treatsny

!

Stx! dge e

t
Dose annnn; Sidle effects  Duration of disbetes

NS e

e T

540158 { 1S §Lueths \:msl'n
\55 10 lv.etks

1vear
4 months

mnreatet | ¥

I;
Previously | M

|

E

i

[ e e B ¥ maate | 4 monhs
A 8s | ais i month | Nausea 2 monibs
i { o8 1185 1075 | 2 month 6 yeare
betandtat L3 e 1w o so(smomhsl N 5 years
butamde |
R IR T AT 77 weeks 12yrs 40 NPU
tasukin Flmiitelie [ Zaeds }\nusxs Gyis 20 APH
182 {36580 | Inecks om 28 AT
15 uriie {aues s UR 2F7
RN J 8o } 10 | fuek Ilns\:’xmaﬂc(g! 1% 2!)3(1 o NI
LELVESY
U172 1|05 2ueks  Darthea Tyrs 2R MP0
3 } 36 ‘ 116 v 75| 1 week ]x\ewm 20315 48 NTH

have been felitnely mugmhcant A smali number of patients complamed
of nauses and this vas more apparent 1 those cases m wiuch tie dosage
wasTaned to more (kan ¢ 5 or 8 75 pm per dan I fact almest enery case
10 which the dose was rared \e more than 075 gm daily there was some
complatnt of mwsen or dizziness  In 2 wmstances & photosenntive tash, no
diflerent from that olren ed tn other forms of sulfonamide therapy occurred
and, @ bath this w1 of mmor degree Qi cesaation af the drag the rash
soon drsappeated  [n 2 wstanees albuminuria developed and she drug nas
Ausconttnued despite the fact that there was no wgmiicant alteration 1n renal
effictency tests 11 éad nat seem that any abvious renal demage bad occurred
In alt instances i shich hepatic efficienty tests were performed there nas
nesther chnteal par Wtachemical evidence that any hepatse distothance was
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aceurring or had accurred as @ result of chlorpropamide therapy In no
mstance was any depression of blaod formation observed In three cases &
cunous effect was noted by patients after the consuymption of preprandial
alcoholic drnks, ali complained of sensations of flushing of the face, which
was obvious to onlookers and lasted for several hours
In view of our previous e that cark de and tolk de both
1y mhibit hver ¢ 1t Was decided 1o snveshgate the effect
of chlorpropamide and tolbutamide on the ouidation of CH labeled ammno
acids by hiver shices, using the drugs at a more physiological concentration
than 1n previous enzyme expenments
The slices were incubated 1n hrebs phosphate buffer at a glucose concen
tration of 100 mg per 100 ml and a C p1 alamne concentration of 40 mg

Taste 4
Efrect or TOLBUTAMDE AND CNLORPROPAMIOE ON Tug OGDATION or W
ALANINE BY LIVER Suices

o Ct4Q; tecovered as

Senes cpm/mg tver/hour | Dfference| P
Expersment {
Controt s 1085+ 98(SLM)
Chiorproparde 6 1S4 7+142 46 2 <0 Gt
Experiment 2 i ve2s s
3
e 6 3% 34 81 | <oot

Tolbytamde i 106

per 100 m! Esther chjorpropamude or tolbutamude was added to 1 of each
pair of shees to give a final concentration of 30 mg per 100 m!

The CH0, was collected on 2 KOH soaked paper spill in the center well
of the Warburg vessel used, then eluted and precipitated as BaCl0; the
radieactivity counted was corrected to mfimte thinness  The results of this
study are shown 1 TaBLE 4 It1s seen that both compounds accelerated the
oxrdation of the heto and motety of the amino acd 1n contradisinction
to the result that might have been antiuipated from the enzyme expeniment

Although these results appear at varance 1t Iy ltkely that the apparent
nhibition of transarmmnase may well have been due to accelerated ondation
of the acceptor o hetoglutaric and m the enzyme experniment, leading to a
Simumution fo the amount of ghitane sod recovered  However, the sugges
hiop that at least part of the action of these compounds 1s due to mhibition
of neoglucogenesss 1 still valid, although the effect may be an accele[muon
of opudation of hrebs cycle intermediates rather than an inhibtion of their
formation It is interesting 1o hote that at the same concentration ch(m-f
propamide 15 roughly five hmes as effective in promoting the oudation ol

butamide
nh’l‘n:anep;sc‘;c‘nzi; physicians, the discovery of the hypoglycemc action of
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the sulfonylureas has provided a fresh mterest in the management of diabetic

of diabetic patients However 1t has been obvious for some time that
control of hyperglycemia does not prevent patients from developing peculiar
comphcations that affect the vascular and nervous systems  This has led to
the speculation that diabetes mellitus 1 not always a problem of insuhn
deficiency alone and that substitution therapy with msulin does not prevent
the development of complications at least in some patients It 1s possible
that physicians tend to forget that insuln has effects on the metabolism of
proteins and of fats impossible to assess by any simple clmcal means and
that they place too much emphasis on easily performed tests for glucose in
blood and urine

Consequently when & chemical substance whose action 1s as yet unknown
1s found to be capable of reducing hypergly cemm 1n some patients and not 1n
others 1t 1s not that something a therapeuttc tumult has
occurred  Eighty years ago Lancereaux® pointed out the chnical difference
between drabcle maigre and diabefe gras a cistinction emphasized by Hims
worth® m 1949 and proved by Lawrence and Bornstem in 19507 1t seems
that the sulfenylurea compounds are capable only of influencing those
patients who are still able to produce some msubin of thewr own naturally
fears have arsen that they may be disturbing bodily functions i a harmful
fashion  Certanly 1t seems possible from the 1 1iro studies already

b a '

these compounds alter or even correct such a deviation from normal metabo
lsm  This could offer an explanation for those cases whose hyperglycemia
previously controlled with appreciable dosages of insulin 15 capable of control
with small amounts of these new drugs given each day

From this brief expenence 1t would seem that chlorpropamide 1s capable
of e the of an le number of diabetic
patients who have developcd the complaint 1n middle age

o harmful side effects have been observed thus far n any of the patients
treated with chlorpropamide

There appears to be no qualitative difference bet\\ een the pnuenls who re
spond to de and those to or ¢l

There appears to be a sigmificant difference betw een the required dosages
of chlorpropimide and tolbutamide 1n the patients who show response to
the e drugs  This 15 also shown by ix tifre studies on the effect of these
drugs 1n the promotion of ovidation of alanine

The suggestion 1 made that the action of the e sulfony] drugs 1s concerned
with an acceleration of ovidation of Rrebs ¢y cle intermediates and that an

whibition of neoglucogenews might explain their influence on some ty pes of
humin diabetes
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oceurring or had oceurred as a result of chlorpropamide therapy In no
instance Was any depression of biood formation observed  In three cases a
curions effect was noted by patients after the consumption of preprandial
alcoholic drinks  all complained of sensations of fushing of the face, nhich
was obvious to onloohers and lasted for several hours ’

In view of our previous experience that carbutamde and totbutamuide both
apparently inbubit ver transamuinase 1t was decuded to imvestigate the efiect
of chlorpropanude and tolbutamide on the oxuidation of C fabeled ammo
aads by fiver shees using the drugs at a more physiological concentration
than in previous enzyme expenments ¢

The shees were incubated i hrebs phosphate buffer as a glucose concen
tration of 100 mg per 100 m! and a C* pr. alamine concentration of 40 mg

TaBLE 4
LrrecT or TOLRUTAMIDE AND CHLORPROPAMIDE ON THE OXIDATION 0F CM
LANMNE BY LIVER Suices

No C0¢ recovered as
Senes epm/mg Ier/hour | Dilerencer P
Expernnent 1
Control 6 1085+ 98(SFM)
Chlorpropan le 6 15174142 462 <0 o1
Fepermert 2
Control 6 982+ 34
Tolbutamide I o W3+ 34 81 <0 01

per 100 ml Esther chlorpropamide or tolbutamide was added to 1 of each
parr of shces to give a fimal concentration of 30 my per 100 mi

The C1Oy was collected on a ROH soaked paper spill n the center well
of the Warburg vessel used then eluted and preciptated as BaCO; the
raciorctivity counted was corrected to infinite thinness  The results of this
study are shown 1n Tanee 4 It seen that both compounds accelerated the
ondation of the heto and maety of the amino acid 1n contradsstinction

[ [ S T

of the acceptor a hetoglutanc aad in the enzyme expenment, leading to a
diminution 1 the smount of glutanc acd recovered  However the supges
tion that at least part of the action of these compounds is due to inhibition
of neoglucogenes:s 15 still yahd although the effect may be an acceleration
of ouidation of hrebs cycle mtermediates rather than an infubitton of thewr
formation It is mnteresting to hote that at the same concentration chlor
propammde 13 roughly five times as effective 1 promoting the ovidatian of

alanine as 15 tolbutamde
To practiang physicans the discovery of the hypoglycemic action of
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the sulfonylureas has provided a fresh interest i the management of diabetic
patients  For many yeats it has been thought desirable, if not essential, to
control hyperglycemia and to reduce glyco-una The application of these
principles has produced a remarhable 1mprovement in the hfe and weltare
of diabetic patients However, st has Yeen obvyons for some nme that

deﬁ:l;nc) alone and that substitution therapy with msulin does not prevent
the development of complications, at {east 10 some patients It 15 possible
that physicians tend to forget that wnsubin has effects on the metabolism of
prateins and of fats impossible to awess by any simple chmeal means and
that they place 100 much emphasts on easily performed tests for glucose i
blood and unne

Consequently when a chermeal substance whose athon s as yet unhnown
15 found to be cipable of reducing hyperglycemia in some patients and not in
others 1t 35 not surprising that something resembling a therapeutic tumault has
occurred  11.b1y years ago Lancereaux® pointed out the chnical difference
bets cen diabele margre and digbete grus a distinction emphasized by Hims
worth? in 1949 and proved by Lawrence and Bornstein m 19507 It seems
that the sulfonvlurez compounds are capable only of infiluencing these
patients who are still able to produce spme insubin of therr awn naturally
fears have ansen that they may be disturbing bodily functions i a harmfu}
fashion  Certamly 1t seems possible from the n utro studies already
descrbed that some deviation of normal metabolic processes occurs although
thus far we have no evidence that thisis either harmful or dangerous  1f the
dubetes of middle hie 1n dve 1o excessive neoglucogenests it could be that
these compounds alter or even correct such a deviation from pormal metabo
fism  This could offer an explanation for those cases whose hyperglytemia
previously controlled with appreaiable dosages of insulin 1s capable of contro}
with smaft amounts of these new drugs given each day

From this bref experience 1t would seem that chlorpropamide 1s capable
of controliing the hyperglycemis of an appreciable number of diabetic
patients who have developed the complaint in middle age

No harmful wde effects have been abserved thus far in any of the patients
trented with chlorpropamide

There appears to be ro qualttatne difference betw een the patients who re
spond to carbutamide And those revnansive to tolbutannde or chlorpropamide

There appears ta be a agmficant difference hetween the required dosapes
of chlatpropimide and toliutamide in the patients who show response 1o
shese dregs THS 1 also shown by Tiire stodies on The effect of Yhese
drugs 1n the promotian of oxidation of alanine

The ~utgestion 1~ made that the action of these sulfony} drugs i concerned
with an acceleration of oxxdition of hrebs cycle intermediates and that an

inlbitian of neaglucogeness might explan their influence on same 1y pes «f
humn duabetes
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THE EFFECT OF CHLORPROPAMIDE O\ ALLONAN
DIABETES IN MICE®

Francisco Grande and Carlos Martinez
University of Minnesota, Mruneapolss, Mna

Diabetes has been produced i mice by Rarschbaum and Bell! after sub
cutaneous Injection of alloxan at the rate of 200 mg /hg body weight, and
by Lazarow? after mntrivenous administration of 50 to 70 mg /hg  More
recently we have reported® the differences in the diabetogenic effect of intra-
venously njected alloxan on different strains of mice  The present paper
describes some preliminary observations about the effect of chlorpropamdef
on the alloxan dizbetic mice

Methods

Alloxan monohydrate (30 to 70 mg /kg body weight) was injected into
the tail vein of adult male ZCeF, hybnd mice as previously descnibed ’
Blood samples taken by cutting the tip of the tail were analyzed for blood

RN S A .oL s oA . '

weeks thereafter, eight of the survining ammals were normogly cemic, whnle
the other ten were still severely dabetic

Chlorpropamide was given by stomach tube once a day at a desage of
e HAA e -

with alloxan was uced as control and treated with chlorpropimide simul
taneously and in the same way
Results

The results are summanzed in TABLF 1 which gives the mean blood sugar
values (and standard error of the means) for the different groups of ammals
The blood sugar values of the control ammals before chlorpropamide was
grven are in the same range as those reported by Lazarow 2 The blood sugar
values of these ammals chid not change after the admunstration of chlor
propamide for 3 days (column 6 TibLF 1) A small decrease of 27 mg 100
ml was observed after 10 davs of adminstration {column 7, TaBLF 1), but
this decrease proved to be not significant ¢ = 145 p>01)

Simfar response was obsened 1n the group of ammals with transient
diabetes  The mean blond sugar value 10 days after chlorpropimide was

27 myg 100 m! lower but this decrease was statishically not significant
(t=11p>01)

* The stu ! reparted sn this paper %as auled by grants from the Minnesota Disieion of

the \mencan Cancer Society Inc New York N Y and the Public Health Service
Bethesda \Id

+Supplied by Chas Thzer & Co Inc Brooklyn, N Y
a7
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In both groups there were ammaly that shawed very marhed decrease 1n
blood sugar, 1 ammal 1n the control group had a decrease of 93 mg /100 mb
10 days after administration of the chlorpropamide and 1 other, in the tran
stent diabetes group, had a decrease of 135 mg /100 ml

In the diabetic group the ad ratton of chlorprop: produced a
very marhed decrease of the blood sugar 3 days after the beginning of treat
ment {(column 6, TABLE 1) The mean decrease was 178 g /100 ml, or

Tazee 1
Lrrecr of CHLORPROPAMIDE IN Mice*

Mean blond sugar value and § E of meant
Number
Group of aimals
29| 6/5 | 6/26 | 6/30 | 777 | 1718 { 71/21

Transient dabetes 8 314} 40t | 159 | 163 ] 132} 159 | 1I§
2451 4821 #12 | +10 | 421§ F14 | 24
Permanent diabetes 10 383 | 861 ) 334) 156 165 | 183} 234
+36 | 252 ] £11 [ +19 +4 7 224
Control 8 - — 162 166 | 135 | 168 | 180

+5| £10 | £15 6| 6

* Alloxan was wjected on May 14 Admimstration of chlorpropamude (100 mg /hg )
began on June 27 and continued for 16 days through July 12

§ Upper figure of figare pair 1s mean blood sugar value sn mulbgrams per 100 mi lover
figure 1 standard errot of the tean
da AN tha amimals had hvng

1

o iRl

Communt

The results indicate a very marhed hypogls cemc effect of chlorpropamde
1n the alloxan diabetic mice, which contrasts with the very shght effect
observed 1 the control ammal, and tn those that were injected wath alloxan
but that were nondiabetic at the time of the admimstration of chlorprop
amide  These observations are at vanance with other observations regarding
the effect of the sulfonylureas on the alloxan dizbetic ammal #7 It would
appear that chlorpropamide 15 more effective in decreasing the blood sugar
of the diabetic mouse than in producing hypoglycemia n the normal ammat

Summary

Twenty eight mice were njected intravenousty with 50 to 70 mg of alloxan
All the animals deyeloped marhed hyperglycema  Four weeks after mjec-
tion of allovan, 8 of the ammaly were normoglycenuc Chlorpropamde
was gnen to these anunals by stomach tube at 2 dosage of 100 mg /Lg of
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body weight as well as o 10 others that were still diabetic, and to 8 normal
controls Three days after the admimstration of chlorpropamide, the
alloxan diabetic mice showed a very marhed decrease of their blood sugar
level  No significant effect was produced in the other two groups of animals

wr
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THE EFFECTS OF TOLBUTAMIDE AND CHLORPROPAMIDE
ON PATIENTS ENHIBITING JAUNDICE AS A RESULT OF
PREVIOUS CHLORPROPAMIDE THERAPY

L Harvey Hamff, Harold A Ferns Ednmn € Lsans, Harold W W luteman
Emory Unssesssty Mlomta Ga

undestrable side effects that occur  Jaundice as a comphication of carbut
amide therapy has been reported 2 Recently jaundice has abo been
reported® as a complication 1n toll de therapy  Chl de 1
closely related to the above compounds diffening from them 1n having a
chlornide group substituted on the benzene ning and a propyl mstead of a
buty! group at the end of the chain  With such a compound, one might
annicipate the same type of allergic reactions as have occurred nith car
butamide and tolbutamide In studying twenty diabetic patients for the
hypoglycemic effects of chlorpropamide three cases of jaundice with asso
ciated nausea and vomuting and with an erythematous maculopapular rash
were encountered  The folloning case reports are Mustrative

Case I D ], a 58jyearold \egro female, has had known diabetes
mellitus since 1949 and was controlled on diet only until February 198
Because of glycostuna an elevated fasting blood sugar, and weight loss
therapy was begun with 10 U of \PH msulin each morning before breakfast
Upon this regimen her diabetes became well controlled  On March 19, 1958
insuhin was discontinued and chlorpropamide therapy was instituted with a
dase of 05 gm twice daily  The day before a complete blood count nas
normal with no essinophiha present Urinalysis was negatne except for
a 1-+ sugar  Liver function tests were normal  The thymal turbidity test
was 33 U, the alkaline phosphatase test was 3 78 Bodanshy units and the
total serum bilirubin was 0 28 mg per cent with a drrect bilirutsn of 0 13 mg
per cent

Imtially, the patient folerated the medication <atifactonily and was man
aged with the same degree of control as with the previous insulm regimen
Dunng the third week of chlorpropamide therapy she developed anorexta,

ausea and vomiting a dark urine prumtus aand & skin rash  She stopped
her medication on Apni 12 1958  She was seen i the dubetes chnic en
Apn 18 with the above complaints and was admitted to the Medical Sence
at Grady Memonal Hospital  Careful questioning revealed no history of
exposure to rats ot hepatotovic agents, ar to anyone with hepatitts  Needle
punctures nere hmited to her own nsulin sy ringe and needle used by no one
else and to those dane in our laboratory with careful precutions

Upon examination the patient a ' ' -
103° orally the pulse rate was 116
generahized maculopapular rash <p

820
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were no mucous membrane lesions, the sclerae were 1cterc, and there were
grade 2 arterosclerotic changes of the fundi  The lungs were clear The
heart was slightly enlarged to the left a grade 2 apical systolic murmur was
recorded The abdominal examination revealed no evidence of hepato
megaly o ofgans or masses wete palpated The remawmnder of the
examination was roncontnbutory

When the patient was admrtted the blood count showed a Hb of 124 gm ,
Het 41 and \WBC 3900 with 14 per cent bands 57 per cent neutrophils
6 per cent eosinophils 17 per cent lymphocy tes, and 6 per cent monocytes
Platelets were adequate By April 30 the Hb had dropped to 105 gm and
the Het to 325 WBC was 9400 with 13 per cent eostnophils 46 per cent
neutrophils 2 per cent bands 6 per cent metamyelacy tes 31 per cent lympho
cytes and 2 per cent monocytes By May 27 the blood picture had returned
to normal reveiling a Hb of 118 gm Hct 35 and WBC 6700 with 4 per
cent cosmophils 56 per cent neutrophils 4 per cent bands and 36 per cent
Iy mphocy tes

Unnalysis on admission of the patient revenled a trace of sugar 4+ ace
tone and 4+ bile  The CO; combining power was 23 9 mmoles/l The
4+ acetone was thought to have been determined on the basis of stanvation
Liver function tests on Apnl 18 1938 revealed a total protein of 71 gm
albumin 39gm and globulin 3 Zgm withan albumn globuhin (A G) ratio
of 122 The thymol turbidity test was 225 U and the cephalin flocculation
test was 14+ The alkaline phosphatase test was markedly elevated to
26 9 Bodan ky umits  The <erum bilirubin was elevated to 10 7 mg per cent
with a direct Lthrubin of 765 mg per cent  The prothrombin time of the
patient was 33 4 sec  w1th a control vatue of 114 scc at 100 per cent 198
sec at 30 per cent and 26 sec at 20 per cent

After the intravenous admmntration of S0 mg of vitamin K, the pro
thrombin time of the patient on Apnl 19 was 140 sec with a control vajue
of 12 4 \cc at 100 per cent 2§ sec 1t 30 per cent and 27 6sec at 20 per cent
On \pril 21 the prothrombin ume was 15 0 sec  with the same control values
ason Apnl 19 On Apnl 231t was 130 sec with a control value of 13 4 sec
at 100 per cent 21 O'sec 1t 30 per cent and 29 0sec at 20 percent  Serum
electrophoresis on Aprl 25 revealed a non pecific elevation of the serum
globuliny

By Aprit 24 the alhaline phosphatase had dropped to 16 1 Bodnshy units
After the patient was diharged from the ho pital the alkahne pho phattse
was 566 Bodanshy units on May 20 43J on May 27 688 on June 3 and
384 on June 10 1948  Since the last date the ¢ value have remmined
normal

On \pr 21 the total serum bilirubin was 8 > mg per cent with a drect
bihirulin of 61 mg per cent  On \prl 22 the total <erum bilirubin was
109 mg per cent wath 1 direct bilirubin of 79 mg per cent  On Apnl 2%
total serum bilirubin was 6 3 mg per cent with 4 direct blirubin of 50 mg
per cent  After the patent was di charged from the hospital on May 20
the total serum bilrubin was 245 mg per cent with a direct bilirubin of
16mg percent  On May 27 the total serum bihrubin nas 1 5 mg per cent
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T eent On June 3 the total serum
" nercent

range
While the patient was 1 the hospital ang « ft
protewns  atbumun globubn ranes cephalin flocculation tests and thymot
turbidity tests have been within normal hrmts
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Froree 1 Hepatoceiiular damage »s revealed by biopsy X 160

L nav wasobtaned on Apni22 1958 FiourE 1 sho s the micro

have w53 marhed ancrease in mitotic actvty

thopattern Hepato

cenu re present  Rare

eosirophilic granulocy o smaller canaheu}

was qresent The changes were those o1 o and hepatoceliula

damage A chest % may was suggestne of slight cardiomegaly but was

otherw e negative
For the first 4 days mn the hosprial a daily temperature elevation as high
as 102 2° to 103 8% occurred  From the sixth through the eighth day the



Hamfl ¢t al Effects on Patients Eshibiing Jaundice 823

temperature did not exceed 100° orally, and the patient remained afebnle
for the remainder of her hospital stay lor the first 2 days she recenved
parenteral fluids and insulin By the third day she was placed on 2 1200 Cal
diet of 125 gm carbohydrate, 60 gm protemn, and 40 gm fat, which was
increased to 1800 Cal as 180 gm carbohydrate, 80 gm proten, and 81 gm
fat when her appetite returned to normal A fasting blood sugar was 95 mg
per cent on Aprit 22 With diet and 10 U of NPH mnsulin each morning
before Lreakfast she remuned aglycosunic and was discharged as improved
on this regrmen on May 7, 1958

After her complete recovery, msulin was discontinued and tolbutamide
therapy was begun on June 21, the patient receving 30 gm  the first day,
20gm the second day, ind 10 gm daily thereafter ~She remaimned asymp
tomatic  Weekly blood counts, unnalyses, thymol turbidity tests, cephahn
flocculation tests, A/G ratios alkaline phosphatase tests, and total and
direct serum bilirubin values remained normai Tolbutamide was con
tinued for 7 weehs until August 9, 1958, when chlorpropamide was substi
tuted at a dosage of 250 mg daly On this reduced dosage of chlorprop
amide she has remained asymptomatic and aglvcosuric, with normal blood
glucose levels for the 5 weehs she has been on the drug  VWeekly blood
counts, urinaly<es, thymol turbidity tests, cephalin flocculation tests, A G
ratios, alkaline phosphatase tests and total and direct <erum bibirubin
values have been determined and have been found to remam wathin normal
Tumts

Case2 O D 268 year old Negro female was discovered to have diabetes
mellitus 1 December 1935, with the typical symptoms of polyurnia, poly-
dipsia, polyphagia a 15-1b weight lows lack of enerpy, and pruntus vulvae
for 8 months  Her diabetes was treated with diet and 30 U of NPH insulin
eich mormng before brealfast  On October 3 1956 ~he was admitied to
the Surgical Service of Grady Memonal Hospital for cholecystectomy At
the age of 26 years she had had typhod fever followed by jaundice In
April 1956 the patient developed nght upper quadrant pain and associated
nausea and vomitmg  Cholecystogram at this time resealed nonopacifica
tion of the gall bladder and chalelithiasis  Recause of continued symptoms
of indigestion and intermittent attacks of upper abdomnal discomfort with
racdhation 1nto the nght «capular region cholecystectomy was performed
Although her sclerae wete thought to be shghtly icteric on October 4 1956
the total serum bilirubin was 03 mg per cent with a direct bihrubin of
02mg percent At the same time the total protein was 6 4 gm , albumin
31gm and globuhn 33 gm  The A G ratio was 094 thymol turhidity
was 4 U and the cephabin flocculanion test was 34+ These tests were
repeated on October 5, 1956 The total serum protein was 7 6 gm  albumin,
31gm and globulin, 45 gm  The A G ratio was 069, thymol turbadity
a4 U and the cephahn flocculation 1est nas 24 The patient withstood
cholecystectom) uneventfully and was dicharged from the hospital October
18, 1956 on an 1800 Cal diet of 175 gm carbohydrate, 70 gm protein, and
91 gm fat with 35 U of NPH msulin each morning before breahfast Her
cace was followed at the drabetes chme and, on January 4, 1937, the NI



824 Annals New York Academs of Sciences

ER a g

and chlorpropamide therapy was instituted with a dose of 0 5 gm twice daily
‘The day before a complete blood count was normal urmalysis was negatne
(except for a 44 sugar) Iner function tests were normal the thymol turb d
1ty test was 43 U the alkaline phosphatase test was 3 7 Bodanshy umts
and the total <erum hihirubin was 0 3> mg per cent with a direct biirubin
of 0 1> mg per cent

Imtially the patent tolerated the medication <atisfactonly and was man
aged with the same degree of control as wath the previous tsuln regimen
On the fourteenth day of chlorpropamide therapy the patient developed
nausea and vomiting and a dark urme that per<isted for 3 day s (until Apnl 18
1958) when she was admtted to the hospital  Careful questioming rev ealed
no history of evposure to rats or hepatotoxic agents or to anyone with
hepatins  \eedle punctures were imited to her own imsulin synnge and
needle used by no one else and to those done 1n our laboratory with careful
precautions . . .
»a
A e . '
1ctenc the lungs were clear and the heart sounds were normal  Abdominal
examination revealed a cholecystectomy scar  The hner edge was felt tno
finger breadihs below the nght costal margin and was nontender The

of the e was butory The unnalyst on
admusston was negatne except for the presence of bile the blood count was
within normal hmuts  Liver function tests on Apnl 18 1938 revealed a total
protem of ¢« 3 gm albumin 34 gm globuhn 39 gm and an A/G rato
of 087 The thymol turbadity test was 4 2 U and the cephalin flocculation
test was 14 The alkaline phosphatase test was elevated to 8 5 Bodznsky
units  The <erum bilirubin was elevated to 6 35 g per cent with a direct
5 mg per cent

bll’ll‘r::l;rz{}:':mblrg lr;me of the patient was 39 2 sec  with a control value
of 11 4 sec at 100 per cent 198 sec at 30 per cent and 260 <ec at 20 per
cent Folloning the mtraienous adnunistration of 50 mg of vitamm Lf
the prothrombin time on Apnl 19 was 150 sec m|_h a contro) value o
12 4 sec at 100 per cent 21 Osec at 30 per cent and 27 6 sec at 20 per cent
On Apnl 21 1t was 112 sec with the same control values as on Apnl 19
On Apnl 28 1t was 13 4 <ec with a control value of 13 4 sec at 100 I]x;r ;e‘r;]l
21 0 sec at 30 per cent and 290 ec at 20 per cent On' Apnl 22 198 the

1t was? 8 Bodanshy umits  MWeells determmationssuiet ¢ s v

normal
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On Apnl 22 1958 there was an increase n resersal of the A/G ratio, % 1th
a total protein of 72 gm albumin 31gm globulin 41gm andan A/G
ratio of 076 On Apnl 25 serum electrophorests revealed a nonspecific
increase in globulins  On Apnil 28 the total protemn was 77 gm  albumin
15 gm globuln 32 gm and an A/G ratio of 14 Veekly A G ratios
have remawned normal A Bromsulphalen test on Apnil 28 revealed 10 per
cent retention of dye after 45 min - This was repeated on July 15 1958 with
a retention of 4 per cent

\ liver biopsy was obtained on April 23 1958 after the patient had almost
completely recovered  The biopsy revealed mummal hepatocellutor degenera
tion minimal parenchymal cell jaundice and mimmal pencholangitis with
bile stasis

A chest \ ray was negative  \While 1n the hospital the patient remained
afebrile By the following day the nausea and vomitmg had subsiled
and 1 wense of nell being returned  The diabetic state was well controlled
on an 1800 Cal diet of 175 gm carbohvdrate 70 gm protein 91 gm fat
and 30 U of NPH msulin each morning before breakfast  She was dis
charged without complaints on April 28 1958

One month after complete recorery msulin was discontinued tolbutamide
therapy was begun on June 1 1958 in dosages of 30gm the first day 2 0gm
the second day and 10 gm daly thereafter for 7 weeks Weehly blood
counts unnalyses thymol turbidity tests cephalin flocculation tests A G
ratios alhaline phosphatase tests and total and direct serum bilirubin values
have remained normal  The cephahn flocculrtion test was 34+ on 2 occa
sions but negative to 2+ in the remaimng tests  She remained asympto
mauc and fairly well controlied on this regimes  On July 19 1958 tolbut
amide was di continued and chlorpropamide was begun with a daily dosage
of 250 mg  lor 8 weeks che has remuned 1y mptomatic and 1s now essen
trally aglycosuric  On \ugust 28 1959 the fasung blood sugar was 137 Smg
per cent and a blood sugar 2 hours after Lreakfast was 175 mg per cent
Weekly blood counts unnaly<es cephalin flocculation tests and total and
direct serum balirubin values were normal

Case3 L C a350yeurold Negro female was seen at the eye clinic 1n
December 195 compluning of ditficulty with vision 1 the left eye  She
was found to have bilateral cataracts  When <he wasadmitted on January 9
1936 for cataract extraction glycosuria was found and the fasting bload
sugar was 282 mg per cent  Repeat fasting blood sugars were 313 mg per
cent and 264 mg per cent  On a 1500-calorie diet of 160 gm carbohydrate
55gm protein and 70 gm fat she dexeloped hetosts before insula treatment
wasstarted  \fter catarict extriction was accompls hed on the left eye she
was discharged ¥ ' - e .
of NPH insulir
chate Mt
sugar  Since
mir the msulin dosage was reduced t0 15 U of NPIL nith the contnuation
of 4 1500 €al diet  “he mamntuned fairlh good control of her ditbetes
on thys regimen with occasional glycosuna  On January 16 1957 catanct
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evtraction was performed on the rght eye The patient was observed
at occasional ntervals and seemed to be under fairly good control with 15 U
of NPH msulin each morning the weight vaned usually between 100 and
105 Ib  On March 18, 1958 insulin was discontinued and the patient was
oo nE s At this time the total serum

bilirubin of 0 14 mg per cent,

phosphatase was 4 87 Bodan

sky units  On March 28 the patient was aglvcosuric and was feeling well, her
weight was 105 1b  On Apnl 18, 1958 anorevia, nausea, vomting and gen
erzlized pruntus appeared and dark urmne was noted for 2 or 3 days  Chlor-
propamide was discontinued and 15 U NPH 1nsulin each morning was again
started on Aprl 21, 1958 On Apnf 25 1958 she stated that the gastro
intestinal symptoms disappeared as s0on as she stopped taking chlorprop-
amide and the urine became normal in color abaut two days later, there was
still some pruritus and her weight was 98 Ib  The sclerae were mildly
icteric and there was an erythematous maculopapular rash on the trunk
The liver and spleen were not definitely palpable Careful questioming
revealed no history of exposure to rats or hepatotoxic agents or to anyone
with hepatitis  Needle punctures were limited to her own msulin synnge and
needle, used by no one else, and to those done m our laboratory with careful
precautions  On April 28 the total serum bilrubin was § 85 mg per cent,
with a direct bilirubin of 09 mg per cent  The thymol turbidity test was
145U, alkalme phosphatase test was 13 2 Bodansky umts, cephalin floccula

tion test was 1+, and A/G ratio was 092 The prothrombin time was
normal  All symptoms and signs cleared rapdly so that on Apnl 30, 1958
she appeared well, except for shght scaling of the skin over the areas of the
abdomen previously nvolved by the rash  There was occassonal gly cosuna,
on 15 U of NPH insulin daily and t‘he‘ “ecl‘ght \'vas 98 1b On"M:Ly '.?0 'lhe
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Bodanshy umts A/G rate nas 141 1 cephaln flocculation was 14+ pro
thrombin time was normal and the BSP test showed 2 per cent retention

tests A/G ratios alkaline phosphatse tests and total and direct serum
bilirubin values have remained normal

Duscussion

Although we can not rule out absolutely the coevistence of a viral hepatitis
as the cause of the jaundice the presence of an erythematous maculopapular
rash in all 3 patients and the pre ence of a 13 per cent eosmophilia in 1 pattent
suggest very strongly that the etology of the jaundice was related to a
hypersensitivity reaction to chlorpropirude  Many drugs have been stig
matized 15 producing Jaundice  Probably the drug that now most com
monly causes jaundice 15 chlorpromizine J H \loyer ef al* reported
1 case of obstructive jaundice without hepatocellular 1nvolvement i 500
patients treated L L Holhster® reported 17 cases of jaundice due to chlor
promazine among a total of more than 900 patients treated with the drug
He estimates that the over all incidence of jaundice 1n patients treated for
at least 1 week with chlorpromazine 1s probably between 1 and 2 per cent
The work of these 1mvestigators strongly suggests a hy persensitinity reaction
as the cause of the hepatic complications  The climcal picture of fever
gastrointestinal svmptoms malaise and jaundice developmg within 4 to
5 wecks of therapy together with the laboratory findings primanly of an
obstructive type of jaundice 1s very similar to the findings 1n our cases

Methyliestosterone 15 1 cause of jaundice has alvo been descnibed ¢ A B
Gutman? has discussed the drug reactions charactenized by cholestasis asso
cited with intrahepttic biinry tract obstruction  He reported the following
drugs as causatne agents arsphenimine dimitrophenol cinchophen auro
thioghacose hyl t norethandrol {Nilevar)  thiouracit
para aminosalicy e aad  sulfaduzine methimazele 8 (para aminobenzyl)
cafietne  He considered these reactions to be the re ult of hy persensitinity
to the drugs mvohed F A Gibbsand B W Stamps® report serious ler
d:l:nﬂgc occurring im about four persans in one thousand recening phenurone

used 1« chemotherapeutic agents hase Leen well hnown for some time * 1
It + thought that a hy persensitinity reaction is responsible fir these side
effects although the exict mechanism of action on the liser 1 not defimtely
known

The predominant picture in our cases was 1n obstructive jaundrce with
hyperbilirubinemia an elevated alkaline pho phatase and only shght abnor
malities 1n hepatocellular function It was interesting that two of the
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patients had a marked eles ation of the prothrombin time  Another ex dence
that senous hepatocellalar damage had not occurred was the prompt retum
to nosmal of the prothrombin time after vitamm K, therapy  Cholestasms
was & promnent feature of the Iner biopsy findings althaugh hepatitss was
also present  The symlanty of our findings to the reports of hy persensitivity
reacttons with jaundice due to various drugs mahes us feel that aur cases
defimeh, have tis bass

Because of a rather high incidence of cross senaitivity to the sulfonamaudes
we attempted 1o determine whether these pruents wauld show any side
effects when placed on tolbutamide therapy ¥ 1th an inettal dose of 30 gm
a second dose of 20 gm  and a datly dose of 1 0 gm  there was no evidence
of hypersensitivity  The patientts remasned asymptomatic, and weelly
blood counts urinalyses and hver function tests remained normal for the
7 weebs they were hept on tolbutamde

After tofbutamide therapy these patients were agan placed on chior
propamde but with a reduction of the dose from 10 gnr to 250 mg dasly
Two of the 3 have tolerated the drug without side effects for 5 and 8 weeks
respectively  They have remamed asymptomatic  Weekly blood counts
unnalyses and liver fanction tests have remained normal  On the mnth day
of resumption of chlorpropamide the third pauent noticed nausea and vom
ited once  She ummeduately discontimued the drug on her own volitson and
resumed tolbutamide which she has continued to take without meadent At
the tame she stopped chlarprapamtde no abnormalities by physical examina
tion blood count unmalyss or byer function tests could be found  Weare
not 1 & positton to state whether these gastrowtestinal complants were
related to the drug or were due to some unrefated cause  One nught expect
evidence of hypersensitivity when the patients were agun admnstered
the drug  In 1 of these pattents it may have been the cause of the gastro
intestinal complamts  Possiby the reduction w dosage may have decreased
the bhelthood of this reaction  Viith true hypersensitivity however one
would hase expected some evidence of hypersensitnity even with a smaller
dose of the drug L E Hollister® reported recusrence of jaundice 1 6 of
11 patients treated with chlorpromazine 9 of the 11 revealing some evidence
of hypersensthivity  None of hiy panents shoved cross semsitnaty 1o
chlorpromazine

Summary

Three cases of jaundice as a by persensitivity reaction to chlorproparude
have been presented

The jaundice #as prmarty 1a obstructive type with hyperbilirubinemia
1nd an elevated alkaline phosphatase

There was no evidence of cross sensitn iy to tolbutamude

~o recurrence of jaundice or evidence of smpairment of hepatrc funchon
occursed when o smaller dose of chlerpropasmide was gnen

On the mnth day of resumptton of chlarpropamide one case developed
mild gastromtestioal svmptoms  These sy mptoms cannot be definutely

related to the drag
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STUDIES ON THE USE OF CHLORPROPAMIDE IN PATIENTS
WITH DIABETES MELLITUS”

N Sheldon Skinner Jr,t Robert L Hayes,}
S Richard-on Hill, Jr
Department of Medicane and Unrecrsity Hosprtal The Uninernity of $labsma Medieal
Center, and the Medial Sereie, eterans Admimsstration Hospual,
Bermnghum, Ala

The study of oral hypogly cemic agents has greatly sumulated research
diabetes mellttus  Many new compounds capable of producing hype
ghycemia are bemng synthesized and studred m an effort to find one such
compound that will prove to be as effective as insuhn 1 controlhing duabetes
mellitus and yet suif be swted to oral admmstration

It 15 the purpose of this report to describe our chnical expenience with
chlospropamsde, a halogenated sulfonylurea compound, and to compare
detail the effiiency of thas drug with that of wsulin m managtng patients
with dsabetes mellitus

Chemstry and Pharmacology

Chiorpropimde has the chemical name of 1 propyl 3 {p-chlorobenzene
suifony Iurea and the chemmeal structure

Piny

i

Cl-& e §en N O N—Cy
<

Tolbutamde, i companson has the chemical name of 1-buty! 3 tolyl
sulfonyturea and the chemueal structure

a

and

The LDso 1n siice and rats1s ble nith both chiorg
tolbutarude accordmng to ene study, while another group reposts that chior-
proparmde shows greater toxiety  Bath of these compounds show ed ssmilar
side effects (depression, atava, tremors) n mice and rats, usually only at
the hugher dose Jesels 1 ¥

Acute, subacute, and chromc touiaty studaes of this drug done on mongrel

* The study reparted here was supported 1n part by funds from the National Insttute
of \nhntis and Metabohe Diseases Public Health Sersice, Bethesda, Md, and Chas

Phzes & Co Inc Brookhn N\ %
+ Student Trainee i diabetes melhtus National Institue of \rthrrus and Metabohe
Diseases Public Health Servuce Bethesda Md .
1 Student Research Fellow, The Nhational Foundation, New York, N %
8%
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dogs showed no sigmificant anatomucal changes either gross or histologieal,
according 10 one group of imestigators whereas a second group found Inver
degeneration and fatty infiltration as well as nephrotic changes in the
Lidney ! 2
Rlood lev el determmnations were done on normal human volunteers  Three
groups of these volunteers were used equal numbers of volunteers were
placed on dose levels of 025 gm per day 050 gm per day and 10 gm
per day of chlorpropimude  Lach of these groups was observed to reach a
mean plateau blood level of chlorpropamide on approuimately the fifth day
of drug ingestion  The volunteers recening 025 gm per day reached
' ‘ 10 mg per cent those receiving
cent and tho e recetving 10 gm
it
per day of chlorpropamide became
hypoglycemic thercby necessitating discontinuance of the compound
Blood levels were determined 1n these three after drug withdrawal and 1t
was found that the removal of chlorpropamide from the blood stream was
accomplished very slowly suggesting that no marked active destruction of
this compound occurs in the human body and that lo s from the blood
stream 15 accomph hed by very slow renal excretion

Waterials and Methods

Eufty two patients ranging in age from 25 1o 88 years and with proved
dubetes mellitus were mantained on chlorpropamde for pertods ranging
from 1 te 25 wecks lorty cight pautents were ob erved at weekly or
Limonthly intervals depending on the need for a visit

Lour patients were carefully studied 1 the hospital on caleulated diets
Four others had been on no previous pnor to the ads .
of chlorpropimide  Forty paticats had been previously managed with
msubin therapy hive with tolbutamide and four by diet alone  Only two
patients had been treated for dnbetic acidosis prior to admmistration of
chtorpropamide

The selection of panients for the study was rands>m although m some
st inces patients were begun on chlorpropamide beciuse of {requent insulin
reactions poor control with insulin snability to self adminsster nsulin or
wsufticsient funds with which to purchas<e insulin (F1cURE 1)

All patients were placed on calculated ditbetic diets but only those who
were evaluated during ho pital admi sion had careful control of diet  The
chinic patients who constituted the lower economic stratum of the patients
evaluated did not observe nid control of their dicts

L(.hmc pall:‘nl‘s werctc,\nlualml for degree of contro! with chlorpropamide

unne exammations Il blood sugars were determined by the Folin Wu
methyd *

Twenty three patients had <erum protein bound 10dine (PBI) determina
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110ns made before or nithin seven da
35 following the admimstration of the
initial dose of chlorpropamide repeat PBY determinations were contmued
throughout the treatment penod  The PBI determnations were made bya
madification of the alkahine ash method of Harker 4
Twenty two pateents had serum cholesterol determinations made before
or within seven days followmg the admustration of the imtial dose of

[ Contratan Pravious Memogement

70+ [ controt an entorpropomide
60-
N
840
&
@
<
P
%
&
204
Q
Poor Tolol Faorr fo
Excetlent

Degres of Response

Ficizr | Compar son of the control of @ abetes by chlotpropamde with previous
management
chiorpraparmde  These were made using the method of
Pearson *

All patients had weekly ta tumonthly unnalyses testing for red and white
cells albumm spectfic gravity sugar and acetone  Three pattents had
repeated hiver function tests using standard methods that 15 alhabne
phosphatase cephatn flocculation and thymol turbidity  Four patients
were eyalnated with BSP tests Al patients were obserted with total and
differential white blood cell counts as well as packed cell volumes ot hemo
glalnn deternunations

Instally all patients were begun on 2 gm of chlorpropamide daily  The
dose lesel was then quichly decreased to 10 0r 05 gm perday  The mam
tenance dose in the majortty of patients treated was 507 02> gm per day
and never exceeded 1 0 gm per day for any pasent  The vanous degrees of
contro! of the diabetes mellitus in each pauent bath before and after cblor
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attaned on the vartious means of prechlorpropamide treatment and on
chlorpropanude treatment
Tapie 1 shows the degree of control of diabetes atiasned with chlorprop-
amide after 23 weehs of rreatment  The over all control was farr to-exceflent
n 54 per cent and poor ;m 46 per cent of patients  While TECEIVING VATIOUS
Taure 1

Dronee Or (ONTROL of DIBETES OBTAINED WITt CRIORPROPAMIDE YPIER
5 WEEks OF TREATNENY

Contro}
\ge groups
Facellent { Good Eawr | Poor | Tatal

21 t0 30 1 1
34040 2 2
41130 50 2 1 1 3 7
31 40 60 6 2 1 1 13
6lio O 7 T 4 810
71 10 80 t 2 5 8
81 10 90 1 1

Total tote 6 5 24 | 52

Per cent total o s 1 it | 46

|

TFame 2

CoRRELATION OF BLoop SUGAR CO\TROL Wity
DisarTis Mesnites

TiF 6E ofF (wser or

Number of patents show Pescentage

Age gravp ~Number of

e ey | ot s setent | ol
120 t a a
211030 3 [ 0
31t 40 4 1 25
411050 i1 8 73
51 t0 60 15 [ o0
61t 70 3 9 12
711080 s 1 10

means of treatment priot to chlorpropamide admunstiration, only 34 per cent
of the 52 patients showed a fair to excellent response

Taste 2 shows a correlation of blood sugar control with the age of onset
of diabetes mefhtus  The 51 to 60 and 61 to 7 age groups had approu
mately the same percentage of fasr to-excellent responses, wath the 41 to

50 apge group shoving the best response
TapLE 3 shows a corzelation of blood <ugaz response with the dutation of
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rabetes prior to chlorpropamid: There 1s an equal
umber of patients 1n each group up to the 15 year duration group  Because
[ the small number 1n the groups after thi, no accurate evaluation can be
:ade Thed to1yearand I-to 5 year duration groups showed, in effect,
n equal degree of control, as did the 6- ta 10 and 11- to 15-year duration
roups
Tapir 3
CorzELATION OF B1oop SUGAR RESPONSE WITH THE DURATION OF [MABETES
Priok TO CILORPROPAMIDE TREATMENT

Durationof | oo | Number of pitients show | Tercentage
diabetes umoer of 1ng fare to excellent of patents
(years) patents blood sugar response | responding

Less than t 16 9 54

1te5 ' 14 10 72

610 10 9 2 22

1o ls 10 5 S0

15 to 20 1 1 100

201025 1 1 100
o

301035 | 1 D

‘TasLE 4
CORRELATION OF B10OD SLGAR RESPONSE WITHL AGES AT WHICH CHLORFROPAMIDE
TrEATMENT WAs Becuw

Age group Number of V“:‘]z‘,’;: &l::::ﬁe:‘l;“ Percentage

(years) paents | e | ©f response
211030 1 0 0
311040 2 o 0
050 7 4 57
1060 13 9 70
61070 20 12 60
711080 8 3 38
81090 1 o °

TaBLr 4 shows a correlation of blood sugar response with the ages at which
chlorpropamide treatment was begun  Four of the age groups shown have
approvimately the sime number of patients, and all have essentully the
same blood sugar response, with a fair to excellent response ranging from
38 to 70 per cent

TaBLE 5 shows a comparison of blood sugar control while on chlorprop
amide with that obtained on previous therapy ~ Agam, there 1» a general
tendency that suggests that the lower the previously required msulin dose,
the better nas the response to chlorpropamide A 100 per cent response to
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fgllngmzflde was noted 1n the five patients previously controlled on

One hospitalized patient was carefully studied with both chlorpropamide
and tolbutamide adrumistration Duning the testing of chlorpropamide the
patient was observed with PBI determinations, cholesterol determinations,
fasting, 11 An, 2 Py, and 4 P ur blood sugars, radioacttve 1odine!®! (RAI)
uptakes, and liver function tests Ths patient was an obese 65 year old
Negro male with a history of diabetes mellitus of 20 years’ duration He
had been well controlled on 35 U of NPH U-80 insulin per day when he nas
first discovered to have diabetes mellitus  He was then mamtamed on doses

TaBLE §

CompArsSON OF BLooD S0GAR CONTROL WHILE ON CHLORPROPAMIDE WITH TUAT
‘OSTAINED ON PREVIOUS THERAPY

Number of patients show | Percentage

Previous means of treatment N“ﬂ‘:‘:i" of sng farr to excellent of patients

P s blood sugar response | responding
No insulin 9 4 15
1to 20 U nsulin 9 6 67
21 to 50 U 1nsulin 13 7 51
51 to 100 U msulin 13 5 40
101 to 200 U insubin 2 1 50
Over 200 U 1asalin 1 e 4
Tolbutamde 5 5 100

of tolbutamide ranging from 1 to 4 gm per day, although excellent control

required 4 gm daily
F1curt 3 shows the comparison of the control of this patient on tolbut-
amude and chlorpropamide after 10 weeks of study during each period  Dur-
1ng both these 10 week periods dietary control was essentially the same
F1ouRE 3 also shows that tolbutamide n doses of 4 gm per day was quite
effective 1n maimtaiming the patient’s blood sugar control 1 the range of
excellent (below 120 mg per cent) while only a fair degree of control could
be attained on 30 gm of tolbutamide per daiy  No untonard reactions to
tothntamide were recorded during this time  Also shown 1s the fact that
ey . H

effective levels of the drug  Lhree weeks atter the dtug was woroitmues
the fasting blood sugar leels rose from 100 to 150 mg per cent and by the
fifth week had nsen to 163 mg per cent It was concluded that the dura
tion of action of chlorpropamide was approuimately 3 eeks, and that normal
blood sugar lesels could agamn be attamned within 1 week after starting
025 gm of chlorproparude per day

The first dose of 30 gm of chlorpropamide reduced this patient’s blood
sugar level from 110 mg per cent to 63 mg per cent m 5 hours On the
thard day of therapy at this dose level a rather marked hypoglycemic reac
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tion was produced dunng the early morning hours, with a blood sugar lev 31
of $7 mg percent  The dabetes was well controlled on maistenance lesels
of 025 gm per day )

idd side reactions were produced by 30 g of chi per day
They sacluded mimmal confusion and weakness, moderate somnolence, and
mummal anarexta that persisted for 2 to 3 days followng reduction of chlor
propamde 1o 0 25 gm per day but rapidly disappeared thereafter  There

VR, 68 old mate , Diabetes tar 20 years
z:o-‘ 2%-
v 2004 & 00
§ £
3 3
S 2 1}
i3 if
7 w0 £ wof
H 2
50 50
3 o
s iss
i gr 3
% ES 2
& zE
& H |
1234487830

Fiere 3 Companson of the effect on fasting oot sugar fevels of tothutamude and
chiorpropam de
were no side reactsons of any kind produced by the masntenance dose of
025 gm daily
The Effect of Chlos propamde on Sersm Chalesterol Levels

Serum cholesterol levels were determined on twenty two patients recensing
therapeutac dases of chlotpropamude  Afl patzents were pliced on caleulated
diabetic dsets  TABLE 6 shows the serum cholesterol levels ohtmned at
varous times from this group

1t 15 of interest that the serum chelesterof fevel of ¢ (41 per cent} of the
22 patients decreased by 50 my per cent or mote while under treatment with
chiorpropamnde  The mean mstial serum cholesterol level was 280 mg per
cent and the mean level after 25 weeks of treatment was 239 mg per cent—
a mean decrease of 41 mg per tent, which includes the mean decreases i
13 patients who did not show & decrease of 50 g per cent or more  There
was a mean decrease of 79 mg per cent in the 9 patients who shoned a 50 mg
per cens or more decrease tn serum cholesterol tevels  The difference between
these means was not statisticatly sigmificant

n atmost all cases, the higher the serum cholesterol level pror to chlar

e
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propamide administration the greater the fall m serum cholesterol level
followtng chlorpropamide therapy  Evidence of this effect was further sub
stantiated by the observation that in the 9 patients who showed a decrease
1 serum cholesterol of 50 mg per cent or more the mean serum cholestero!
level prior to chlorpropamide therapy was 324 mg per cent 1n the 13 patients
showing a decrease 1n serum cholesterol level of less than 50 mg per cent
the mean mtial level was 250 mg per cent There was no correlation
TaBLE 6
SERUM CHOLESTERO: DETERMINATIONS MADE AT VARIODS WEEKS Abrer STaRTING
RLORPROPAMIDE THERAPY

Pre Levet weeks after therapy

Patient | ment

Yok {z|afs|sio)7l8 o raf1t|12/13[sa{15[16]17{1g{10) 20

1 231205
2 272t |226)225)

3

1 200|255| 225
s | 303] 265
6 | 2 200 (181, 189
7 | ans 224 185
s 194 250
9 | 252 245] 213
w [ 265 2630 [a57[276]275] 273
1 | 266 257]  [asd 4 2 235
12 | 2 27
13| 172(229| 217
i1 | 2 4 J228)  |179) 238
15 { 220 268 |213] 235
15 | ey 250
17 | s 250) 288]273] " l24: 252
12 194 193] 157{120f 162
10 290 2231212, |2 e
20 | 212 Jeed| 234
21 471 (349(347] H
2 | 28 181)260 225

Mean | 280

between the degree of blood sugar control and the fall in serum cholesterol
level not was there a correlation betneen the fall in serum chalesterol the
duration of diabetes or the amount of insulin previously required to control
the diabetes
Effect of Chlorpropamide on Thyroid Function

Twenty three patients had repeated serum PBI levels while on chlor
propamude therspy  Tamtz 7 shons the PBI determmnations made ab
xanous weeks after starting chlorpropamide  The 1mitial mean PRI level
prior to chiorpropamide therapy was 58 g per cent, and the mean level
following chlorpropamide therapy was 54 ug per cent—a mean decrease
of 04 pg per cent The difference n these meani “:‘xi not S:\m,‘fm::\i

iere
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Several cases warrant dicussion because of marked decreases m their
serum PBI levels while on chlorpropamude therapy  One patient showed a
gradual decrease 1 serum PBI levels from 5 6 ug per cent to 3 6 ug per cent
with levels falling to less than J ug per cent on 2 occasions A second p:m:m,
showed a gradual decrease 1n secum PBI from an 1l level of 6 0 ng per
cent to 43 ug per cent after 19 weeks of therapy  Seven other patients
showed a decrease in PBI levels of 10 pg per cent or more while on chlor
propamde treatment  As faras could be determuned, no symptoms referable
to these decreases in PBI levels were produced

In an effort to d whether chlorpropamide dep d the 21 hour
uptake of RAL, § patients had control 24 hour uptakes and uptakes following
admimstration of large doses (3 to 7 gm ) of chlorpropamide  RAJ uptahes
were afso determined at hourly intervals and, when a plateau was reached,
potasstum thiocyanate (10 to 15 gm ) was admimstered  The mean pre
chlorpropamide 24 hour RAI uptake in the 5 patients was 18 1 per cent, and
the mean 24 hour uptahe following chlorpropamide admumstration was
11 4 per cent—a mean decrease of 6 7 per cent The difference between
means was not statistically significant  There was no significant dicharge
of RAI following the admimstration of patasstum thiocy anate 1n any of the
patients It appears, then, that chlorpropamide, at least in large doses,
may be capable of suppressing the 24 hour RAT uptake but there 35 no
evidence to suggest that chlorpropamide exerts any interfering action on the
peroxidase enzyme system \n a manner simlar to propylthwourac

Effect of Chlorpropaniide on Blood and Urine

All patients had complete penipheral blood evaluations and complete
unnalyses at weehly intenvals when first started on chlorpropamide ther-
of these was di d as therapy was

apy, the f

prolonged
At no time was there any exidence of anemia ar granulocytopenia, although

10 a number of patients a shght increase in [y mphocy tes and monocy tes was
noted at approumately the same nme the blood sugar fell toward normal
No pathological unne findings that could be attnibuted to chiorpropamide
were noted in any of the patients
T ffect of Chlorpropantide on Lyrer Nenction

Three patients who had heen mantained on relrtively large doses of chlor
propamide for prolonged perods were evaluated with cephalin flocculation,
Tny ot tatordng , ard dhahes phosphatase toste Dour patests wbo bad
al<o been mamtained for prolonged pertods on large doses of chlorpropamde
were evaluated with BSP tests  In none of these patients could any evidence
of liver damage be found  Jaundice nas not a finding 1n any of the fifty two
patients treated

U ntoward Effects

Although unpleasant to incapacitating side reactions occurred on all dose
levels of chlorpropamide emploved (023 gm every other day to 30 gm per
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day ), reactions were sufficiently severe i only 2 patients on 0 25 gm per day
to warrant discontinyance of medication

TagLt § shows the percentage of side reactions in patients secess ing vanous
amounts of medication  There nas an over all madence of side effects of
wome degree 1 37 per cent of the patients, but enly 15 per cent of the pauents
had sufficiently wevere reactions to hd! ! of med;

TasLe 9 reyeads that weahnews, hunger, dizziness, and somnolence were
the Mo~ common complamnis ocesrnng on all dose levels uved  The seventy

PrReenTAc? OF SwF REACTIONS n PaTENTs Recrnnné Variave ‘woosts
oF ClLORPROP AMIDE

Dose level* Nusmber of paticats
porday § emberof T g e Tercentage
(gm) patients reactionst
300 i 3 2 67
200 13 i 9
130 2 H 0
Lop 13 7 54
4 30 39 2% 62
©25 31 15 7

* Seveval patients are iehuded at more than one dove tevel

1 The st e reactions ua patients reeesang 0 50gm or Jess of ehforpropamsde w ere usually
wald anet selieved by food

TasLf
Qroer or FREQUENCY of SIDE KEACTIONS OBSERVED WITH (HLORFROPAMIDE

HERARY

3 Dizziness 7 Sk eruption
2 Weakness 8 Confusion

3 Yhunger S ficadache

4 Somnolence 10 Anorexia

5 Stama H tamiting

6 “awsia 12 Acudosis

13 Hs pogly cemuc coma.

of each of these ¥ symptoms was retated directly to the size of the dose used
the Jarger the dose, the more severe the complamt  These sy mptoms could
not be eorrelated with hypoglycemsa in all mstances but frequently—parsicu
larly 1 patients recening 025 to 050 gm of chlorpropamide per day

symptoms could be correlated with low blood sugar levels Symptoms
chmcally resembhng hrypoglscemia could not be reheved by faod ingestion
when they were produced by 20 gm per day or more of chlerpropanude,
but could be seheved effectively by food wgesuon when produced by doses
of from Q25 10 €50 gm per day  Dizzimess, wealnews, atana, somnolence
and confusion umtlly accurred together, and 2t no ture were they the sale
complaints  In all cases these side reactions were most sevare when they
occurred on dose fevely of from 1 00 3 O gm of drug per day, when produced
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by doses of 05 to 625 gm daily they were rarely mcapacitating  These
effects were usvally produced within hours of drug ingestion when they
accompamed doses of 10 to 30 gm darly
Severe somnolence was a complaint only in that group recening 2 0 gm
or more of chlorpropamide daily  These patients i the absence of pre
occupation would immediately fall asteep, afthough they could be quite
easily aroused and were not confuced following arous1l Veahness was a
prommnent complamnt m 2 patients recenving doses of chlorpropamide of
050 gm per day or less and could not be relieved by the ingestion of food
Atavia when it occurred, was usually pre<ent the day therapy was mtated
but was maumal the second to thurd day of treatment Many patients fre
quently fell as a result of it Relief was alnays rapid and complete after
marked reduction of the dose of chlorpropamide Only 1 of 32 patients
recenng 025 gm daily complamed of atatia, m this patient, the condition
persisted for 1 week following withdrawal of the drug
Nausea and vomiting occurred pnmanly 1n patients recerving 10 gm or
more daily of chlorpropamide and nas rapidly and effectnely reheved by
decreasing the dose used At no time was vomuting suffictently severe to
o - ! fo ¢ ek e Rlkan nausen and vomiting
mde datly, 1t nas

ctions were com
monly encountered m patients taking 0 25 to 050 gm of chlorpropamide
daily  Of these reactions, headache and hunger were quite common and,
even though they frequently occurred together they sometimes occurred
independently  Charactenstically they began late i the afternoon, just
before the evening meal and would be completely relieyed by the ingestion of
food Infreq ly patients pl: of being awakened by hunger dur
ing the early morning hours food 1ngestion immediately prior to retung
prevented this effect  Somnolence when 1t occutred in patients recerving
025 to 050 gm of drug daily, frequently occurred after 6 to 8 weeks of
therapy on chlorpropamide and appeared late in the afternoon, was asso
ciated with hunger and dizziness and wnas readily reheved by food
Slin rash and pruntis were very common reactions, occursing in 12 of
71 patients (17 per cent) recening 0 25 to 0 50 gm daily of chlorpropamide
-~ L 4 o avaor thems multiforme while being treated A defimte
1de therapy and the
>tion was seen mfre
ly,asonly 2 patients
were mamtained on such doses tor more than 2 wiews These 2 patients
did not expenence side reactions of any type, which suggests the marked
mdndual vanation of susceptibility to this drug
Fne of 30 patents recenng 05 gm of chlorpropamide dauly complained
of shin tash  The length of time patients were maintamed on such a dose
was conwderably longer than the length of time patients were maintained
an higher doves
Seven of 32 patients tahing 0 25 gm

daily of chlorpropamide had shin rash
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and pruntis at one tume during the course of therap)  Both of these effects
were usually noticed within 3 weeks after imtiation of therapy and the
incidence of these complaiats mereased as the dumtion of chlorpropamrotde
therapv mereased

Shin rash charictenstically was preceded or accompamed by prunus
although this nas not a constant finding A smal} percentage of the patients
complained of shin rash alone  When prurhs preceded the skin rash ¥
invarsably did 0 By 1 to 3 weebs and did not persst following disappearance
of the rash

The rash was usvally a macalopapuler eruption erythematous discrete
but neser confluent \t e face {pr dary the malar
eramnences) the nech the upper thud of the chest {both antenorly and
posterionly} and the provimal tied of the asms were the areas included
When pruntis developed first it was locahzed to these same areas  One
pattent developed a lotahzed pretinat eruption  The shan rash was usually
tranwent and of only 2 to 14 days duration disappearing completely after
this bme  Two patsents wese etceptons to this one after beang treated
with 05 gm of chlorpropamude daily for 3 weeks derveloping anitching red
sash  Chlozpropammde therapy was immedately withdraun but the rash
cantinued to wcrease m seventy and 4 weeks later a severe evfohatne
dermatitts developed wath profuse vaginal and urethral discharge labial
uleers and mouth ulcers  The patient became extremels 1ff aithough follow
myg hospralization for 2 weeks and extenst e treatment she did nwell and nas
discharged without sequelze A second patient was treated with 0 % gm of
chlorpropamide daty for 1 week  The drug was then withdrawn hecause of
the development of niusea weakness atawsa and dizziness  One weeh after
duscopnnyante of the drug the panent develaped an tiching, urtieartal 1y pe
of eruption that sesponded only mmumally to extensite antihistamunic treat
ment  The rash progres 2d for § weeks and disappeared by the end of
7 weeks reconery agsin was complete

Acadosts oceurred 12 only 1wo patents neither of whorn had a bleod sugas
response to chlorpropamude  In both patients it develaped two days after
treatment was started  One pabent was 3 juventle diabethic wrth a past
hetory of saidosss the other an adult disbetic sithout such precious history

Hypogly cemic cuma accurred m 1 patient a OO year-oid Negro male whn
had previously been poorly contrelled on 130 U of NPH U 80 nsulin daly
At the time of deselopment of by pogly cemic toma he was receving 30 gm
o prop pet day B develoy ed during the early mormung
bours after he had fatled 10 eat the everng meal the precethng might  On
admis 1on to the emergency roota his blood sugar was 36 mg per cent  He
@ ponded immedsately to sotranenoss gutose and has been well contruiied
wmee on § 5 gm of chlorpropimide per day without further complasnt

Death accurred 1 one patient being treated soth chiorpropsmmde hut
as this patient had her termnal treatment in an autlyng hospital the detas
<urrounding her death are unknown  An autepsy was not oblamed bat
she had sesere y tons such as ¢ tive heart faiture
and chlorpropamide was thaught not to be telated to hes death
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Summary and Conclustons

Studies are reported on 52 randamly selected adult patients with diabetes
mellitus who were treated from 1 to 25 weeks with 025 to 30 gm daily of
chlorpropamide  Thirty patients were mamntamed on this drug for from
17 to 25 weeks

Fair to excellent blood sugar control was obtained 1n 28 (>4 per cent) of
the patients treated The best response was obtained 1 thaose patients
witha requirement of less than 21 U of msuhin daily for control of thediabetes

One patient was treated with both chlorpropamide and tolbutamide and

7 times as potent
o untoward

A mean decrease tn serum cholesterol level of 41 mg per cent was observed
n twenty two pahents following treatment with chlorpropamide This
decrease was not statistically significant A tendency for serum cholesterol
to be Jowered by chlorpropamude when imtial serum cholestero] levels were
high was suggested  The duration of diabetes prevsous control of diabetes
and the amount of wsulin previously required for control played little or no
part in determining the response of cholestero! to chiorpropamide

Tuenty three patients nerc studied ta observe the effects of chlorprop
amide on thyrowd function A mean decrease 1n serum PBI levels of 0 4 pg
per cent was observed following 25 weeks of treatment with chlorpropamide
this was not statistically significant  Five patients were observed to have a

ean decrease of 6 7 per cent 1n 24 hour RAT uptakes folloning chlerprop
amide treatment but again this was not statistically significant

Untonard effects were common with chlorproparmde treatment and m
general tended to be most severe and most frequent on dose levels of 1 0 gm
or more daily While these reactions were due to hypoglycemi m some
nstances and could be reheved by food mgestion i many tastances they
appeared to be the result of a direct effect of chlorpropamude  Side reactions
were also ly observed on e dose Jevels of G 25 to G 56 gm
datly but these were usually reheied by the ingestion of food and were thus
transient and of hittle consequence

Renal and hematological damage was not found with chlorproparmide
therapy nor sas hver function impatrment observed
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CLINICAL EXPERIENCE WITH CHLORFROPAMIDE IN THE
MANAGEMENT OF DIABETES MELLITUS*

A Gorman Hills and Wilham A Abelove}
Section of Endocrmalogy and Vetabolism Department of Medscine Unnersity of
Mams School of Wedscine Coral Gables Fla _and the Diabutsc Endocrine
Hetabalic Clines Jackson Memortal Hospital, Yaams Tl

Introduction

This report ts based upon our observations of the compound 1 pmp)\
3 (# chlorob Jurea (chl orally admimst

an agent for the control of glycosuna and hyperglycemia as tested m 40
patients with diabetes mellitus for periods of 2 to 5 months  The drug has
been found to be effecttve for this purpose in 76 per cent of this group, most
of whom were patients whose diabetes began 1n their fifth decade or later
The data have been analyzed in terms of an arbitrary system for grading the
degree of control achieved with the aud of the drug, and an appraisal on this
basis of clincal factors influencing the effectiveness of the drug has been
made The concentration of chlorpropamide 1n blood serum attamed at
various dosage levels has been determined also, and the relation of these two
factors to the effectiveness and tonicity of the drug has been evaluated

Clinscal and Expersmental Dala

Of the 49 patients ncluded m ths study, 35 were females and 14 males
All but 6 of the patients previously had required msulin and 14 of these had
been treated with tolbutamide and had been adequately controlled by that
compound  The remawng 6 patients were new diabetics 2 having been
controlled on toll de prior to chl mude admimstration in all 6,
the blood sugar levels had been constantly hgher than 195 mg 100 ml
before drug treatment, and good control was obtamed by treatment 1 all 6

Ten of the patients were studied imtially for several weeks as inpatients
m the Special Study Unit of Jackson Memonial Hospital  During the study
they were kept on constant diet, and the excretion of glucose and ketones in
the urine was determined quantitatively on partitioned 24 hour urmne collec
tons  Fastng blood sugar was also determmmed daily  After a sustable
control period of observation, chlorpropamde therapy was begun, usually as
05 gm twice daly for tno days, with subsequent mamtenance on a single
daily dose Insubin, when it was bemng giwen during the control period
was withdrawn within 2 to 4 days of imtiation of chlorpropamde therapy
with imtial daily decrements of about >0 per cent
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were controlled only 1n~ofar as they adhered to their diet prescription They
were seen at weekly intenals until ther drug therapy and the response
thereto were stabilized, and subsequently at intervals of txo to three neeks

1f good control was achiered with 500 mg of chlorpropamude daily, the
maintenance dose was lonered 1f satisfactory contsol was not achieved with
500 mg daly, the dose was increaced

Det of chlorprog de ¢ i blood sera were made
1n both outpatients and mpatients with the ard of the method of Toolan and
Wagner !

TanLe 1 cummanzes the statns of the 49 patients with respect to presious
treatment

TasLE 1
\UMBER OF PATIENTS ACCORDING TO PrEVIOUS THERAFY

In<tlin 29
Iasubn then tolbutamude N
Tolbutamide 2
New diabetics 4

Total 49

Critersa of Control

Cntersa for satisfactory control were arbitranly established as follows
good fasting true blood sugar consistently below 120 mg /100 ml, with no
glycosuna fair fasung blood sugar between 120 and 170 mg /100 ml, w1th
gly cosuria less than 0 5 per cent

1nalysis of the Data

1ge at anset of diabetes  The effectiveness of chlorpropamde tn controlling
hypergly cemia 15 most strilang 1n those patients m whom diabetes mellitus
first made 1ts appearance after the age of 30 Of 43 patients in this category
who were grnen the drug 36 or 84 per cent were adequately controlled
without msulin  The excellent response often observed In these patients 15
exemphfied 10 FIGURFS 1 and 2

In § patients who-e diabetes began between the ages of 20 and 39, however,
therapy was successful in only 1 The total lack of response encountered
in patients of this group 15 illustrated n FIGURE 3 Chlorpropamide was
also neffecuse m the 1 child among our patients who recerved the drug, a
14-year-old boy with disbetes of 5 years duration who required 52 U of
lente wmsulin dasly  TABLE 2 gnes the age at-onset da‘t_: for the 49 patients

A e f tha

vaniation in the sample for the number of patients 1s SN &lik, M aue v
15 confined to 4 of these patients who had had diabetes more than 20 years,
the drug 15 shown effective for 73 per cent
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Control far a ¥L; manth penod bas been excellent at a tow dose Jeved m this patient with
newts disgaowd thabetes metitus.
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Prevtous sustdin reguerement  There was no doulit tha the effectneness
of chlorpropamide was related 1o the presious nsufin requirement (TBLE )
Good control was obtamed m all patients whe had not previously required

e aele

“at ants

s .
controlled  Our experience with those requiting more than 40 ¥ ol lisus)
datly was hmited 10 two patents  One was the juvensle mentoned 2bore,
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the other a 08 ear-old winte female wnh an onset age of fifty, requinng
80 U of NPH wmeuhn darly  Ona darhy dose of 500 mg chiorproparaide per
day, her tmnsulin requirement was reduciile to 50 U of NPH daity, but no
lower

Comparison of Iolb de and chlor dt  In 15 patients prevwously
mamtamed on tofbuamde m dosey of 05 ta 23 gm , chlorpropamide was
substituted {TARIE §)  Thirteen of thee had been on thsulm prior to the
tolbutamide 2 were mew diabetics  The effectne dowe of chleryropamude

Reramion oF Doranos of Thaeeres avo Reseonsi vo Toprspy

i
Duravion of diabetes vears |

; ~ P p;[x‘.':fu Percentage
THES 69 (105 18
! i
\o of patients [T s 2 s -
Contral t
Gaod, 5 81 2 PR 0 '"}m
Farr e 6¢ 4 T 0 U 3,
Unsanshactory 2 a8 3 3w 2
Percentage sanisfactors R N A
Tasis 4

Reeamiod 0z Insoim RFoUIREMEST a¥D REsponse 10 CRLORPROPAMIDE TRERaPY

1
Brevions nsahin dase units per day

1

. tal
Percentage
! o | Les n—m; Greater )"““““ E
| jthan 20 2 ; than 40
} - i e e
- -
No of patients [ ey » } sl 2 -
Control i | { f
boe gy 17 e B a1y,
Faue bel alol o i | g
Unsatistactary | e 2 2 v on
Percentage satisfactory 00y e " ey -

sveraged approvimately one fith thal of totbutamide, 2 typical experiment
rshowa m FIGURE 4 One pattent (CIGURE §) <honing progressive resistance
to tolbutamde was shifted to chlorpropamude, hy perglycema and ketosis
contmued, and snsulin was required for control

Sev gnd race  There wis 00 cosrelation between the <ex ar race and
1esponse to therapy (TWBLE 6)

Dosage of chlorprapamide  The majonty of our patients were mmntmned
satisfactonty on doses of 300 mg per doy or less, generally gnen as a single
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Tamix 5
CoMPARISON OF TOLRUTAMIDE AND CHLORFROPAMIDF T)OgacE
Previous muntenance dose
tolbutamide), grams per
{tolbutam g per day Total
e patents
654110 j 15126125
! !
No of patients conserted 'O T T PR O AT
Present mamtenance dose {chlorproparmde
grams per day
G 100 1 — 1 - -
0 200 - 2 3 - -~
G 250 - - 1 1 —
0 300 — 1 - 1 -
¢ 560 - - - ~—~ H
0 623 - - - 2 -
Ty TSN JMK (7237 ONSET OSEASE WGE 55 4y NPH/DALY CONSTANT DET
T
SERUM A
e
w4
3
n2o 4 ',
fay 10 “ ERCI SRS
m % 100 Baggean
90
acearve
‘e
I
w142
» o
s
N
raguramnpr.
I
10
-
0 # sor
25 T
NOY  JAN MAR  MAY T 2 a5 26 N 7 13 " ”
st ety pavs
Fiaors 4 of totbutamid de The of s

by he
trated were made while the patient was on a constant dhet 1n the special study urut €O
propamde, in a dose of 125 t0 250 mg daily, masntasned the sanisfactory cantrof prest
achieved m this patteat by 1 to £ 5 gm tolbutamide duly
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dose each morning It was observed that patients taking small doses (that
1 100 mg per day) could be controlied just as readily when the dose was
given as a 200 mg tablet every other day (TABLE 7) In view of the rela
tively slo v elimination of the drug 1t 1s probable that the same thing may
be sa d of higher doses but we have no observations to support this assertion

s oesm ow s o5 oSt Faces 35 °

Fours S Falure of chlo propam de in tolbutam de res stance  Ne ther tolbutam de
(Igm daly) no chlorpropam de (750 mg da ly) p oduced successful cont ol of d abetes
n this pat ent

LE 6
RELAT ON OF SEX AND Race 10 Stccrss oF THERAPY

Male | Female | White | Negro

No of pat ents 1 3s 37 12
No sa sfac o ly con rol ed 11 26 29 8
Percen age sat sfac or ly controlled | 79 7 8 67

Duabetics not responding to 500 mg per day usually faile1 to respond to
doses of as much as 2 gm per day At these higher dose levels toxic symp
toms were not uncommon

Concentration of cl lorpropamde in blood sert m  When chlorpropamde 15
admin stered in a constant daily dose of 1 gm or less tl e serum concentration
of the drug rises steadily for about five days attaining a reasonably stable
plateau by the end of that time  The decline n serum concentratton when
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the drug s stopped 1s still slower, and this 1s reflected 1n a rather delased
escape from diabetic control in patients who cease taking the drug (FIcURE 1)

FIGURE 6a represents the range of serum chlorpropamide concentrations
found m a number of patients stably maintained at varnous dose Jevels of the
drug  To these data has been fitted freehand the straight line curveshown
in FIGURE 66 The assumption, which may not be entirely accurate, has
been made that the relation between drug dose and serum concentration ts
lmear  Atany rate TIGURE 6a gnés a rough indscation of the drug concen
tration to be expected at any dose level

Taste
RELaTioN OF Mnral DOSE T0 \DEQUATE ConTROL®

‘ Chlorpropamide dose
(grams per day)

— Total
01-0 2‘0 25-0 50, 0 60
No of patients 20 13 16 | 49
Control }
Good 14 6 — | 2
Tair ' 3 6 s {17
1| 12

Unsausfactory i - ( 1 1

* Satsfactory control was achieved 1n 33 of the 49 patients (67 per cent) by a dasly dose
e ] T.oan o [

as2gm daily

Tapie 8 shous that satisfactory control, if 1t can be attained at ali, will
generally be achieved ata plasma concensr’u!mn‘ of (hlcrprop.lml:ic ?f

Thrty six of the patients represented 1n TABLE 8 have had repeated deter
mnations of serum chlorproparmde concentration at a stable dose level of
the drug, n 3 of these, 2 second series of observations was made at Ingher
dose levels and with higher serum concentrations

Of the 36 patients, 22 (61 per cent) were satisfactorily controlied at max
mum serum concentrations of 15 mg or les~ per 100 ml  Three pa(l):)em]s
not satisfactontly controlled at the lower serum concentrations {15mg /1 md
or less) were subsequently gien larger doses of the drug  One rfem'um'-
uncontrolled with serum concentrations as high as 36 mg /100 ml, a;;’m;:
trol was achieved in the other 2 at maximum Jevels of 20 and 25 mg /100 ml,

try el
rcs;:fml)’ Tovic mamfestations occurred 1n 15 of our 49 cases (30 per cent)



Hills & \belove Chucat I xperience with Chlorpropamide 853
w
o |
ol

e n |
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fiwees b Relanan of serom chiypropsmade fevels 10 oral dosage ) Each bar
shaws the range of serum hlorprny amde contentrations altawed 4 1a3s or more after
any gnen constamt larly lose af the deug ha !l been mstiuted  The data ave baced on
5 determinations 10 39 patients each range sho vn representing. on the average 3 7 deter
mmpations carred out for + eeks or months at A statl dosage leved (b \ free hand curve
drawn 1 bt the data of FICT e 62

VMo t of the effects were transent and consseted of headache rhzziness
drowsmess wbsng and possible hypedy cemue sy mptoms (Tapse 8y There
were however only 2 mstances (4 per cent) where the sy mptoms perowsted
and necessttated «sthdrawal of the drug  In 1 patent (G E) who had
been t thang y¥1 mg per day with masginat farr control the dose was increased
0 "5 my perday wihensumgnauses vomiting hiccoughs andanery them

-
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15 mg /100 ml are reached The maximum recommended dose 15 genenally
8 mg /bg per day (500 mg per day for the average size patient)  Further
increases seldom give more effective control, and they will often raise the
serum chlorpropamide level to a range higher than 15 mg , where a considera
ble ncrease of toxic reactions 1s to be expected  It1s evident, however, that
the dose of the drug per Lilogram of body weight can influence effectreness
and towicity only msofar as 1t affects the concentration of the drug 1 body
flmds  Since the data show that there 1s considerable vanation between
mdnduals 1n the serum drug concentration attamed at any given dose, it
would appear that the determination of serum chlorpropammde concentration
will often be helpful m estzblhshing the optimal dose more precisely and,
espectally, 1n justifying increases to more than 8 mg /hg per day m patients
who, on this amount of drug, may remamn uncontrolled and mamtam low
serum drug concentrations

The meidence of toxic reactions of some kind mn our series has been high,
but our figure of 30 per cent does not, of course, represent the incidence of
tovucity to be expected in patients who will be treated after the principles of
proper dosage have become nell estabhished In the course of preliminary,
experimental clinical studies of a new drug, neither the mimmum effective
dose nor the incidence of toucity at various dose levels has yet become well
defined, and the majonty of the touc mamfestations reported here have
occurred at a higher dosage than would now ordnanly appear to be mdicated

Summary

Forty mne patients with dimbetes mellitus, ranging from fourteen to
eighty years of age have been treated with chlorpropamide for as long as
five months

Satisfactory control of the diabetes was achieved 1n 76 per cent of these
cases, the majonty of patients bemg those whose disease began after 40 and
sho required less than 40 U of msulin datly  The meidence of successful
control was not significantly nfluenced by the sex or race of the patients nor
by the duration of the diabetic state

Chlorpropam:de 1s effectrve 1n controlling diabetes, 1n general, under the
as tolt de, however, ct de 15 about five

same ¢
L it am a wanht hacic  Thic enhancad natency annears to
7
i
. P gt
y - o . ', trations of
' CEE ' o . .o Adaly
R [ : ' - verage stze
o o ‘ * .. ' drug, but
there 15 CONSIQErADIE VAILALIOL, edpruiany Luirtn 1 swvsdudss  For this
reason, serum chlorpropamide determination should prove a helpful guide to
therapy
To}l()lc mamfestations of some hind, principally mild and all reversible,

occurred 1n 30 per cent of our cases  The mcidence of toxic reactions n this
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senes 1s lagher than and not represeatstne of, that 10 be expected with
therapeutic use of the drug which in our opmon shou! § ordinanly consist of
dasly doses not w excess of 8 mg /g of body veght
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CLINICAL AND EXPERIMENTAL STUDIES WITH CHLOR
PROPAMIDE IN DIABETES MELLITUS, IN NORMAL
INDIVIDUALS, AND IN NONDIABETICS WITH
HEPATIC DISEASE

Bernard Knick
Medical Climic of the Untversity of Mawn~ iains, Germany

The hypoglycemzc action of the sulfonylureas presupposes reserves of
endogenous insulin  These substances probably also act through an extra
pancreatic h fl mtrahepatic bol. a process that
has been confirmed climically and expertmentally by a selective accumulation
of liver glycogen Because the sulfonylureas produce no increase mn sugar
utihzation by skeletal muscle tissue, their action differs significantly from
the action that 1s typical of exogenous insulin ~ The hiver, therefore, 15 one of
the sites affected by sulfonylureas

It has been climcally and experimentally shown that the sulfony lureas
influence intrahepatic metabohsm  The mode of action of chlorpropamide,
as proved in our studes, does not differ from that of d
or tolbutamide  In test animals the antidiabetic drugs, mcluding chlorprop
amide, produce a similar mcreased accumulation of glycogen in the [iver
Inrats + ! LR - we T A L a4 e am da (38 ma
per day o . '
exhibits »
disease (hepatitis and crrrhosis), we observed a similar effect and, also an
objective 1mprovement 1n hepatic function, the latter was confirmed by
laboratory and lver function tests, espectally Bromsulphalem retention
Adverse effects on hepatic function were not demonstrated m these patients
nor m 35 diabetics treated with chl de orally d for
several months  In rats recerving 50 mg or 100 mg /kg of chlorpropamide
for 6 weeks, we observed an increase 1n liver glycogen, but ne histopatho
logical alterations

Because of the recent interest tn the mechanism of action of the antidia-
betic sulfonylurea derivates, the effect of chlorpropamide on the hver
transaminase system was mnvestigated, since an mnhibition of transamtnase
reactions can lead to a decrease m the rate of neoglucogenesis Serum
t values were d d 1n normal individuals, hepatic pattents,
and diabetics during therapy ~ Glutamate oxalacetic™and glutamate pyru
vate transaminase levels, as well as aldolase and lactic acid dehydrogenase
actwvity, were investigated It was observed that chlorpropanude mhibits
serum transamnase levels as do other compounds, as shown by other v estt
1t 15 suggested that by ithibiting transamination such dernates
This hypothests would also explain

gators
decrease the rate of neoglucogenesis
the hepatotropic effects
Ta our wark at the Med.
d g minimal ma e dosages
858

1cal Chime we have been particularly interested
Te have under study 35

m
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patierts 25 of whom received previous treatment and 10 of whom were
dragnosed dunng the course of the study and recerved chiorpropamide as
the witiz} therspentic agent

Stz of the patients were less than 25 years old and 1t was i this group
that we observed gar 2 faddures  The ather 4 paents are sntereshing since
we did not obsenv e an adequate re ponse dunng the 1ttt 2 weehs of treat
ment and therefore gave nsubn 3n addiion 10 chlorproparde  We con
unued ths combined therapy for 14 to 21 days after whach we found sur
prisingly that the insuhin dosage conld be reduced and fnally disconunuved

Qur remamtng 29 patents most of whas ugre 58 years of age or alder
and generally obese responded wefl tw chlorpropamide  It)s our practice
to begun treatmment wath § g per day for 3 or 4 days and then to reduce
dosage to the lowest pocuble therapeutic tesel  We have Iound that most
patients can be maintaned m satifactory batance with 2 dosage of 250wy
duly  Hovever we have had succe s wath as Iitede as 100 mg daidy and
an ocrawional patient with 100 mg every other day

e have nat observed any side effects from do ages of § gm dasly ar less
On Ingher dosage palents may expersence nausea discomafart i the epigas
tnum anda feehing of abdominal fullness  There was no indicition of chawal
toxic manifestations on the blood shin of nervous systems

Ve nere mpressed with the refatively low mmimal dosages of :hlorpmp-
amide that were fully efiective sn factory sugar
m panients with diabetes  Tolerance of dosages of 1 gm 2 82) or Jess 15
excellent probably more than that amount is not necessary since 1t may
well sepresent the maximum therapestic quantity Tbe anerage man
tenance dosage is 250 mg day and, not wirequently even smaller doses
are adequate




EXPLRIFNCES WITH CHLORPROPAMIDE, ESPECIALLY IN
THL BRITTLE DIABETIC

Joseph J Lonenthal, Carl Ross, George Tully
Dyabetrc Climic Duval Wedical Center, Jacksondle, Fla

It has been shown that chlorpropamide 1s a sulfonylurea with antdiabetic
action  Early i our chnieal tnaj of this drug, we attempted to evaluate its
contro] of the bnttle or labile diabetic  We also attempted to deternune
whether the adminustration of very large doses would result 1n a more rapd
controt of the diabetes, and whether very large mawntensuce doses ould
control the bnittle diabetic pattent when average dosages faled to do so
Thus far, 33 patients with diabetes mellitus have been given chlorpropamide
under our supervision  All of these patients were adhenng to a restrictive
diet of the Amencan Dubetic Assocration type, 11 were taking, th conjunc
tion with the diet more than 34 U of msulin daily in order to achieve control
of their diabetes

Of the 34 dubetic patients recerving chlorpropammde therapy, the drug
was discontinued n 5 because of ineffectiveness of control, and m § others
because of untoward effects One patient was lost to our control, and 1
patient died

Tritral Dosage

Twenty one patients were given an 1mtal dosage of more than § gm of
chlorpropamide dasly Of these, 12 achieved adequate controf Two
patients recetved 4 gm as an imihal dosage, nejther achieved adequate con-
tro}  Ten recerved 3 gm as an mnal dosage, of these, 6 were madequately
controlled  Five patients recen ed inihal docages of 2 gm , 3 of these were
madequately controlfed (TABLE 1/

ABLE 1
CONTROL ACHIFVED WITH MORE TEAY 20 GRaus OF CRLORPROFAMIDE AS
Inone Dose

( Controf

It dose | Numberof |

(gm ) paticnts

‘ Adequate | Inadequate

e e ]

z0 5 3 2

30 10 4 6

10 2 0 2

Warnlenance

Seven of our patients recers ed maintenance dosages of more than 1 gm
daly, of these, 3 had adequate control 01 3 pattents receiving more than
2 gw and as much as 4 gm daily for maintenance, none was controtied

860
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One of these patients recerved 4 gm dmly for % days and actiesved 2 blood
level of chiorpropamide of more than 50 mg per cent  Although she had
no tovic effects or symptoms from this dxun 1t nas discontinued because of
lack of congrol (x381E 2)

Tante
NanvtEnance Dose (CutouprapaNioe aney) avn REStLss ACHIENED

}

' Control
“amber of
dose (gm3 | cases
\dequate | Inadequate
.
025 1 1
02505 " 2 2
0&10 12 & 6
t 1 3 1
23 o o Iy
3 [ [ 9
4 3 o 3
Controt

Of 1t pauients requinng a restnctive diet and mose than 31 U of manbn
dasly for control of their diabetes, only 4 were able to continue chlorpropamide
therapy for more than 4 weeks The other 7 were seturned to wmsubn
because of wadequate contral of these, 6 had disturbing side effects that, i
themselves would bave been sufficient reason for discontinuing the drug
Three patients in nham conttal of the diabetes was lovt on tolbutarude
therapy were well controlled on chlorpropamide

Sude Ffects
The number of side effects seemed to bear no durect relattonship to the
asage of chi P Mare aide effects were noted m

Cozpsrarion of Dasy Dosace oF Cirlorreopausor wixx Ssof Efsgers

Sude efiects
Dogage] Namber of
(gm } cases

Gastromtestinal | NS} Other

Shan|
R SN AN I
bl

2 . i
Toml[ 21 8 !9ll'

* Deceased
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patients recetving 0 5 gm daily than m those on higher daily dosages (zamix
3)  One pattent, who had recewved large dases of chlorpropamide, died whie
recetving the drug  He suffered from arteniosclerotic and coronary artery
heart disease 1n association with probable partal crrrhosis of theltver  Despite
symptoms of anorewia and lethargy, the drug was continued until about
thirty six hours before death At no time was hypoglycema present
Autopsy findings showed nonspecific changes of fatty metamorphosis of
the liver, cerebral atrophy, an old healed myocardial mfarction, and shght
aortic atherosclerosis
Conclustons

In a small series of thirty four cases studied thus far we have found that

Chlorpropamide was not effective in control of the bnttle diabettc

The effectiveness of chlorpropamde 1s nat mcreased by large dosages, even
as much as 4 gm daily

The toxicity of this drug apparently mncreases with large doses, but some
patients can tolerate large daily doses and high blood levels without 1l
effects

High dosage of more than 10 gm daily was not associated with a higher
mcidence of side effects

The drug 15 apparently effective m the mld diabetic

Three patients not controlled by tolbutarmde were controlled adequately
by chlorpropamide

One patient died while on large doses of chlorpropanude The exact
cause of death 1s unknown



A PRELIMINARY METABOLIC AND CLINICAL EVALUATION
OF CHLORPROPAMIDE

Juan M Baertl, ] Evan Owens, George ] Gabuzda
Deportment of Medusne W estorn Reserve Unsoeraity School of Vedtcne at Closclond
Melropoluan Geazral Hospstat (formerly City Haspital) Cleecland, Qo

‘The metabohc effects apd chmen) efficaty of chlorpropamde, an oral
hypoglycemic agent nith potental therapeutic value, were evalvated m
twenty three pnuems with dabetes mellitus A prelimmary report of this

with 1Y d here

Materrals and Methods

During the course of these studies 10 pauents with diabetes meflitus were
selected for speciat study on the metabohc ward  Four of these patients,
when placed vnder condshons of stict diet control simlar 10 that previously
recommended for them, did not demonstrate glycosuna and wequred no
wmsalin A dingly 1oals of therapy were not made with
these 4 patients, and they ere discharged from the hospital with dret therapy
alose  The other 6 were conmidered sutable for the metabohc studies
deseribed below  Bnef descriptions of these patients are uicluded with the
data obtaweq for each, as presented under Resulis

‘The patients » ére maintatned on constant duiabetic diets designed to meet
radwdual requirements, rach datly diet being dinided into 4 feedings  The
patients were weighed dady flwd intakes were recorded, but the subjects
were permtted to dnnl water at hberty Tnenty four hour outputs of
arme were collected and preserved with 10 mi of a 1 10 muerure of toluol
and glacal acetic 3aid and refnigeratton  Fach dady unne volume was
amalyzed quantitatnelv for sugar content + 2

The perwods of study ranged from 18 to 02 days (average 39 days) Con
$£0l periody of from 3 to & days preceded the admunstration of chierprop-
anude 1w al} patients  When 1t seemed permissible, msultn way withdrawna
or reduced m dosage before the drug was given  The chlorpropamide® was
given orally, 1 gm darly each morming before brealdast  One-gram doses
of toltutamude? wiere sinnlarly given  Tolbutamude in darly doses greater
than 1 gm was admuntstered tn divided doses at mealtime

Fastung blood samples wete abzamcd ﬂ'tqn:m]y for sugar determma
vons ' ¢ Fasung blood tevels of o and of ere
detestuned sertally 1 some patients ¥ For 3 patents, blaod {evely of chloy
propamide were determined several tunes within the 4 hour persod mme-
duately followng a Y-gm oral dose of the drug

These studies wikeded fregoent wnnalyses, tomplete blood tounts, and
tests of Iner functions, meluding serum bilwubin concentration, alkaline
phosphatase, cephahin cholesteral flocculation, and thy mol turbxduy In

* Provided by Chas Pfiser & Co, Toc _Prooklyn, New York

1 Prowaten by The Upyohn Company, Falxmazoo, Mich
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some patients Bromsulphalem evcretion tests also were obtawed befose
during and after the admmstration of the hy pogly cemic agent  In zdd
tion the patients wete obserned closely for evidences of untonard reactions
to chi pamide and for symp 12 hypogly cetna

Chlorpropamude was also evaluated m 3 patients with diabetes, who were
hospuahized on the general medical nards and in 14 patients attending the
diabetes chnsc as outpatients  These patients were selected on the bass of
thesr bikelthood to respond to an oral hypoglycemuc agent for example
patients with stable matunty onset type dizbetes The 3 hospitahzed
patsents had not recesved snsubin for at least 3 days before chlorpropamide
wasgien They were gven | gm chlorpropamide datly for at least 6 days
The outpatients were wstructed to discontinue msubn and to begin chlor
propamide on the same day  Initial dose of chlorpropanude fur the out
patents was 1 gm daiy for 1 week and 05 gm dardy was prescrbed there
after  Tius therapy oas continued for from { to 3 months (aversge 9 weeks)
The patients visited the outpatient department weekly o speaal effort
was made to ensure more adequate adherence of the patients to their diets
of to other dabetic wstruction previously given  They were advised to
continue their diabetic regimens as in the past  These patients were anare
of course that a change in medication was made for example an njection
of msuhn was being replaced by an oral medication and n some cases, the
frequency of required visits to the outp d nas d
Chlorpropamude was evaluated i the outpatients by fasting blood sugar deter
mnations and fractzonal qualitative unne sugar determinznons (Somogys
method) Blood sugar determinations were done almost daily in the hos-
pitalized patients and wsvally weekly m the outpatients In addition
datly quantitaine glycosuna was determuned for the patients sn the hospstal
Blaod chlorproparude levels nere determined at weehly tntervals in some
of the outpatients  Unnalyses hemograms blood urez mtrogen concentra
non and hyer function tests were also done at intervals for these patients

Results

Metabolsc studtes  Stnce it was not possible to carry out identical protacols
for the sty patients studied on the metabolic ward the data for each of these
patients are presented separa tely

Patient J M a 42 year old Negro male diabetic for f year wasadmitted
to the hospatal becaw ¢ of diabene aadoas  Of his own accord he hed
stopped taking msutn 6 menths prior to admission  The acidosts was
treated and he required 15 L NPH wnsulia darly for 2 weeks preceding the
metabohc study  The results of tms study are presented in FIGLRE 1§
Durtng the mitial T-day pertod of metabolic study this panent’s d abetes
was well controtied with a 2500 cat dhet and 13 U of NPH imsehn daily
Insuln was then discontinued  Dunng the 6 days wmithout msaha gyco-
suna increased fram less than S g to about 30 gm dady and fasting blood
sugar levels wcreased from 160 mg 1o 210 mg per cent Then 1 gm chlor
propamide wa> gnen arally dasly  In association with thlorpropamde
therapy glycosuna and fasting blood sugar fevels promptly decreased
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Twenty tour hours after the matiad 1 gm dose had been given fasting blood
sugar level had decreased from 240 mp to 164 my per vent und, after several
days ranged between 110 and 132 mg per cent  Gly vosuna was fess than
5 gm daly and remamed so even after the dosé of chiorpropamnde was
decreased to 05 gm datly on the tenth day of therapy  Upon discharge
from the hospital a sumdar diet apd 0 5 gm chlarpropamide were prescribed
for this patient who has been seen in the outpatient chmc at regular inten als
and has mantaned excellent contzol of diabetes under this regimen dunng
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the G-manth penod to date  The patient demonstrated a prompe and ade
quate hypoglycemic response to chlorpropamde admustered orafly and st
replaced wselin m s dabettc regimen

Patent A M 3 60 year old Negro female with stable easily controlled
trabetes of 10 years duration required 30 U of NPH msubn duly  Thes
passent had 2 past hstory of repeated eprsedes of pancreatitts and it <eemed
probable that the duabetes was secondary to chronic poncreatitis  She
was beng treated in the hospital for pulmonary tubercalosts and recen ed
nomazid and para amino<ahicylate while this study wasn progress  Insuhm
was dincontinued § weel before metabolic study wassmtiated  The findwngs
wpatient 4 M are presented i FictrE 2 During the first 3 days of study
this patient was given 5o snsubn but was mantamed on a constant 2000-cab
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duahetic diet  Glycosuria increased from 68 gm to 94 gm daily, fasting
blood sugar levels increased from 194 mg to 360 mg per cent, and the patient
lost weight  Chlorpropamide, 1 gm daily, was then given orally  After
48 hours, glycosurta had decreased to 54 gm dauly, fasting blood sugar level
had decreased to 228 mg per cent, and body weight was maintamed  Chlor
propamude was given for 6 days, following which fasting blood sugar levels
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FIGURE 2

mg per cent and glycosuria 35 to 40 gm daily. Although
?hex;e ;z:;tzTemgngmted a hypoglycemic response to chforpropamide,
glycosuna was not decreased sufficiently to warrant considenng dmben‘;
control as excellent  Fasting blood levels of chlorpropamde were deter%llncc
im this patient dunng and after the administration of the drugx X ;s)
levels mncreased progressively during therapy to 54 mg per cent (melg 9,
Patient M L, a 62 year old Negro female, had stable dlabetesg ! ¥t o
duration that was not well controlied with 16 U NPH msulin daily
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was admitted to hospital for regulation of diabetes This patient also had
arteriosclerotic heart disease and took digitahs daily The mtial S day
control regimen for M L (FICURE 4) consisted of a 2000 cal dietand 10U
of NPH msulin daily ~Dunng this period fasting blood sugar levels ranged
~ 1 ¢ w11 a)Mam  Reoynning

to the

12 and

ly and

{iscon

which

Fictre 3 Blood levels after oral adm mstration of 1 gm per day of chlo propam de
Arrows 1nd cate the days on wh ch chlorpropamide was discontimued

e £a v ap v s .

eventual replacement of msubin by this agent The apparent slow response
to chlorpropamide makes this study somewhat difficult to mterpret but
since 1t had been known that this patient had diabetes for 12 years and had
required 1nsulin duning this time this case 1s considered a positive response
to chlorpropamide

Patient A Kk (fIGURE 5} a white female 63 years of age was found to
have dibetes following a recent admission to the hospital for thrombo
phlebitts of the left lower leg  She also demonstrated semle dementia but
was able to cooperate i the adequate collection of unne specimens  Prior
to the mitiation of study she had persisting glycosuna of about 20 gm daily
although she was given a prescribed diet and 40 U of NPH insulin daily
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This patsent had about 25 g glycosuna daly, and fasting blood sugar lervels
of 280 mg per cent during the 2 1mual day s of observation on the metabolc
ward whilz she was constiming 2 2008 cal diet and recening 40 U of NPH
wsuha daily  Two grams of tolbutamide, gnen orally, in addmon to the
wsubn, produced a prompt decrexse w ghycosura to less than § gm daly
and m facting blood sugar to 170 mg per ceat, this was apparent after the
fiest day of therapy  Dhscontinuance of msulin was folloned by transitory
increases n unne and blood sugar levels, but contro} of dubetes continued
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After 1 days of tolbutamide admsmstration, this agent
:? z:e d;(cl:g‘tj::ed Follawang whieh ghyeosura and byperghy czana :ncreased‘
reaching vatues of 30 gm daly and 250 to 280 Tg per cent v ,;
after § days  One gram of ch).orpmpnmxde wa
13 days  Chlorpropamie
v en )
.sa s not decreased
. w +as wath tolbutamde  After chlor-
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propamide was disconttaged glycosunz and hyperglycemia sncreased durmg
2 9-day control prnod  Duning & fnal per od of studv 1 gm of totbutamide
nas gnen daly 43 s the eather penod of tolbutamide admimstration
the effect of this agent on blood sugar and glycosuria was prompt  The
urne sugar excretion decreased from about 30 gm daily to less then 10 gm

an the first day this drug was wed  VMaex mal blood sugar response was
soted 48 hours after tolbutsmde therapy vas Stazted by which nme tevels
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had decreased from about 265 mg per cent to 154 mg per cent  Blood
sugat then wcreased gradually (o approvimately 230 mg per cent at wiich
levet it became stable glycounia tyeraged less than 10 g darly Yncreasing
the dose of tolbutam de from 10 to 15 gm had no appreciable affect an
bload or unne sugat levels

Senial fasting blood Jevels of chlorpropimide an1 tolbutamide were done
for this patent (ricuns 5} Pusng the last 6 days of chiorpropim de
therapy blood levels of this agent ranged from 18 to 25 mg percent  After
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chlorpropamude was disco* = 4 % 4 -~ a M3 oo Lae v
blood  Approximately 7
Only small amounts of t
samples obtained during the admmstration of this agent

Both chl )pamde and tolk de d d hypoglycemic and
aglycosuric effects in patient A & The response to tolbutamide was more
prompt and more strking than the response to chlorpropamde

Two additional patients (E H and $ K ) who were studied on the meta
bolic ward for thirty six and sixty days, respectively, failed to demonstrate
any significant responses to the oral admimstration of chlorpropamide or of
tolbutamide  Brief résumes of these patients follow

Patient E H, a 46 year old man, had very labile diabetes He had
expenenced frequent episodes of acidosts and hypoglycema, many of which
required hospitahization during the 10 years since the diagnosis of diabetes
mellitus was made His usual daily insulin dosage was 40 U of PZI msuhin
each morning and 30 to 50 U of regular insulin duning the day ~ He was not
well controlled despite many efforts in the hospatal to accomplish an adequate
regimen  His basal control regimen conststed of a 1900 cal diet and insulin
(as indicated above) Following a 12 day control pertod, he was given,
addition, 1 gm chlorpropamide daily for 22 days This peniod of chlor
propamude admimstration was followed by the basal regmen for 14 days
Then 2 gm tolbutamide was given orally each day for 13 days There
was no effect attnbutable to either of these hypoglycemic agents

Patent S K, a lean man 47 years of age, was admutted to hospital n
voa - ddatar s e sacnandad nromptly to

controlled
b ays mn hos

pital, he was transferred from a general medical ward to the meubalrxc wajrd

tion Lollowing a s ady couuos puliwu
glycemia or unmary sugar excre
without msuln tolbutamide was given orally (1 gm , 3 gm , 2nd 4 gm orally

daily for 3 successive pertods of 3 days each) Tolbutamld'e v\vas :]5_({‘11"!'1:1.0-:;

d
a
After tolbutamide had been given for 9 daysin dl;)sages
f tolbutamide was

increastng from 1 gm to 4 gm daily, 14 mg per cent ol
dnecl:‘ctabli m fasting blood specimens The failures of response 1n this
atient could not therefore be attributable to a failure of absorption of the
f\ypoglycemlc agents In $ K, approumately 3 days were required for

101 0 B gauuin v

6 to 17 mg per cent
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the complete disappearance of chlorpropamude from the blood after cessation
of therapy

Chiorpropamude blood Iriels In some patients, chlorpropamude bload
levels were determined at intervals dunng the 4 hour peniod following a 1 gm
oral dose  These data are presented in FIGURE 6 The average blood level
was about 9 mg per cent after 1 hour, and 12 mg per cent 4 hours after 1ts
ingestion, indicating prompt absorption of this agent

The serial chlorpropamide blood levels oht:\med dunng the studies of
patients on the bolic ward are In FIGURE 3
The patients recerved 1 gram of chlorpropam:de daily “for the time wndicated

me %
5

CHLORPROPAMIDE

2
HOURS

TiGUsE 6 Blood levels afier oral admiustration of 1 gm chlorpropamide  Curve
from . 10 \ idicates the average value for each interva) following chlorpropamide
administration

on the chart  Blood levels of the drug were cumulative at this dosage  This
relatively small group of patients demonstrated considerable vanation 1n
blaod level attamed with comparable doses of the drug  The rates of disap-
pearance of chlorpropamide from the blood alter therapy vaned from 3 to
7 days 1n these patients

The blood levels of chlorpropamide determined at weekly mtenals n
some of the patients ding the chmcare dn TABLE 1
Although these data are admuttedly meng:r, they suggest that maintenance
fioscs of{() 5 gm datly of chlorpropamide may be adequate to mamtain blood

o0 yewrold female newly discovered drabetic) responded ndequatel) to
chlorpropamide, 1n a dosage of 1 gm dauly for 6 days with a decrease
fasting blood sugar to levels below 150 mg _per cent, she became essentially
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aglycosuric  Continued on a mamtenance dose of 0§ gm daily she has
been observed 1 the outpatient chnuc for 2 months duning which time dia
betic control has been sustained The other 2 patients of this group (2
70 year old female and a 46 year old male) each of whom required 20 U
of NPH msultn for control of disbetes did not respond adequately to 1 gm
chlorpropamide given daily for 1 week they were returned to imsulin therapy

The fourteen outpatients selected for study ranged 1n age from thirty to
cighty three years with an average age of sixty one years Diabetes had
been established for periods of from six months to twenty exght years The
average duration of diabetes was ten years In all patients the diabetes
was the stable matunty onset type

Tas1E 1
CaLorproraMipE Broop LEVELS 1¥ Draneric OUTPATIENTS

Level mg per cent
Weeks of therapy | P27 %% | No of pat ents
Range | Average
1 10 3 03 | »
3 05 s 13 | 3
$ L] 3 13-24 18
7 0s 2 18-20 19
9 ¢35 2 20-23 22

Three of the patients had been treated with diet therapy only the remain
der had been treated with diet and from 10 to 35 U msulin  The average
1nsulin dose was 25 U daly

All patients were given similar doses of chlorpropamuide 1 gm per day
for the first week followed by one half gm per day as a mawntenance dose

T
theArrelaﬁleequate chmcal response to this drug was established as one exhbiting
aglycosuric fractionaf urnes lack of subjective symptoms mamtenance of
body weight and reduction n fasting blood sugars—preferably below
cc

ls?n’x;gz/;xents the diabetes was adequately controlled with a single daily
dose of chlorpropamide as judged by the above cntena At present these
patients continue to be treated with diet and chlorpropamude therapy

Seven showed an average reduction 1 the fasting blood sugar of 10> mg
per cent {rom previous levels and continued to be maintained at levels belos
150 mg per cent Seven others showed no appreciable change 1n fasting
blood sugar levels however most of them had been well controlled on their

herany
pr 1 v . i L =~ 3 One
. “ ' 1 ] vously
a atment

contronea wit1 1 L ¢ 1
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and was feturned to lnsulin therapy  This patient was the only one 1o
express subjectine symptoms to chl L de therapy She Y 1
of epigasine dnress dunng treatment, which disappeated when chlor
propamde was discontinued, she was bewg treated smultaneousdy for a
chromie duedenal ulcer

The other patient, a 45 year oid male wath muid drabetes of 3 years” dura
tion, pseniously controlled with 23 Y- of insulan, Aid nat respond adequately
after 4 weeks of treatment wuth chlorpropamsde, insulin thezapy was resumed

Chlorpropanude appeared successtul 1n controlhing the tabetes i 120 14
of this group of selected ontpauients, most of whom wefe mn the older age
group with stable dinbetes previousty rested with diet therapy slone or
1n conjunction eath moderate doses of tnsuhin - Control has been mamtained
for as long 25 & tonths

Tossesty  Wath the exception of the patsent mentioned above, who expen
ented epigasine distress, there were no subjective symptoms of toviaity nor
were there laboratory evideaces of disturbances of renal, hepatic, or hemato
togical function in any of the patents studied  Symptomatie hypoglycemsa
i not oceur

Discusssen

Chlarproparmde was an efective oral hypoglycemic agent when admims
tered orally 10 mest of the patients (with drabetes mellitus) studied  As
with other oral hypoglycemuc ageate patients wish stable, matunty-onset
1ype duabetes demonstrated more adequate responses than rebatively soung
patients with labie diabetes  There were evceptions to this, however, 1
that tws of the dutpatients stadied who were judged o {ulf¥ the accepted
ndications for therapy with an oral agent, farfed to respond o chlorprop-
amde  Furthermare, the patterns of tesponse to chlorprepacnde, as evalus
ated mn the six patients studied on the metabolic ward, were quite vanable
One patient a prompt and adeq! response {J M | #i6uke 1),
another, a delayed response (M L, FIGURE 4} other> showed significant
but inadequate responses (A M, Fioure 2, A R, F1GURE §)  The reasons
for this vaviation are ot appazent they did not relte to the blood level of
chlorpropanmde  Although blood levels vatied considerably omeng patients
gwven stmar doses of the drug (FIcusE 3, blood level did not correlate
with the adequacy of dubeuc controf attaned with chlorprapamide

Four panents who ether failed to respond or dewonstrsted ipadequate
respanses to chl were subeeq; iy given told de  Three
af these also fated o & P [N de ik H,S K,
A M) Afourth patient (A K, FIGORE 53 Semonsirated more prompt and
pronounced effects an bload and unme sugar when she v.as gunen tolbutamde
thar when she was given chiorpropamide v comparable dosage

Studies of the leve! of chlorprapamide m the blood {oliowing its oral adaun-
sstration mdicated that it 1s procaptly absorbed and slowfy excreted  Three
10 sescn days nete requiced after cessation of therapy before the drug disap
peared from the blood  In this respect 1t dsffers fram ¢otbutamide, which 1s
promptly absorbed and more rapidly remoy ed from the bload Wy ith 1 gm
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daily doses of chlorpropamide blood levels of the drug progressively increased
in some patients  Those who demonstrated adequate responses to 10 gm
of chlorpropamde given daily for about 1 week subsequently sustamed ade
quate control of diabetes with a continumng dose of 05 gm daily Pre
~T daily (FIGURE
’ « mg per cent
v ' ‘ 1 possible that
doses less than 05 gm dally might have been satisfactory for maintenance
n some patients On the other hand some patients mght have demon
strated more adequate responses had larger doses been employed (S k
FIGURE 3)  In the studies reported here no effort was directed to establish
either the minimally effective dose of chlorprop or the
safe dose
An 1mportant consideration m the acceptance of a drug for clintcal use 15
1ts freedom from untoward effects  Although no senous untoward symp
toms or laboratory findings resulted from the admmstration of chlorprop
amide to the twenty three patients studied, conclusions regarding touaty
m man must be based on a much larger experience than 1s reported here

Summary

The chaical and balic effects of chl orally
were evaluated in 23 patients with diabetes mellitus  Six of these were
studied under carefully controlled conditions on a metabolic ward The
other 17 were obsers ed on the general medical wards (3 patients) or 1n the
outpatient chnic (14 patients)

Chlorpropamide gnen orally (1 gm daily) decreased glycosuria and fasting
bloed sugar levels 12 4 of the 6 patients studred on the metabolc ward
Adequate climcal responses were obtamed in 2 stable diabetics for whom
msulin was completely replaced Inadequate responses were found in
2 other stable diabetics who had required 40 U of NPH insulin dailly  One
of the patients who was mnadk 1y controlled with chl de demon
strated more prompt and adequate decreases in glycosuna following 1dentical
doses of tolbutamide The other 2 patients (a lean 47 year old man with

newly discovered diabetes and a 46 year old man with very labile diabetes)
a PATIEEN

romptly,
red from
the blood following cessation of therapy — Blovd levers auwa wu with the
same dose (1 gm daily) of chlorpropamide demonstrated considerable vana

ztients studied
tion m the p A ad n 17 mat ente who were

onths with a single daily oral dose 01 LILULPLUPas uL s & N

? \r‘necl\ and then 05 gm daly)  With this dosage schedule, chlorpropamide
lood levels of about 20 mg per cent were matntatn

B l;zxthﬂth; exception of epigastric distress 1n one patient there were no



Baertl ¢t al  Metabolic and Chnical Cyvaluation 875

untoward chnical mamfestations attributable to chlorproparude Symp
tomatic hypoglycera was not obsersed  Serial unnalyses hemograms and
tests of hepatic and renal functions were not altered during the periods of
study
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CHLORPROPAMIDE A NEW SULFONYLUREA STUDIED IN
THE TREATMENT OF THIRTY DIABETIC PATIENTS

Alfredo Prazza and Walter Chanamg
Metabalic Clinre Rospwial Obrero de Lywo Lima Pern

A few years ago insulin was the only drug svailable for the control of
diabetes  In 1955, German autbors! ? reported the results of the treatment
of disbetic patients with carbutanmde, an oral sulfa drug wth a marked hypo
glycemic effect  Shortly fter a new compound Lnown as tolb d
closely related to the first, was also employed ¢ Loubatieres reviened m a
complete and conaise presentation the history and development of these
compounds ¢

o aner - -k o on

drabetcs ar sn then matare mdr duals ho have recewved msutin for several
years

Chiorpropamide, a recently developed oral drug closely refated to tolbut~
amide has alvo shown g hypoglycermc effect 1n ammal studies  The purpose
of thus paper 15 to report our expenience dunng the last eight months 1
admnnstenng this compound to diabetic patients

Vethods

WL - Il anA % emalac) ahcars o]

20 as moderately <evere and 6as mid The disease had started trom a few
months to 20 years before but 1 most cases, 1t had existed 1 to 8 years
There was 1 case of diabetes (No 29) due to tumoral 1avasion of the pancreas
Taenty four patients were on insulin therapy or had received this drug
for some time  Twenty four were taking or had taken oral drugs 12, car
butarmde and 12 tolbutamide  Fne had not had ‘an‘y previous therapy
N TE o arad Tas

A oo anA seont

lTmm, 1 contains all pertinent data contermng rath o the patents studred

A careful physical exammnation was performed blood sugar® was deter
mumed at Jeast twice a weeh, and unne was examined for sugar four tmes &
day before meals The following tests were also done complete unnalyss,
blood count and differential, blood urea creatimine and biirubin, thymol
turbidaty  collodal geld, cephalin cholesterol flocculation, seralogy and

sedimentation rate
The patieats wete on a standard dabetic diet  Oral antidiabetics were
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discontinued for 1 er 2 neehs and msulin uections were discontiued for
48 howrs A chlorpropanude tolerance test was then performed A& fasting
venous blood sample having been obtaned 3 gm of the drug was given
orally 4 more hourly blood specimens were then taken  Blood sugar was
d & according Yo Foun s hod
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Fhio it tewh dost was Solion el n mosk of the cases 1y 1 gm dadly
tahen one hall after breakfast and one half after dinner  Thas dosage was
gradually reduced according to the Wood sugarlevel  Control was continned
every Zor 3weehs at the outpatient chie  Sugar was cheched mn blood and
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unine each time  Penodically, hepatic, renal, and hematological tests ala
were performed

Resubls

Tuenty four of 30 patients studied haxe been adequately controlled with
chlorpropamide and a standard diabetic duet for as long as 7 months. Four-
teen had a blood sugar reduction of 25 per cent or more when the tolerance
test was performed  Fioure 1 1flustrates a response typical of patients mn
the group  Four patients had reductions of 20 per cent, and 1 each of 18,
14, and 8 per cent  The average mamtenance dose was 600 mg per day,
varying between 125 and 2000 mg

One pattent (No 21}, sho had a 20 per cent blood sugat reduction at the
tolerance test, could not be controfled with chlorpropamide alone and
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Nevertheless after several days of combined therapy, 1t
was found that msuln could be discontinued leaving the patient on the oral
drug alone (F1GURF 2) 1t 15 interesting to note that this patient had also
bad a 21 per cent blood sugar reduction when 3 g of tolbutamide was
grien howeser, control could not be achieved with this drug alone
Another patent (No 13) had an 18 per cent sugar reduction, but only a
partial control was obtawed  Symp d, but blood sugar level
srought no lower than 150 mg per cent
\\a';‘i m‘irauce test was negatn en five patients (Nos 9,12,15, 24,and 27),
<howing exther no reduction of the intial blood sugar levetorarise  Allhad
shown the same lack of response to carbutammde and tolbutamude and alt
had a duabetes of long duraton and had been on nsulin therapy for more
s
th?h)‘::gy();;:m:de, 15 gm daly, was ginenin conjunction with ms:xhn mn
3 of these cases A muld fayorable effect was demonstrated m 2 (Nos 12

and 15) and none 1 the thurd (No 27)

required subn
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Chlorpropamde was tolerated very well by most of the patients  There
were two {os 13 and 20) who complamed of mild dizziness (hke drunken
ness) not related to hypoglycemia and lasting a few days  Duning this time
they were able to continue therr woth  The discomfort gradually disap
peared and the treatment was not discontinued

Only 1 patient (No 3} showed marhed intolerance  She had had 2 28 per
cent blood sugar reduction on the smitial test snd did not cotaplan of any
immediate discomfort at that time  Nevertheless she developed nausea
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Ficure 2 Chart of & 57 year-old Negro male (patient No 21) who had & 21 per cent
seduetion 1n blood sugar dunng the tolbutarmde tolerance teat and a 20 percent reduction
with chiorpropamde  Bload sugar could not be brought to narmat after 12 days treat
ment with tolbutzude (2 gm per day) Chlarprapamide (25 gm per day) was gives
for8 days w thoutsuccess  Forty U per day of lente tisuls was then tnyected blood sugar
was fowered rap dly to normal fevels  After 17 days of gaod carbohydrate metabohism
chiorpropamde nas resumed and wnsulic #4¢ geadually reduced and finally diseontinued

somting epigastnc burn duarthea dizziness and headsche aftera few day s
of treatment at a dosage of 15 gm dasly  Symptoms stopped when the
drug was discontinued bt reappeared each time an attempt was made to
testme the treatment She had tolerated tolbutamde well but the dreg
did not control her dishetes

In none of the thurty cases were shan reactions or hematological renal or
fepatic changes observed

o partienlar reaction was noticed 1w four patsents {\os 3 19 20, and 23)
who had pulmonary tuberculosts  One with a partial gastrectomy per
formed 3 years before because of a perforated duodenal ulcer had an excelient
ewolution  He ts tahing 250 mg every other day and has been observed far
200 days

No changes 10 the blood pressure level occurred  Teo patients (Nos &
and Y73 with hugh Blood pressure and normal renal function tests had to con
tnue takmg hypotensine drugs  Two othess with artenowclerosis and high
Llood pressuse did not <how any change (\os 10 and 26)  One (Mo 10}
who had renal wesufficiency {urea 100 mg percent) was maintamed on a low
protem diet duning 197 days of therapy  In additton to an exceflent carbo-
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urme each time  Penodically hepatic, renal, and hematological tests alu
were performed

Results

Twenty four of 30 patients studied have been adequately controlled with
chiorpropamuide and a standard diabetic diet for as long as 7 months Four
teen had a blood sugar reduction of 25 per cent or more when the tolerance
test was pesformed  FiUrE 1 iffustrates a response typical of patients
the group  Four patients had reductions of 20 per cent, and 1 each of 18,
14, and 8 per cent The average mantenance dose was 600 mg per day,
sarying between 125 and 2000 mg

One patient (Na 21) who had a 20 per cent blood sugar reduction at the
toletance test, could not be controlled with chiorproparmude alone and
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required insubin  Nevertheless after several days of combined therapy, it
was found that msula could be discontinued, leaving the patient on the oral
drug alone (FIGORE 2) It 1s interesting to note that this patient had alse
had a 21 per cent blood sugar reduction when 3 gm of lnlh‘utamnde was
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four years
th:J!;dcrpn’)pnmlde 35 gm daily, nas given sn conyunction with mnsulin 1

3 of these cases A muld favorable effect nas demonstrated m 2 (Nos 12
and 15) and none in the thud (No 27)
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Chlerpropamide was tolerated very well by most of the patients  There
were two (Nos 13 and 20) who complamed of mild dizziness (hke drunken
ness) not related to hypoglycemin and lasting o few days  Dunng this time
they were able to continue ther nork  The discomfort gradually dwap-
peared, and the treatment nas not discontinued

Only 1 patient {No 3) shoned marked intolerance  She had had a 28 per
cent bload sugar reduction an the wntwal test and did not coraplaw of any
unmediate discomfort at that trme  Nevertheless she developed nausea,
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Fiotae 2 Chart of a 57 year-cld Negro male {patient No 217 who had a 21 per cent
ceduction in blood sugac dwrry the tolbotamide tolerance test and a 20 per cent redustion
with chlorpropamide  Blood sugar could sot be brovght 10 nareal after 17 days treat
ment with tofbutatuds {2 gm per day)  Chlorproparasle {15 gm per dav) nas gven
for 8 days without surcess  Forty U per day of ledte insuhin was then mjected lood sugar
was lonered rapidly ta normal levels  Affer 17 days of £0ad carbohydrate metabohsm,
shforpropamide was resumed and iasuttn wes graduslly redaced and fnally dwcontimued
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somting, epigastnc burn, diarthes, dizziness and beadache sftera few days
of treatment at a dosage of 15 gm daly  Symptoms stapped when the
drug was discontinued  but retppeared each time an attempt was made (o
reswre the treatment  She had tolerated tolbutamude well, but the drug
&id not control her diabetes

In none of the thurty eases nere shin reactions or hematalogical, resal, or
hepanc changes observed

o particutar reaction was notwed w faur patients (Nos § 19, 20, aod 23)
who had putmanasy tuberculosmis  Que, with 3 pasttad pastrectomy per
lormed 3 y ears before becanse of a perfotated duodenal ulcer, had an escellent
evalution  He 1s taking 250 mg every other day and has been observed for
200 days

No changes m the blood pressure levet occusred  Two patients (hos 6
and $7) w31k gh blood pressure and normal renal fnetion tosts had to con-
Unue taking hypotensive drugs  Too others with artenoscleroses and high
blood pressure did not <how any change (Nos 10 and 26)  One (Mo Ih,
who had renal insuffictency {urea, 100 mg per cent) was maintaned on a Jow
protes diet dunng 197 days of therapy  ¥n additzon to an excellent cattin.
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hydrate balance, a shight decrease m hlaod urea level was achieved (urea,
80 mg per cent) This patient 1s now taking 250 mg per day

Discussion

Chlorpropamide seems to have the same mode of action as carbutamde
and tolbutamide, but it seems to be more powerful most patients requinng a
lower dosage
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Fitre 3 Comparative average blood sugar reduction (percentage) 1 n ne pat ents
Reduction was 17 § per cent for tolbutamde and 35 3 per cent for chlorpropamide
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TicrRe 4 An abnormal oral 100 gr glucose tolerance test {patient No 1) b:camc
almost normal s hen vepeated { hour after ad f ch

\When a 4 hour tolbutamide tolerance test was performed on 9 panents, an
ax erage blood sugar reduchion of 17 § per cent wasfound A chlorpro;:nfmde

proparmde presiously had not been bilanced with other oral drugs alone,

requining insulin abo
(}\n abnormal glucose tolerance test 1n 1 patient (Mo 1) showed an almost
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normal reaction when repeated 1 hour after the patient had taken 3 gm of
chlorpropamide (FIGURE 4)

It 15 interesting to note that a seventeen year old patient (No 8) has
been very well controlled with this drug

Summary

The actty of chlorpropamude in 30 diabetic patients formerly treated
with msulin carbutamde, or tolbutarmde has been studied  Venous blood
sugar levels during the 4 hours following oral admimstration of 3 gm of
chlorpropamide were previously determmed The drug was admimstered
to 27 of these patients for as long as 7 months The percentage of bleod
sugar reduction obtained in the mnal test 1s related to the results of the
treatment  The curves plotted from these data are compared with simlar
tests that used tolbutamide

The drug was well tolerated Its mode of action seems to be sumilar to
that of previously used sulfa drugs Nevertheless chlorpropamide seems
to be more powerful and, 1n some cases, more effective, a lower dosage was
required by most patients It was possible to keep 1 goad balance some
cases that had not responded adequately to other oral drugs  No shn reac
tions and no hematological, renal, or hepatic changes were observed
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PRELIMINARY REPORT ON THF TREATMENT OF
DIABLTES MELLITUS WITH CHLORPROPAMIDE*

Migue! Ruiz Guia
Research Department Monte Carmelo Medseal Clhinzc Coracas, 3 enesuels

Chlorpropamide was made available to us early 1n July 1958  To imtrate
the investigation, 113 unselected diabetic patients were chosen Twenty-five
of these were rejected because they showed satisfactory control with diet
alone, and 6 were considered not suitable for exposure to chlorpropamide
because of severe metabolic nephropathy In 3 cases treatment was sus
pended because of intercurrent conditions not related to the use of the drug
under mvestigation and, 1n 27 cases, the study was discontinued for non-
medical reasons  Of the onginal group, 52 were left to be considered 1n this
study which, because of the small number of cases that have been studied
thus far and the shortness of the observation penods (3 to 36 days), should
be regarded as a preliminary report

Matersal and Vethods

All patients were treated on an ambulatory basis, they and their relatives
recewved careful mnstructions regarding such aspects as diet and the per-
formance of urne test for sugar On the days the blood sugar was deter
muned the patients were admitted to the outpatient ding room of the
Monte Carmelo Medical Chinic, where the meals were served  Every patient
under study was submitted to the following controls (1} medical consultation
at least once a week, {2) determination of venous blood sugar (Folin Wu
method), while fasting and between meals, (3) routine unnalysis, and (4)
hematological studies (red and white cells, platelet counts, hemoglobin and
h deter s, and diffe white counts), as well as bood
urea mtrogen delerminations

Generally speakimg, the diets presciibed had the following approumate
composition for a 24 hour period 200 to 250 gm of carbohydrates, § to
15 gm of protem per kilogram of body weight, and fat to complete the
calonc requirements  Because of food habits in Venezuela, the diet con
tamed liberal amounts of foods nch 1n easily available carbohydrates (rice,
bread pastry, cornbread, potatoes, and tubers such as yucca and ocumo)
For the same reason the distribution of the carbohydrates of the diet was, n
genera), as follows 20 per cent at breakfast, 5 per cent at mid morning,
30 per cent at Junch, 10 per cent at 4 p 3, and 25 per cent at dinner In
those patients 1n which 1t was advisable not to omit insulin completely, anly
the regular type of this hormone was hept 1n use, admimstered to the patients
2 to 3 imes 2 day according to the amount of gfycosuna present before
breahfast, lunch, or dinner (or both the latter)  Regarding chlorpropamde,
1n most cases we used rather small doses, trying to determme the smallest

* The study reported bere was supported in part by a grant from the Pizer Corporation
of Venezuela suppher of the chlorprnparmd:susld
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active one necessary to control the patients recewang # (zagre 1) Ina
few cases with severe diabetes we prescribed lasger doses but i no mstance
nas any dose tmare than 500 mg 3 tmesaday Ve da nat know whether
the number of patients showimg sausfactory response would have been larger
1f we had used Jarger doses or if we had gven the drug for a langer penod of
time o7 both It is to be noted that m 3 cases 1t seemed that o better action
of the drug upon the blood sugar was obtamed if chlarpropamde was grven
1 hour befote meals It should be noted a1 this point that dreliminary snves

tgation 1n fastng drabetics shoned that the action of the drug was more
conmstent 3 1o 1 houts after it had been admumstered  Owing to the short
ame avasable to complete this warh 1t was decided to stop treatment after

ThsLE }
Scuepviz oF TRFATMENT WiTiH CHLORPROPAROE

Mahl grams
Day of treatment R
Breaktast ’ Laach

D anes
Tarst 250 250 | 250
Second 250 125 | 200
Thued 250 125 | 125
Faurth and beyond 125 sl

8 to 10 days in cases wath poor response  We feel no v that those patients
who respond satisfactonly will do o after 5 to 7 days of treatment
tnalysis of Reswlts

The paticnts wese gronped 5 o ther
follows (ranLe 2)

Group A i» composed of patients with aecellent responses {(no snsulte
needed) and mcludes those 1 good chinwal condition who showed no ghyco
sun:: ;md had Wood sugar values between normal hmits (fasting and after
meals,

Grovp B sncludes patients with good responses (po insubin needed)
whom lasting blood sugar 15 not more than {50 mg per cent and not more
than 200 o per cent 2 hours aftes each meal  Stighs glycosuma will exust
but no aceonuna

Group C 1» made up of those showing a fair response {wtth or without
wsuhin} and & fasting blood sugar between 150 and 200 mg percent  Blood
sugar after meals s between 200 and 250 mg per cent with moderate
glycasuna

Group D includes patients showing a poor tesponse (with or nsthout
n uliz) and 4 fasting blood sugar of more than 200 mg per cent and maore
than 250 mg per cent aftecmeals  Permasent and tecentuated gly cosuma
present with or without acetone e the vane

P ay
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TABLE 2
Vesous Broon Sucar v Duaperics TREATED Wit CHLOwFROPAMIDE

Group average, mg per cent*

Tyye of response

2 hours after | 2 hours after | 2 hours after
Fasting | “ prealfast nch \nner
Excellent (A) 115 118 136 125
Good (B) 130 156 180 185
Fair (C) 163 190 240 238
Pose (D) 05 260 320 2%

* Figures were obtamed by blood sampling each patient at least twice at each time but
on different days
TapLe 3
ResoLrs OBTAINED IN 52 DIABETIC PATIENTS TREATED WITH CHLORPROPAMIDE?

Response No of cases | Percentages
Excellent (A} 10 19 2
Good (B) 18 36
Farz (C) 4 76
Poor (D) 20 384
Satisfactory results (group A plus group B) 23 538

* Age at onset of diabetes all ages

REsULTs OBTAINED 18 30 DraRETic Parients Treatrp witR CHLORPROPAMIDE®

Response No of cases | Percentages
Excellent (A) o 30
Good (B) 16 53
Far () 2 K
Poor (D) 3 0
Satisfactory results (group A plus groap B} 25 83

* Age at onset 40 years or more

According to this classification (TABLE 3} we obtamed sausfactory results
1n 53 8 per cent of the cases (groups A and B}, and unsatisfactory responses
1n 46 O per cent of the senes (groups C and D) However, it 35 noteworthy
that, 1n the group with poor response (20 cases, or 88 per cent of the group
20 which no satisfactory results were obtained), there were 5 patients ;h;
had developed diabetes before 10 years of age, 6 1n whom the diabetes :\E
had 2n onset betneen 11 and 20 years of age, end 6 . whom the onset ag
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Tape 5
REstrrs Optanved yv 22 Drazeric Parienys TREATED WITH CHIORPRCPAMIDE®

Recpanse No of casts | Percentages
Exceflent (4} 2 1 45
Gaod (B} 2 90
Far (€} 2 98
Toor (D) it 772
Satisfactory results {group A plus group B) 3 1

* Agestonset less than 40 years

TasLE ©
Data o~ 28 Diavsnic Paments Snoniac DXCELLENT® anp Goodt Rzsponse
16 URLOBPROFANIDE

Age at
Case | omet of | 100N of

e | Tnswin iy tvpe
No |dubetes| Jbetes 2(»“:5) U 2 houns | fconsuizion)
{yeats) hearsh }

t k) 3 3 a Athletsc.
2 53 L3 59 o Asthenic
s 4 35 o IPbme
iloas | e 3 o |Pykme
5 6 4 50 0 Pshuc
s 3 5 o |Pykme
74 3 8 6 Pikme
8| so i3 & 16 iPkme
9 | 57 5 62 o Pikuc
w0} a3 8 st wo ek
nfox s 40 o |Pikme
2| s 5 55 16 {Asthenc
13 4 " @ 5 | Pykme
ks 3 11 5> o Asthemc
LRI 1% 8 52 Ssthenic athlenc
o 1 S 36 fevkow
[T 5 ol e
B owoy 2 P 12 Asthemic
Bl g 3 A1 18 et

57 2 <« 0 | Asthene
21 42 ‘ 7 ELd 16 Piknic
nl s 2 & % pvkmc
2 2 12 53 14 Pykme
23 3 10 47 I i Asthenic
n | os v s 0 |Pime
AT S
R & & 2 i iy Tokme

*Cases Lo 10
Leses 1) 10 28
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had been betw een 31 and 40 yeass of age  As 15 hnown from the espenence
gamned with other orally active hypoglycemic agents that hate been studied
farlure of treatment 1» practically the rule i cases of diabetes of infantle,
ynenide, and young adult types, this also seems to be the case with chlor
propamide  For example, sf we take mto considerathion only thase patsents
who had developed dsabetes at 40 or more years of age (TABLE 4), né obtam

TFamee 7
Data av 23 Dsapetic Parests Ssowine Fam* axp Pooz} Response. to
CHLOBPROPAMIDE
Age at
Case {onset of { DTlOD 0 { pce | fusutin Bods type
No [diabetes] US| (oeargy L U 720 houss | (constatutson)
Gears) | (ears
1 7 3 10 40 Asthemc
z 45 i 14 10 Asthenic
3 28 3 3 n Astbeme
1 49 1 58 0 Asthene
5 50 7 31 2 Asthen ¢
6 1 2 16 36 Tykne
7 ¥ 1 3 12 Pyxme
8 8 6 14 51 Asthemc
9 11 12 29 52 Asthemie
0 26 8 34 5 Asthenic
1 22 10 35 50 Asthenic
12 7 s 12 6 Asthere
3 50 4 51 8 Prkme
14 ts 54 K] 52 Asthense
13 7 6 13 58 Asthene
1% 30 [ 36 30 sthemie
17 25 4 P23 6 Athletic/asthenic
18 48 13 61 ot Prknic
19 15 4 20 64 Ashletie
20 16 v 13 43 Asthenic
2t 27 & n 30 3stheme /atbletic
22 15 8 23 &0 Pskng athletic
23 2 3 12 42 Astheme
2t 36 h at 40 Astherie

*Cases Lo d

£ Cases § to 24

percentage 55 only 135 in patients
of age (TaBLE 5}

data on pstients satisfactords con
sth chlorpropamide  reveals that
dy constitution of the prhsc tupe,
diabetes at 40 or more ) ears of age,
o more than 20 U of insulin every

83 3 per cent of satsfactory results thas
with diabetes developing Lefore 40 years

Franupation of TABLE 6, which shows
trofled fexcellent and good results) w
{1} mneteen (68 2 per cent} shoued 3 bo
() tnenty five (8% 2 per cent} developed
and (3) except for 1 patsent, nong recent
24 bours
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On the other hand, T wiLE 7, showing data on patients i whom unsatifac
tory results were obtamed, reveals that (1) enly 4 patients (16 6 per cent)
had a body constitution of the pykme type, {2) wm 19 coses (91 per cent},
the diabetes had developed before 48 years of age, and (3} only 4 patents
{15 & per cent} needed less than 20 U of insuln per day for control

Tolerance and S1de Lffects

Generally speaking, the drug was well tolerated at the doses used  One

nent of dhstress, i pruntus without any
apparent lesons was present in avother  Ina gl 10 years of age there was
a slight decrease i the white blood celt count, but without concomitant
nestropema  In oue mstance, few red cells were found in the unnary <edt
ment A male patient 23 years of age, with ser ere diaketes, complamed of
somnolence, pruntus of the eyes, and moderste headache However, we
really do not know whether these symptoms were due to fmlure 1o cantrol
the dsabetes during the observation peniod of to the use of the dewg Treat
ment of 2 young woman 31 years of age, to whom we gave chiorpropamide at
a dosage of 500 mg 3 tumes a day, was discontinued after 5 days because of
epigastric pasn  Approtumately 72 hours after discontinuance the patrent
had a rash all aver the body, together with severe stching and shight fever
{100° F)  Anuhistamumc drugs with small doses of prednsone improved
the candition  Hawever, 24 hours later, there was an evacethation of the
skinlestons At this time a closernterrogation of the pabient revealed that,
as self presenbed treatment for & shight sore throat, she had taken penicitlin
tablets during the fourth and fith day of the chlorpropamude treatment
Allesgist Mazcel Graner «3s of the opinion that at least this second rash
oould be evplamed by wnsttization te peraathin With propey treatment the
palient recavered 1o a few days

Summarv

A total of 52 nonselected patients were studied trom 5 to 36 days  Excel
fent results were oblmned n 10 eases (192 per cent), good resulis 1n 18
patents (34 & per cent), and faw tevudts (a4 cases (76 per cent)  Results
obtamed were poor 1 20 cases (38 4 per cent}, however, 1t should be noted
that of these 20 cazes, 17 weze patients under 40 years of age, 14 of whom had
devefoped diabetes when they were less than 20, the other 6 had developed 1t
miherr 205 Asas well hnow, 1ty precisely in this type of duabetic that the
orai hypaglycemic drugs have been less effectne It seerns that, on a fagh
percentage of drabetics whe respond nell to chlorproparide, 1t 1s pasable to
mamtatn control with a dasage much smaller than that required for siiar
drugs  Many of the patients studied could be hept under control with onfy
125 mg admunntered after breallast, Junch, and dinner—a total dosage of
3i5mg  Dunag trestment, § of the patients shoned a few red biood ceffs 1
the uninary sedment, another complawed of 2 shight pruntus wighaut an
apparent leston, and Case 12 shawed somnolence, ocular prunitus, and a sitght
berdache It 15 possble that these untowasd effects were caused by a dus
betie ynbalance rather than by the direct actron of the drug  One casc
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sho\vcd an satense dermatitis about 72 hours after having had to discontinue

because of eprg; distress nevertheless 1t should be noted
that this patient mgested 3 tablets datly of eral pemaithn dunng the fourth
and fifth days of treatment vwith chlorproparmde
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CO\SIDERATIONS FOR CONTROL NORMS TO EVALUATE
RFSULTS Ot TREATMEANT IN DIABRETES MLLLITUS

Aaguel Raz Gula
Rusearch Deparin ent Monte Cormele Medical O nec Cargiss ¥eme wela

1f & real picture of the diabetic problem s to be obtaped 5t must be con
tdesed not only in terms of the present and i those of the mdhvidual but
also because of the mereasing incidence of this disease sts longer duration
and 1ts hereditary charactenstics wr terms of the future and of mankind

Before 1924 the average hie expectancy of 2 disbetic ®as only 45 years
after the disease had been discovered Today thanks to the discovery of
the hosmene msubn by F G Rantig and C H Bestand to many adyauces
m dsfferent fields of medicme 1t 1s possible to say that if a dabetic 15 well
congrolled his bfe expectancy will geserzlly be the same 25 that of a nan
diabetic of the same age and sex and that his lness should not be an obstacle
1o enpoyment of a useful ife  However the question emerges When can
we sny that a dilberc 1z well controtied?  We 4o not mtend o ducuss tis
point at length however it is frequently sasd that of a drabetc has no sugar
10 the urine or shows any traces of glycosusia and of his bload sugar remams
near normal ranges he can be considered well controlied  This could be
true ;0 many cases hut we frequently see patsents nhose d abetes could be

i well t ding to these dards yet who suffer from

Wifferent degenerative conditions that we think are of dwbeut ongm

In other nords we think that hyperglycerma or glycosuria or both are
sndexes of the dabetes but cannot be tahen 93 measvres of the severty of the
disesse  In fact ne often see patients with dabetes of long duration whe
have had no proper medical care for years who show high values of sugar
tn the blood and 1 the urme and stlt are free from the so called diabetic
complicatzons At the same time unfortunatefy we see pitients who adhere
fauthfully to the dectars instructions shew no glycosurta have moderate
blood sugar fevels most of the tsame but sn whom degeneratne condsnons
of the hidney and rennal vessels can be detected W hat ts more smportant
tn many of these cases 15 that the diabetes or as least the hyperglycesia has
Rnot been present for 2 long time  We <1y this becwuse we feel that dubetes
represents & very complex metsbohic disturbance of which glycosuna or
hyperglhycemn or both aze mandestattons—the most frequent peraps but
not atway s the most smportant

Wath the dicovery of onally actine hypogly cemuc agents it seems to us
the problem has become even mate camplex

One thung we already hnow m many duabetices Bloed suat fevels can be
r;nmmmcd between sats factory ranges with the u ¢ of the abore menuoned
drugs

Howerer another question an es Can these patient- be consufered weil
controlted stmply becsuse shewr Ylood sugar 1 normal ot almost so? It 15

289
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our behef that we must wait five to ten years before we can descnbe the
condition of these patients accurately

The situation that confronts phystaans and patients m {958 15 quite
different from that when wsuhin was first made avalable wsuhnisz biologs
cal product and at that time 1t was umque as a dizbetsc spectfic  In other
wotds from now on the results obtasned with any drug 1 cases of diabetes
mefhtus shoutd be analy zed from the following points of view Does 1t satis
factorsly lower the blood sugar? Does tt have a better vafue than msulin
0 the prevention of the degenerative conditions?  Does 1t have any undessra
ble effects?  Can it be gwen safely for years to diabetics who often have
fragile hidneys and hner?

Erefly we feel that m order to obtam better data to judge the results
obtamned in the treatment of diabetes 1t will be worthwhule to determine the
type of control {such as laboratory tests \ ray films and electrocardio
grams) that should be used and the frequency with which 1t should be
cployed  This would enable us to detect dabetic complications as early
as these medical techniques are capable of uncovenng them 1t would be the
enly way o determine when to readjust our therapentic approach without
the need of waitsng for the appearance of full fledged chinncal pretures such
as those we see 1 cases of obstructive arteriopathy ntercamilary glomerulo
sclerosts and advanced seuropathy Tt is our feeling that we may not have
been guite correct mn our treatment of some of our patients sumply hecause
our mam crsterion has been that of attaming satnfactacy blood sugar levels

The problem 1s so complex and of such great sigmficance that possibly st
would Justiy the establ shment of an mternationsf commttee to coordmate
the wotk of researchers 1 this field in dsfferent countries

Summory

Tn view of the eurrent nature of the problem of diabetes and its treatment
the evolution of this condition and the complications attendant on it {par
yeularly those of a degenerative type), I consder it amportant to establish
general norms for such aspects as medical controls and coliateral studses
These would permit not only jud of the of the
with reference to hyperglycemia or glycosuna or both but would alse pro
vide an opportunity to gather data on such factors as mcidence degree of
senousness and e olution of the so-called comphications of diabetes mrelation
to the vanous types of treatment At the sawe tune n order to ewaluate
the action of new drags admmsteable per os and capable of lowenng the
ghicose lex els {buxt ot necessanly controlling other duabeuc mamfestations)
1t will be necessary to plan special studies to determme thew control of hyper
glycemia or glycosuna and also comparative studies of patients treated Io&
years with the new drugs and of those patsents treated withnsubn It w)
also be necessary to establish the ty pe and freq rency of tests for the purpase
of ehminating cotlateral or untoward reactions (ot those of any other natuze)
that the hy perglycenuc drugsactive by the oral route are capable of producing




THE CLINICAL RESULTS OF THE TREATMENT OF
DIABETES MELLITUS WITH CHLORPROPAMIDF

Ignacio pe Salcedo and Filomeno Borges
Depariment of Lndo 1t ology and the Research Center of Patholog ol inclony and General
‘Patl ology of the Inst ¢ 1o de Alta Cultura Facrlty of Mcd cone Un vers ty of Oporto
Oporto Portugal

Duning the last few years numerous stud es have been made to find an
£a L

However 1t 15 evadent that the relatively low toxicity of the compounds
especially of tolbutamide as well as their usefulness for a specific group of
diabetics can be taken for granted In a recent report ! we summanzed the
results obtamed with carbutanude and tolbutammde 1n the treatment of a
group of 26 diabetics over a period of 21 months 1n general the results con
firmed those of other investigators

PR

Only 29 of the 35 patients have been treated for 4 months or more we
therefore base our conclusions on these cases only ~ Although we think that
the treatment of the remaming patients can be considered a success data
on them will not be included 1n this report as proof or justification of the
conclusions

Of the 29 dibetics treated 14 are female and 15 male 35 to 68 years old
with an average age of 55 1 years

M . ~ . LT

.
'

6 months before preparation of this paper) and 2 had diabetes of 18 years
duration

In the males 35 to 68 years old with an average age of 52 8 years the
average duration of the d <ease was equally advanced (6 1 years) with one
case of 23 years and 4 of less than 6 months (FIGURE 1)

Of the 29 dubetics 14 had been treated with tolbutamide for 12 months or
tonger at doses between 500 and 2000 mg dady 10 used between 10 and
80 U of insubn daily (average 43 U) and only the 5 remaiming cases were
mamaned on diet alone

In all cases the treatment with the new drug began abruptly after pre-
hminary clinical examination and analyticat tests  Except for Case 9 on

291

e~

<
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two occasions, the treatment was ambulatary and without change sn the
datly rontme or 1 the diet previously followed

Among the patients previousty treated with msuln were two {cases 4 and 6)
who were positn ely refractory to tolbutamde as we found in an earher tra)

Regarding the others, one female patient with a sertous diabetic retinopa
thy hiegan the treatment 1 a state of acidosts another had an acute anthrat
wmfection another had a carcinoma of the upper by that was operated after the
first weel. of treatment and two had tubercutons of the lung {one cavitary)

o 1 FE==
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Frouxe ! Relation of age of patient snd duration of dinbetes 1o yesponse to treatment.

One case of corteo-adrenal hyperplasia with metabohe hyperfunctiou of
Cushing's type and another with 2 pituitary chromophobe adenome shoutd
be mentioned  One patient developed dry gangrene of one foot dunng the
sixth month of treatment but, tn spite of this severe complication, ne did nDdt
stop the medication  Thus far he has had good results wath regard to bloo

fucose levels
£ As coeustent illaesses, which may be considered muor as far as l[hﬂf
relation to drabetes 1s concerned, essential hypertension was present in four
atieats and m3 ocardual fibrests in one
r Yirth the exception of two patients, all belonged to the pykmc or pyhmic
athletic groups

In adgmoxx: to a complete chmeal exammation, the following aualytical

tests were made before the begmnmg of the tnal
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Glucose lalerance curve Using an oral dose of 25 gm glucose, analyses of
blood glucose levels were made at &, 30-, 60, and 320 min intenals The
curve was zepeated 18 hoyrs later wuth an oral dose of 1 75 gm glucose per
fatogram of body wesght  The blood glacose determmations were made by
the Folin hingsley Reynbold method until July and smce then, by the
Ringsley Reynhold Fister method

P\ detert ‘This was ¢ by the hypob te method

Hanger s Tekate tras and Madagens fests  In the majenty of the
patsents and since June these tests have been performed by papec electro-
phoretic partttion of serum proteins

Blood tests  Hemoglobm determination hematoenit ted and white cell
counts and platelet count were carned out

After beginning treatment repeated blood glucose determunations were
made n order to mamiain dose wateh orver the effect of the med cation
The ather examunzations were also repeated more or fess frequently (an aver
age of twice per month) in order to detect any posuible systemic repercussions
which mught have developed  COn the bams of the described technique we
think that the conclustons reached can be accepted with reasonable confidence

Ia the ] e end §to use the smallest
utial dose pos ble  Although ne admmmstered the drug i davided doses
until the middle of February since then we ha e adminstered one dose dadly
at breakfast tume

The maxtmum daily dove way 2 gm (4 tablet<), and was used by only
3 patient  the mupimam dose b the mial treatment of 4 patents was
250 etg In 9 cases we gave 500 mg  the average mual dose was 922 mg
lith high dones we ob ersed no tovic reachions except dizztness and verbgo
4 cases these reactions were comadent with hy pogly cemia

In genesal the e doses —parucufarly those of 1 gm or more—were admm
itered for shart penods uswally not tonger than 3d1ys  The single exception
nas Case 2 a patient with acidosis to whom we gave thisdo age for 3 months

The matntenance dosage usvally reached a1 the end of the first neek did
nat exceed 500 mg (4 cases) 12 patents weve perfectly controlled on 125 mg
dmly and for 1 a daily dose of 62 mg was suthcrent  The average mam
1enance dasage sas 248 mg

In regard to food all patsents followed 2 hberal diet of carbobydrates
with quantiies ranging between 300 and 400 gm per day  The other ele
ments nere retatively balanced  We ook special cave to recommend 1o the
patnients that they should not vary the quahtatine or quantitatis ¢ substance
of H;ur et fram what they had been follonang befare the beginoung of these
tudies

In view of this we thuak that we tan present the following conclusions
#1th reasonable assurance  However because of the short time and the
Yimited roommter of pavente the results shoutd be constlered ax preliminary

Cenclussons

(1) Uhlorpropamide proved actue 1n patients who presiously benefited
from othes types of sulfon bureas {earbutamide and tolbutsrmide)
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{2) Chlorpropamide nas effective 1 tno cases s hich had previously proved

refractory to carbutamde and totbutamde

(37 The chatcal and metabolic regulation of chabetes with chlorpropamde
1 more simple and more complete than with other drugs tested so fas (116

ures 2 3,and4)

n the present group of pattents, some notewosthy differ
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ences have been ver Fed regard ng the wmterselat on of the results obia ned
and the ages of tle pat ents and e pecally the t me of evoluton of the
d sease 37 per cent of the pat ants  th good or excellent results are bet cen
theage of 8land 68 (t1case) thana emgeof 64  Greater d flerences
occur n the relaton  th the durat on of d abetes w th 41 per cent of the
paten s hav ne bad the d ea e for 8 years or longer gv ng an average
duratanof 11 7 year (ricugrsland 5}  Inour prev ous orh w th tolbut

am de there were no goo }or §a £ results » the patients vith dizbetes of more
than 8 yests durai on
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Feine S D a wn of dabetes and response to t ea ment

1) Inald ton tos t cases w here the drug showed no effect and that were
not ncly jed nihe fre ent teport ¢ as found that chlorpropam de & 4 not
vontrol the tatee of a patent 49 year olf  hose disease had begun at
19ani ho e treatment started when he was n 3 state of marked 1cdo

Th potent the anly tha dabete of the group bad kbl dabetes
requrnga laly momumof 60U of nsaln  In pteof the fact that the
pa ent hal e ere diabetic retnopathy ¢ ne erthele s mamta ned the
sestment for 31 momifs  th do wyvany np between 1500 and 500 mg
rap d d aypearance of hetonur a and the establ hment of blood glucose at
lover {slthougl st1} abnormathy hgl) le el than at the begnn ng were

eried  1fom 3 systemc posnt of v es there were no alterat ons  orth
record ng except perhaps an ymprovement w sual acs ¢ normahzat on
of the erum prote n an I smafl changes in 1} e feshocy te count
5) Tlecoex  ence of a ¢ ere alechion anthrax or of latent or actve
tubercud s s (n the futter ea e b laterat and crvstary) does not at ersely
affect the el c ent and 1ap 1 therapeut < act on of chlorpropam de althaugh
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1t should be noted that the doses used were shghtly tugher than those used

for the other patrents i general  Inone patient who dev=! rene
of one foot the drug nevertheless cont o 7
(6} On theaverasn ¢ an
me
o using
wojeetive folerance ne must report that
fou ced dizzmess or vertigo comardent with hypoglycemas
Clucese
e
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3
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Kimses
Frovee 6 Glocose tolerance curnve  Broken line represents tolerance before therapy
itk chlorpropamide sald lige after three months therapy w ith chlorpropamde  Curves
are averages of three cases previousty treated with diet alone

In one case a duabetic doctor had a severe melancholic depression, with
suadal 1deas that promptly disappeated after the carbohy drate content of
the diet nas d No other i 1 digestne or den i 1
changes were obser ed in any of the patients of this group  In one case ot
included 1 the present study the admumstration of chlorpropamide cau ed
the appearance of a nettle rash m a patient who previously had shown senet
ity to tolbutarmde and the sulfa drugs m general

Seven patients reported & sudden cephalic cangestion after meals, with
evtrasystoles 1 two cases and mild lung edema wm one—symptoms that
cisappeared promptly after stopping the intake of aicohol  One of those
who tater resumed drinking wine did not have the same symptom  Vie
think the phenomenan may e due ta 2 sefectn e imhbrtion of acetaldedy dic
dehy drogenase
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(8) Analytical observations showed that the bloed glucose level rematned
generally normalized within the first week of treatment In some cases,
where the patient spontancously or upon our order did not adhere to the

the previous blood glucose level
An average of two urea determinations per month was made, and 1t nas
found that chlorpropamide did nat increase the amount of nonproten nitre
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Frotee 7 Glucose tolcrance curse  Broken line represents tolerance before therapy
with chlorpropam de sof d Lne after three months theraj y w th chlorpropamide  Curves
are averages of four cases previously treated w th insul o
gen (NPN\)  On the contrary the NP\ normalized iself or remamed
unchanged o previously high 1t was found too that a value as high as
76 does not per se mean a contraindication
Takata Aras Ilangers and Maclagan s tests did not show undesirable

to be responsible for this abnormal finding

Seram protem Tieelrophote 1 was performed 10 twenty one cases With
notm! results 1n all but ene (Cace 3}

o harmful repercussions were observe 1 1n the tlood gicture which was
generally tested with il e <ame frequency as Llood urea  On the contran
wesan the normalization of the blood picture in the cases that presiously had
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shown alterativns (6 cases) It 15 worth mentionmg that i patient, who
:;zzrteﬁ :mat;nent with a severe leukopemia, shoved a progressne mcm’m of
decr:asle:; ;eﬁlsxﬁzznmlssﬂo to 4900 during the trial  The hematocrst value

If gy cosuria was present ths PP i with the hzation of the
blood sugar  The same apphes to albummn s ts o cases and to hetone bodies
mtwe athers  Xn one panent traces of albumin persisted Mo pathological

Ciucare 3§
goe flace

Vs e ™

T T

o8

T T
simates
Fiovre B Glucose tolerance curve  Broben hine represents tolerance belore therapy
Cusnes

with chlorpropamide, sohd hoe after three months therapy with chlospropasude
are averages of seven cases previously treated with tolbutamude
changes . the sedunent, especally crystalluna, asd no alterations 1o the
pH appeared

Glucose talerance was tmestigated by means of an oral dose of glucose
{1 75 gm /kg } and 1t was found that the 2 curves, obtained at mienvals of
30 days or longer, can be considered {in thew conjuncture) parallel (rrures
6, 7, 8, and 9)  This shows that there t» no modification i carboh)drate
tolerance

Itisouropmnen that this new deug represents a major step w the treatment
of chabetes melhtust We know ihat more time, more patients, and abore
all more experience—clnscal as welf as analy tical-—are necessary n order to
obtain conclusn & hnon ledge about thas therapy  How ever, heeping sn mind
these humitations 1n companson with the other drugs with which e have
ehimeal expenence (tolbutamde and carbutamide), ne con sas that chlor
propamide 15 more active and less tovic in the therapeutic dasage we have

used
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FioLze 9 Glucose tolerance curse  Beaben hine Tepresents tolerance before therapy
wilh chlorproparide solid line after thoee monthis therapy with chlorpropamide  Curses
are averages of fousteen cases.

It 1s worth mentwomng that il the patients were mamntained on almost a
free diet  Duning this chonal trial we did not observe sigruficant vanations
in the mamtenance dosage
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TOLERANCE FOR AI COHOL IN PATIENTS ON
CHLORPROPAMIDE

Saveno Signorell
Istitnte ds Patologss Medica ¢ Metodologs Clinea University of Catama, Catame, Haly

By July 1, 1958 we had evaluated chlorpropamide cincally i 66 patients
and had studied vanous sulfonylurez dernatives m approumately 600
patients with diabetes mellitus By August 30, we had increased the num
ber to 024 patients who had been treated for maore than 1 month, of these,
88 had recetved chlorpropamide Evaluating our results m this larger
Pattent group, we can confirm the following five points relating to the control
of dizbetes mellitus with chlerproparmde

(1) The hypoglycemuc activity of chlorpropamde, particularly with man
mum therapeutic dosages, ts 1n some instances supenor to that achieved
with casbutamde or tolbutamide

(2) The therapeuncally effective dosage of chlorpropamide ranges from 2
manimum of 2 gm , nhich ne used m some patients as an 1mtal dose, to a
minmmum daily mamntenance dose of 0 125 gm per day, these dosages were
established on the basis of satisfactory datly control of bload sugar lesels
and the disappearance of sugar from the unine

(3} We observed a favorable response 1n 72 of 88 patrents (80 per cent} and
an inadequate response 1n 16 patients (20 per cent) It 1s important to note
that 15 patients were less than 40 years old at the ttme of imtiation of therapy,
and that 12 of these were benefited by chlorpropamide therapy ~ Only three
showed an madequate response

(4) Witk the imtiation of therapy, andat mtervals thereafter, patients were
given vartous laboratory tests including Iner function tests, blood counts,

of i! 1 serum protewns, and serum
transamtonase  From the results obtained by these laboratory tests, ne
observed no evidence that therapeutically effective dosages of chlorpropamide
extubited any type or degree of touc effects

(5} Two types of side effects pecessitated the discontinuance of therapy 1n
some patients, all of whom belonged to the group that had not shown an
adequate respouse to chlorpropamide  The side effects were mamfested as
episodes of sensitieity and indiidual itolerance similar to those observed
In response to other sulfonylurea dertvatiies and as episodes of specific
intolerance affecting the gastromntestmal tract {nausea, sensation of abdomr
nal fullness, constipation)

Imtially, our attention nas drawn to the unusual stde effect associated with
the ngestion of alcohol durning chlorpropamede therapy by the fact that
eght of twenty three patients w ho were under freatment complained that
after meals they expentenced one or more of 2 number of disagreeable symp-
toms that consisted of sensations of warmth, flushing, nausea, grddiness and,
1n some, tachycardia  The patients had already come to the conclusion that

%0
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these aberrant symptoms were probably caused by the chlorpropanude,
which bad recently been prescrbed for their diabetic condition, since the
unisual sensations appeared about three or four days following imtiation of
thera;

The fact that these symptoms did not appear n all patients who were
recenving chlorpropamde Jed us to the contlusion that ths side effect was
net due to the thesapeutic action of the drug and therefore could not be
considered a3 side effert that coudd be evpecied to veous as 3 direct conse
quente of 1~ admimstration Ve reasoned, therefore, that 1t must be due to
<ome set of circumstances pecohat to the paneats who had developed the

CASE 3A | CASE 44 | CASE 5A | CASE 6A
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~ymptoms  \e began to imvestigate other factors and dineovered that the
phenomena appearedt exclusinely in those pitients who were accustomed to
dnnlisg wine regularhy doning thewr meats  We tequented the patients to
dicontinue the ingestion of wine and their vy mprams promptly <hsappeared
When they resumed wine nith therr meals the sympoms returned

While we have had other sulfom lureas under study for some ume as our
totxd patient group shows, we harve never before obsened such a strkeg
reaction to the ingestion of ateokof dunng treatment with a <gtfony turea
It was neces-ary to discontinue chiorpropamude therapy 1 uah ane patient
becuse of the desclopment of this phenomenon  Of course had this patient
been wvati-fied 10 discontinue the ingestion of alcohol durnng chlorpropanude
therapy, tus sy mptoms wowld have disappeared and we showld nave been
ahle 1o cortinge him under chlorpropamide treatment  Such was not the
cuse howeter and we sud for chiorprog fe three
davs after the mtation af chlorpropamide thetapy  On carbutamde, this
pantent expenenced alcohol tntoletance symptoms sumiir to those he had
espenenced while o chiorpropamide but they were mild i nature and drap-
peared after a few dags on <ontinued therypy  Such a recult correspands to
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the findings that some other mvestigatars have reported concerming ser
andary effects observed 1 yelation to the mgestion of alcohel by patents
wha nete beany treated with carburamide ot tolbutamide Such sy mptoms
of afeohal wutolerance, however, have been mfrequently observed with
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these two drugs and are not conwdered to be of sigmificance m thetr chaical

Symtals

applicatton
p?‘ollomng our absenations of the ewght patients whe had npcncxnced
de therapy, we rond: the

alcohut antolersnce while under

following clinscal experiment
Exghtgpcr cent (12 proof) ethy! alcohel was admustered to all patients
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1n whom alcohol mtolerance appeared These patients had taken chlor
propamide for at least 8 days and therapy which had successfully stabihzed
their diabetic state was being continued  Within 10 to 20 min following
the ingestion of the alcohol, these patients experienced an acute sensation
of narmth of the face with flushing of the same area and 1n a few cases slight
giddiness simlar to that caused by mgestion of a large amount of alcohol

\one of these symptoms was observed when the same dose of alcohol was
given to normal subjects or to diabetics being treated with other sulfonylurea
dernatres

This intolerance reaction to alcohol has been followed 1n all patients both
before the ngestion
by measurement of
rate the auncular
graphic pattern

Y e have not observed any vanation 1n the electrocardiographic pattern in
any patient The values for systolic blood pressure have shown a shght
tendency to reduce usually about 10 mm Hg whie diastohc pressure
tended to reduce approimately S mm Hg  The pulse rates remained within
normal hmits and no significant vanation from normal for each indivniduat
was observed The more relevant data recorded related to the behavior
of the auncular photoplethysmographic wave Figures 1 2 and 3 show
the changes that occurred in each of the patients studied

‘We can state that diabetics being treated with chlorpropamide show an
mtolerance to alcohol more frequently than the occasional occurrence that
has been chserved with other sulfony!ureas However such side effects as
do occur can be ¢ b the ingestion of alco
hol Thus the pnhenl may make a choice between mgestion of alcohol or
continuing therapy with chlorpropamide




THE TREATMENT OF DIABETES MELLITUS Iv AREAS
OF NUTRITIOVAL DEFICIENCY

Agenico B M Sison Angel A Florentin, Hermtmo ¥ Germar
Deportment of Mediome College of Medsesnr L smvcrasty of the Phohgpnas,
Wynda Phibppones

The hypogly cemuc effect of sulfonarsides and denatives of sulfonylusess
has been obseryed by Janbon ef af {since 1942, but 1z was not until 1955 that
sy stematic appheativn of such findigs to the treatment of diabetes meihtus
was started {in France) In the same year, systemane ehwmeal trals were
undertahen s Germany by Fuchs? Bubsequentls, the rele of sutfon hures
dematnes o the manageaent of dibetes mellitus has been evtensuely
studied througheut the world t 4 Nhie the mode of action frmaws ta ke
further clanfied 1t 1s knonn that beneficial effects are obtaned where the
sslets of Langerbans still possess some capacity toproducemsulin * 7 Henve,
these drugs find particalar apphwation m the relatiely miid matonts ~onset
vpe of duabetes ¢

Since most of tlae diabetes seen n the Philippines are of the matunty onset
type the ntroduction of these aral hy pogly cemic agents met with an enthy
sastic response  Thws nas h 1 by the real that
catbutamude (BZ 35) had a refamn ely hagh madence of side reactions, while
the better tolerated tolbatamde (I¥ 860} was a Yess effectne hypogly ceme
agent
It 15 the puspose of thes paper to describe oy chnteal studies on the new
sulfony furea dernative chlorproperude (P 607)

Clomead Hatersal and Vethod

The pauents treated 1o the study described m thus article vete seen 1 the
Diabetie Chinte of the Phihppine General Hospstalin Mamda sad mn punate
pracuce  They represent purs of the group used m the wsyestigation with
cavbuszmide or tolbutamude ot both A careful history was abtaned and
physical esammanion fade o ol nstances  Prior o therapy, base hne
determunations mefuded fasting blood sugar levels wnnalysis renal functian
stuthes hepatic function tests snd hematological and adrenocertial evatua
tor  Chest X rays (for pulmonany tuberculasis) and cardiovascular studhes
sere alsodone  The patients wese seen sn consubtation by us at fortmahtly
ntersals

There was no umform phap of therapy  Imtnl doses ranged from 508 to
2000 mg & day white muntenance doses aanged dona to 125 mg darly
The doses uere adusted according 1o the chmteal and brocheseal response

d the patrent
“ T;rpﬁai patients in the <enes were observed jor pernds of frous & 1o 20
seehs at the time of the preparation of tis report
w01
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Clenscol Results

The responce of 2 patient to therapy 1s difficult to gauge  The following
arbstrary designations were adopted  The response was termed (1) excellent
when the patient was rendered asymptomatic and where the fasting blood
sugar level was lowered to and mamtained within pormal himits, (2) good

but where the fasting blood sugar, although not brought within 25 per cent

ABLE §
Restirs or TRERAPY WiTH CHLORPROPAMIDE
]

Re<panse No of patients|  Percentages
1

Lxcellent ‘ 14 27 46
Good 1 31 26f & 72
Farr 8 B
Poor 1" 76}
Discontinued treatment ‘ 4 | Tmprae

Totat s | w000

of the normal levels could be maintained at least at 60 per cent of the mitial
levels and (4) poor when no clinical or biochemical improvement conld be
demoustrated  In A}l instances side reactions were mimmal  These
cntena were adopted because nalmost all instances some degree of lonenng
of the blood sugar was observed, although 1t could not be maintained

Taste 1 summarnzes the results obtamed with chlorproparmde 1n the
51 subjects studied 64 72 per cent showed excellent to good results 15 68 per
cent had a fair response, 11 76 per cent were not benefited  Tour patients,
or 7 &4 per cent, were forced to suspend medication for vatious reasons

The follawing cases show the pattern of an excellent response  Case 2
(FIGLRF 1), F F 69 years female was recogmzed as a diabetic only 1 month
before trextment  She had the usual symptoms of polydipsia and poly
phaga Tl fasting blood sugar was 248 mg per cent  Treatment was
started with 1500 mg of chlorpropamude disided into 3 doses  There was
prompt disappearance of glycosuria  On the fourth day of treatment she
compluned of shight dizziness headache and blurnng of viston  Blood
~ugar was [ound to have dropped to 96 mg per cent, and treatment was
suspended  The distutbing <smptoms promptly cleared  Returming <light
gheoumn and nang fasting blood sugar to 130 mg per cent indicated
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toms subsided and blood sugar was mamtamed at 96 mg per cent  After
about 1 month, chlorpropamide was suspended to chech, the need for further
mawntenance  There was a shght rise of FBS ta 117 mg per cent i the srest
J weehs  Resumption of the medication resuited m loweering of the biood
sugar without reappearance of the hypoglycemic mamfestations

Cae 7 (FILURE 2), A M, 54 years, male, was knoun g be duabetic for
234 3 ears and had required 30 (o 40 U of msulin for the past 2years  An

mitial dose of 1000 mg chlorp de resulied w a preapitous drop of
~ 2
i AT PR A0 By
3 imae
s Ut 9 gercina

H P2 Jeanrmgat
2 w00l 8% ¢
4 i i3
g b 1 -
g 5 o
H B ;% N
« o \SE ST
H
3
2
a
H
3
* o0
H
:
v
Z
b4

FAES

o, 1509

FE w0

&

g3y w0

*% il . 2 8¢ 3% »s}
Ficure 1

FBS from 210 mg per cont to 90 my per cent i 2 days with accompanying
d: k and d:

shight ne of gast  These dx{szppe;red
4 e
(8 <ion of treatwent for about § days  Remstitution of the e
:t\ : dS:;{;;e“oE 300 mg dady produced a stow dechine in the FBS from 165 to
69.mg percent m 31 days, wathout reappeasance of side effects Mmhc;\um;
was suspended for 7 weehs and FBS rose to 85 my percent  Rasamption vr
treatment at 250 mg daily and, fater, {78 mg daily masntased blood suga
berneen 75 mg and 90 myg per cent
F1ouRe 3 shows an example of 2 good response  Case 19, D T ,};\;z:}::zy
was found to have drabetes mefittys when he was canfined !m‘!a pre: ot
Imtiat blood sugar was 249 mg per cest  This was cortrolied ws




Sison ef al  Drabetes Mellitus and Nutntional Deficiency 907

meulin at docages reduced stepwise from 25 to 2 marntenance of 10 U daily
At the end of 1 month, FBS was maintained at 62 mg per cent, and tnsulin
was suspended  After 1 weeh, FBS had nsen to 125 mg per cent and
cathutarmde was given at levels of 500 mg dav  This caused a drop of
the FBS to 75 mg per centin the nest 4 weeks  Carbutamide was suspended
when FBS was reduced to 69 mg per cent The patient was next seen
about 213 months later when he observed returning glycosuna  FBS had
nisen to 138 mg per cent, and carbutamde was resumed at 750 mg daily

T AN ey mi
2 w2

3
oey 7 ng 408
i a

) s ¢

Fieere 2

to it at

glycosuna the 115 shoned a slow tendency to nse to 77, then 94 and,
firally, 112 wg per tent ‘The dose was then adjusted to 730 mg daily
Tlood sugar showed a prompt fall At one visit, a sudden elevation of FBS
1o 143 mg per cent was louml to be as~ociated \\uh mental strain Useofa
1 without further ad; of diet or increase 1n chlorpropamide
dmc caused a return to the former <tate of control
Ficire 4 depiets the course of one of the youngest duabetics in our senes
Case 20 O J, wan first diagnosed at the nge of 23 years e s a male and
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had puh w tuberculosts ly Hed
¥ 1d not recene any sy

atic form of treatment dunng the frst 7 years of his diabetic hfe, a}nd’mtx::X
treatment consisted of 2000 mg carbutamide datly  In 2 weeks FBS
dropped from 260 mg per cent to 143 mg per cent, and gy cosuna dechned
from heavy to moderate Carbutamude was seduced 10 1500 mg dady
because of the appearance of itching skin rashes  About 217 months latee,
medication was suspended becanse of the reappearance of the cutaneaus
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rash and a tendency to lowenag of the leukocy te count  Dunng thrs penod,
blood sugar remained about 150 mg per cent After 1 month on antt
hsstamines the shin condition had cleared and the white blood cell count
(WBC) nas normal, carbutamide was resumed  Faluee to lower the I'BS
below 150 mg per cent, together with appearance of epigastric pmn and
darrhen, caused suspension of carbatamde after 2 months NP msuhn
was gnen at levels of 15 U day  This too, stmply mamntasned T'BS at
the <ame Jesel  After 2 more months the patient complamed af the tnjec
tions and requested another traf with oral hypogly cemics  Tolbutanude
was then avalable and a tral was instituted at a dosage of 1500 mg darfy
Gastrointestinal dus turbance, <are throat and leubopenia ensued and caused
smmediate suspension of the drug 1t was necessary to tesume msiha 4
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combmation of 15 U NPH msulin and 1000 mg of carbutamide produced a
progressive lowerng of the blood sugar far more efficiently than could be
produced by enther drug alone

The msulin cart de was suspended when chlorprof
became avatable  Started at 500 mg daly chlorproparude proved insuf
fictent and the dose was gradually mncreased 1o 1000 mg daily  Although
the blood sugar could not be mawntained at the same level as that obtainable
with the msuhn carbutarmde combination the effects were definitely better
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FicuRe 4

than wath either 15 U of wsulin or 1500 mg of carbutamide alone  We
plan to combine a small amount of 1nsulin with chlorpropimide

Fi6tre § shows an example of a poor response Caxe 33 V I s a
5t year old maie who had diabetes for 9 years and required 40 U of 1nsulin
for control He showed evidence of hepatic dysfunction particutarly in
the abnormal results of flocculation tests e was started on 750 mg of
chlorproparude dady  Because of lack of response dosage was mcreased
to 15K mg dmly  There was a shght drop of FBS from 225 mg per cent
to 148 mg per cent but without changing the dose or duet, the blood sugar
could not be maintained at thi, level The addition of 15 U of muhn
arrested the upsard spiraling of the blood sugar level but could not reduce
it to normal fevels

FiouRE 6 represents the interestng case of a 58 year old female nho nas
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known to be diabetic for 2 years, and had been treated with die

tS}fle {\)as admtted to the hospatal for 2 lower abdominal mass, ;::Zﬁ;g;‘iﬂx;
e Department of Gynecology as a cystadenoma of the ovary  Surgical

intervention was projected, and the patient was referred for control o{gthe

;imbieuc picture prior to surgery ~When first seen, she had a blood sugar

evel of 194 mg per cent, heavy glycosuria, and pruritus vulvae  She was

placed on 2000 mg of chlorpropamide daily ~ FBS dropped to 112 mg per
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FiGURE §

cent m 3 days and glycosuria was reduced to 3 mimmum A panhyster-
ectomy was performed the next day, and the postoperative course was
uneventful The diabetic picture remained under control ~ Two weeks later
1t was necessary to reduce the medication to 1000 mg daly because of a
transient weahness and dizziness Attempts to reduce the dose further
resulted 11 a nise of the blood sugar, a mamtenance dose of between 750 mg
and 1000 mg daily was found adequate

The pattern of response of the patients treated in our study was very
encouraging  There 15 a umiform tendency to Jower the mutil hyper-
glycerma and to maintam the lowered blood sugar level ~FIGURE 7 depicts
the relationship between the blood sugar level sn patients whose response

was rated fair to excellent and the amount of chiorpropanude required to
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produce those results Imtial doses of <hightly more than 1§ gm daily
were sufficient to produce a reduction of the fasting blood sugar from an
average of about 180 mg per cent to about 118 mg per cent in 1 week The
fasting blood sugar could be mamtamed 2t about 100 mg per cent by
wmamtenance doses as low as about 400 mg datly  These doses are certainly
very much smaller than those we utthzed previously with the ather sulfony!
urea dernvatives
Side Effects

The patients were carefully questioned at eackh vistt about any untoward
effects  TasLe 2 shows the side reactions that were encountered tn the

Tasy)
Sz REACTIONS DBSERVED Wit CHLORPROPAMIDE THERAPY*

Reactions Mo of cases

NN e D
=2

Transient weakness
‘Transient dizziness and headache
Transient blurrog of vision
Unsteadiness of gart
Sulorrhea

Tncreased  hunger pans
Flatulence

Localzed dermatius
Exfohative dermatitis
Generahzed allergy
Leukapenta

Purpura or snema

OO

* Duranion of treatment of 51 pxtients 4 months
1 Suspenston of chlorpropamde therapy caused disappearance of symptoms

51 patents during the period of observation  The most frequent complants
were those of transient weakness dizziness headache and blurnng of vision
They occursed with greatest frequency at the start of the mvesngatxcin,

I § those of tolb

when we used doses of chlosg pp
The complants were often regsstered about 3 to § days after anset of treat

ment, and promptly cleared when medication was suspended  The effects
have been attributed to a rapid reduction of the blood sugar levels as shown
by close obsenauons and repeated blood sugar checks simdar to those
deptcted 1 FIGURES 1 and 2 Reduction of the utial doses of chlorprop
amude to an average of 750 mg a day with shight adjustment of the dose
according to the tdnidual response of the patient, duminished the frequency

of the complaints 1 subsequent patients
Four patients did not continue treatment  In 2 patients the appearance
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fourth dexeloped exfoliatiy e dermatitis dunng the course of treatment This
15 graphically shown n FICLRE 8 Case 36 R V41 yeors female was
Lnot n to be diabetic for 10 years and hiad an msufin requrement that vaned
from M to 0 U daily  She also had pulmonary tuberculo 15 and a family
lustory of allergic tendency although the actual aMergens could not be
pupomted  Imini FBS was 190 my per tent and she %35 started on
730 mg chlorpropamde dady  Weekly 11 1ts thereafter showed progressive
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lovenng of the blood sugar levels to 143 mg per cent and then to 130 mg
per cent she wasasymptomat ¢ On her second visit the dose was increased
ta 1000 mg dasly  After 2 days she complained of shght fever and tender
enlarged submand Lulat glands  Blood examinatian showed normal WBC
She was then advised to suspend chiarpropamile and all symptoms sub
sided 2 days fater

After one weeh the patient agam felt tendemess and enlargement of the
ubmand bular glands and <hight fever She 1ooh one rablet of chlarprop
amlxdc at noon and complained of heaviness of the body igher fever chulls
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d to spread  Sub med; wath Tetzacyn, Antistine and
Peralga brought no relef and her condition suddenly became a full blown
exiohatne dermatins  When seen m the haspital, she appeared wt cntical
stage and bad 1o be treated with snsubin and Meucortelone  The ¢ events
do nat with certamnty mdict chlorpropamude as the culpmnt, but the case iy
betng presented as one where a dangerous shin disease occurred duning the
course of treatment  The patient recos ered completely from the exfohatne
dermatitsy

Tapis 3
Coyrarsos oF Drageric Deata RATES or DirrEgest Couvraes
Deaths from dabetes
Country Sear | Popoanion | DS from
all causes
Number | Rae per 306000
1

Austraba 1949 7912638 75 260 1473 186
Vmted States 1950 150697 000 1430270 25010 166
Norway 1919 3233000 29082 410 136
Canada 195 13 521 000 123639 1548 12
Franoe 195G 41900000 526 280 33 20
Ttaty 1950 46279 500 4897 354 11
Bpam 1949 23023 000 316 308 1492 53
AMenco 194§ 22233 200 433 694 81 36
Colombra 1918 10 775 906 151392 363 25
Japan 950 | 83200000 goRsor | 2007 24
Philippaes 936 21 86 873 019 13 86

Tavst 4

IAeIPEACE OF DuaperEs MeLuTus avp DIABETIC ACtmosts 1% PATEATS AT THE
Pastprrng GExEray Hoserran Maviis Prsuerres, 1035-1033

“umber of hosgatat adaussions 181 116
umber of medscal eases 32112

Adimssrans and cases diagnosed 2s diabetes mell tus 619 {4 9 per eene)
ydmssions and cases hagnosed as diabetic asdosis 10

TaBLE §
Coupartso¥ OF INGIDENCE OF DussEmc ActhOSts 1% THE PHILUIPINES AWD ¥6E
U~a7ED STATES

Phlipmue  { New England | Philadelphia
General Deaconess Genera!
Hospital Hosprtab Hhospiaal

1945 1922 19361951 1931 1936
832 10 200 3009
10 153 268

Penod covered
Namber of diabets. admusstons
Mumber of diabetic comas
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There were no exxdences of impaisment of renal function or huer tuaction,
ar of mjury of the hone marron w any of the cases under obsen abon

Discussion

Diabetes melfitus s not & major cause of death sn the Pinhppanes. Taste3
shons a companson of pertinent figures avadable from different parts of the
world* Among the countnes on this side of the Pavfic Australa ranks
high with diabetes mellitus atcounting for 18 6 deaths per 100,000 popu
laton Japan has only 2.4 per 100 000 population and the Phsppines had
only 137 deaths ascribed 1o the disease in 1956 or 3 mortabity rate of 0 6 per
190 000 population

Figures from the Phihppine General Hospital (z1o1e ) for the penod
1945 10 1925 show that 1 9 per cent of the patients admitted to the Depart
ment of Medicine were dtagnosed as cases of diabetes melhitus howerer of
the 630 cases accwrnng duning this pened only 10 show ed diabetic andoss
In compauson (TABLE 5§ 5 year sunveys i the \ew England Deaconess
Hospual Bosten “Mass  and the Phikdelplna General Hospatal Phila
deiphia Pa show a farge number of patients with dabetic andous ¥

These statssties support the ebservation by most pract:tioners 1 the
Phibppines that the great majonty of dubetics there are mild and that
Juventle or grow th oncet tvpe of dubetes s a ranty  The factors that may
explam this are not entirely clear  One suggestion that may be tenable 15
that the Fiynno diet ™ shich s relatnely Jow 1n £3¢ and moderate i calorses
approumates the duabetic diet  Inasmuch as dietary restnction s an
accepted methad of treatment 1t 15 postalated that the somevnhat ruth
tonally defictens diet contrtbutes to a mlder course of the disease

“Tapis 6 shows a comparion of the general food habits from different
countries as gleaned from Food and Agricalture Organuzation (RAO) reports 1
There appeats to be a Tough cotrelation between the nutritional adequacy
of the diet an@ the moriahty rate for dubetes melhtus parboularly with
respect to the total calones and the fat content  The evidence whie not
conefusne, pants to o trend which deseres further s estigation

The use of the sulfonylurea dernatnes m diabetes mellitus ushers ma
nes era 1n management of the dwease  Thts is especally true m areas
where the dizbetes found 15 ruld and where resistance and the mesdence of
coma are Jon  Such conditions obtan n the Philippines and for this
reason we hawe been sery much mrerested s studying chlorpropamide

Summary
The great majotity of cases of debetes mellntas in the Phhippines are of
the matunt) -onset type  The inadence of duabetc acdasts and of purende

dabetes 33 small
Chilotpropamde has shown great effecttieness 1n controlling diabetes

meflatus

The dose of chlorproparmude found effectne sn tontroling the disease 1§
much smaller than expected bl dosages of 750 to 1000 mg datly and
marntenante doses of 250 ta 500 my dadly nere found to be adeguale



Sison ef el Diabetes Mellitus wnd Nutntional Deficiency 917

Few side effects were encounteted  The most frequent were symptoms
of hy poglycerma preduced when fasrly large doses were employed

A case of exfoliative dermatitis was reported te hare developed in one
patient dusing the course of treatment
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THE PROBLEM OF DIABETES IN THE SINGAPORE
POPULATION AND THE IMPACT OF ORAL ANTI;)IABETICS
ON ITS MANAGEMENT

Ho Yuen
Singapore General Hospuial, Stngapore

In Singapere, where the population ts made up of many races or ethnic
groups and where lteracy s faz from universal, dishetes poses problems,
partwcdlarly m management quue different from those met with i the
more highly developed countries of Amenca and Europe  Smgapere has 3
population of 1,500000, consisting maunly of Chinese {764 per cent),
Malays, and Indians It was from ths population that subjects of this
study were drann and the mvestigation was carned outin 1 of the 2 teaching
medical umits 10 the Singapore General Hospital

The Suze of the Prodlem

In 1957 the number of patients with dabetes newly regstered sn 1 of
2 dwabetes clinics at the hospital totaled 377 These, together with patients
already on the register gave a total chinic attendance of 7,217 for the year
There 15 as yet no umfied center for the treatment of diabetes, and such
treatment 1s undertaken at the Singapore General Hosptal the Tuberculoss
Hospital, outpatient chinics of the outpatient servace, and by private prac-
uitioners  Therefore statisticaf data on the numencal size of the problem
posed by dubetes melfitus are difficslt to obtain  However, there 1s httde
doubt that dizbetes constitutes & large patt of the problem of the care of
the health of the popufztion

Ftiglogrcal Foclors

While defimtn e etilogical factors 1n cases seen 1 Smgapore and elaenbere
may be largely simlar, the emphasis on any particufar enwlogseal factor
scems to vary Thus, mn Singapore, cdibetes m cluldren 15 decdedly
uncommon, and the disease frequently mandests stself an muddte bie

The maumum inadence falls within the age group of 36 to 63 years  The
sev inerdence also differs from that seen 1n other countres, as the disease
1 commoner among males than females  In 115 distnbution among the
yanous races, the disease 15 commoner among Indians 1n & populstion pre
domnantly Chinese  The majonty of patients comes from the low wmcome
group 1n which carbohydistes, especialfy 1n the form of nce, constitute the
majoer part of the duet

Presenping Symiploms

Refatnely few of our patients come Lo us because sugar was found m the
anne on soutme examumation  Thiest and frequent passage of kge quanit
ties of urme, espeunally at night comprise the symptoms most frequentls
complamed of while not & few come for medical advice becavse they obsenyed

913
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ants gathenng about ther urine or the toilet Infective complications
chiefly carbuncle and pulmonary tuberculosis cause them to be seen by our
surgical colleagues or 1n the tuberculosis ho pital  While a wide vartety of

o 4 the modence of diabetic coma 15 definitely
low In one of the two medical umts at the General Hospital only seven
pattents in diabetic coma were seen 1n the past year  This 1s not surpnising
as the great majonty of the diabetics hrve diabetes of late onset

Proble tn \anagement

It 1s generally known that the Chinese culture emphastzes good food and
1n Singapore this attitude towar 1 food 1s shared by the other communities
Hence 1t 15 extremely difficult 1f not imposaible to expect our patients to
adhere to a strict diabetc diet for long It 1s chiefly for this reason that
hospital i patient treatment with 1ts dietary regumen 1s unsatisfactory, as
the patient s home food differs both 1n quality and quantity from that given
him 1n the hospital  Consequently the disease 1s treated largely on an out
patient basis where the patient is allowed a  free  diet  Qaly those with
tnfective and other severe complications are admitted to the hospital wards
In outpatient treatment while sugar and sweetened foods are strictly pro
hibited other carbohydrates (including nce) are offered at each meal In
this way our patients are able to arrive at a fairly constant carbohydrate
mtake frequently higher than the intake they car be allowed on dietary
treatment alone

As observed earher the majonty of our pauents come from the poorer
segment of the population and management of the disease and the imtiation
nto a diabetic Life are rendered more difficult by their illiteracy  Pnnted
mstructions are of little value Each pabent must be mstructed 1n turn
and where possible if language difficulties can be overcome some under
standing of the discase process must be brought within his grasp  If this
15 achieved the illiterate diabetic wilt adhere faithfully to the advice of the
physician and his disease will be brought under control quickly  Until the
advent of oral drug therapy the overwhelming majority of patients recesved
insul n treatment and were carefully taught to inject themselves and to test
and chart their unnary sugar results

As soon as 1t became generally known that tablets were available for the
treatment of dizbetes almost every patient saw 1n this a relef from daily
myections  The demand for oral therapy was persictent and almost um
versal 1n the d abetes chmes and carbutamide and tolbutamide were tried
and reported on by Tan Bock Yam and Ronald Wells (1957)

Clinscal Treal wath Chlorpropamsde

In Singapore when chlorpropamide became available for invest gational
use 1t was decided to conduct a chinical tnal 1 an attempt to assess 1ts
efficacy 1n the treatment of diabetes melinus

Vatersgl  Ther -~ ®
comprised a
relation to th



920 Annals New Yorh Academy of Sciences

However 1t was felt that patients with infectne complications or acdosts
ar both should be excluded as the tnal was conducted on an outpatent
basis so that direct supervision could not be as close as when patients were
hospitalized

The age of patients at the onset of d abetic symptoms and their <ex and
race distnbution are shown in TABLES § and 2

AGE 47 O SET OF D1aneres AND SeX DISTRIBOTION OF PAnizvis O CHIORPROPAMIDE

\ger o bl 4!43&40\50 51 55{56-60| 61 63 66~ 0} Total
ale P el el stsalifale
Female o e > s{ el 3iili}]s

Total !2{6}12{12#!5}11}5:2 : @

* Average age 3t enset of diabetes 458 years

.2

Race Drstr grrian o Paaears o7 CHLORPROPANIDE

No of pat ents®

Chrese  Indan | Malay | Ofhers | Total
Group & 12049 [ 1Bus y at ¢ 5 | 27000
Group B Wwatn | 9050 | daem | o) | 2500
Group L T T us s | s0sn | ml | b
Taaf BTy | ey { su19) | 3u5 | &m0

* F gares o patentbeses arr percentages of totat

1 thoeWwivuu & o wyp
aere treated with tolbutamde and Growp € those treated with msubin
ri0f to chlorproparde thempy

? All panents were exanuned chmcatly and unnalyses ghucose tolesance
tests . ray exammations of the chest and blead counts were done the
first and fast were repeated at mienals

! The patients attended the chmc weekly while dosage of chlorpropamde
was adpusted accord ng to the unnary sugar reacton to Benedict » reagent
the urnary tests (cheched by the laboratony at intervals) were done by the
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pattents thnce darly—before breakfast and after lunch and diner Patients
were given full chnical examination whenever they complamed of any
sy wptomms that might be construed as probable side effects of the drug, and
they were questioned directly for any symptoms referable to the cardio
vascular, digestsve, urinary, and neurofogical systems and about any shin
reaction

Fatients who were on msulin or olbutamide, regardiess of the qualhty of
control achieved had their imsulin or tolbutamide discontinued for a vanable

TASLE &
CORRFLATION BETWEEN AGE AT O\sT OF DIABETES AND CONTROL ACHIEVED

Mo of patients per age group*

Quality
of Total
control
26-30) 31-35 | 3640 | 4145 ) 46—50} 51 55 | 56-60/ 61-65 | 66-70
Geod 1 o 6 9 i3 9 3 1 49
(0) | (85 7) | (60 0)| (75) | (85 6) | (69 2| (T5) (50) {73 1)
Tarr 1 1 o 2 1 2 1 1n
(50) | (14 3)} w [as 6] 72 |as 9] @ (16 4)
Poor nil nd 1 1 1 2 nil 1 7
an [ g9 [ 7205y (50) | (10 5
Total 67

2 7 10 12 15 I 13 4 2 2
(mn)[ (100} | (100) | (100} | (100) ’ (100} | (100) | (100} | (200)

* Frgures tn parentheses are percentages of tatal

period until glycosuria indicated a relapse of the dizbetic state Chlor
proparmde was then gnven in place of insulint or tolbutamide

Dosage af chlorpropamde  As the full tovicology of chlorpropamide 1
man 1s not known, 1t was decided to start treztment with the drug 1 a
relatrvely small dosage grven once or twice daly for the first week  Inttally,
05 gm of the drug was ghen but this was reduced to 0 2> gm , the smaller
dose bemg less Iikely to produce side effects  The dosage of 025 gm was
increased at weekly wntetval to 2, 3 or ew,}: 4 umes daily unulfcomml nas

the di of

achteved or until side effects
QOnce control nas established, the dosage nas reduced to the maintenance

level, as adjudged by the relative absence of glycosuna
Classyficaton of climegl data Talangnto consideration the renal threshold
for glucose m the indnadual patient, the quality of control of the disbetes
was assessed on the bass of the degree of glycosuna precent A conditton
with no sugar m the urne, or onlV mfrequent traces of sugar was designated
good  Where traces of sugar in the urine occurred frequently, after dietary
deviations had been excluded, the control of the dizbetes was classified as
far Greater glycosuna constititted poor control  The chmical data are

presented i TABLES 3, 4, and §
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Tame 7
CORRELATION BETWFEM SEX AvD RACE awn Covtror WHimvew

! sex Race
Gualey of \ Tatat
conirod
Male | Female chmw! Indon | ahy ‘ Others
PN FRU — | e e
3 u 15 6 o2 1 3 »
oo i W@ | (o é o) | ain [ win | o | @y
T T T Mkwwxwf T ‘m
Yo s P + © v w s
* [ o9 | @9 | oo } (19 3) ( ars | [ sy
Powr | 4 | 3 5 2 i a1 7
~ } Be | b L oaw 2 o) i % [
Ttaw | m 2 s B |8 3
R N R
|

* Fuguces wm parentheses ace persentsges of tatal

it §
Longrtarion Bernien DOSAGE 0F CHIORPROVAMIDE AnD CONTROL ACRIEVED

1
| o of patien's per chlorpropamde dasage gm *
Quality of o e e oo i e Tol
contesl | I
S { a5 07y 10 t 1%
T T S e e e [
Gand 7 f o 1 mt W
] 0 i 2wy W % i) F A
| D s ) W | ow
i [T @ 1w {as
N A SO
Tont [ 3 Loy
13 45 [KR+] 1 14 5 (213 130 35
To st [T LI w1t &
; wa Ly | me 2y as 100

* Ligures 10 parentheses are hercentases of total

bualvaes of chimcal dafa Analysis of the chmical data reveals that of the
67 patents frevted wubh chlorpropamide, 49 (711 per cent) showed the
diabetes fglycocuna) under good control  In 1 pauents (86 & per cent)
the cortrol was fase, and 10 7 {30 pec cent} the control was poor
Correlation between the quatiy of control ackieved under Ireatment and
anv one of the following fictors—~ age at onset of duabetes, Tars, wx and
dosage of chlospropamde used~—1s giver i TABLES 6, 7, and 8
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Discusseon

Hypoghcemtc aetinty of chiorpropasmde  There s no doubt that chlor
propamide Is n eflective hypoglycemc agent, as it was able to reduce
glycostna 10 2 minsmum 1 73 1 per cent of the cases studied  This segment
s made up of the 40 gaod contral patients, whose ages at the onset of dubetic
symptoms ranged from 30 to 66 years  The degree of control of the dibetes,
when related to the ages of the patients at the anset of diabetic symptom;
(rasie 6} does not reveal with any cestamty that the drug 15 more effectne
w the older than the younger age group, 85 7 per cent of patients betneen
the ages of 31 and 35 achseved good control of glycosurma, while 75 per cent
between the ages of 56 and 60 albo had good control

T
CORREXATION Bernzrn Fastne Broos S0cAx Anp CONTROL AcumsEp

Quahny of No of patients per fasting blood sugar levels mg per cent®
control
50-150 151 250 251 350
Good 5 29 I3
(55 6) ! 6 3) a1 7
Taw 2 - H 2
| @22 a3y @2y
Poor ! 2 ' 3 w
| @ | (10 6)
Tozat t 9 8 9
| (100) 1 (100) (ion;

* Pigures 1n parentheses are parcentages of tota}

The data of TABLE 7 where the sex of the patients 1 refated to the degree
of contsol of the dibetes shows that 809 per cent of male and 60 per cent
of female patientsachieved good control It would seem that chlorpropamide
15 somewhat more effective th male than 1n female dwzbetics, but a defimte
pronouncement on this problem eannot be made without further investipa
on 1 2 Jarger senes of cases

In relating the ethnic groups of patients to ¢he number of ca es with good
control of glycostna 1t ts obvions that chlorpropamide 1 equally effective
m Chinese Indians and Malays

Chlorproparde dosage  The dosage of chlorproparmde requised to mam
tam good control ranged {rom 825 gm to 10 gm day, with an average
total daity requirement of 0 647 g

The majonty (31 patients) of good-control cases required 4 mamtenance
dose of 05 to 075 gm daily, thece caces constituting 16 per cent of the
entire senes and 63 per cent of aff good-control cases  With the exception
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of § patient 1 the poer control grouy, ta whotm  datly total dose of 15 gm
of chlarpropamide wos giwven tt s nateworthy that the tot4) dasdly drug
dosage 1 the fur-controt and poor control groups ranged from 05 to 10 gm.

1t may be that farther mcrease 18 the drug dosage for these two groups
will reduce further the glyeosuna of a few patieats

Cortelation studies between the fasting blood sugar leved and the quality
of contrel achteved under trextment do not mdscate that patients with a hugh

Tanie 16
CoRRELATION Q¢ FAsTING BLOOD Soar 70 CHIORFROFAMIDE
Dosace I Goop-Conrror CasEs

Na of patients per fasting blood sugat
Chiorpropazoude levels mg per cent .
dosage gm
50-150 154 250 53 350
025 1 3 . .
I w2 Wy 2z
05 A 5 N "
] 33 3) W
38 | 4 5 : "
AT ] a4 3
10 N i 1 -
2 @ (t1 )
Totat | v 7 7 -
I to ) o (100)

* Figures tn paceatheses are percentages of toral

fasutag blood sugar level necessartly required ugher dosage to attam good
control of ther glycosuna  Nather does a low fosting blood sugar level
sndhicate 4 tow-dosage requirement to obtam good contrat  Thus the fasting
blood sugar range of good contro! cases 15 86 to 350 mg per cent, and 27 of
thase 41 patients (65 8 per cent) reqmred 2 maintenance dosage of 03 to
075 gm datly  Correlation between the fasting blood sugar fevef and the
quality of control achieved under treatment is shown i TARLE 9 the rela
uenship betneen the fasting blood sugar level and the dosage of chlor
propamsde required to achieve good contsol 15 shown in TavLe 10

Fattents previonsiv on tolbuiamsde therapy  In Group B (Tapie 4) of this
wnal seres 2» patients were treated wath chlorpropamide after glycosuna

returned or became more severe when toll de thesapy was o d
In thiv group 9 patients (36 per cent of the group) were subsequently
better led on ck than on fe and 4 (16 per cent)

were not as well controlled as with tolbutamide  The remasnang 32 patients
{48 per cent} had s good control with ¢ as with
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Included 10 the ¢ cases (Nos 28, 32, 4, and 34) 10 which chlorpropamde
was less effectnve than tolbutamude was 1 patient (No 28) whe was gien
chlorpropamide for 2 weeks, at which tume he refused to contwmue treatment
with the drug because of side eflects  Control was subsequenty re estab-
hished wath tolbutamide

A companson of the desage of chiorpropamide with that of tolbutanude
m pattents whose glycosuna was controlled to 2 sumiar degree shows the
average dose to be 0 66 g for chlorpropamde and 20 gm for tolbutamude
Thus weight for weight chlorpropamde 15 & more eficctive hy poglycemic
agent than tolbutamide

Petients previously o answlun therapy  Patients on mselin therapy before
chiorpropamude treatment constitute Group € (£3BLE 5) of thi senes  Of
the 15 paients of this group, 9 (60 per cent) achieved substantually better
controf of therr digbetes than om nsulin treatment “The msubin dosage
ranged from 28 to 336 U daily, with an average of 63 5 17 , the average dose
of chiorpropamede was 083gm  In 4 patients (26 6 per cent) chlorpropamide
did not reduce the glycosuna any more than did the msulin gnen previously
in the remainmg 2 patients (Nos 33 and 67) treatment with chiorpropamde
resufted 1 poover control than with insulin  In 1, the chlorpropamde
dosage was wncreased to 15 gm daly shile, in the other, the dose was
sacreased 10 19 gm daly  In both cases, the chiorpropamide was subse
quently withdrawn and msulin resumed, good control was re established

Sude effects of charp Th hout the studv with
a close watch was hept for any stde efferts that might be consdered as due
1o the drug actson  Of the 47 thal cases, 39 (582 per cent) had no side
effects of any Sescription, even on direct wquwry  Fre patents (7§ per
cent) reacted strongly to the drug (Nos 17, 28, 41, 4, and §3), and severe
guddimess, fanigie, anoren, constipation, nause, and vomiting necessitated
oo of chlog de  The g 23 patients (343 per
cent) had muld side effects most of which disappeared spontancously even
when the drug nas contimved, frequently nith mereased total daily dosage
The distribution of the mild symptoms complained of by the 23 patients
{some of whom complamed of more thtn one symptom) follows

Symptoma  Number sffected
Lonstipation. 5
Ciddraess.

Skun Tosh
inorena
Fahgue
Lpigastne pan
Profuse sneanng

Constipation was the most frequent complant and apart from a decrease
in the frequency of bowel action, patients srated that evacuation seemed
wmeomplete and unsabi<fying  Afew resorted o laxatives butn the majonty

the constipation dechned gradually
erd di . or was a not a c soon sfter therapy

p
was started  The symptom was ot accompaned by others referable to

e e B
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hypoplycemsa it was not dispelied by food and there was no by pogly cemin
found upon blood sugar analysts  There was some suggestion that the sue
of the matal drug dosage contnbuted to the occurrence of the dizznness

Of the 4 patients in whom skin vashes deseloped (Nos 32 34 35 and 46)
3 had scattered symmetncal mildly stchiog ervibematous eruption »hich
100k about 3 to 7 days to subside  This ery thematous rash did wot reappear
1n the same patient even shen the drug dusage was increased subsequently
Ia the fourth patiea the rash was purpunc and faurly profuse and 2 thrombo
£yte count done 3 to 4 days after the purpunc spots and patehes appeared
repistered 180 000 per cubic mattimeter of blood  Ths rash abo subsided
gradually without reappearance

Hematology end usinafyses  There was no appreciable change w the RBC
and WHC counts 1n the pauents dunng frestment with chiorpropamule
Thrambocy te counts wese done on 4§ patients at mtenvals 1 8 patents
(22 2 per cent} the counts registered values 2t and befow 100 000 cu mm
of blood but none suffered from bleeding  Themajority comprising 31 cases
{68 9 per cent) had counts ranging from 100 000 to 200 600/cu mm of blood
The remasmng 6 cases (17 § per cent} had counts higher than 200- 000 cu mm
1t seems that chiorpropamade can produce a faudy persistent reduction i the
thrombocyte count although 1 the single patient vho had a purpuric rash
(Na 34) the count was 180000 cu mm of blood

™o abnormahity was found nhen the urme of patients on chiorpropanmde
therapy was repeatedly esamined at mtenah for albumm RBC WBC
casts, and crystals

Condlusions

Chiorpropamide 1s an effecttie hypoglycemic agent and 1o Uus respect
1t produced good control of the diabetes 1 73 1 per cent of the cases studied

Chlorpropamde 1s s active in the younger patients {31 to 35 years) as
i the older (56 to 60 years)

There 1 some esidence that the drug s more effectsve i male grabetics
than in female diabetics

"The hn pogly cemic action of chiorpropamide 15 the same Hass of the
raceal charactenstics of the patients studied

Werht for wesght chlorpropasmide 1s a more efficient by po gly ceane drug
than tolbutamide 066 gm of chiorpropannde bewng requured for mainte
nence of good control as against 2 gm of tolbutarmde

Thece 15 no mdication that to effect good contral of the diabetes chior
proparde dusage need be proportional to the height of the fasting blood
sugar level

The dasage of s> between 05 and 075 gm

T day

In ths siudy of patents with stheme plethone bedily configuration,
chlorpropamude trentment yielded 2 higher percentage and better quality
of contsol of the diabetes than dud wsulin therapy

Chiorpropamide may produce undesmable side effects wlich are fre
quently mid and subside spontaneousty
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There 15 evidence that chlorpropamide has 2 mild to moderate thrombo
cytopentc action
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Larly pharmacologscal work indicated that chlorpmpamxde had a bxgh:r
potency than other sulfony namely and
tolbutamide  The objective of the study reparted here was to confirm sucb
Godigs fram & chmcal pomnt of view in human pauents with dahetes
meihitus

The diabetic patients m whom chlorpropamide was assayed were laborers
of the Nanonal Raitnays of Meuco almost all were t1avelng workers zod
for that reason rvequired ambulatory treatment Only patients with
uncomplicated diabetes were chosen and none was alcoholic  Selection was
made regardless of the actinity of the diabetic process onset of the disease
age sex or constitulion of the pattent  This was doae tn order to compare
the reatlts with those reported s saing the enther antidiabetic drags whuch
had proved suntable for treating overwesght middle aged patients who had
muld or moderately active diabetes and were free to develop acrdosss ? & 1 M

Peniodic control Quring the treatment was performied tn 33 subjects for
2to 6 months control was abseryed by datly glycosuna tests {3 times a day)
and reutine clinical and laboratory exammations  Of the 33 cases studied
19 nere submitted to spectal weelly laboratery tests inchuding unne anatysts
blond chemustry RBC WBC and fner funcuion tests  These tests were
chosen it ordes to detect changes reported as occwrnng duting treatment
with carbutammde or tolbutamide (such changes as a decrease 1n hemaglobin

o5ty and of the RBC or WBC as

descnbed w expenmental and chinseal works) 89 Ly er damage ts probably
the most mmportant comphcation of the treatment with oral antidiabenc
drugs ¥ * for this reason in ereral patients 2 battery of hver function
tests was done mcluding thymol turhbidity thymol floceufation cephahin
flocculation and serum ifrubin  The routine blood chemstry tests
snchuded those for glucowe urea and cholestert as welf as 2 glucose tolerance
test which was done 1n some patients

The amount of chlorpropamide to be gnen to each patient was calen
Iated as follows  Vihen oo previous treatment had been gnen 1 gm of
the drug was aliowed m patients with glycemuas from 250 to 350 mg per
cent vhen m ulin had been admmotered 40 to 60 U were conadered
equivalent to I gm of chlarpmpamnde when oral sulfonytureas consututed
the previous treatment { gm of cf de was d instead
of 15 gm of the other dmg Chhmmmmde was used 2t 3 dosage of
13 g enly tn patients who had been treated with more than 60 U of

wsulin darly or when a combinatson of sasufin plus oral hypogly cenme drugs
was necess1ry

933
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The evaluation of the results was made according to the grade of the
diabetic process as well as by companson of the Iaboratory analyves per
formed before and after treatment with chlorpropande

Cluntcal Resulls

The clinical results were classified excellent when complete insuhin substitu
tion was achseved wath satisfactory control and no obsen ed complications
good when satisfactory control was achieved without complete insuln
substttution or when temporary intolerance sas obsened and unsabs
factory when a persistent intolerance was present or when msulin require
ments could rot be decreased

Of the 33 patients (2 females and 31 males 33 to 69 years old) only S had
severe diabetes and 3 were underweight (TaBLC 1) Twenty were designated
as gving excellent results 10 good results and only 3 unsatisfactory
results

The hypogly cemic effect of the drugs was observed m every patient 2
had bypoglycema (demonstrated by blood glucose determination) and
many showed temporary intolerance especially at the begmning of the
treatment  The latter sy mptoms which disappeared with decrease of the
drug dosage were probably due to an early and strong hypoglycemc effect
In the former 2 cases of hypoglycemic precoma glucose was admimstered
mtravenously but the release of the symptoms was obseried only after
the drug had been discontinued several hours

The final mamntaimng doses were 12> mg n 4 patients 250 mg tn
6 patients 500 mg 1n 9 patients 750 mg i 1 patient and 1 gm n 10
patients  Onls w1 3 unsatisfactory cases were the doses increased to 2 5 gm
a day before discontinuation  In § patients the drug was discontinued and
neither gly cosuna nor hy pergly cemia has been obsers ed during 1 to 2 months

Insuln was substituted completely 1n 3 patients in whom 1t had been the
previous treatment 1n 1 of these patients 250 mg was sufficient to filt the
former requirement of 80 U of msulin daily  In 9 cases of combined treat
went (insulin plus fe) the it ! of insulin was
achieved 1n 7 patients (sup ding former 1nsubin req of 15 to
10 U duly) wath chlorpropamide m the same amaunt as the farmer antt
duabetic drugs  There were exceptions i 2 cases 1 nhuch this nas reduced
spll fusther from 1 gm of tolbutamde to 05 gm of chlorpropamude
In the other caces of combined treatment the insulin requirement was
reduced to 70 U daily maintaimng gram for gram the admimstration of

1e previous medita
roparmide as tolbut
ammde wn the other 15 cases the average reduction was from 3 11 gm of
other sulfonylureas to 044> gm of chlorpropamide which represents an
approumate 60 per cent reduction In every case the change from tolbut
amid- to chlorpropanude was made easiy
Of the 20 cases of excellent results almost all nere overweight pahenl;
and none had severe diabetes  Only ? of the 10 cases with good results has
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severe diabetes and all had a normal weight or were overs eght

of unsatisfactory resujts hod e ava

trolled previously with 80 1
requirements with as muck
2, one was undereight, b

old), and both mere prychopathic

The

3 cases

These last 2 cases showed persistent
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gastromtestnal intolerance to the drug, and ne reduction of the imsuhn
requirements could he achieved

The wide effects observed durmyg the treatment with chiospropamide were
almost always moderate.nith only transitory intolerances, probably due to
overdoses of the drug  Gastromtestinal disturhances such as hicrough
gastnc pain, of diatrhea vere present tn S tases and were of important
intensity in only tne In ever) patient the symptoms dicappeared nith the
reduction or mithdrawal of the drag  Mervous system disturbances such as
nauser or sertigo, appeared 1 tha cases, disappeaning with the temporary
discontinuation of the drug  There was only one case of dermatological
teaction this comsisted of papula on the head of the patrent and was a
moderate reactson lasting a short time and disappearing with the redurtion
of the drug dosage  Three other patients (one not wcluded m these thuy
three cases) observed a {ezed peripheral i especially over
the face and nech  This reactson, of vanable mtensity, was ongmated by
the mgestion of & cup of wine or glass of beer, the test was made with other
patients, but the effect could not he reproduced

Laboratory Dala

Unimpostant changes were detected by routine urine analysis, no hema
tuna, cefls or casts appeared dunng admnistration of the drug A shght
albummmuna was present 1z some of the patents this did not ncrease
signtficantly in any case and n <ome, was even lower than n the il
control penod of the study  Thes effect nas probably due to a better control
of the altered metabolic sttuation

A decrease 1n red blood relis obsersed wn 7 panents nas less than ! mithon
1 exch of 6 and, i one «ase, the decrease was from 3,100,800 to 4,100,000
Microcytic hypochromic anemia was present in 2 patents belore treat-
ment and did not show any modification dunng the time the drug vas given,
§ of the 7 patients mentioned shoned a tendency to hypochromue anemia
In the rest of the cases, the RBC was pracucally unchanged  Nommportant
change was found i the WBC orin the total leubocy te or differential counts

“Potal chalesterol was norma! ot shghtly increased before treatment  No
important modification could be found 1 this determmation Blood urea,
shghtly wereased (37 to 43 mg _per cent}in 6 cases, was notmal, after treat-
ment in every case except 3 of the previous 6 menuoned, i these a shght
further increase was found (44 to 55 mg per cent)

One to 3 iner function tests nere performed before and after treatment
on each of the 10 subjects thymol turbidity was done in 16 cases, cephalin
fiocculation m 15 serum bikreabn w11 and a Bromsulphalem testin3
No damage was demonstrated by these ltver function tests In 7 cases
which thymol turbsdity was shghtly mereased befare the treatment % tth
chlorpropamide {from & 1o 14 U }, 1t was found to be wythw the notma vatues
after treatment

In the two cases 1 which glucose tolesance tests were done, the generat
morphology of the test nas practically unchanged before and after treatment
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Conclustans

The new compound chlorpropamide showed st» hypoglycemic effect wm
every case  Excellent ar satislactory results were gbsenved an 28 cases of
moderate or shght dabetes unsausfactory sesulis mere reported for 3 patients
with severe dubetes and 2 cases of &vere diabetes gave satisfactory results
The tdications and contraindications of this drug seem to be the same that
have been reported {or carbutamide and tolbutamide *

The 100 eflects «cem to be wmlar 10 tho e reported for the vther any
disbettc drugs the gbeecved lack of response to glucose admnystration was
simular ta that ceported i ammals by Houssay ¥

Although these drugs seem to have no effect on the metabolsm of ajeohot **
the mgestion of 3t produced mmportant penpheral vasoddatinoen w three
cases  the affect was not 4 by hypertenston ar h and
lasted for 1wo to four hours

Na tovic effect could be shown by the liver funcuon tests such findings
are dfficult 1o evaluate becavse of yne liver dysfunchion that s frequently
present i treated or untreated cases of diabetes mellitus ¥ 1

The potency of the drug seeras to be 2 to 3 times that of carbutamude or
totbutamude but has individual vanation frem case to tase some patients
are well controfled with 0123 gm of chiorproparude while others require
as muck s Lor U5 gm m order ta achsene corsect control
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CLINICAL STUDIES WITH CHLORPROPAMIDE

Edward Tolstor
Aew 1ork Rospual Commell Unwersity Medscal College, New Jork, ¥ 3

Fifteen office patients with diabetes were treated with chlorpropamide
In 6 1t was necessary to discontinue the drug 4 developed ketosts, 2 lost
constderable weight and had poor appetstes, although therr blood sugars
approached normal values and there was no glycosurta, 9 are still under
observation  The shortest pertod of follow up was 2 montbhs, the Jongest, 6
The ages of the 4 men and § women treated ranged from 35 to 70 All
but I are diabetics 1who had been on nsulin and who, at other times, managed
their diabetes by dietary means, thus providing the factors necessary for
a comparison

All of these patients were permutted a normal or usual diet They neither
weighed nor measured their food, and they had sweets on occaston At
first they were seen every other day, then at weekly intenals and now at
monthly visits  The dosage of chlorpropamide vared from 500 to 1000 mg
At each visit the patients were questioned as 1o symptoms of diabetes or
hypogly cemia (or both), pruritus, shin eruptions, or weakness, later they

were alo questioned as to loss of appetste  Body weights were recorded,
o - ~=~ ~ amned

ade for
- counts

At first the immediate response to the drug was tested ‘Lhe b patients
used were 30 to 60 years old, and had had diabetes from 1 month to 14 years
All came to the office mithout breakfast and, after blood was drann and a
urine sp b d, 1 gm of chlorpropamde was ad: d to each
Oge hour later, blood and urine samples were obtained, and the patients
were then sent out for 2 breakfast consistmg of frmt juice, 2 eggs, 1 shee
of toast, and a beverage, some had cereal instead of the eggs The blood
and unnes were exarmuned two hours after this breakfast, and a fasting
specumen was taken 24 hours after the imtial admimistration of the drug

From TABLE 1 tt 5 clear that ouly 2 of the 5 unselected patients showed a
ky poglycemic reaction to the test dose  Patient W Mc showed a consistent
fallin the blood glucose the effect perststing overmght  The chlorpropamide
blood levels were constant, and only a shight drop was seen after 24 hours
With so defimte a response, this pattent appeared smtable for therapy with
chtorpropamide  However, sice he was obese and hts diabetes was of
only 1 month’s duration, he was treated by subcalonic diet only, 1o drug
pemng gnen  He lost weight slowls and, with this werght reduchon, hs
glycosurta cleared  He has no symptoms and his last fastmg blood sugar
was 130 mg per cent Had we grven hum chlorpropamide with the pre;
senibed diet, we certanly would have considered the result 2 successful

» Chlorproparude levels nere determined gg Chas Pfizer & Co Inc, Brooklym N %

9.
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vesponse to the drug Patient P B has had diabetes for 4 years His
symptoms were :nconstant and s glycosuria aithough occasional was most
appatent postprandially  He veghed 235 b and 4 years ago dietasy
therapy alone was advised  Om 2 subcalotic diet he fost werght with the
lossof 301b bowever he also had symptoms of diabetes withimtense fatigue
2s the most troublesome feature  He refused msufin and chlorpropanude
seemed 7deaf for hun  His hypogly cemic response showed the test do ¢ to
be a favdure even though the drugs bloed level was sustamed s firm
refusal to uce asulm howeser p i us 10 iy mude  He
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was given 10 gm duly surprstngly the glyco una cleared  most of he
symptawms of diabetes disappeared and for 2 months hss fasting blovd sugars
ranged from 170 to 200 mg percent The lver funcnon tests mete normal
as was the hemogram  The chlorpropamude level was 318 ug ml Al of
this was spectacular but although he ate wel} he did not enjoy hus food and
was osung waight at the tate of 51 pes month  Betavse we suspected
some unph k ke was hosprtahized but an extenane sody
faled (o reveal any abnormalres  While he was in the bospial the chiler
prapamsde was conunved and he chose lus own foods  Although all frac
tional urne specimens were sugar free and the blood sugars were 125 and
132 mg per cent he felt tred dut not enjoy lus food and farled to gawn
weight even though he forced hum eff to eat Ius meals  Failute to smprove




THE USE OF CHLORPROPAMIDE IN BRITTLE AND POORLY
CONTROLLED DIABETLS MELLITUS*

Harold L Dobson Hooshang Guilah t R L Carter,}
Hunter Montgomery t James A Greene
Baslor Unroers ty College of Mediss ¢ and Jefferson Dasss Hospstal Houston Tex

The development of the oral hy poglycemic agents has led to some sw eepiog
revistons in concepts about the control of the abnormal carbohy drate metabo
lism 1n diabetes mellitus  With the compounds presently avatlable (tolbut
amde 1 the United Stries and -
oral therapy 1s avatlable only t
diabetes ** It s well hnown th
diet alone or by diet with small doses of msultn  Consequently use of the
oral agents for these patients has been more a conventence than a necessity
Patients 1n urgent need of some agent that will provide more stable contro)
are the Juvenile diabetics and the adult diabetic patients who are poorly
controlled on any dose of mnsulin  Included in the latter group are those
patients who are brittle 1n the sense that there is rregular daily alternation
between gross hyperglycemia and overt or occult hypoglycerna  In these
patients many factors are involved such as poor diet, irregular habits sub
cutaneous reactions at the sites of msulin injection 1nsulin overdosage,
inabihity to break down complex msufin and infection—to name oniy a few
As a rule tolbutarmide and carbutam:de are ineffective 1n such patients
although an occasional excellent response has led to the hope that <ome
other sulfony lurea would be helpful in achieving significantly tmproved chim
cal control

With the development of chlorproparmde which was thought to be a
more potent agent it was felt that an adequate trial m the brittle, unstable,
and poorls controlled diabetic was justified Patients were selected Irom
the Diabetic Climic at Jefferson Davis Hospital and referred to a spectal
chmic for oral therapy ~ The patients attending the diabetic chmic at this
hospital have been charactenzed i detail m the hterature* In general
they are mn poor financial circumstances of low intelligence and poorly
educated Most are obese and urmary tract tnfection is a major problem

Chlorpropzmide was started i large doses (as much as 15 gm per day)
in the poorly controlled diabetic recesving large doses of wsulin  In general
the patient s msuhn dosage was reduced by one half when chlorpropamide
therapy was nsttuted  This was the usual practice if the patient was
recerving more than 50 U of msulin  Those with mild stable dabetes
recened 500 {o 1000 mg per day as the mitiat dose and msuhn way &
continued  Treatment was carnied out on 1n outpatient basis and the

« The wark reported in this paper was supported by a grant from Chas Pfizer & Co

Brooklyn N 1
ln; Turx‘;oets) i D abetes Traumng Grant Program National Institute of Arthntis and
\fetabolic Diseases Public Health Service Bethesda Md
910



Dobson ef al  Chlorpropamide in Brittle Cases 941

patents were provided with exphial mstruchions 1o commumceate with one
of the physians on the metabolic service 1f anything unvsual occurred
Mo additional wstrucuon m deteties nas given to any of these patients
this was done deliberately to obviate the posabihty that any degree of
mmptoved control would result from improved dietary habits  She panenty
were cheched at weekly mienals unttl they had become stabilized on the
oral therapy, the perod berween visits was then lemgthened  Doses of
wsubn and chlorprapaoude ware altered as deemed advisable from the
chnical course  Nnte blood counts, differeanals bloud urex nurogens
thymol turbidity blood sugar and cMospropammde blood fevels were deter
mined 2t each vint  The patients who mused appotaments were ashed to
appear later  Sisty-one pabents hase recetved therapy fac 2 time sufficient
to allow evatuation

Resulls
The statas of the <ixt) one patents 5 summanzed w TaLe { Three
patents died while recerving chlorpropamyde therapy  One of these died

STa1pa OF PATIENYS OSSERYED 1% STCDY

Deaths sinee chiorpropamide therapt instituted 3
ot related 10 drug 2
Rebated to drug |

Reteived therapy for U week for special metabohe study

Drug 4 scontinued because of increasing B U N £ symploms
Restarted on drug sherapy

Last to follow ap

Uncooperatine drug fherapy discontinued

Towg teachions drug d scontinued

Hathiirawn because of poar pontrol
ecerving uninterrupred drog therapy

-
BeBow wuw

2

Tatal ? mN
Fresently on therapy i

of what appeared to be a myocardial farction followsng a typical altergic
Testuon ta penscdlin Chlorpropamide therapy had been disconuinued one
weeh before demih and could be connected 1 no way with the death  The
second was a patient with advanced generalized artenawclerast sho devel
oped an exiremely severe usinary tract infection and died of septicerua It
was felt that chlorproparmde therapy was nat mmalved m this patients
demse  The death of the third patent was fedt 10 be relaxed to the chior
proparsde therapy

Case Reports

S h was 2 61 yerr otd white female who was diagnased as having mild
diabetes mellstes m 1953 She had a marked aversion to tnjecuons and
refused 1o tahe msuhn  Control was good but with munor stresy she became
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poorly controlled  She requested oral therapy and was started on 500 mg
of chlorpropamide dady 10 a diided dose Approumately 2 weeks later
she became it and was treated by a private physican who made a d agnosss
of respinatory tract wfection  The patient was goen Azotrex which con
taty tetracychne sulfamethizole and Pyrdium  The physictan found no
evidence of hepatite. at the ime of his examination  Her symptoms became
maore acute and 4 days later she was admitted to Jefferson Davis Hospital
suffenng with navsea vomiting dehydmtion and jaundice  She rapdly
developed electroly te disturbances and congestive heart Tajure and expired
At autopsy there was hepatitis of the cholestatts type fmost commonly
seen with chiorpropamde shosyntrasy  This case nall be reported 1 detadt
elsewhere It 1s felt that had this patient reported to the clime at the time
she tigcame 1! as she had been mstructed she probably would hase survised
since she continued on sulfonylurea therapy from the onset of symptoms
until admission (o the hospital

Signsficant improsement m controls was acluesed 1 four patents but
the drug was discontinued because of an ncreasing level of blood wrea
mitrogen accompanied by symptoms of malase weakness and lethargy It
was orginally felt that this might he a comsequence of drug therapy but 2t
15 now felt that an acute flare up of chvomic unnary tract infection cavsed
most of the »ymptoms Two of the four patients have recened chlor
propamude therapy agan « sth no untowari effect  Sn patients were lost
to follow up

Patients who had been actnely uncooperative mn the therapy preced ng
that nith chlorpropamde often contmued this erratic hehavor after being
started on oral therapy It 1s our ympression that these patients did not
do well espectadly when judged by & <euse of well baing generaf appearance
and chmeal course  Often their chemscal control was quitc good  Chlor
propamide bloogd levels fluctuated quite widely probably indicating that
they had taben their tablets ervatieally Tt felr that patients who continue
uncooperatine and erratic should not be continued on this form of therapy
Touc treactions of such seventy as to foree abandonment of chlorpropamide
therapy ocewrted in 12 pauents 2 showming somnotence 4 dermanitis and
6 yastrointestinal symptoms

Tt was necessary for the families of 7 patients with somnolence 10 go to
extremes to awaken them 1o recerve food and medicine  One patiens who
developed & shin rash also expenenced mild to moderate somnolence on the
drug  Of the 12 patients whe disconturmed chlorpropamude hecause of toxic
seaction 6 had recetved & manmym dose of {6 to (500 myg dady aed
6 had recenved a masumum of 250 to 120 mg dady  Of the 32 uko kad
discontinued drug therapy at some tme 10 had recenved at Jeast 1500 mg of
chlorpropamude for days to weeks while of the 30 presently on thesapy,
13 have recened 1300 mg or more duly for a week or Josger Hypo
gly cemia was not mentioned in the side effects as thistsa natyral consequence
of the drug therapy with the lasge do es beng goen i this study hypa
glycenna was a comman phevomenon A large percentage of all o‘( ”:ic
patients treated had mld hypogly cemia sosme time before they were stabihize
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Ten of the patients andernent modetate hypogly cemic episodes while 3 had
severe hypogly cemia
Of the thirty patients still recernng chlorpropamide serenteen ave
evteffent control, three are sn good ccmtml and ten are sn fair controt all
Iy d relative to therr d durng pressous therapy
Of the ongunal 61 patienis 33 may be classifed as poorly controlled or
bnttle dabeties 19 of these are presently recesing chlorpropanmde This
agent has proved fo be extremely useful m ymproving the contol of the
patient nho had been uncontrolied an ather regimens  Chlorprepamde was
used 10 combanation with 1nsulia m 13 of these cases  Tn 5 however, insubin
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was eventually dnconunuved chlarpropumde was used alore wm patients
wha had recetved ay much as 90 U of msubin The foltowmp case reposts
Hustrate the results obtamed

T L a38yer old Negrofernale 1n »hom the diagnoss of diabetes melhius
was made in 1056 was admitted to the hosmtal w September 1956 mith a
subacute myocardial safarcuan and congestne heart failure  She was
treated with digitalis, dsuretics, bed rest and diet with good results  Her
coutse stee that time 15 shown p FicUrr 3 She develeped an almost con
stant 4 plus plycosuna awseaxted with general lethargy and mahise and
with oecavonal epodes of overt hypeptycemia The 1esponse to chlor
propamude has been quate good  Insuhn his been dicontinued and the
patent i mztmtnned on 200 mg of chlorpropimide dath

B § 15 a 63 year ald Negro female wath dibetes melltus of 22 years
dwratisn When first seen at the haspttal 1 1532 she had & unnary tract
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tnfection associated nith chromic cervieitis  In 1944 she was treated for o
Bartholin abscess and, 1n 1953, she was found 1o have 2 peripheral neuropathy
and atypical arthritis  In 1957 a diagnosis of arterosclerotic heart disease
with avnelar fibndlation and congestive heart failure was made There
was a satisfactory response to digitals, dusetics, and salt restniction  This
patrent has a seasonal job and finds 1t difficult to obtain adequate food when
unemployed in the symmer  When this occurs she discontinues her hypo
glycemic therapy, as shown m FIGURE 2 She 15 now recetving 500 mg
chlorproparmde daily, which prosides more adequate control than as much
as 100 U of mnsulin  This pattent was hospitalized on August 26, 1958, and
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2 small granuloma of the Jung resected She was treated with chlorprop
amide throughout her hospial stay, with the esception of the day after
surgery, on which she recened no hy poglycemic therapy  In the |mhmledm}:e
D e pomeperaine dg eh s
Intray enoy, thera n the thire 0] 4
Si)t?}‘e:rystal]me msulin mpf],nlded doses The glycosuma cleared the n;x(
day and she was discharged m excellent condiion 1 week latz:" 'll‘ ty
patient ts achieving significantly better control on chlorpropamude alone
than she did on msulin alone In addition, 1t was possible 1'0 carry h“f

Yzl with unconune s
first seen at Jefferson Davis Hospital m 195
et J jonephritis  She was admitted

diabetes mellitus, mild acrdosts, and pyel
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1 month later with a carbuncle on the nght buttock acdosis and severe
pyelonephritis  In the period 1952 to 1956 she was admitted S times with
severe unnary tract mfection usually assoctited with acdoesis It was
possible to suppress the urinary tract infection but not to eradicate 1t
spite of 2ll di and th, 1c p d In 1957 she was found
to have a heral hy and h Isteil Walson synd was

all forms of antibiotic therapy In spite of the infection 1t was possible
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to discontinue the use of insulin and to achieve adequate control with
750 mg of chlorpropamide duly Dissatisfied because of the contmued
unnary tract infection she did not cooperate with the oral hypoglycemic
therapy and began to mamfest evidence of poor control Thi patient 1
classified m our uncooperative group of patients It was evident that as
long as she cooperated with therapy her control (both chemical and sympto
matic) remained quite good when she became uncooperatnve she rapidly
dereloped symptoms that required discontinuation of chlorpropamide and
remstitution of insulin This patient s histary 1> summarized 1n FICURE 3

S W 230 year old Negro male 1n whom the diagnosis of diabetes melhtus
had been made four years previously had been hospitalized for two weeks
1n January 1955 with poor control and actdosis  He had previously failed
to respond to carbutamide and tolbutamide  All general mamifestations of
Poor control were pre ent such symptoms as weight loss weakness inabihty
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t0 carry out sustamed effort, and mcreasing susceptibilsty to infections
The response to chlorpropamde 1n this pattent has been excellent  As i
this patient, 1t is easy to see that chlorpropamide 15 effectne when others
of the sulfonyturez compounds have proved meflectne  Thiy fustory 55
shown i FIGURE 1

P D, a 55 year-old white female unh hnown diabetes of two years
duratton was first seen at the hosprtalin May 195§ with paroxy smal auncilar
tachyearda that responded 10 paresteral digtalis  She was hosprralized
for four weehs 1 December 1956 because of poor diabetic control, angiaa
pectarts and a postertor myocardial infarction of indetermunate age Dunng
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this hospitalizatton tolbutamude therapy was started but was discontinued
with the onset of an acute severe unwary tract wfection  Later she was
treated with carbutamide with fair mmtial response but secondary faslure
Intia} snsulin thesapy produced almost no tmprovement  When the msubn
dasage was wcreased the patent developed rather severe hypod) cemi at

wregular wtenals  She deseloped severe hypogly cemia on the fisst dvy of
combined theraps of chiory de and weuhn Reduction i the chlor

prapamade dosage led to iy d control  This patient subie
quently left the communsty, and recent communication »ih her prmate
physician at her new facation gave the wformation that she has remasned 10
excelient tontrod.  Data on this histery are 1 FIGURE

A N s a 593year-old white female whose pnmary difficulty has beea
extensn ¢ nodule formation at the sites of insuln injection  As a conse
quence, she has alternapng periods of hyper and hypoglycemn that, at
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times, bave completely disrupted her hie  With chlorpropamide therapy,
the dose of insulin given has been reduced sigmificantly the nodule formation
has not been a major problem at this reduced dose level of insulin ~ Detatls
of this history are shown in FIGURE 6

B C 15266 year old white female with diabetes of thirteen years’ duration
and has been observed for more than twenty years at the Jefferson Davis
Hosprtal  This patient has myxedema and has had surgical removal of a
nontouc bemgn thyroid adenoma  For several years she has had recurrent
acute episodes of a chronic severe unnary tract infection  She has arteno
sclerotic heart disesse with a left bundle branch block and peripheral neu-
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ropathy At no time has this patient’s diabetes come under satisfactory
chemical control, 1n spite of all efforts in the Outpatient Clinc, plus multiple
hospitalizations  The response to chlorpropamide has been dramatic, how-
ever, she continues with urinary tract infections, and the werght loss noted
i the chart 1s due to the continued infection rather than the chlorpropamide
therapy  This case 15 illustrated in FIGCRE 7

L W, a 70 year-old white male with drabetes mellitus of 20 years’ dura-
tion, was admitted to Jefferson Davis Hospital in 1950 with acidosis, and
n 1953 with the same complamt  In 1957 he was found to have arterto-
sclerotic heart disease with congestive heart failure, which responded to
digitalis, duwretics, and salt restriction At the time of this hospitahzation
he also had mild hypertension and bronchopneumonia  He has recened
as much as 130 U of insulm dasly, with a chinical course characterized by
alternating hyper and hypoglycemia  He refuses to take less than 100 U
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of msubin a day however the additson of chlorpropamide to 1500 mg duily
has significantly improved hus chemical control  His chnical course 1s much
smoother as he does not alternate between hyper and hypoglycemn and
feels much better than he has for many years  Details are shown in FIGURF 8

J J 15 a 353earold Negro female with diabetes melittus of 7 years
duration At onset her diabetes was relatively mid and comparatively
easily controlled In the past two years however she has presented one
of the most unusual and bizarre problems 1n dinbetic control that has ever
been scen in this chime  She has developed extenstve nodule formation at
the sttes of suhn 1njections and 1n additton approximately once a month
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develaps a delayed hypersensitinity response at the sites of injection  Dur
ing these two yearsit has never been possible to achieve significantly improved
control 1n spite of the fact that tt has been possible to put herinto an environ
ment that is well contralled where she recenes meals regularly and where
nutritional defictencies are corrected  She was hrst started on DBI By
chemical critena this produced only muumal improvement 1n control by
chinical criteriz however the results were qutte strthing It was then felt
destrable to change from DRI to chlorpropamide to determine if any improve

ment i the chemical control could be achiened 43 may be seenin FICTRF 9
there was very hitle difference 1n the control achteved by each of these drugs
It should be noted however that she 15 recenving about 50 per cent of her
previous do e of nsulin - It 15 obvious too that occtsinnally she exhaust

her 1 uhn supply and neglects to return to the hospitt for an additionyl
supply  1» a cnitenon for the improvement in conirol m 1s patsent it
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may be stated that in the 132 years pror to the mstitution of oral therapy,
this pauent had been hospitalized one fourth of the nme  Since the wnstitu
tion of oral therapy she has not been hoopitalized

W A 15 a 64 )ear-old white male nith diabetes mellstus of three vears'
duration  When the diagnosis was first established, he was treated with
small doses of insulin However, he fatled to return to the chme and was not
seen agamn until early in 1958

Because of the presvious gaod results of chlorpropamide it had been the
desre of the metabolic section ta attempt to treit a person tn acidasts with
intravenous chlorpropamide  On admisston, this patient was m moderate

J4 226305 aGE 33 cf
DIABETES MELLITUS 7 ¥R

o0
wsLLY ——
- . 50
M)
oRaL 7
AGENT
8L00D N .
svoar |
o o o r—— T °
R ne Pl
SUT e 0 ¢ SMoo  mmem W LA 3 50
caLoRPROP
AW DE s
LEvEL
30 @
T Lo W
EI-

o
TruoL 1
ke
°
oo ,,\,\/\/\,/(
:

S ges 1954 7455 e 97 g
vEARS

Freore 9

% chmcal s1gns and symptoms, but he »na> not sn coma  He was
d 1000 mg of chlomp le mtravenously durmng 2 6 hour
peniod  Other fluids nere given as 1s indicated m FIGURE 10 1t 1s evident
that the patient s acidosis was refieved promptly  Glveosura and h)per‘
glycerma continued under the impact of the intrayvenous glucose A total
of 70 U of wsulin was gnen after the patient was cleared of acetonuria,
=~ avtamnt tn dacrerse the ehcosuna than to conirol the acidosts
derate acidosi> may be treated with
cement, without the adminsization
patient mdicates that the uce of
be worth further expéonuor{x "
be ceen practically all the patients recened large doses of chlor
pr;\;a:?ge for “te{)s to muiuhs They tolerated these large d;’:s:s q;;:
well, and 1t 15 our 1pression that the anly tauc mamiestations that oc

acidosis wit
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mare frequently in s group of panents are nau ea and vomuyng It
appears then that the poorly controlled diabetic recening lire doses of
sasuhn will tolerate large doses of chiorpropamide fcr long periads of tme
without mandesting overt tovicity

‘The term diabetic controt has many conrotations to many people  Con
trol may be spohen of as chmeal or chemmcal wirh subdivisiens as far as
glycosuna hyperglycenia vesght gam sedse of weff bewngr and other enfena
are concerned  In the 30 patients who are presently on therapy an attempt
was made to subdivide diabetie control wnto control of ghycosuns control
of blood sugar conteol as judged by weight gan or Joss and controf as
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Judged by general chnycal course  Degxees of contrel m ¢ach category were
expressed as excellent good fair poor and unconteolled  As judged on
the basis of glycosuna controf was excelient m 20 good 1 3 farrw 5 and
poorn 2 Based on matntenance of a satssfactory po tpsandial blood sugar
excelient control was achpeved wn 14 good w7 farin6 and poorin3  On
the basis of weight 25 were 1 excellent control 3 good 1% and 1 poor
Symptomatically 26 were in excellent conteot 3 good and 1 far Ity
Boteworthy that the drug was discontmued when patients neére uncontrolled
ot n poar control sy mptomatically

In addition to tha bentvie and poorly controtled dabetics reporied above
thete were 8 patients in whom the dagnosss of dubeier mellitus had been
maderecently A1 of thewe were of the type that needed some hypogly cemic
therapy and chiorpropamide was sdmmntered  Of these 8 7 are sult
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recenving oral therapy and only one 1s recerving this i combination with
msuhn
Swmmary

Chlorpropamide has proved to be a valuable adjunct o the therapy of
brittle and poorly controlled diabetics  In pauients recetvang large doses of
insulin 1t has been possible i most wstances to reduce the dose of mmsulin
by at least SO per cent and to achieve a significantly smoother and more
stable course for the pattent One case of tomnc hepatiis with death 15
reported apparently this was due 10 105y nerasy 1o the drug  Chlorpropa
mide remains effective under such stress situations as infection and <urgical
operation and on the basis of one case in the presence of acidosss
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Discussion of the Poper

GarreLp G DUNCAN (Phidadelplia Pa) 1 have three patients who
became refractory to tolbutamude therapy and later required a larger dose of
wsulin than previously Have any of the imestigators in basic research
repeated the esperiments of Allen who performed a partial pancreatectom)
tnn dogs to produce a state yust short of diabetes and then provohed dubetes
bv overfeeding thus stimulating the aslets of Langerhans?

It seems to me that there may ewust a simlanty between these expeniments
and evpenences with the patients who require more wmsulin than before
sulfonylures treatment I suggest that we do the same thing and try to
preaiprtate diabetes 1n such partually pancreatectomized ammals with the
sulfonylurea compounds ~ Although this may bave been done I hase not
heard of 1t

Martiv G GorpNer (Jeuwish Chronee Disease Hospital Brooklyn \ 1)
The question whether secondary faslures to sulfonylureas have an 1ncreased
1nsultn requitenient s aa umportant one  From what I have seen and from
what I know of the hterature Lamar s expenence does not appear to be the
rule I gecall for instance Pfetfier s* sertes of thirty <econdary fmlures
only three or four of these had an increased msuhin requirement and the
ncrease was rather small while 2l others required the same amount or even
less than that needed prior to sulfonylures treatment  ¥lowever one must
realize that there are at least three difierent types of »o called secondary sul
fonylurea failures thereis first the patient who overeats and relaxes his diet
when placed on the drug <econd the true secondany falure who without
any detectabie cause escapes from control and third the patient in \\hn(r:
the drabetes 1tself has become warse  We must not forget that se deal v
a diceace that may be stable for some tme but that may alo progress at ary
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ADVANTAGES AND DISADVANTAGES IN SHIFTING
PATIENTS FROM TOLBUTAMIDE TQ CHLORPROPAMIDE

J Bloch and A. Lenhardt

Metabolic Dsturbances Service, hrankenhans der Stadt W sen Lasns, ¥ senna, Austria

Because of the chromicity of duabetes mellitus, permanent continuous
treatment 1s necessary  Therefore, efforts have been made {and continue
to be made) to develop new clically effective agents that have pronaunced
hypogiycemic effect It )s most deswable that mnmmal dosage of such
agents produce an optimal antrdiabetic effect and, further, that the lonest
possible madence of untoward side reactions be associated with therapy  In
Keeping wnath this research objective, the Austnan branch of Pfizer Inter
national Inc, New Yorh, N Y, supphed us with the new antidiabetic drug,
chlorpropamde, for chnical evaluation

Vatersals and Methods

Two hundred inpatients were treated with chlorpropamde, special con
stderatton being given to evaluating the chinscal advantages and diszdvan
tages of the drug in companson w1th those of tolbutamide and carbutamde

Dara ov Draserres StceessruLly CONTROLLED Witn CHLORPROPAMIDE

No of | No with good control

Previous measures patients | an chlarprapamide only
Diet only 43 43
Tolbutarude and carbutasude 26 20
Insulin and intreductory chlorpropamide 56 40
Prolonged snsuhun 73 43
200 6

Tatal

More than 1700 diabetsc patients have been treated with the latter 2 prepars-

tions for 2 penod of almost 3 years  In addition, 15 outpatients were ptit o1
lorpropammde during our clinical mvestigation

Chln‘_’fulf\: 1958 we “eie able to report on 136 patients studied to that time

e have now enlarged this group to 200 patients who either kad bheen on

(asuhn or whose diabetes had not been satisfacton)y cotrolied by detary

restniction alone, even though they were hospttalized  The above figure alse

carbut
includes those patients who had been treated with '_"“fffir?mf’m.,ﬂ.n(

snsuhin, the remanng B3 had been  Of the Jatter, JUvecened tsuuuy vy ~
951
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admisston to the haspatal in order to stabihize these dixbetic condston raprdly

the rematnng 43 hid been controlled with msuhin for mote thas 10 years
The protracted therapy employed for penods as fong s § months (foltow

ups were tarned out at ¥ week intervals) brought about very good metabolic

equilibrum m 25 of 38 cases and just sufficient control i 5 cases  In the

latier fasting blood sugar was abeut 200 mg per cent and 249 hour glyco

surtas were up to 1§ gm I the remaming 8 pa::emx control with chior
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Fioure 1 € hl ypropamide thduced tncrease in catbohy drate tolerance

re ulted from neglect of the stnct dietary rules  Acdotc and pregnant
diahetics were not treated with chior The usual compt
for example retimopathy sclerosis of the corenary astenes, nephropathy and
obliterating antenosclerosss of the o not 4
ttons for chlopropamide teeatment It fotlows that the control of diurbetes
with chior de 13 more fulthe mojority of the patents
respond 1% those m wham diabetes becames mantiest at or after the fith
decade of bie  This apphes esperially to diabetics who previously were con
trolied by dhetary sestnction alone {7apLe 1) In such cases chlorpropamide
allows a farger intshe of carbohy drates w bule effectin, @ nearly normal fasting
blood supar an excellent 24 hour blood sugar profile ard sugr free unne
{FleuRE 1)

Alho evident 19 the fact that jo patents tahang muhin, the possulity of
suceess nith chlorpropamide decreased as the need for wsubin tncreased  In
the majoruty of cases requinng less than 40 U mselin datly chlorpropanude




ADVANTAGES AND DISADVANTAGES IN SHIFTING
PATIENTS FROM TOLBUTAMIDE TO CHLORPROPAMIDE

J Bloch and A& Lenhardt
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Because of the chromaty of dabetes mellitus permanent conbinuous
treatment is necessary  Therefore efforts have been made (and continue
to be made) to derelop new chntcally effective agents that have pronounced
hypoglycemic effect It 1z most deswable that mummal dosage of such
agests produce ar optimal antidiabetic effect and, further that the lowest
passible naidence of untoward side reactions be assovated with therapy  In
Leepmg with this reseazeh obgecine the ustnaz branch of Phrer Inter
nauonal Int New tork N Y supphed us with the new antidiabetic drug

hk de for chmeal evaluatt

Vaterials and Methods

Two hundred mpatients were treated with chlorpropamide spewal con
sideratton bewg gren to evaluating the chmcal advantages and disadvan
tages of the drug in companson with those of tolbutamde and carbutamide

Dara oN DyasETcs SCCESsYULE, CONIROILED wint CHLORPROPAMIDE

o of | No wath good control

Previous measures patsents | on chlorpropam de osly
Duet only 45 43
Tolbutam de and carbutaznde 26 2%
Insul n and wtroductory chlorpropamde 56 40
Prolonged wsulin 3 43
Total 200 146

More than 1700 diabetic patwents kave been treated with the latier 2 prepan
tions for a penod of almast 3years  Inaddition 15 putpatients nere put on
chilarpropanude durtng vur eltnueal i estigation

In !}ulsall)ss we \weEc ahle to report on 136 pattents studied 1o that tume
Tie have now enlacged this group to 200 patients wko eiher had been on
smsuhn ot whose diabetes had siot been satisfactonly controfled by d etary
testriction alone gien thorgh they were hospatahzed  The above figure gdw
cludes tho € patients who had been treated with tolbutamde caxl utf
amude or buth  Tasie & shans that 146 panents (more than (3o ﬂ'nrd‘s‘-zx
the d abetics o appeared suited to oral therapy ) could be well comrg ;
with chlorpropamsde  ©OF the 146 patents 63 had not been camml!:x X)‘
wmsuhn the remmming 83 had been  Of the latter 40 recen ed insultn only o
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ups were carsied out at 3 week mtervals) brought about very good metabolic
equilibrium 1 29 of 38 cases and yust suff cient vontrol n $ cases  In the
fatter fasting blood sugar was about 200 mg per cent 2nd 24 hour glyco
sunizs were up to 15 gm  In the remawmg 8 patients control with ehlor
proparude was discontinued because of ierexsing glyeosuna which ebviousty
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Fiours t Chlorpropanude induced increase 1n carbohy drate tolerance

resulted from neglect of the strct dietary rules  Audotic and pregnant
diabetics were not treated with chi pamide  The usual licab
for evample retinopathy sclerosis of the caronary arteries nephropathy zad
ol literating artenosceross of 1he extremities do not constitute contraindica
tions for chlorpmpamide tratment 1k follows that the contsol of diabetes
with chlorpropaande 15 marte successful—the majomty of the patienis
respond 10 those 1n whom diabetes becomes manifest at ot after the &ith
decade of e Thus applies especially to dabetses who previou y wese con
trolfed by dietary restiction lone (fasLe 1) In such cases chlorpropamide
allows a Jarger 1ntake of carbohydrates while efiecting a nearly normal fasting.
blood sugar an exceflent 24 hour blood sugar profile and wwgar free urme
{rrcuRe 1)

Ala evideat is the fact that m patieats taking tosuhn the possthility of
suceess with chlorpropamide decreased as the need for snsubn increa ed  In
the majonity of cases requinng less than 17 U ansuba dasly chiorpropamide
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cauld be substituted with success However,
requinng as much as 60 U of insulin datly,

even m 21 dibetic patients

we succeeded n achresing good
metabolic equihbrium wath chlorpropamide

Regarding duration of the
disease and, to 2 lesser extent, duration of nsultn medication quite favorable
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exceptions to the 10 and 5 year rule respectnely could be ohmmcd]m!g

chlompropamide as was demonstrated tn 26 diabetics in whom we repl ac;

insulin completely although they had been recenving tnsulin for 10 to Qn)‘e‘nm\

Recent dabetics even those of the as‘;h:(x)uc type( sm:ellmes did el
ropamtde 1f they were nell beyon years of ag

Ch]}i:gaigmg the responses 1 the twe large dubetic groups the bm(‘lct:&cl

the stable, 1t may be stated that, n general the same criteriz are apph
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with chlorpropamude as wath the oral antidiabetic drugs previously used
However 1s with other drugs, esceptsons extst aud becavse mived forms
result from the overlapping of the claswfications bnttle snd stable the
exceptions increase

Obsertations

The effect of chlorpropamude i reducing blood sugar and sugar i uripe
s preater than that of the tne ather eral antichabetses pow tn w e Hence

TP O AGESS STHENIC DIABETES MELLITUS 4358
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with a lawer dowge of chlorpropamide (cometimes substantially lower
especiall) dunng the mial treatment percad} equally facarable therapeutic
results can be achieved together with gond equhbnum of metabiohom (fi16
ures2 14 aed % Themuddub dosage wwually was t g e 300 my
doses) and 1 ome cves 15 gm (three S0 mg dows)  Auntenance
dosage ws weally D5 g or 025 g frequently gaen every other day
In pruents on selatnely low quantuies of carbohydrates (for example 80 to
120gm daily ) higher imtad dowage can lead to sudden  pogly cemic eprades

.
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copecially of the tzeatment 1s preceded by a considerably restiicted, although
shart term, dies (48 to 60 g carbohy drate)

The folloning epiwode supports the theary (of the mechanim of action of
the pral astidmbenc drugs) that these preparations promote of actnate
endogenously produced msubn  The devirose loading test carned out m 2
nondabetic {F1GURE 0) who because of obesity was put on a restrcted diet
{especially with respect ta carbohydrates) showed very good endogenous

LG ROETL
D Eor1on_ e
CARSOMYPRMTE | 2425 60 60 f08GNeSOmD SOLUDACONIINS
BYPUCeCENIC tpishpes | 3T ADRENOSAR

DEXTRASE LOAD TEST (105 6Mi

///{!‘/zy 7% LAl Ly %//1’

B

<

2.

BLODD SUGAR my*%A

® @i /\32
3
TME {6M W Tv R g L R s |
DATE 197 21122123 12¢ 257 267

FIVkE§  Fromonon by chirpropamide of endogenousts pra luced insutin

msuhn action  After the admymstration of six $00 mpg doves of chlorprop
ande n 2 penod of 3 daye the patient suddealy evpenenced a eniows con
subive hy poglvcemic epusode zecomapamed by unconsciousne~s and a decrease
ta the bload sugar level to 43 mg per cent Diuning the newt day the panent
tematned n a sertous hvpoglycermue condmian blood sugar levels sarying
betneen haghs of 34 and 61 mg per cent The by poghy comia could be com
bated only by contmuous glucose admintrition {260 gm Y part bemg gnen
wtravenoy Iy Weatso ad: d amjections of Sotud: 1 anid adrena
b\ repeat of the lordwmy test done wath 100 gm o dextroe and per
formed on the thurd day brought 1bout blood sugar levels af 70 to 88 mg per
cent, vith ppe pesh of 07 mg per cent

Becavse of this markedly greater by pogh remic sction 1t would be po sible
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to treat with smaller doses of chlorpropamude diabetics who require far more
exogenous msulin, this would not generally be the case with tolbutamde
This action, however, may be regarded as an advantage only if prolonged
use and careful laboratory testing show that the chromic toxic effects of the
drug or 1ts degradation products bave no deleterious effects, particularly on
the liver, hidney s, and the hematopoletic systems  The problem of touaty
n thes regard 15 of special interest because we may assume that the abilty
of chlorpropamide to reduce blood sugar 15 due to 1ts considerably delayed
excretion and that the prolonged effectiveness of the lower dosages 15 due
pnmanly to cumulative action

In view of the above evidence and 1ts substantiation by clinical obsena
tion, we can state that the imnal ad period for ch I
longer (as much as one week) and the duration of action more prolonged
than with tolbutamide

Of 215 patients (including outpatients) untoward side reactions were
observed more often at the beginning of the treatment and less frequently
after therapy had been in progress for some time Gastrointestinal dis
turbances were noted 1n 10 7 per cent of cases, dermatological side reactions
m 3 5 per cent and intolerance to alcohol 1n 11 6 per cent

Gastrointestinal disturbances occurred m twenty three cases and mam
fested themselves as loss of appetite (often to a great degree), malase, and
occasional nausea and vomiting  Sometimes these disturbances were asso
cated with other complaints 1n the upper abdomen (for example, pressure
on the stomach gastnc cramps and bloating) and, although in only a few
cases, with diffuse abdorminal cohic and constipation  Inaidence of these side
reactions lowered dramatically when the mitial dosage or maintenance dosages
were reduced substantially  This, honever, necessitated a prolonged imtial
penod of adjustment  Thus the dls}url:anfe: proved to be dependent on
" Pl [ PPN

of the shin was noted 1n 4 The latter symptom never became so marked
that 1t 1 d ton of the prep and 1t subsided
without requining therapy  In 2 cases of morbilhiform exanthemas, we nere
able to contmue medication under antiallergic protection  Marhed changes
1n the differential blood count of the white blood corpuscles (for example, the
eounophils) were not observed in association with the above shin reactions
As to the hematoposetic system, 1o towic effects were noted except for
occasional granulocyte decrease which, as proved by penodic follow ups, was
only transitory  No hepatic damage or adverse effect on the hadneys or the
central nervous system became mamfest during the time of obsenation,
which was as long as five months
! hFlushmg, sub]EgCll\ ely often felt 25 * congestion” and a warmth of the face
and neck, visible as a temporary redness sometimes extended to the upper
thoracic area It was observed i 31 patients (regularly n 24) after con
sumption of even a small quantity of alcohol The ;\bme-mcnhoned[‘)':l;;‘
toms generally occurred 10 to 15 min after taking a small quantity of alcohol,
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regardiess of the type of aicohol unbibed and were simtlar to an Antabose
alcahal reacuion  Of course these side reactions may be prevented by
avardance of alcohol

A few patients complained of giddiness and buazing sn the ears these
symptoms however ctnnot be cleatly designated ss side reactions because
therr wnterpretation allows so many other possibilities to be taken wnto
consideration

Condustan

It may he stated that chlorpropannde hay two adsantages over the other
antidhabetic sulfonylurea preparations first mmmnal dosages walt produce an
entsrely sausfactory hypoglycemic effect that compares favorably wath that
of the other antidiabetic drugs previously used and second 135 distingumished
by an especially prolonged duravion of iy poglycemic action s that 18 no
case need 1t be given more often than once a day and it may be given as
frequently as every other day A higher madence of dyspeptic disturh
ances must be looked upon as a disadvantage however these disturbances
were oheened principatiy dunng imtiation of therapy when relatnely high
doses were being gisen



CHLORPROPAMIDE IN THE MANAGEMENT OF THE
ADULT DIABETIC PATIENT*
Norman W Drey, Barrett L Taussig, Jim Waterfield, Robert Rubin
Medical Sertion The Resrarch Institute of The Jewsh Hospital of St Lowss St Loms Mo
This article will describe our experiences with chlorpropamide m the
chimeal management of adult diabetic patients
Methods and Results

Our observations were made on 32 diabetic patients who recened chlor
propamide for as long as 36 weeks (F1GURE1)  The study included 20 females
and 12 males, with an age range of 33 to 74, 26 were 1 the range of 50 to 70

" Femares

0 gL ul
‘E 9 = ™ MaLes
- ) ) Stiom Trearment
6 [0 H [ [0] Disconminuee TREATMENT
S F| W =3 {INADEQUATE CONTROL)
o slo
3 &[TV nd ISCONTINUED TREATMENT
§ 3T A FE [T (roxic EFFECT)
= 2|TFL H FE T H

P T e

DURATION OF TREATMENT
Froure 1 Duration of chlorpropamide therapy in 32 patients

(raBLe 1) Constant dietary regimen has been maimtained, most of the
patients having 2000 cal diets consisting of 250 gm carbohydrate, 90 gm
protein, and 70 gm fat—dn1ded 1nto meals of approximately equal calonc
value  This basic diet plan has been changed m a few cases where body
weight mdicated need for adjustment Thirteen patients were observed
imtally in the hospital and 19 have been handled entirely as outpatients
Diabetic control has been checked by frequent fasting and 2 hour postbreah
fast plasma glucose analyses! and frequent determmations of 24 hour
glycosuna *

A systematic study of possible toxicity has been carned out and has
sneluded frequent climical obsersation of the patent There have been
periodic determimations of body weight serum cholesterol, BSP retention,
total and fractional serum proteins, cephalin cholestero] flaccufation, serurm
allahine phosphatase, 1cterus index, blood urea mtrogen, urine analyss, and
platelet and complete blood counts There have been occasional pr;?'
thrombin time determinations Serum diastase, transamnase, and bilt

+ The work on which this paper 15 based was supported by 2 grant from Chas Pfizer &
Co, Brooklyn N 1, who supphed the chl;ggmp.\mxde used 10 the study
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rubin levels hase been muestigated m & few of the cases  Meedie biopsies
of the Iner al o hase been obtaned 1p a few cases

In general our tarber caves recened nrtiaf doses of 15 to 18 gm  The
frequency of mild hypoglycemic reactions caused ¢ to decrease the imitial
dossge to 05 gm or less by the time we had had experience with the first
15 patents (Tasee 2} Only 1 patient recenved an snttial dose of mere thin
16 gm  Chiorpropamide was discontinued 1 2 pattents becawse of made
quate controt, bath had had goad contratoniniulin  lrane chlopropamde
was started with progressise decreases n msuhn but the smprovement was

Tese |
Age DISTRIBCTION ano STATE 0F Lowrr i aF 32 Paptyngs wort DiuseTes MEsusts

€ ontrot on chtorpeaf vaude

No of - J—
\ze Fange Crses

I \degmate | Fradequate
3040 i | 1 0
40430 o0
5060 11 [ o 1
£0-70 Boon t 1
e 80 i i t

transient as demonstrased by mcreasing gly cosuna and insubin requisements.
In the other case brought to the hosputal wm @ <tate of insulin produced
hypoglycemst an attempt made to contro} the patient with chiotpropanude
alonse was unsuceessful  Chlorpropamide was discentinued 1 3 cases because
of possble touaty  In 2 athers chlorpropanude was iscon nnued tempo
ranfy and resumed without further duficulty when 1t wa» deuded that
accompanying shin rexctions were unrelated to the deug

Clinzeal Dbseriations

In assesung control the same cnitena were used as m judging effectsneness
of totbutarmde n the therapy of adult dsbeses mellstus > ¢ deguate con
trol was dewgmited good or far  \ patent was conadered to have 3
good response if one of the follon g pheaomena was obnersed & disappear
nce of the insolin requitement i the unuhn trested patient~ a dmappear
ance of glycosuria with an avocated dechine i plasma plucose fevels 1 the
nonmsulin treated glycosunc patients or a marked fall in the fasung and
postprandaal plasma gluce e fevels n the aglycosuric pynents when com
pared to «comibac levels wthout chlospropimide  These biochenucat aspects
of control were convdered together nith the fullowing climeal objecines
chnrcal welf bewg a1 alt tmes (that v freedom from any ~ymptoms)
achievement and mamtenance of ideat body weight, absence of Letasis and
hypoglycemic reactisns A piven patient was consudeeed to have o far
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CONTROL ACHIEVED WITII CHLORPROPAMIDE THERAPY

Adequate | Tnadequate

Patients Total

Good Fair Poor
Number 22+ 8 2 32
Percentage of total 68 7 250 63 100

* Includes three patients who showed good results for 2 to 3 weeks but 1 whom treat
ment was discontinued because of toviaity

response when the above cnternia were partially fulfilled TaBre 3 sum
marizes our experience Thirty of our patients showed adequate control
22 showed very good response, and 8 showed a fair or partial response  Two
patients showed no response both were diabetics of long standing {more
than 20 years), with substantial insulin requirements

This nvestigation has hittle statistical sigmificance  However, observa
tions 1n a few cases raised interesting questions  Case 11, M P ,15a 53 year
old male who had had mild diabetes for 14 y ears and who had had no previous
therapy other than avoidance of sweets ’ (FIGURE 2)  Qutpatient observa
tions had established fasting plasma glucose levels at approuimately 275 mg
per cent and 2 hour postbreakfast levels of more than 350 mg per cent
His response to 10 gm of chlorpropamide was immediate, the dose was

PLASMA GLUCOSE mg Yo
X—FASTING

GLYCOSURIA —gm /24hr.

4-————AGLYCOSURIC

os 10 30 30 40

To e T _#0 35 10 18 Io ko o e (@
DAYS of OBSERVATION

Ficure 2 Case 11 M P male, 53 years old  Duration of diabetes 14 years

previous treatment
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seduced to 05 pm on the tenth day because the plasma glucese level had
fallen to 66 myy per cent fasting and 105 mg per cent 2 hours after hreakfast
©On this dosage he was ohserved as an outpitient plasma glucose fesels
remained 1a the range of 100 10 110 mg per cent fasting aad 130 to 160 mg
per cent 2 hours after breabfast  Further reduction in chlorpropamide to
¢ 2» gm once datly before breakfast has resulted n slight mcrease n the
o . PRI > 3 D R,

e

o FLasma Guucose mg %
X-FASTING

el o=2hr pe

< 0. L QUT PATIENT ~——p

" P07 qm 724k
ki % shtdais s
< Asry '

U234 56 TDINIMIZKISH] 8 I8 46 S5 65 76 £ s ws
DAYS of DISERVATION

Froveed Cae 18 ¥ R femtle 46 years old diabetic ¥ years  Presious treatment
det

Case 18,1 R a 46 year old female with drabetes of 3 years duration and
treated by thet alone was aglycosuric throughout out obseniations (FIGLRE
3} Her respanse 1 the plasma glucose levels to the inttial dase of 05 gm
chlorpropamide was dramatic and compelled reduction to 8235 gm on the
mnthdsy  There has been progressnve wewght loss from 17440 1634b and
the patient 1s well maintasned currently on D 2 gm chlorpropamtde daily

Case 26, A G 2 64 year ohd male with nesly discorvered dubetes was
handled entuely as an outpatient  His pretreatment 3 ung and 2 hour

satisfactory response

The povtprandial plasma glucose kel as an mdicator of theapettic
effectuene - impressed us tn ey tluating tolbutarude therapy * ¢ The three
Tases pre ented sttustrate the same phenomena and the longer tetm obseria
tons support oar mmpressint that the prompt and ubstantit) fall w the
Pastprndial phama gluco ¢ leved bespeaks a pood total re ponse

The imformation that approvumateh five diy were required on 4 gnen
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dosage of chlorpropamide to achieve a blood level plateau, and that the
levels fell slowly n the two or three days following cessation of the drug
1mmediately suggested the posstbility that we might observe 1 some of our
cases a ‘ chlorpropamide hang over” effect in the plasma glucose levels ®
We believe we have observed this in one case

Case 31, S T 152 65 year old white female, diabetic for 7 years who had
been managed for the most part with diet alone, but who had also taken as
much as 15 U of suhn for short periods (FIGURE 5)  Initiallv observed sn
the hospital she seemed reststant to 0 5 gm chlorpropamide grven as a single
daily dose before breakfast  After 6 days of this therapy, the fasting plasma
glucose level was 189 mg per cent and the 2 hour postbreakf1st level was

PLASMA GLUCOSE g %
X-FASTING

O-2hr pc

PEO7=GM /24 hr

o

Vs 26 25 3o 35 40
DAYS of OBSERVATION
Frowge 4 Case 26 A G male 64 yearsold new diatetic

235 mg per cent  She recenved placebo therapy the next 2 days, on the
third day, plasma glucose levels were 145 mg per cent and 246 mg per cent
respectively The relatively lower fasting plasma glucose level and the
wirtually unchanged 2 hour postprandial level after 2 days of placebo therapy
suggested the possibility of a  hang over effect The more favorable
response when the drug was resumed remams wnexplamned  There have
been no correlation studies between serum levels of chlorpropamide and
plasma glucose levels Obsersations 1n this case have led us to nstitute
such studies  If the observation 1s vahdated chlorpropamide may hasve 2
significant potential for successful mtermuttent therapy

Observations Concerning Tovicily

With respect to tovicity, the last case that of § T showed a cephalin
A after nshilufing

cholesterol flocculatio
chlorpropamide theraj
transaminase levels |
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resutts  In this case we were fortunate to have needle tnopsies of the fer
before starting chlorpropamide therapy, and these were repeated 1s soon as
we had d the three-plus cephalin chofesterol floccolavton reaction
o eirdence of necrosts or any other change nas detected with hematoxyin
aad ecqn stan Qe other case presented the ~ame cephahn cholestero!
flocculation abnormalily with no other abnarmality tn the hver profile
Ncedle brapsies of the Iner were not obtawed  In both cases the drug was
stopped wmmeciately

350

100

e

Prasma crycose ~mg%

X -~ FASTING
o @=-2hrpc
:: P607-Gm /244r pu“bcebo CEF3+

GLYCOSURIA - GM  /244r

1238456788 1 (121304 8 atratae 222428

2
DAYS of DBSERVATION
Fioree5 Case 33 § T female 65 vears old disbetic * years

In one other case the drug was stopped hecause the patient complamed
of nzusea and a constant diagrecable metathe taste  This patient had dent
well previously on tolbutamide and 3t his insistence wa returned Lo ths
therapy

Summary

Thirty two adult diabetic patients recenng chlotpropamide have been
Sbseryedd clowely {or peniods a loag as 36 weehs  Thirty of the panents
showed adequate responee 22 <howed a very good ruspense and S a fur
tespaonse Twoof those showsng a goo I re ponwe developed positine cephahin
cholesterol flocculation teactwns after about 3 weeks of therapy and the
drug was dicontinted  Two chowed no revponse both of these had had
dhabietes for more than 20y ear- and had had subuantiatinaubin requirements
No patients with gurentle type of diabetes were included 1n these studies

Danag observations tt nas neted in one wmstance that there was an appar
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ent hang-over’ effect on blood sugars from the chivtpropamde gnen
forty-eight hours previousty  The possihilits that intermittent therapy 1
feanble 1 supgested and 1s bemng studied  Normal peedie biopsy hiver tu.
sues brfore therapy andat the time one pattent developeda positive cephal n
cholesterol flocculation reaction show a dissoctation between biopsy sesults
and tner function tests Wath avavlable tests, hepatotominsty 15 estremely
difficult 10 assess
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COMPARATIVE HVYPOGLYCEMIC LIFECTS OF
CHLORPROPAMIDE, TOLBUTAMIDF AND
FURFURYLUREA®

T § Danowski ind F AL Mateer

Section on Fadocrinology and Metabsluom Usiversity of Pritshrgh School of Medicne and
The Shadyside ond Medreoh {enirr Hospusls Piishurgh Pa

This study of the relatne potency of the several hypoglycermc agents an
altesing the blood sugar and verum electrolytes 1 dubetes methtus abo
pestits some speculation on the possible site~ of action mndmidual patients

Yatersals and Mathods

Obserations were made on adult as welt as pvensle diabetic patients
Age ot the anset of dzhetes and at the time of these studies the sex of the
patient and the dosage aned 1ype of wsulin tahen «f any are recorded 1
TABRLF |

Chlotproparnde tolbutamude o furfuryjurea § 300r 1 8gm  was admmn
sstered after an overmght fast to © juvemle and 17 adult disbetics  The
venous blood sugar and the levels of morganic phosphorus €O, patassium
sadiy, gnd chlonde m <etum from venons blood were measured at heurly
mtervals far § hours m control studies made beth priar 1o and after the
mgestion of the hy poglycernic agent  One week or more elapsed between

di of chiarprop 3 de or furfurylurea Al
stuches were conducted on an outpatient bas after matntatning the subjects
on rapd-actng msuln for 2 or more day»

Results

Conlrol studzes From the contral obsetvations {FICORE 1) it may be seen
that 1n most prtients the blood supar levels remasned refainely clowe to the
2210 value or dechined shghtly  Tn a fes patrents a diuinct spontaneous
e ora defimte {21, that s, 40 mg per cent ar more was recorded (r10LRE 1)
These limuts were sclected because such changes were rase in the control
periods there were but 2 such panents m each category  These were not
confined 10 either the jusemle or adult group and were unzelated 1o etther
the type of nsubn employed prior to these studies or 10 the u ual dady
dosage of wnsulm
“Chlorprapamsde effrcts (30 gm dosage)  Chlorpropamide decreased the
fasting blaod sugar levels 40 mg per cent or more m 14 of the panients wnclud
102 2of the juvemie duabetics  In 2 others 1 adult arud § jus emie type diz
betic the blood wwgar sose by 30 mg per cent of mose  Diecreves were

* The sty reported sn this papcr s fract of the Pautsl usgh Plan far Heart  sease Con
(ol anTwas a ded by grants from the John A Hartford Foonlatisn Ine New fork
N { the Puthe Healih tervice Betbesda \Id and Chas Phzer & (o Inc Brooklyn

}The structural formula of fuctassiares (s 1 ptolylsuliony] 3 furfurcluree T
€ampayn $ was supphed by The Nanonal Deug Lomprey hilsdetphia Pa
971
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recorded most consistently 1n patients in whom the starting blood sugat was
between 120 and 260 mg per cent (FIGURE 2)

Comparisons of chlorpropamude, tolbutamide, and furfurslurea effects of
Seven of the patients given 30 gm of chlorprop-

30 and 10gm dosages

Tap1le 1
Age, | Age at onsct of diabetes, | Usuatinsuhn dosage,
Patient | Sex years sears u
Juveniles
WwC M 10 25 (NPH)
NG | M 1214 3 (NPH)
RL M 10 24 (Protamine Zinc D)
54 (Regular)
DM M 13 Noansulin
EM ¥ 12 46 (Lente)
511 M 71, 30 (Cry staliine)
Lr M 16 12 (NPH)
CR F 2 65 {Protamine Zinc)
DS M 13 40 (Protamune Zinc)
60 (Regular)
Adults
G C F 2 18 (NPH}
W“E M 20 50 (NPH)
1E F 1 42 (Protamine Zinc)
22 (Regular)
AH F 60 No insulin
LY E 70 15 (Protamme Zinc)
AL 13 27 44 (NPH)
A M F 63 Nonsulin
MM F 40 25 {Lente)
BP F 46 30 (NFH)
IS r 56 No tnsulin
RN F 46 Nonsylin
HF F 47 Noinsulin
Ly F 48 No tsulin
cs F 55 No snsulin
JA F 56 No insuln
LR M 57 No insulia
A B F 49 No jasulin

armude were subsequently tested with similar amounts of tolbutamude and of
fyrfurylures, and then with 10 gm of chlorpropamide and of furfurylurca

base
lood sugar changes obtaed are shown in FIGURE 3 TanLe 21>
The blo & & ~unntan av lace than mmus 40 me ner cent together

mde or
tents,
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CONTROL

440

w
-3
L)

280 A

MG PER CENT
Foos
7

BLOOD SUGAR,
2
b4
8

4] 1 2 3 4
TIME
(HOURS)

TIGLRE T Serum b 001 sugar levels ser esnf adult and juven let pe 1abeticpat ents
Dotted Ines den [3 pat ents whose d abetes began dunng chidh od  1i a decrease 1
bloc d sugar of 40 my, per cent or more is taken 10 be s gn fcant then such a decren ent
vecurred s ontaneously i only 2 pat ents
producing a decrease of 40 mg per cent or more in 5 Tolbutami e 1 the
same dosage produced simdlar effects 10 onlv 2 of the 7

Agam 1t <hould be noted that 1 generil the respon lers by the cniterion
emploved—a falt of 40 mg per cent or more—were patients with tartin,
bloo { sugars of 120 to 260 mg per cert and that 4 greater proportion of
alues telow 120 mg per cent was present duning the tolbutarmde tnals

1t should be noted further that of the agent and the doages tested only
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furfurylurea lowered the blood sugar 40 mg per cent or more in 3 of 3 patients
with Jevels of 120 mg per cent or less at zero time

Funally reducing the dosage of chlorpropamide from 3 gm tolgm pro
duced a decrease of blood sugar of 40 mg per cent or more in only 1 of the

CHLORPROPAMIDE
460 Tem

w
@
S

BLOOD iUGAR, MG PER CENT
&
o

=
S

60

TIME
HOURS}

f30 gm
Ficure 2 Hypogly cemc effects of de The o
of chlorpropamide at minus 45 m n produced decreases 1n blood sugar of 40 mg per cent
or more in 12 of the patients includ ng 2 Juventle d abetics

nts In 1other R N a change of this magmtude was partally can
S:Iied ;y a subsequent rise  This contrasts with the 3 0 gm studl;s 12 “:!:r.nccl:
all of the patients for whom such a companson 1s available develope 3 15t o
relative or absolute hypoglycemia  Furfurylurea reduced to the ht;si)g o
10 gm , decreased the responses to none of 6 1n contrast to § of 7 \u!”” hfm
Serum wnorganic phosphorus changes wn relation to blood sugar a ]a:on .
n FIGURE 4 the changes n blood sugarat 1 2 3,4 and 5 hours in rel



Danowshi & Mateer Comparative Hypoglycemic Effects 975

0] CONTROL 1807 ,.__TOLBUTAMIDE
I
M ..\\
10| 1 = 100 S~
B fr

(it

£ 20 20

© ya. CHLORPROPAMIDE CHLORPROPAMIDE

« T om " I om

&

180 ..\\ 180

o D

X FEN, oy

o100 100] 4%

3 ] e U

3 e

a Y 20

g FURFURYLUREA FURFURYLUREA

=4 A, 3 Gm (K1)

® 180 180,

"
4%
100 gg&a?é

2
2 3 4 5 01 2 3 4 3

g

20

o

TIME
(HOURS)

© Starting blood sugar less than 120 mg per cent

¢ fasting levels have been plotted agamst the mcrement or decrement 1n
-t s 1 e 1 el 4 omewma bt mac T dacreace ol

*ps in blood sugar n still other patients the blood sugar actually mcreased
Discussion

Although the data presented ndicte that not a1l patients are equally
 ponsive to chlorpropimide or other oral insulin substitutes, decreases m
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blood sugar can occur with chlorpropamide i both Jusemle and adult type
diabetes  Insofar as relatne efficacy in this regard 1s concerned chlor
propamide and furfurylurea appeared to be more effectne than tolbutarude
1 this small group of patients  Itis notenorthy, too, that none of the other
agents tested produced responses in patients unaffected by chlorpropamide
(1aBLE2)  Finafly, although chlor i Ib de each appeared
to be more effective when the zero value lay between 120 and 260 mg per
cent furfurylurea alone acted at levels below 120 mg per cent

It 15 well blished that serum Z phosphorus d quite
regularly with the acceleration of carbohydrate metabolisnt 1n nondubetic

Taste 2
HyrocrycpMic RESPONSES IN tHE SaMe Apvir Dramemc Pamests 1o
ARIOLS Ozl INSULIV SUBSTITUTES

I Chlorprop- { Chlorprop f Tolbut | Furfury|-| Farfury|
amide amtde amtde urea urez
30gm | 10gm |30gm | 30gm | 10am

T —

Patient Control

T + - +

A - + + + -

R A ? - + + +¢ -

L R - + - +* -

L1 O e +* s

HE . - . s .

o] ‘ . ' e / s _s -
Blood sugar more
than —40 mg

per cent 07 } 57 27 27 5717 06

~Zero blood sugar less than 120 mg per cent

prtients by glicose msulin or glucose and msulin 1n combmation and upon
imsulin injection 1n those diabetic pattents previously shown to be unable to
dispose of glucose loads at a normal rate and to develop 2 wigruficant drop
1 morgamuc phosphorus £ This decrease 1n serum 1norgantc phosphorus can
be taken to reflect disposal of gluco~e by anaerobic gly colysis and formation
of high energy phosphorous CQ:xxpound>, since deposition of bver ghycogen
oes not segregate phosphate *

¢ Itmay begaﬂgumeﬂ thapz diabetic patients mantamed on diet alone posse sc:
<ome ability to elzborate nsulin It would then appear, from those ca}:es ls
which no sigmficant decrease was pbsers ed 1n the serym Jnorganic pho~pdulr:e
concomitant with the decrease in blood sugar, that chlorpmp.lmld:an e
other agents tested had not increaced anzerobrc gly colysis (FIGURE gam’m
observed decreases 1n blood sugar without concomtant h)paphmp] e
are to be attributed therefore to decreased glycogenolysis :lm:. gl uﬂmgs
genesis or mereased deposition of glucose as hier gly cogen, or bot })ﬂ!homs
that, unhhe anaerobic glycolysis does not pre empt morganlc"p za_r’w
from the serum  In patients i whom such hypogly cemic cbal;‘;:esl P
with g concomitant drop 1n inergame phosphorus, anaerobic ghy
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1 e ® o w0 ® » w0 w »
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.
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4 BLOOD SUGAR

FICURF 4 Correlation of serum wnorgane phosphorus and blood sugar changes n
"o - s rdentihy adult
ontnsut 0 which
and apen aurcles

103 ag parent
Bt on many eccasions the blood supat decrea ed without cong smitant signsficant fall
Serum anorgan o +h a weat or mars These freven es 03y be

. ' « -
\ - "~

' PPN c e
¢ - PR Bl

" o
*oousinsubn or from accentuation ar prolangatinn of the efitct of such en frgen usmsuhn

Presumably was accelerated enhiet by i charging snsulin, by sccentuating s
aclon or cunn 4l or by incrersing the permeabnlity of cells o gluco ¢
Thewe compan ans are not offered, of course with any assurince that the
drugs tested would necewanly proyve effectise 1o reducing the tsuhin require-
ment or \n regulating the dinbetes in these patients  Alo, 1t s po~aible tint
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in keeping with the expenence of others with agents other than chlorprop
amide, some of the patients who did not show a po-ttive response toa particu
lar drug mitially might do so after several weeks of treatment ¢

Summary and Conclusions

It 15 possible that responses to single dosages of oral hy poglycemic agents
may differ from those obtamed after repeated or prolenged therapy The
following statements therefore apply only to the single dosage experiments
herein described

Certam diabetics did not respond to single dosage of chlorpropamide tol
butamde or furfurylurea with a decrease 1 blood sugar

Chlorpropamide admimstered i 3 gm doses at minus 45 min produced
dunng the next 5 hours a decrease of 40 mg per cent or more 1n the zero
blood sugar lev el of most of the adult diabetics and 1n 2 of 7 juvenule dabetics
or patients whose diabetes began during chuldhood  Dunng control obsena
tions comparable decreases occurred only occasionally

Chlorpropamide and furfurylurea tested in equal dosages i the same
patients produced greater response than did tolbutarmde

Decreases with any of the agents tested were noted most consistently 11
patients i whom the zero blood sugar level lay between approuimately
120 and 260 mg per cent

Furfurylurea may differ from the other agents n possessing a greater
ability to lower blood sugar levels when the starting values are less than
120 mg per cent

The absence of sigmficant decreases 1n the serum 1norganic phosphorus
patients 1 whom the blood sugar fell sigmficantly would suggest that i
general the hypoglycemic responses 1n this group of diabetics are attributable
to decreased gluconeogenesis and glycogenalysis or to segregation of glucose
1n the hver as glycogen a process that unhke anaerobic glycolysis does not
fower serum morganic phosphorus  In those in whom both the blood sugar
and the serum morganic phosphorus fell, an increase in anaerobic glycolysis
can be postulated—this as a result of a greater output survival or eflective
ness of endogenous msulin or as a consequence of an increase the per
meability of cells to glucose
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CHLORPROPAMIDE IN SINGLE DOSAGE AND THE RLSPONSES
TO INSULIN OR GLUCOSE IN DIABETICS THE ABSCNCE
OF EVIDENCE OF INCREASED GLUCOSE UTILIZATION*

T S Danowshi, M Leinberger, F M Mateer
Section on Endocrinology and Vectabalisme, Unieernity of Pattsburgh School of Medscine, and
The Shadysule and Vedical Center Hosputals Puttsburgk Po

In responsive patients with diabetes mellitus, chlorpropamide in single
dosage lowers blood sugar levels, often without a concomitant decrease in
serum 1norganic phosphorus ! This suggests that, i pattents who develop
telatine or absolute hypoglycerma after a single dose without sigmficant

Taptr 1
}
Age, | Ages at onset of duabetes | Usual msulin dosage,
Patient | Sex ears T
Juvenles
NG | M| 13 1233 3 (NPH)
RL M | 33 10 24 (Protamine Zinc I)
Vi 54 (Regular!
DM | M| 14 13 No msulin
FM | F | 16 12 16 (Lente)
SM | M |10 713 30 (Crystalline)
Lre | M| 16 16 12 (NPID
CR r |2 2 65 (Protamine Zinc)
DS | M |16 13 40 (Protasune Zinc)
60 (Regutar)
Adults
Gc [ F | 25 ‘w(\r’m
WE | M| 32 20 50 (NPH)
AL F {43 27 44 (\PID)
MM [ F | 19 40 25 (Lente}
BP r | s6 6 30 (NPIT)
JMar | M 31 2 28 (Regular)
Is 1 $6 56 Nonsulin

by pophosphatemia, the chief or, perhaps sole action of this agent 1s segrega

tion of glucoe as glycogen (a process not associated with deposition of phos-
phate) or <uppreon of gluconeogeness or glycogenolyas To examine
further the possibality that there 1s 2 simultancous 1ncrease i glucose utibiza-
o, glucose toferance tests and 1nsulin toferance tests with and without

® The study reported in this paper 13 part of the Pittsburgh Plan for Jleart Diseace

Control, and was aided by grants from the John \ Hartford Foundation Inc, \ew York,
: { + the Pul hic Health Service, Rethesds Md and Chas Phizer & Co, T rooklyn

o1 P
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Fiovre 1 Blood sugar changes dunng wsulin tolerance test 1 diabeties with and
without 30 gm  of chlorpropammde at muas 45 mm Comparison of the chaages at &
34 1 134 and 2 hours tn the 2 groups shows no accentuation of by pagly cemia after hlor

prapamide (Taziz )  Rroken hues tdentiy jutentle dizbetics

chiorpropamide admimstranon w single dosage were undertaken, and the
changes m seram morgime phosphorus and ather rlectroly tes were measured

Vatertals end ethods

"The chnucak hstories of the dibetic patients studsed (some with jurentle
diabetes mellatus and others with diabetes that began dunng the adult
years) are summanzed i TaBLE 1 In most of the glucw e tolerance testc
05 gm of glucose per hilogram of body weight was admimstered mted
venously at zero tume as a >0 per cent sofution 1 water ITna few patiests
17> gm of glucose per dulogram of body weyzht was used orally  In the
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nsubn tolerance tests 01 U of commerual rapid arting crystalhine wmsulin
(pet hitogram of body weight), dituted 1 9 with normal ~ahne for ease of
mea urement, was injected mtravenousty at zto ume  Chiorpropamide
{30 gm ) was then given 43 min before the start of the second glucose or
n uhn tolerance test  Rlood sugar and serum electroly tes were messured
just pror to and at intervals after the admmstration of the sugar or the
waln
Tamie 2

STATRTIAL T4 ALUATION ¥ BLoup SUGAR AND SPRUM InumCastc PR st iy
BANGE DT RING Insunin Toreance Tests 3N DiwsETte SUBIECTS

Period Houss No of pau;ms1 Mean S

Biood sugar

Covtrel 1y 12 ~8100 359
Chiotpropamidde iy 12 -3 98
Cantrol 1 1 108 416
Chiorpropamde. 1 12 ~87 8 26
Coptrol v 12 -39 8 460
Chinrproparmie i, 1 -8 7 19
Contro} 2 n -1268 S5t 8
Chistpropamde H 1t —84 8 426

Coatrol 1, 10 -5 | 044
Chiorpropamde 9 19 ~O4st L 0%
Control ) 10 ~0640 | 0w
Chlorpropsmide 1 0 —040 03
Controt tr 1 ~0 59 a4y
Chiorpropam fe 1 1 IR R
Control 2 0 570 0322
Chicrpropam be 2 - ~0 294 [T

* Differenca vs statisticaliv s g cant
Readls

Tusula tlerance tests e 1 summanizes the blaod sugar changes in
the mauhn tolerince lesis with and withavt the pror admmstration of
30 gm chlorpropaimude 1t minus 45 min Pitients whose diabeles began
duting clilthoo ] are mdwated by bechen hnes The bl e wdentifs

3 . +§ « vsuatly vequiredin wlin an the dosages

was cqually true of the juvente or formerhy uvenle diadwet
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aduit diabetics In fact, the blood sugar decrease at one half hour was
somew hat less after chlorpropamude (TARLE 2) It s probable that the week-
to-week fluctuations in the startmg blood sugar levels obseured the decrement
often produced 1n fasting levels by chlorpropamide Nevertheless, the fact

INORGANIC
FPHOSPHATE
my % 3

T2 R
S CHLORPROP~ € CHLORPROP -

TIME
AMIDE {HOURS) AMIDE

FiGURe2  Serum norganc phosphorus changes dunng insulim tolerance testin diabetics

with and without 30 gm of chlorpropamide  As mn the blood sugar changesdtlam l‘nsloI:a
evidence that the serum morgamc phosphorus responses are regularly affected by ¢

propamde (TABLE 2)

that msulin preceded by chlorpropamide fatled to produce a decremex:l a’:
blood sugar greater than that seen with insulin alone argues ag,;lams" 2
augmentation of insulin action by this oral msulm substitute when

gle dosage
It also eliminates the possibility that a sing

g;ve'n e d?sage' 1 end msufm output 1n these particular
o
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atierts, 1t provides ne informanen of wure on the offuts of repuated
dree or prolonzed therapy
Coluepropamude did not inerease the magmitude of the hypuphosphitemia
procuced by 1aculm slone (Frevie 3 Ty D Sumeomorea ol utihzation
of glucose by means of anacrotue gheolise merer v~ the drop i werum
ez phaspharus, the apparent shence of sk o chanpe in these espernt
rertscan be cited 35 furtber evtdence agamst @ release A en fiennus imvhn
Tamx §
Srarsnicar Frarcanox or Plocs Stevr v S0 bs oy o fnein &t
Crastrs prane §3 Guioer Toupgacs Desfs tn Diske 0 Segti?y

Ferved flours N fpetats M “n

15 wnf Sugar

Contrad 'y ® i .
Chlorg roparmde ty E g 14
Controf 1 ® w0 W3
Chlorpeopar te 1 » (XN o ?
Contrul ity N w1 s
O epropami de 11, % o 2
Cemeol 2 & a2t 3w
Chlarpropam le 2 kS o
nerum o agame | h ey h s
Conerol 1y ® a o 206
Chlorpraramide ty 8 RPN w1906
Control 1 o 0 0 i;;
Chiorpropam fe k2 -0 LI i
funﬁf”“ 1y » ~& 2 0 263
Chlorpropamsde Thy 8 —0 133 a2
“ontr 1 2 ¥ ~gin 0224
Lhtorropamde z 8 Qim0 281

* Dnfecences are statisically sgnificant

af prolongation ar patentiation of the actson of evagenous wsuhn by chlar

propamide m single dosage
Irironsmous phicose tolerance fesss  The sdmmtration of chiorpropsmide
A5 min before the mtray enous gutose produced 2 decreate 1 the mcrement
1 the blood sugar at the half hour point {TABLF 3
The admimntration of chiorpropmide decrenced the wsual hypophios-
thatemse re-ponce to glucose loads  The comparronrs of the actual changes
i blood sugar and serum smorgamc phosphorus vecarded dunng the ghicase
toleranice tests are summanzed s Taper 3 The differences in the hload
“uzar at the half hour, and in the serum margame phosphorus at the half
one-, and two hour points are stattically sgmficant
1t wauld appear that under the cond of the-e exp b
mide did reduce the biood sugar response at the half hour pafnt, but it
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INORGANIC
PHOSPHATE] ., N ¥

S L

[ i 2 ] T 3

S CHLORPROP- & CHLORPROP-

AMIDE TIME Yo
(HOURS)

Ficure 3 Blood sugar changes during glucose tolerance tests 1n diabetics with and
vithout 30 gm of chlorproparmde at minus 45 mn  Solid bnes identify adult diabetres
and broken lnes yuvemle diabetics who recetved 05 gm of glucose mtravenously at zero
time  Dotted hines represent patients who recerved 1 73 gm of glucose per kilogram of
bods we ght by mouth at zero time  In the intravenous glucose tolerance tests chlor
propamude decreased the degree to which the blood sugar rose at the half hour po nt
{TABIE 3)

propamide m single dosage
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&
S

e S
80 ] 1 2 0 § 2

5 CHLORPROP- gy, € CHLORPROP-
AMIDE (HOURS) AMip

TicrRe 4 Serum smorzan  phosphorus changes dur ng glucose toferan  fe 1w (han}
without 30 gm of chiorpropam le  Symbols ate as len fed m rigtrr 3 Th sce m
worganic phosphorus response to intravensus glucose was less al er chiori rofam le tno €
thely 1 and 2 hour points in TABLE 3)
ihe serum total CO; content 2 In diabetics not recewving insul n the admim
sstration of gluco ¢ mtravenously tends to rai e the serum potassium and
Jower the serum total CO;, content> The e responses were not altered by
chlorpropamide adminsstration

Diseussion

In these studies 1n keeping with findings on analysis of 11 sues® ¢ 3t has
been assumed that deposition of liver glycogen pre empts potassium but not
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morganic phosphorus  The cancomitants of muscle and other tissue glycoger
formation are not known X st 15 true that glyeogen deposibion does nof
segregate morganic phospharus then the decrease tn sersm morganic phos
phorus reflects anaerobic glycolysis in cefls and indicates euther the formatior
of glucose phosplaates or high energy phosphorus compounds or some othe

tabohe process that p pts this wor

In the stidies heresn described there was no evidence that the hypophos
phateruc action of insuln or of glucose was enhanced by chlorpropamide w
single dosage  This finding asgues agamst enther a direct action of chlor
propamude . single dasage oo anaerobn. glycolysss or an effect upon exag
enous or endogenous msulin  The fatter pownt 1> perhaps debotable smce
no direct mformation 35 asalable on the endogenous supphes of this hormane
m our patients  However it should be pounted cut that 1 those of our sub
jects whose diabetes was controffed without snsehn or with nsubin 1 iy
amounts 3 sgnificant redual capacty to produce msukn can be postu
lated However even these fatled to show a greater drop and therefote no
evidence can be brought forth ta support of chlorpropamide actson on the bets
cells or on msubin secretion shen the drug wos admimstered 1 single dosape

Pubhuhed studies designed to clanfy the mechamsm or mechamsms of
action of the earher oral hypoglycemsc agents have at times led to dis
metricafly opposed conclusions  These and other discrey ancies are undoubt
edly attnbutable to vanables such as species differences dosage and schedule
ranatens and the chara s of wdividual diabeties  Confiming our
selves to measurig the tesponses to & single and often large dosage of an
oral hypoglycerme agent of the sulfonylurea ty pe admintstered oralfy 45 min
Before the test procedure atnterials of ¥ weel or move, we hasve found that
the hypoglycemic vesponsés ohsened under these arcumstances are fre
quently unaccompamed by a decrease in serum worgamc phosphores  Ths
argues agamst 2 sgmficant component of isubin discharge insuha potentia
tion nsulm survaval or direct action on cells 1w those nstances of hypoglyce
mia smce certamly at least the first three of these present i sufficrent degree
would be expected to lower the serum worgame phosphorus  Although the
wdirect pature of the evidence offered must be admitted the possibibty 5
raised that the oral hy pogh cema agents of the sulonyluren type ehet at
least 2 2 phase responce  Imtually they act to suppress glycogenolysis and
gluconeogenesis and segregate glucose as ghycogen Endogenous insuhn
released tn amounts too small to affect serum worganic phosphotus cout !
play a rale . this, o such an action of msuhn s accepted W 1th continued
therapy the beta cefls are sumulated to elaborate insulin i quantities sufi
cient 10 produce the expecied changes 1n serum wmorgaruc phosphorus  Such
a sequence of e1ents would actount Jor some of the discrepancies in pubht hed
reports of the effects or fack of effects of sulfony fureas on serum morgamc
phosphorus or on other evidences of endogenous wsultn production

Stemmary and Conclustons

T view of the fact that depo rton of hepatic glycogen daes aot segragate
phosphate 1n the ner the dectease m serum iorganic pha phorus winck 3
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imanably ace of c1rbohy drate metabo
h1sm by evozenous insuhn or by g\ucn e ioads, can be then as an mdex of
enhanced diuposal of glucose by anaerolnc gly coly<t»

The failure to obsers e any increment in the hy pophasphatemia charactens
tic of insulin or of glucose tolerince tests 1n these particulir dinbetic patients
following de suggests that chi m single dosage
at least, did nat accelerate anaerabic glycolysis exther dicectly, by evokung
endogenous insulin secretion, or by accentuating the action or sunvival of
exther exogenous or endogenous sulin - Of course, this does not exclude
such a response in other diabeuics nor the possibility that repeated or pro
longed therapy might provide evidence of an effect of chlorpropamide on
anaerobic gly coly~t~ unrelated or relited to msulin
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CORTISONE ENHANCEMENT OF PERIPHERAL UTILIZATION
OF GLUCOSE AND THE EFFLCTS OF CI{L(;RPROPA\IIDE’

T S Danowdhy, b VM Blateer, € VMoses
Se tion on Ddocsinnalogy ond Vetodbolssin and ihe Vddson 3 Grbsor D abovatary { nssersity
J Priisburgh School of \edre ne and The Shudvsde and Medsed Center Hospuls
Pattsba rgh Fa

Mratlable esidence indicates that the hyperglyceruz ascociated with
excesses of ACTH and adrenocortical type steroids which 1s fargely atinh
utable to increased glucaneogenesis may be based tn part on a blockade of
wnsulin action or ghicose uitdization 1 the tisstie ' ¥ An extensise seres of

Tazie t
Tavrine Hlypownosruaressis PRODUCED BY THE ABMINISTRATION 0F CORTISOVE
4> Minures Beroze Tesr

Blood sugar mg < ! Seram inorganic phosphorus®, mg ¢
Sex | Cwtsone

[om !
Mean  +SD No tested] Mean £SD | No tested
Eiealthy adutts (21 10
o * s | o | 313 054 o
Moo lss it ow 32 056 o
T a &7 i1 & 41 f 358 0 55 70
F 200 &9 1?24 ot 337 830 63
Relatises of juvevsle & abeties 21 10 €0 ) cars)
A ﬁ 9 °f 5 132 LA 332 4 (!ﬂ]
Mo 879 W9 26 197 040 6
ry o0 86 116 & 34t 056 61}
F 200 &5 96 2 (R 66 2%
H
# B3 ferences bet veen the bracheted groups are statwstically sigurficant
.\ 3

glucose tolerance tests {with serum pi phosp!
conducted m this laboratory on refatives of yusentle diabetics on appatenthy
healthy persons on healthy dental students and on adult dabetics suggests
that wnder the condtions of our expenments cortisone probably enhances
the net utilization of glucose by anseratne ghycoly s as a result of mcreased
gluc by st or enh of wsuhin action or by
facihtating the entry of glucose {alone oF 1 cominnatian) snro cells

 The steds teported m th s paper 28 part of the Patisburgh Plan for Meart Disease Con
trol and u:s} :mid by granis from the fohs 3 Martford Toundation Inc Nen Yok
N Y the Public Health Service Bethesds Md and Chas 1 fzer & Co Inc Brookhn
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Materrals and Methods

Aduit refattves of suvende dizbenics free of chimscal sym
melhitus, apparently henithy adult male and female 3111“)::;‘2;01")(?;23?135
healthy male dental students, and adult diabetics who &id not Tequite xnsulm’
zecetved 175 g of glucese per hlogram of body neight s1th or wsthout the
adminstration, 45 mm easler, of 200 mg of cortisone by mouth  Blood

a0 CONTROL " CORTISONE
10 wof
0] wol

£
ol
5 ool
(]
i —
by TR T —
g
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Figesel  Blood sugar changes i bealthy dental students durmg oral ghucose tolerance
test  Glurose wasadmimustered at 1 73gm kg of body weight wath and without gorticene
or chlorpropaside alone or 1n comt ination

for sugar and serum 1orgame phosphorus analy siy was withdrawn yust prior
to the admimstrauon of the glucose and at mtenals thereafter, and was
analy zed by methods m regular use in this fsboratory * The studies wath
costisone and chlorprapamide, alone or i cambination, were hmited to the
dental students and to the adult dabetics

Results and Comments

Fasting blovd sugar and glucose tolerance lests with and wuthout corlisone
heaithy adults watk and without diabelic offspring Tante 11s made upof the
mean fasting blood sugar and serum morgame phosphosus yalues 1 healthy



Danowshi ef @l Penpheral Utilization of Glucose 991

unwversity personnel and in relatnes of yjuvenile diabetics in the 21 to
60 year age range with and without the prior admimstration of 200 mg of

cort1 one 45 min earher

In addition to loner fasting blood sugar values in

the healthy unnersity personnel both male and female (indicated by the
single astensh) 1t 1s noteworthy that the admimstration of cortisone wvarna
bly produced lower levels of serum inorganic phosphorus (measured 45 min

CONTROL

{

CORMSONE

B = C

INORGANIC PHOSPHORUS, MG PER CENT

CHLORPROIPAMIDE
CORTISONE

N

3
TIME
{MINUTES

3

FIGURE 2 Serum tnorgan ¢ phosphorus changes n healthy dental students dur ng
oral glucose tolerance test Gluc se was aImn stered at § 75 gm kg of baly we ght
® th and without cort sone of chlorpropam de alone or 1n comt nat on
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adults 15 in all probability an enhancement rather than a blochade of glucose
utthzation

The magmitude of the declme and the results of urmary analyses in selected
patients indicated that the bulk of the observed decrease in sernm morgame
phosphorus cannot be attnbuted to losses 1n urine

TABLE 2 shows the levels of blood sugar and serum morganic phosphorus
found one half hour and 2 hours following the admimstration per os of 175
gm of glucose per hilogram of body weight at zero time with and without
200 mg of cortisone gnen 45 mm earher In no nstance did the sterod

TasLE 3
BLoOD SuGaR AND SERUM INORGANIC PHOSPHORU> CRINGES* DURING INTRAVENOLS
Giicose ToreRANCE TeST FOLLOWING ADMINISTRATION OF CORTISONE
CrLoRPROPAMIDE OR Botnt

Cortisone and

Cortisone Chlorpropamide chimropamde

Blood sugar No change Lower mtial and fina! | No change
sugars with useal nse
Blood sugar less than
6 mg per cent reached:
in 4 of 7 patients
(Decreased gluconeo-
genesis or increased
hepatic gly cogenation
without increased ex
trahepatic utilization )

Serum worgamc | Greater No change Greater
phosphorus | (Increased gluconeo- (In nondiabeuc con
decrement genesis enhanced trols chlorpropamide
nsulin or both } <id not alter corti

sone effects }

= Compared to conirois

affect the levels of blood sugar nor did 1t alter the serum inorgame phos
phorus levels present at the 30 min point  However, in each instance these
amounts of cortisone greatly enhanced the usual hypophosphatemia usually
doubling the magmtude of the decrease

o 8 '

" “ 1t 15 evident

tal students

the hy per

with 1 ¢5 gm ot glucose per hilogram of body

btamed
lyceme 1espose 00 On the other hand the prior adminstration of

weight gnen at zero time
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moreover, that hypoglycerata, that w, values below 60 mg per cent dexeloped
10 40f 7 cubgects  Finally, the combination of cortrone and chlorpropmide
1n the dosages and at the time cited (FICURF 1) canceled the general lowening
of the blood sugar curves noted with chlorpropamide alone  restoring them

cormsons
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Tictar 3 Blood sugar changes dunng oral glucowe tolerance test  Glucsse admimis
teredat 175 gm kg of Loky weight i diabetics with an | with wt ccrasone ar chlor
propamude atane or 1 combination
to the level~ seen 1n the control studies ot 1n those made with corti~one alane
certainly the abicolute hypoglycemma <een with chlorpropamde alone did
not develop

From FIGURF 21t s evident that cortisone admimistration at mnus 45 min
wcreased the hy pophosphatemia that 1~ a regular feature of such intravenous
glutose 1olerance 1ests 1 sondiabetic subjects  In the studies with chior
propamde ajone (¥ICURF 2), 1n the majotity of which the blood sugar reiched
abeolute hypoglycemic levels the serum morgantc phosphorus did not
decrease beyond the range seen 1n the control observations and certainly
did not fall as low as in the cortisone experiments  In the combination of
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cottisone and chlorpropamide (FIGURE 2) the <erum morgame phosphorys
changes re<embled those Seen with cortisone The changes i the blood
sugar and the serum marganic phosphorus under these four crcumstances
2re summarized tn tapry 3

The greger degree of by pophosphatesua in the cortisone studies suggests
that this steroid ncreased the utilization of ghucose by anaerohic glycolyse,
by discharging nsuhn, prolonging or potentiating nsulin action pr by
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talerance test
Tisere 4 Serum worganic phosphorus changes during oral glacose
Glucose was admimstered at § 75 gm ‘hg of tods weight 1n disbetics with and without
cortisone or chlorpropamide alane or 1n combination

sncreasing cell permeabiity  Increased glucaneogenests could have occurred
d this hypoph response by providing an increased

a ¥
load
gh'x;gie,omr blood supar levels at zero time, throughout the cour e of the

glucase tolerance testsand at therend, suggest that ch !orpmpam!x)de Secrf:::d
gluconeogenests or enhanced the supplies or action of msultn or bot! fow
ever the fact that the seram inorganic phosphorus changes ;:r: n]v gmam
than those seen in the control studies argues for the former as 1 e predo

ot sole action
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Cortssone and chlorpropamde effects tn dabettes  Ficuers 3 and 4 show
the blood sugat and serum morgame phosphorus levels tn diabetus dunag
<eserat <amphngs lor tve hours with ot without the prior adminutration of
cortisone of chiorpropiride alone or 1 combanation

In eontsast 1o the chorter ~tudies 15 the tealthy unneraty peronnel in the
relatives of diabetics and i the healthy dental students the blood sugre
fevels tended 1o se when corlsone was given alone {rictre 3} Hovwever
the <ame trend to hypophosphatemi aoted wn the thiee other groups way
ob enved {Fleiwr 4) € hlorpropamde atone tended to foner the blood sugar
without decrease 1 the morganic pho phorus (ictxrs Jand 4

In the chiorpropamule pluscortione stodies 3¢ appears that chlorprop
amide tended to produce an il Jow enny, of the blood sugar m three af the
subjects {Frgure ) s was mawstaned i anly one  The erum worganic
phosphoris changes (1 LRe 4 & sumed the pattem een with cortione alone

Under the cond of the~e hlarp te partrdly mods
fied the by perglycera of cortwont ad tion probably by
gluconeogenesss  “wnce the serum tnorganic phophorus changes of the
cortisone EXpErIMENLs were not accentuated o may be argued that chlor
prepamtde did not evert apy pmbcant actien on any endogenaus nsulin
that the~e panients may have had  Alternatnely 3t i posstble that a shght
enhaniement nas esohed just suthceny Lo offet the decrease resulting from
the fewer degree of gluconeogenens

Summary awd Conclustans

Fasting blood sugar and gy ose folerance lests wilh and withovt cortisone 1
Jealthy adulis end 1n eelalites of jutende deabelics The administratios of
200 g of cortisone 45 min. bafore an oral glucose twlerance text (1 F5gm by
of body weight) lowered the fasting and the 2 hour levels of serum morgame
phovphorus without dicernible change in the control bload sugar concentra
101 ot increments  Thus suggesis that under the condittons of 1hewe expen
ments, 1 nopdsabetic subjects thys steroud enh inied the uthzation of glucose
by anaerobic glycolysts as reflected by significant increases in the ysuab hy po
phosphaterssa This comd represent mereased gluconeogenens increased
secvetion, miensthcation or profonpaton of wmsutn action  or increased cell
permeability to glucose alone or wn combmation  These finding- argue
stroagly against a peripherat blockade of nsubn acion 1w these expertments

Acton of chlorpropamude sepon cartisone hvpophosplustemia  Chlorprop
amude ad d o healthy 4 male dental students 45 mn
belare an mtrarenous glucose tolerance test dudt avt maddy either the usual
increment an blood sugar or the usual decrement 1 serum wazgamic phos
phoras 2ithough the aboolute levels of blood sugar at the start dunng and
at the end of the toferance teat were sigmicantly Jowered and hypoghyrema
sppegred wr the majosity

The faiture to observe 3 furthes decrease in the sevum iorganic phosphoras
dusning these glucose toleranes tests suggests that the chief mode of action of
the chlorpropammde was decreased gluconesgenesi or tncreaced removal of
estraceliular glucose to form hepatic glycoges  Thu s conchuded wince
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both of these processes are known to lower the blood sugar without segrega
tion of serum norganic phospherus

Our observatians suggest that m the guantities and under the conditions
employed cortisone cancels the hypoglscemie effect of chlorprapamsde
presumably by overnding the imhitntion of gluconeogenesis by the latter
but that chlotpropamide does not interfere with the cortisone enhanced
hypophosphatemia

Bloogd sugar and serum morganic phosphorus charnges mdicate that cortt
sme when tirst given to healthy subjects enhances rather than decreases
the net diposal of glucose by processes that preempt serum tnotgamc
phosphores

Loarlisane and chlorpropamude effects 1 diabetics  In adult diabetscs not
requining wnsubin 200 mg of cortone ginen per o5 at minus 45 min tended
to Taise the 3 enous blood sugar levels dunng several samplings for 5 hours
while chlorpropamide bad the opposite effect  When the two were admins
tered together the blood sugrr lesels dropped mnally 1n 3 of § subjects, but
the decrease was mamtained i only 10of these  These findimgs suggest that,
i the anmounts gsven chl 7 de could not completely avercome the
hy pergly cemic action of cortisone

Insofar as the serum morgame phosphorus lesels are concerned, 5o changes
were observed with chlorproparude while wuk cottisone or with cactisone
and chlorproparide a tendency to decreases wasnoted  Tha agam indicates
that under these exp ! conditions chl de did not cancel this

Actton of cortisone
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INFLUENCE O CHLORPROPAMIDE UPON
POSTPANCREATLECTOMY AND SIO\TANEOUS DIABETFS*

Rermit L Pines kdgar Leifer DeWitt Goodman
Department of \led cone Columb o Lwi ersily Coll ge of Physicsans and Surgeons and the
Presbytersan Hosptal New kork 1

Despite the current uncertamty regarding the mechamsm of the hypo
glycemic effect of the aryl sulfonylureas the observation of their fatlure to
lower the blood sugar 1n <evere alloxan diabetes in ammals' and in depancrea
tized animals 2 and man® * remains unchallenged  Although negative results
were anticipated because of the structural sumilanty of chlorf ropamiude to
carbutam de 1t was con dered important to observe the action of the newer
agent 1n pancreatectomized patients

Two patients 1n whom complete panci had been b:
Torter and his associates® were selected One was a 60 year old woman
6 years afier the operation the other a $3 year old man 16 months after
removal of the pancreas  In both surgery had been performed for pan
creatic carcinoma  Nesther had evidence of recurrent or persistent tumor
at the time of these studies

analyses tests of Liver function (cephalin flocculation thymol turbidity
serum bilirubin serum alkaline phosphatase serum cholcsxcrol and serum
protemn electrophore 15} and of ph excre
tion and blood urea nitrogen  Blood sugar levels werc determined by the
method of Folin and Wu at frequent tntervals  Tho € obtaned 3 hours after
breakfast are shown n FIGURES | to 3 Unmary glucose was estimated
5 times daily bv the qualitative Benedict s method the mean da ly value 1s
shown i the fgures  Serum rhlorpropamnde (CPA) concentrations were
determuined by the ulua\ wolet spec method developed by
Tookan and Wagner ¢

Following the imitial period chlorpropamu le was adrmn stered 1n 2 dose
of 1 gm daly and the insulin dose was simultaneousty reduced from 20 to
10U of NPHn the first patient M B (picure 1)  During the next 3 days
glycosuria increased markedly and the patient developed th rst and polyuna
The dose of chlorpropamide was raised to 2 gm on the fourth day aftee which
1t was d scontinued owing to the appearance of nausea and vomiting  The
serum chlorpropamide level at this time was 30 mg 100 m!  The first day
N - - re Sats

week
lorproy

amsde daily after the control period  The previous dosage of 40 U of NPH

* The work reported 1n this paper was supported n part by a grant from Chas Dfizer &
Co Inc Brookiyn N
%07
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Fiorze 2 Response to chlorpropamude of patient R R sixteen months afier pan

createctomy
nsulin was continued because of persistently elevated blood sugar levels
Despite the addition of chlorpropamide, with serum concentrations to
20 mg /100 ml, the blood sugar roe and glycosura increased during the
expertmental penod

‘I)‘abomtory studies (,1GurEs 1 and 2) indicated the presence of a muld
neutropema of questionable sigmificance, which increased in R R after
chlorproparmde admimstration  Mimmal albutminuria also was observed
in this patient after treatment with this agent  The fall in serum cholestero!
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w M B ifficult to evaluate because of major alterations 1n food mtake
duting part of the period  The serum alkaline phosphatase concentrations
increased in the 2 patients from 12 1 to 16 and from 127 to 13 8 hing \rm.
strang units (normal, 12 of less), respectively

Chlorpropamide was also given to 6 patients with spontaneous, stable
diabetes that began after 30 years of age  Among them were 5 women and
1 man ranging 1n age from 58 to 81 years and, 1n wnsulin requirement, from
W0to6M U Insulin was discontinued and 05 to 1 gm duly doses of chior
propamde were given for periods of 2 weeks to 4 months  In 4 members of
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FitLreE 3 Response to of a patient with dirbetes

this group, blood sugar concentrations were mantamned at 200 mg 100 ml
or les= 3 hours after breakfast  FIGURF 3 summarizes the observations 1n a
patient whose blood sugar levels were satwsfactonly controlled by chlor
propamude alone  This agent replaced 30 U of globin msulin in an obese
77 year-old woman following an unsuceessful inal of tolbutarmde

Af the D nartante dafatods wn =1 -

be substituted successiully for 40 U of protamine ztnc tnsuhn  The other
a 68 year old man well regulated on 20 U of protamine zinc insulin, had alse
failed to respond to tolbutamide  Although an tnitial course of chlorprop
amide restared the blood sugar values to essentially normal levels 2 second
tral of this agent after 1 week on tolbutamide was neffectine In preventing
hyperglycera
o .

that 1 neither was control of the blood sugar adequate prior to chlorprop
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amide admmstranian Paraliel with previous obsersations on other an}
sulfonylureas Root has reported the potentiation of insulin action by chlor
propasmide in 2 totally depancreatized dogs  Such an eflect was not found
m the present study on 2 human subjects, although it should be noted that
the ageat was given for much shorter penads  In one of Root s dogs the
serum alhahine phosphatase merexsed and a fatty hver was found at autopsy

The sigmficanee of the small sncreases 1 alhaline phosphatase levels i the
1 patrents reported here requres further evaluation  In the 6 patients with
spontaneous dusbetes no disturbance of hiver or hidney function was seen
during chlorptoparmide treatment nor %as these ¢vidence of alteration of the
bone marrow of of allerpe reaction

Lfect of Chlorpropamde upen Plaswe L nestersfied Fatty {a1d Concentrations

The wnportance of plasma unesteniied fatry acids (UFA or NEFA)
Itpid transport and ther refansonsiup to carbohydrate metabolism have been
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S Patents 8 & and £ were gen 3 gm of chiorpropasmide patient d recened 2 gm
4 Patient ¢ took \PH wsuhp 20 U dads wmeet 48 hours prior ta this expenmest
patients b £ an} d requred o tosal n

demonstrated by Dale® Gordon? and others  Llevated fevels i diabetn
patzents in the postab orptave state and duning hetosts have been demon
strated by Bierman ¥ The high UFA concentrations found in andoss fall
sharply 11 response e wsuhin The hy pogh cemse sffect of rofbwamide 15
accompanied by a dechine tn plasme UFA concentrations

In the present study ¥ patients with mild diabetes were givena single 2 of
3 gm oral dose of chlorpropamide after 2 9 or 14 hour period of fasting
Only 1 member of the group requured insulss, this was discontinged 48 hours
prior to the study  Plasma fevelo of sugar, chlorpropamide, ang VFA were
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Teterm ned at mtenal for o hours  Themetlod of Corlon  asueifo
UT'\ estimit on

Theresult arel ted wt nue t The blood ugar lecrease] nnllyteent
a the serum  hlarjropam fe lesel 5o e to 18 my 100 ral or mare  The
LFA con entraton fell n3pa ent  asun langed nfand attheendo
the study o ¢ o all

¢ s
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§1 Bammwan 4 F T N Roseurs & % P Doar 197 Tffect of tolbutamde on
plasma non esternfef fatty atuds  Proc Soc Lapt] Biol Med 85 437

12 Gorbow R & Jr 1997 Unestensfied fatty acd 1 buman blood plasma I
The transport funciin of unestenfed fatty 1@ J Clin Imvest 36 £10

nsenssion of the Paper

Hengy Rickeris (Department of Mediowne University of Chicago Sehool
of Medicine Clucago 111) 1 thwnk st 1s stll quate m) sterious that the human
being wrthout a pancreas and mantained on msubin fads to show a depression
of blood sugar when sulfons lareas are added to the regimen in contrast to
the totally depancreatized dog i which (av shown by a number of workers
including, ourselves) the addition of sulfonylureas to suboptimal doses of
insulit results 10 a clear cur depression of blood and uninary glucose  Thave
yet to hear why the human being responds differently from the dog m this
respect, and I wish we could have the answer

When speakung of the effects of sulfony lureas 1 depancreatized people ot
ammals we should be careful abont onr use of the term  patentiation of
msulin Insulin potentiation imphes accentuation of the effects of msulin
this 15 not quite true i depancreatzed dogs because as we have demon
strated sn a work thus far uapubhshed 1n the totally depancreatszed dog
maintamed on suboptimal amounts of snsubin and recervang chromcally added
sulfonyluress there 15 a clear reduction n blood and unnacy sugac with ne
change of nitrogen excretion  Since the addiuion of 2 U of insubin to the
regimen in these animals produces the expected dechine 1 blood and uninasy
sugar and nuw g clear dimnuuon of mtrogen excretion I do rot think we
can refer 10 the sobfonyiuren effect as mnswhin potennation I su pect that
1t 15 not and I suspect also f our evidence is vahd, that one must conclude
that m the dog wahout a pancreas the sulfory lurea effect oconrs w other
tissties for whose integrity a smil miumum of mselin i» necessary



THE YEFFLCTS OF CHLORPROPAMIDE ON FNDOCREMD
FUNCTION IN PATILNTS WITH DIABLTES MELLITCS
AND ITS PETRCTS IN OTHER EMDOCRINE

DISORDFRS*

George ] Hamwy, Thomas G Shdlman, Fred A hruger, Loy R Freedy
Prpartment of Medrsns Olno State L enzersaty Ceumbus Olno

“Lhe continued widespreadt use of totbutamude for the treatment of diabetes
mellitus has teft Little doubt about esther the efficacy of action or the atcept
ance by both the phystcian and pateent of this oral agent for the treatment of
this dpease  Ssmular drugs are destined to underge imvestigation, and
certain of these ndd find a place av competnors with, or subshitutes for,
tolbutamde

In gyrder to compeste with tothutamide a compound must be at feast as
potent a hy pogly cemic ageat and equally innocuous {rom the standpoimy of
tovaty  Addinanal attnbutes of such a drug mught mclude equat effec
tiveness at loner dose ranges or blood levels less expense to the patient or
wsefulness as afternate therapn mn patients knovn to be hypersensitive of
unresponsive to tatbutamde

bt has been the aun of aur study to accumulate data on chlorpropamde
regaecing each of these pomnts  Preehmnary resulty mdicate that chier
propamide 15 effectne as an oral ky pogly remic agem m ke same type of
diabetic patient that responds to totbutarmde and that dosages of approxa
mately ane third the magntude of the latter drug result sn equal or higher
serum fevels  Additional date supgest that hypogts cemue renctions are more
common with chiorptoparmde, but in shory terra usage few mansfestations of
toweity to vital organs were shsemed Ay with othes swdfonyiures denva
tives shght intubstion of thy rord funcion may occur but tus does nat appear
to be ehmcally sigmificant

Wethods and Results

Fifty four patients were selected for a trnal of chlarpropamide therapy
because a+a group they chatactenzed the diabetic most bhlely to respond to
a sulfonylusea hy poglyceruic agent as regards age, sex, body type, duration
of diabetes and dady msulin need  The group incuded 13 recently discor
ered drabeties who could not be controlied with diet, 13 indaviduals previousty
controlled arth msuhn and 28 patients who had been treated with tofbut
amde (rasLes § 2 and 3)

{hlorpropamde sas admustered orally @ doses ranging from 62 to
1 0gm daily, and frequently a pnmmngdoseof tor2gm wasgnen  Bload
sugar fevels were obtasned dasly 1n both the fasting and postprandal states

* Wark reported an this articte was supported a part Ly Hescarch Grant 23 51& (C)
and (CS) from The Natond Institate of \rchrutis and Metabohe Drscases Pubhe Hoalth
Service Bethesda MA@ by the Comly Coleman Band of the Otan State Unversity, Cotum
tuy Oheo, avd by Chas 1fizer & Ca, Brooklym, N % ’
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Taste 1
MEeTnop oF Stooy oF Hypociycemic I'recr oF Ci

Clime Population
(1000 Diabetics)

]

Tfty four Patients Sclected as Candidates
for Probable Response Because of
Age Body Type Duration of Dial etes
and Insulin Dose

Farty Patients Responded
(FBS and PES
<175 mg %)

Fourteen Patients Failed
to Respond

TabLg 2
CHARACTERISTICS OF RESPONSI\E AND NOMRESPONSNE PATIESTS

Lactors Responsive | Nonsesponsive
| (40 patients) | {14 patients)

fean age (s ears) 60 J 56
Percentage female [ 71
Percentage more than 201b overseight |5 64
Duration of diabetes (3 ears) 56 64
Percentage with history of hetosis 3 29

Vean datly nsubn (umts) | 1 2

Tanie 3
TREATMENT BEFORE CHLORPROPAMIDE

Responsive | \onresponsise
(40 patients) | (14 patients)

Controlled on tolbutarmde 13 0
Uncontrolled on tolbutamide 10 5
Uncontrolled on dict alone 10 3
Controlied with msulin 7 6
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in hospitalized patients and weehly or braechly m outpatients  Patents
were cotnted s responsive i alt blood sugar tesels fell befow 175 mg percent
and remaned below this level  Chk 4 nas 1
for af least 7 days sn nontespon ss¢& pattents and usually untl the serum
level of the drug approached or exceeded 20 mg per cent Treatment w13
contmued n all patients who responded except tn mstances where untoward
reactions developed

Torty of the 54 patients met the enter for respone a0d 14 fasled to do o
As a group thowe responding wese shightly older more obese and had 2

Tonr §
Restry o CHLORPR Pasinf TRearyent v Pamenes Fofutaey Tarame
i Torm ramoz

Totbutamde perrd € blorpropam du genod
. — — —
atients
Men  Duh Men  Daly
FBS tse as doze 1 007kl

img T3 (gm)  fmg ) fmmy P8 <

Group 1
Response to both agents 3 1 s 110 04 “
13 patients. (01843 a2 {60 162y 9210 [y
Lroup &
Response to chiorpropamide
onty 250 160 2 @7 1
10 patients {200-380) 13 1 M210 17 20)
Lroup § |
Unrespons ve 244 150 229 0 4% 2
5 patents 21% 2 0) 2 A520) V209D {62

shorter duration of the diabetic state than those whe did not respond  These
differences between the groups were shght and stanstitnlly msignaficant
however the mean pretreatment duly msuhn dose was 11 U in the respon
sive group and 25 U in the nonresponvive group and only 3 of the 0 patient~
1z the farmer group gave a history of p1st ketoaurdo 1s while 4 of 1410 the
tatter group had such a history

Twenty eight patients who had taken tolbutamide were subjected to 2
tnat of chiompropam de tn order that blood sugar responses and magniudes
of dosage of the 2 drugs m ght be compared (1s1E 41 Chiorpropamde i
datty do es of 02 10 10 gm  was substututed for telmtamsde 1n 13 patients
{Group 1) sho prevously had re panded a an optimal fashon to the fatier
drug  The degree of controt with chiorpropanude n o mean dose of @ 45 gm
daily compared farorably to that obtained wih the dal, admimstration of
154 gm of tolbutamide, and nn patent who previously had been controlled
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with tolbutamide was found to be resstant o chlotprapamide  Serun
levels of chlorpropamde averaged 13 mg per cent i this group

Fifteen additional patients had been taking 10 to 30 gm of tolbutamud
daly, but display ed fasting blood sugar levels of 200 to 380 Mg pé cent anc
could be dlassified as relanvely resistant to tolbutamide at this dosage leyel
When chlorpropamude was substituted, 10 of these indniduals {Group 2
showed a fall in mean fasting blood sugar levels from 20 to 123 mg per cent
and each met our ersteria for response At the tume of the fayorable Tesponse
the dose of chlorpropamide ranged from 0 2 to § 0 gr dadly, and serum levels
of the drug averaged 18 mg per cent  However, in 5 subjects {Group 3)
the fasting blood sugar Jevels fell only shghtly, from a mean of 243 10 229 mg

30}
P-B07 LEVEL mg %
25

20
5 05 am DAy
o 18 gor ¢ 8 2od doy
o - 20gm tsr day
1 0gm 2nd day
5
ot

1 2 3 4 56 6 7 8 9 w©
DAYS OF TREATMENY

Fieurs | Iffect of smtial dosage on chi de blaod ferels
Sold curve urth closed circles represents data feam 4 pateents trexted witk dosages shona
the solid eurve with open circles 2 paticnts and the broken curve 2 patients

per cent as chlorpropamude 1 dady doses of 0 25 to 0 50 gm was substituted
for an average dose of 15 gm of tolbutamuide  Serum levels of chlorprop-
amde ranged from 16 to 29 mg per cent in these unresponsive pattents

It became apparent early in the study that some correlation evisted betw een
maguitude of dosage serum tevels of the drug and response  Accordingly,
mitial dasly doces ranging from 05 to 20 gm were admipistered to smn:xl
groups of subjects and the relationship between the serum levels obtawe
and the lapse of tune needed for attainment of satisfactory blood sugar
levels was noted (F1GURE 1) WWhen a dosage schedule of 0 5 gm dasly was
employed, about 4 days were necessary to achien e those serum mncmml;on?
of the drug that were found to be optimally effective  This dose resul t:{
m progress € elevation of serum levels for 9 to 10 days, after which consta:
levels were mamtmned W hen larger mitial doses were used, higher 5l"um
levels were achreved much more tapidiy  Wath esther method opm;md cosr;
170} of hypergly cemua was attained only after 4 to 12 days (a\cr:\g(c) :e)nu

Blood fev els of chlorpropamsde obtasned at random m a group olzd pal et
maintained for 1 to 20 weehs on a daily dose of 05 gmr were luu!:-x d“::: “is
from 16 to 20 mg per cent (rIcURE 2} In patientsn whom the drug
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an improy ement 1n diabetic control rather than an alteration ;n thyroud func
ton although a direct effect on lipid metaboltsm cannot be excluded In
2 patients with concomitant ths ratoxicosis and hypergfy cenua, chlorprop
amtde proved to be an effective hypogly cemic agent

The relationship of chlorpropanude therapy to adrena) ecortical function
was studied by quantitative measurement of daily 24 hour urthary excretion

s el e
20
15
10
5

1T HYDROXYCORTICOIDS 17KETOSTEROIDS
{mg /24hr ) (mg /24hr }

FiGure 4 Effect of chlorpropam l¢ on urinary steroid excretion

of 17 hydroxycorticoids and 17 hetosterords  Values for each patient were
averaged indinidually and control levels were compared with those obtamed
during treatment  \o changes attributable to therapy were noted  Cortt
coids averaged 13 5 mg per day before therapy and 13 0 mg per day dunng
therapy ketosteroids averaged 80 mg per day 1n the control period and
85 mg per day durng treatment (FIGURE 4) Each of 3 subjects with
Cushing s syndrome due respectively to adrenal cortical hyperplasia adrenal
corucal adenoma, and exogenous admimstration of 6 methyi predmsolone
displayed significant lowering of blood sugar and became normoglycemc
with chlorpropamide treatment  Ths response differs from that reported
by others who fatled to observe such an effect when using tolbutamude *

A 2> year old yuvemle diabetic who was also treated had undergone a
surgical hy pophysectomy 1n the hope that his severe progressive returits
prohferans mght be controlled Hypophysectomy resutted in a decrease

of ks datly wsulin requirement from 80 to 14 U of \PH  The daily ad’r‘nm
Y- ie dnse,

on

Reactions fo chlorpropamide  NUmErous tests wult uw v v v o the
influence of cklorpropamide on the functions ef the lier, kidney, and bone
Such determinations were made prior to the mception

LF 5
marrow (TABLF 5} d later

of chlorpropamude therapy and nere repeated after 5 to 10 days an
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at random interval- throughout the yenod of studv  Averapes and ranges
of values obtained before therapy were compare | to the mein determenations
made duning treitment
\o significant alteratrons in hiver function were evident from the compart
on of values of thymel turtadity <erum alkahine phosphata ¢ serum

Tante §
Tests of Iner RDVEY AND BovE Magge v FUs TN

No of  Vatues before \alues after
Test fatents M rpropam fe  chlorpropim le

Thom | tort 11y 1 5 94

(ymts) 020 (0-40)
Serum .lknl ne th shatase 1 68 ‘ 63

(SJR um o+ 14 1 16)
Seruml.lmln 13 0103 0201

{dreet ndrect mg ) 111014)(01)‘10101 0504
Prothrorabin concentrat n o &3 81

< S2 100 42 100
Album o globul n ) 4331 413

161 3844 25264640

B omsulphale n retent n 10 35 | 25

(percentage after 45 mun | [CRT} 0-%)
Cephal n flacculat an 10 trace tra e

fun tg) 02+ 014)
Serum glutam ¢ oxaloacet ¢ 10 19 7 298

transam nase (umits) a2 7109
Serum creat n ne g 14 14

fmg ) 1017 10-19)
Blood urea n trogen i 16 18

o) &3 [C3H

Serum unc ac d 9 6 3

mg ) 1044 1047
White bloo | cell count 2 7400 6400

(petcu mm) 4000 20 000 3 500-10 400
Neutroph Is 24 61 0

(percentage) 37 14
Hemoglobin 2 139 13 4

(gm ) 12 1) n e

bil rubin prothrombin concentration serum albumin and globubin Bromsul
PN A a .

dcategories  OF the 54 patients to whom the drug was gien 9 (11 per cent)
man fested un lesiral le effects Three 1] viduals all of whom were lean
m11dabetics expenenced classic hy poglycemic responses  These episodes
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occurred 1n both the late postprandial and fasting states and were rapidly
controlled by glucose adminstration  Decrease 1n the mamtenance dose
abolished these reactions Two subjects complained of burnmg mdepigas
tric distress following ingestion of the tablets  Each had registered symilar
complaints before being placed on therapy but felt that the drug exaggerated
the discomfort  This complamt was easily controlled by admimstenng
antacids with the drug or by giving the drug with meais  Many pauents
with varying degrees of severe cerebral arteriosclerosis were treated with
chlorpropamide  In 2 of these cerebral vascular accidents were observed
during treatment In another ep odes of accentuated mental confusion
occurred  In none was actual hypoglycemia documented although this
would appear to be the most hkely explanation for their symptoms

For the most part no alteration of hepatic function could be attnibuted to
the drug  However 1n one patient with biopsy proved hepatic cirrhosis
shight enlargement of the hiner and increase in thy mol turbidity titers occurred
during chlorpropamide therapy Similar epiodes had occurred during
periods when the drug was not being ginven  There were no mamfestations
of dermal hypersensitivity to the drug

Summary and Conclusions

Chlorpropamide was given to >4 selected diabetic patients and an ade
quate response was obtamned in 40 of these As a group the patients
tended to be mild diabetics requiting hittle or no mnsulin were obese and
ruddle aged or ojder

Ten of 1> patients P e to tolb d ponded optimally to
chlorproparmde  \o patient responsive to tolbutarmde failed to respond to
chiorproparmide

The eflectne maiatenance dose ranged from 02 to 10 gm daly and
resulted 1n serum levels of 13 to 20 mg per cent A priming dose raised the
serum levels more rapdly but failed to hasten the hypoglycemic respon e

Slight depression of thyroid function as determined by the usual tests
was observed but no clinical mamfestations of thyroid deficiency or enfarge
ment of the thyroid gland occurred

No alterations of adrenal cortacat renal hematopoetic or card ac function
were observed  Laver function remamed normal except in 1 patient with

Lnown hepatic airrhosis
P a? = @of &t mat ents (17 ner cent)  Of these

whch were

enosclesost

detenorated during therapy
Twso patients with thyrotoxicos s and 3 with Cushings syndrome a~g—
ciated with hyperglycemia became normoglycemic with chlorpropamide
treatment, -t
to~
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Discusston of the Paper

Cartos P Lavtar (Mranu fla) T propose to mahe a short comment on
another aspect of the side effects of sulfonylureas that I do not believe has
been mentioned 1n these pages

Hamwi and others reported on the number of patients who showing late
developing lack of respon e or resistance to sulfonylureas were necessanly
returned tonsulin therapy ~ We have 7 patients who were onginally selected
as ieally suited for this ty pe of therapy and who apparently responded well
for periods of 2 to 7 months after which 1 was necessary to return them to
wsubn - The onginal dadly doses of insubin requred for maintenance of
adequate diahetic control for periods of several years had ranged hetween
20and 30 U Tollowing the u-e of tolbutamide and carbutamude m this
group, the amount of insulin required 1o obtan adequate diabetic control
ranged from 60 to 90 U , or 3 tume~ the pretolbutarmde at carbuiamude dove
level  These individuals have been observed now for periods of 6 months to
almost 2 years and although their insulin requirements are dechining gradu
ally, they still require 10 per cent more msubin than they did before

With respect to Hamwa s cases of cerebral arteniosclerosis with mamfesia
tions of clinteal hypoglycemsa in whith he was unable to substanuate the
presence of chemical hypoglycemia I suggest a very simple therapeutic
test that we have used very successfully for quite some time administer sugar
iatrasenousty even if the inditdual has a blood sugar level of 250 to 300 mg
percentormore  These figures do not mean that that individual who preb
ably has a decreased transfer or osmosis through the cerebral cell membrane
is not hypoglycemic the proof of hypoglycemia hes 1n the fact that the
admuustration of glucose under these arcumstances 15 followed by a dramatic
correction of the clinical hypogly cemuc symptoms  n adjustment i the
treatment of these individuals to a less ngid adherence to the concept of
5o called normal gly cemuc levels would help them and perhaps mught be a
factor 1n the prevention of those cerebral vascular accidents mentioned as of
obscure origin 1n this and other individuals



CLINICAL E\PERIENCE IN THE USE OF CHLORPROPAMIDE
IN THE TREATMENT OF DIABETES MELLITUS*

J A Garca Reyes, ] C Pefa, E Barroso, F B § Anton, C Gonzalez

Vetubolic Endocrine Diuston N atronal Instittde of Nutritron Vesso DF Vexco

It 15 our purpose 1n this paper to descnibe our chnical expenence with
chlorpropamide in the management of the adult and juy enile diabetic patient

In fifty unselected subjects from the Diabetic Climic of the Nutnitional
Disease Hospital w Mexico D F, Mexico, the influence of chlorpropamide
has been studied with particular reference to changes in hy perglycemia and
the general health of the patient  Ina few cases, studies of thy roud function
were carned out

Conlrols

The hypoglycemic effect of the compound was first tested 1m 10 healthy
normal young adults who were used as a control group These patients
were given glucose tolerance tests using 2 standard 100 gm oral dose, and
measuring blood sugar exery hour for 5 hours  This study was repeated on
the same subjects 3 to 6 days later, each patient recewving a test dose of
chlorpropamide (1 gm ) 1 hour before the glucose ngestion

Resulls  The results of this study are shown 1n Frgure 1 There 15 2
defimite flattening of the curve after chlorpropamude It 1s nteresting to
note the significant depression n the fasting blood sugar values during the
test 1n 6 of the 10 subjects

Digbetic Patients

Vaterial and metheds  In this group of 50 cases, diabetes was of the adult
or stable typemm45and juvemle or bnttlen5 The duration of the
disease ranged from 3 months to 19 3 ears, with an average of 614 years

Most pauents were betneen 40 and 50 years old, the ages ranging from
16 to 70 years  The age distnibution 1s shownin TapLe 1 Forty four cases
had vascular mamfestations of diabetes, among the 50 cases there were 30
other complications as shown in rasLe 2 Before the begmmng of the
study, 8 patients were on diet alone 33 were recening msulin § were on
carbutamide or tolbutamide and 4 were recening no treatment (TBLF 3)

All patients were kept on a constant calculated diet dunng a controf
peniod and throughout the study  The diet components were measured 1n
terms of famar household semving practices {ambulatory cases), or were
supplied by the dietetic hitchen (hospitahized cases)

Chlorpropamide therapy was usually started m dnided doses of 750 mg
to1gm in 24 hours The duration of treatment was g to 69 days

Patients who had failed to respond to diet alone ar who were on other
ora) hypoglycemic agents recenved chlorproparmide as the only medication
The dose of the drug nas modified subsequently 1n each case, according to

« The work repotted in ths paper was aided by a grant from Pizer de Mexico Mexico
DF Meuco who supphed the chlorpropamide used

1012
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the imtral response  Chlorpropamide was given alone when duly msubn
requrements were 20 U or less

Areduction of 75 per cent of the insulin dose was made1n patients recening
more than 20 U per day, and chlerpropamide was given in the same fashion

130

(10 NORMAL ADULTS)

8LOOD OLUCOSE mg/100

50
HOURS 1 2 3 4 2
16M P~60T QIVEN | HOUR BEFORE GLUCOSE ADMINISTRATION
* CONTROL L MEAN
4 P-€07 A——bh

FIGTRE 1 Changes 1n glucose tolerance test with chlorpropamide

described for the whale group T'urther reductions in insulin were made
according to the response

Duabetsc control was evaluated on the basis of glycesura and glycemia
Urime sugar was checked three times a day by the quahtatne Benedict's
method, and the results were recorded tn the usuat way from 0 to ++-++
Blood glucose determmations were made by the Foln Wu method 10 the
fasting state and, occasionally, after meals 1n the ambulatory cases
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Taete 1
ACE DISTRIBUTION OF Patients
—_—

e | o of cuses

10-19 2
20-29 3
30-39 2
4019 15
50-39 21
6069 5
70-79 2
————
Tasik 2

VASCULAR MANIFESTATIONS AND COMPLICATING Diszasks

Disorder No of cases
Retinapathy 27
Nephropathy 5
Cataract 7
Neuropathy 18
Uninary nfection 3
Gangrene 1
Artenosclerotic heart disease
Tuberculosts 2 (1 mactive)
None 14
TasLE 3
Dara ReGARDING PREVIOUS TREATMENT
————
Treatment No of cases
Duet alone L
Insulin 33
Tolbutamide 4
Carbutamide ! 1
4

None

Outpatient cases were follow ed twice weekly and close climical observation
sas mamtamned  Particular emphasis was placed on the detection of tosc
In twenty seven cases, liver function tests were done prior
were repeated about three weeks later  These included
the test and of serum Dufirubin, cephal
cholesterol flocculation, and thymol turbidity Complete blood mun;
were done before chlorpropamide in forty cases and repeated toward the en

mamfestations
to the treatment and
nhal
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of the therapeutic tnal  Because of the possibilits of cry 11l 1o winalysis
w2s done in all cases

Results
According to the chinical and Iiboratory dita oerv 1 3 Napnop
amde treatment the diabetic patients were plue ‘ & groups
{1481 §)
Tastr 4
CRITERIA FOR CLASSIFICATION OF Rr<i ¢ 1 13
Clssification haracten 1
Good At Ieast three of the following
) Fastfng blood sugar less than 130 11 2
b) Postprandial blood sugar lesc ths 1 1 4
¢) Zero 1o 1 plus glycosuna
d) Complete or almost complets s f=r 1 v nrequire
ment
Far 2) Fasting blood sugar lese than © ) 1
b) Postprandial blnod sugar less th L.
<} One plus to 2 g lus ghcosuna
@) At lcast S0 per cent reduction tr Insu i o
——— oy o
Foor il others

Good response group  Constituting 56 per cent of te tatal patients i thiy
toup display at least 3 of the following charactersue (1) a fasting blood
sugar of less than 130 mg per cent (2) a po tf randia! blood sugar less than
170 mg per cent, (3) zero to 1 plus glycosuna and (4) complete or almost
complete substitation (75 per cent reduction) in 1nsulin requirements

Fair response group  Patients (22 per cent of total) in ths group show (1)
2 facting blood sugar of less than 150 mg per cent (2) postprandial biood
“ugar of les than 200 mg per cent (3) one plus to 2 plus glycosuna and (4}
at teast 50 per cent reduction in insulin requirements

Foor response group This group 1s consttuted of all patients (22 per cent)
not classified 1n the other groups

Using the above criteria, winch are related entirely to the control of the
byperglycemicand gly cosuncaspects of diabetes 1 good response wasobserved
028 of 50 cases (56 per cent), a partial effect 1n 13 (22 per cent) and none
n 11 (22 per cent)

Discussion
a
s

an almost complete substitution (75 per cent) m 1
Two panents were on tolbutarmde and 1 on catbutamude  There nas a
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transitory peniod of hyperglycemua and intense glycosuna
lowing the substitution of tolbutamide for chlnig;opamld::”::eld‘::gg lf)?xlt
glucose levels promptly returned to normal withn the follow g 48 h0|;rs
The nine remaiming patients were without insulin or other hypoglycemic
agents at the start of the study  They failed to respond to diet alone, but
responded to chiorpropamide !
INN

GLYCOSURIA RHG d

es
s

il

3 | 1% n

BLOOD GLUCOSE mg /100

%

100° -
S T
1m0, P 607

1000
1%0.

=3
. INSULIN URITS/ DAY
40
20
o
°
CONSTANT DIET CHO 150 GM-PROT 70GM~ FAT 70GM.

=TT . T
DAYS 2 4 & 8 10 U2 i4 (8 10 20 22 24 26 28 30 32

FiGTRE 2

Fasting blood sugar values in the pretreatment period 1n the whole group
ranged from 90 to 350 mg /100 ¢c, the average being 203 mg  After chlor
propamide admnistration, values varied from 79 to 161, the average being
110 mg /100 cc

"The favorable response 1n the cases considered  good” occurted between
the second and eighteenth days, the average at 55 days  In most patients,
after controlling their diabetes, the average daily mamntenance dose of chlor-
propamide was 500 mg
Anllustrative case s presented in v1GuRe 2 The drug was well tolerated,

but we noted slight hypoglycemia in three cases
Case 44 seemed to be a relatne failure at the beginmng, as there was a

period of 17 days before glucose levels were controlled with 1 gm of chlor-
propamide and decreasing doses of msutm  Ten days later we were able
to discontinue nsulin and to control the patient with chlorpropamide

{FIGURE 3 )
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In the fair response group, 7 patients were recening msuhin 1n doses that
ranged from 20to 80 U per day, the average being 43 U ~that s, 15U more
than the mean of the good response group At the beginning of the study
1 patient was on tolbutamide, 2 were on diet alone (but theit diabetes was
uncontrolled) and 1 was recerving no treatment Chlorpropamide adminis
tration was mamtamed for an average of 22 days, with a range of 8 to 38 dayy
The mean daily maintenance dose n this group was 770 mg

GLYCOSURIA INN
MGCOQN® 30267

. ...

300, BLOOD GLUCOSE mg /100
250

I
b noruAL

%,
150, P-6OT
a

. L= =

INSULIN UNITS /DAY
8 il
L] L}

CONSTANTDIET CHO 180 GH - PROT 70 6M- FAT 70 GM.

DAYS E 4 8 ® 0 1z 14 fe I8 R0 2224 26 26 30 32 34 16 30 40 4z 44 48 40

Ficiae 1

Average values for the fasung blood sugar dropped from 207 mg /100 cc
to 152 mg /100 cc after chlorpropamide admimstration A typical case 13
presented i FIGURE 4
At the beginning of the study, 10 patients 1n the poor response group were
recerving 25 10 60 U of msulin per day, the average being 37 U, and 1 was on
b but bad not responded to this d  OQur five patients

M aete Vet

propamide was ghven in a dose of 1 gm per day, the average duration of
treatment was 126 days A case 15 presented in FIGURE §

Also stucdied was the possibility of a cotrelation between the response to
chlorpropamide and several factors such as the type of duabetes the presence
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of obesity, the previous msulin requirements, and the duration of the disease
The results are shown i FIGURE 6

The only positive cotrelation found was that berween response and disease
type, as no single case of juvemle diabetes responded to chlorpropamide
treatment

Stde effects and lox1c mamsfestations  Eleven patients complained of som
molence, weakness, and a “dizzy feehng" that were thought to be due to
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hypoglycerma, but glucose determmations faited to confirm this rmpression
Dermatological lesions were seen 1n 3, of these, 1 was an exfoliative derma
titis that promptly subsided after discontinuance of therapy The other
2 patients had urticarsa this disappezred in 1 1 spite of continutng treatment
and, 1n the remaimng case after reducing the dose from 1 gm to 750 mg per
day Four patients complained of constipation

No change m the liver function tests was shown in the 27 patients i whom
such studies were done before and duning chlorpropanude therapy

Aside from transitory reduction 1n granulocytes in 3 cases, 0o tosic effects
on the hematopoietic system were observed

No crystalluna was found dunng the period of observation

Thyrotd function, as demonstrated by uptake of 1%* by the thyroud gland,
was measured 1n 7 cases before the onset of chlorpropamide treatment, this
was repeated 2 to 3 weebs later, no significant depression was observ
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FIGURE 6 Response of chabetic patients to chlorpropimide

Summary and Conclussons

Chlorpropamide sas administered to ten normal healthy adults and fifty
diabetic patients 1n order to study its hy poglycemic activity 2 flatteng of
the glucose tolerance curve was seen after its adnumstration

Fifty «ix per cent of the duabetic patients responded favorably to the
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wa> obtaned

o alterations 1 liver function or in the hematoporetic system were
observed

Side effects included somnolence weakness and dizziness in eleven cases

Response does not seem to be related to the duration of the diabetes to the
nsulin requirements (within certain limits} or to deviations from normal
werght
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We alt appreciate the fact that new evidence denved from the u e of aral
¥}y pogls cemic agents has focused 2 searching ight on the formatton tbera
won and action of insuiin on a vanety of metaboltc processes and on dsabetes
and its treatment  Woe acknowtedge agmn nur debt to Loubatsérest for his
P work and our ind to our German colleagues® ¢ for thar
great and essential chemcal and cmierd consnbutions ta ths repudly expand
ing fiehl I was just begiaming to rake a saentific mterest i metabolism
when the wark on the hypoglycemic effect of guamdine was publshed 1
1918°  Welned through the studies and chinseal use of Sy nthalin ¢ My ruthn
and many other dwappainting hypoglycemic agents * However there 1 no
doubt as weall realize that a new era of oral hypoglycemic therapy 1 here
There 15 every indication that «f these drags are carefully used a greas deal
of comfort and help can be grven to many properly selected patrents It s
fortunate that a large mumber of d peaple have busted to
this manograph in appraising the value of chlotpropanude

There are a few papers that relate to insuhn alone 1hic rasses the oial to
fty thousand plusafew wince 1921 Robert Williams* has given us 2 com
prehenane discussten of the destruction of wsubn by homogenates ang frac
twns of many tissues  The activity m b sues vanes from the maamum
hner to the mummum m blood plasma  Vhslhams makes the dwtinchon
between the reductive and proteoly tic mechamsms of degradation (ghucagon
1s destzoyed only proveolyticelly)  Littte change in the msulin-destroymng
actnty was noted after mfective and traumatee msalts  Traumatizatson of
rat muscle (4 tve did ncrease the nsubin-destroying effect Wikl ams pard
elaquent trbute to MiTsky s* otiginal contrbutons w this fetd In discus
sion My emphasized that m refernng to insubinase be en\ 1saged a Jabre
satusated proteoly ncsystem  Both Weilliams and hus colleagues and Mirsky
have now prepared a highly punfied insulinase, and 1t rs obivious that stadies
of the physiologieal role of this enzyme wall be grearly facitated

Prowt and Evans* kave measured the s 110 dsappearance of 18 ipeulin
and feel that the fivation of the hormone by tissues 15 not a signdicant factar
w this removal  The smtact snsubm 15 dustrbuted i a volume simaler to
that of extracellular water that is it is dntrbuted throughout the extra
cellular space

There are many problems on which we all seek further mformauen What
1 the mechamsm of acton of any of the oral hvpoglycemic agents® What
evidence i there that an trcreased secretin or iberation of msubin as pro-
ducedt? Loubatseres provided our first evidence in 2 classically physiological
way that s by removing the pancreas and noting the disappearance of the
effect  Houssay® and many other authors have confirmed thie  ost of

* Efses here sn th s monograph

1023
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the recent data have been obtaimed in studies on tolbutarmde and the situz
tron 15 still unsettled T shall not attempt to review here all the direct and
wndirect evidence that has been obtained 1n a variety of ways  There have
been studies on the morphological changes of the beta cells'™ ! and on the
amounts of insulin extractable from the pancrezs 1 ¥ The direct attach—
thatis estimation of the msulin content of plasma—has many supporters 12 **
Indirect approaches have utilized cross circulation tests (Loubatieres 2 Faa,
Colwelt**#, perfusion experiments e 1scerated preparations,™ and a great
vanety of metabolic studies—glucose tolerance tests® #7 and estimations of
such factors as serum norganic phosphate, 38 3 4 potagsium,” 4 mitrogen
balance ¥ ¢ blood pyruvate’® ¥ 44 and lactate ¥ * % plasma UFA *+
Ketones ? **and the RQ % -4 The effect on the decrease1n sugaroutput by
the hner™ 7 ¢ sometymes has been used, 1n effect as a test for msubn and
changes 1n enzyme activity i the liver obviously might be similarfy inter
preteds? in certain cases

The importance of Anowing the extent and duration of msulm liberatson
produced by the various oral hypoglycemic agents cannot e overemphasized
How can we hnow to what extent insulin 1tself changes enzyme activity in
the liver and how much direct action a drug 1> exerting wathout this informa
tion®  The valuable studies of Sass and Handelsman* on transanunases m
hiver homogenates of animals that have recenved chlorpropamde iflustrate
this point  Indirect approaches can help of course  The situation 1s similar
when we consider sugar preduction by the hver, as I shall paint out later

1 shall not attempt to give an appratsal of all the indirect evidence that 1s
very strongly in favor of some insulin Iiberation after administration of the
oral agents Positive direct evidence has been reported by von Holt,
Goetz,?” and Pleiffer ef a1 2* The methods used are not above criticrm by
the investgators themselves as nell asby others  Recently, Renold (personal
communication) and hus group were unable even with therr very sensitive and
reliable method, to detect in man any increase in plasma msulinlihe substances
after admmnistration of the oral agents They do find an increase in the
amount of these materials ;m pancreatic vein blood of the dog A suriey of
this field leads to the conclusion that one aspect of the action of the hypo
glycemic oral agents 15 almost certainly the liberation of a certain amount of
extra 1nsulin, but the possibility remams that the mere presence of 2 httle
snenlin furmshes the essential hnk

1 the cunve
have sup-
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ported this condlesion  In human subjects he found that 4 slow wfusien
of snsuln produced a decteased hepatic output of glucowe, but no sndication
of increased penpheral use  Larger doses of insulin gave both effects

Madison, Unger, and Kaplan* found o buman subjeets that slow infustons
of glucagen-free wmsubn, which produced a good fall tn artersal blood sugar,
caused no change m artes Wil Toll de produced the
same effect  They reported that 1n dogs with portacaval fistulas the admin-
istration of snsulin consistently produced a decrea<ed hepatic output of sugar
These norkers emp d the sanous duff between end and
evogenous insulin  The only established difference between natural and
etogenous 1nsulin relates to the soute of entry of the hormene  We all know
that depancreatized dogs and some seyere diabetic patients have hived a e
ume (that 15, six years and thirty seven years, tespectively) on exogenous
wmsubin

Schambye and Tarding® found that tolbutamude produced an imdbition of
hepatic glucose output as judged by plateauing of the curve of specific actn -
sty of C** glecose in normal and depancreatized dogs and in diabetic patients
“The snhibition sn the normal organsm lasted no longes than 40 min but
the diabetrc 1t lasted at teast 2 hours  Although ipsubin gisen intravenously
and intraportally wn normal dogs could not be found to decrease hepatic out-
Put of sugar, tolbutamide did produce this efiect  These Qufferentes mn the
abserved effects of msuhn emphasized agam the necessity of attempting to
standardize our tools—the type and amount of insultn, for example and
many ather vanables

1 propose now to emphasize a potnt of two on the eflect of msubn on the
Iner Perfusion of the wolated hver (dhiller, Ham@*) has demonstrated a
rather prompt effect ot 1sulin on fat formation, and I shall not be surprised
10 ~ee revexled a prompt, diect action en <ugar and amino aads s this
tissue  The fundamental interest and practical importance of ths subject
rust be obvious  We cannat repdily inuesugate the direct action of the
oral agents on fiver i these agents hiberate msubim nhick, 1 turn, affects
the liver  There 1, of course, no daubt about many very important delayed
and peshaps mdirect actions of wsubn on the iver  De Duve® and hus col
leagues recently discussed this matter at the International Diabetes Federa
tion 1 Dusseldor! Germany Whde I {eet that smalt amounts of ssuln are
probably iberated or, at least, are necessary for the acuon of the oral agents,
1 must stress the fact that the exploration of the durect effect of these agents
on the lwes has hardly been started  Dowme? has aroused aur intevest by
refesence to Bornstein 5 work on the effect of chiorpropamide on the axida
tion of C¥*-labeled alanine to €Oy in hver shces  Mirsky has stmulated us
agaw with hus finding that totbutamide pres ents the diabetogenic action of
somatotropin m dogs  Zarawitz® compared the glucose and tolburamude
toleranre tests 1n nondiabenic and duabetic patients  He leels that the b
butammde test detects some mild diabetscs that the older test » ould not reveal
Tolstr* dhd not sce the advantage of and justsficat,on for the tofbutamde rest

However, we are concerned particulacly i this monograph with chior-

* Eisewhere 1 thus monagraph
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propamide It 1s obvious that this compound 1s an effective agent and that,
under certain circumstances, 1t can be given safely for prolonged periods to
humans

McLamore’s work* gives us a great deal of information on the relation
of chemical structure to hypoglycermc action ~ Schneidest and Mary Root,}
agreed on the greater activity of chlorpropamide as compared to tolbutamide
n mice, rats, and dogs  The former was shghtly more touc  Chlorprop
amude was active 1n monkeys

In rats there was a degranulation of beta cells, no effect in alloxan diabetes,
a positive effect 1n hepatectomized preparations and an enhanced effect tn

drenalectomized ammals  Schneider reported certan touic effects (pre

dominately on the CNS) with large doses of chlorpropamide 1n dogs, but he
stated that 120 mg Lg was well tolerated for 20 months There was no
change 1n vartous fiver function tests, this 1s 1n contrast to the findings of
A Sirek and O Sireh#* 1n our laboratory with tolbutamide which, at a level of
30 mg /khg , does produce hepatic injury 1n normal and diabetic dogs  We
should test chlorpropamide under the same conditions, using dosages that
produce the same hypoglycemic effects The liver lesions seen i a few
patients recerving chlorpropamtide resemble strihingly those seen 1n dogs
given tolbutamide, but the finding 1n dogs must not be * transferred” to
human subjects, the stnihing absence of liver lesions n many, many thou
sands of patients receving tolbutamide must be emphasized again

Lundbaeck* and Clarke* differ 1n therr finding of glucose uptake by dia
phragm m s# titro studies  Lundbaeck has reported an increased carbohy-
drate tolerance in patients gis én chlorpropamide or tolbutamide  Danowshi*
has studied chlorpropamide in carefully standardized normal and da-
betic subjects He feels that the first effect may be to decrease gluco-
neogenesss, the second, perhaps, to increase insulin hberation  He studsed
particularly blood glucose and phosphate detecting no change 1n serum 1nor
ganic phosphate 1 dubetcs given chlorpropamide  His report on the
ncreased immediate utthization of sugar and the fall in serum phosphate after
cortisone 1s mtensely stimulating

On the chnical use of chlorpropamide, all agree, as Tolstor summanzed,
that chlorpropamide 15 an effective agent, and one more potent than tol-

butamide As Beaser emphasized, the drug should be cniticized only for its
~ ' ad o ek n mal affertine dose

" blood level and
namde the same
effects were produced  Craig® agreed but others hase veen Jess certain of
the sigmificance of ths refatronsfup  Relly West” leels that chiprpropamide
1> mote potent mtansically, but he has not as yet measured blood levels
Beaser, using different doses of chlorpropamide, found a direct relationship
between dose and blood level, but not necessanly between dose and blo
sugar values Hamff* reported three cases of Jaundice with the use of large

* Efsewhere in this monograph
1Of Chas Phizer & Co Inc Brookhn N 3
1 OF Eh Lilly and CompanyIndianapobs, Tnd
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doses of chlorpropamide  Two of these patients later did well on smaller
doses and the third was transferred to tolbutamide

There have been primary and secondary failures wath both drugs and, in
certan cases, the other drug was effectne  Nabarro's* statement on the
madence of acquired resistance to tolbutamide was noteworthy, as many as
14 per cent of his cases showing resistance 1n 18 months  Insulin con
sitently has been found to be effective, and 1ts dose can safely be mcreased
when necessary

The selection of cases for oral therapy 1s a witally important matter
Duncan,* Hamw1,* and many others have discussed this problem  hetosis
on withdrawal of insulin 1s considered to contraindicate the use of the oral
agents In addition to careful selection of patients, Duncan emphasized
that these drugs should control diabetes at least as well as wnsulin in mild
cases and, 1f used with insulin in the more severe ones dramatic evidence
of their effectiveness should be avattable

I was very interested in Stowers * paper on competition for tubular excre
tion between chlorpropamide and salicylates  Salicylates raised the level of
chlorpropatmde in plasma, this finding may have a bearing on Segarra s* worh
m tuberculous patients who were recenving both drugs

Henry Richetts* stressed the necessity for a umiorm method of chinical
mvestigation when drugs are to be compared Al the established prin
ciples of good treatment of diabetes must be followed before a new variable
1s introduced

The precise incidence of the complications produced by chlorpropamide
1n therapeutic doses 1s not known It must be emphasized that each com
pheation shonld be most 1] hly mvestigated  The eval of the
significance of complications 1n the older age group 15, of course particularly
drfficult

Concluding Remarks
I have approached this subject as a physiologist and not as a clinician
We have t chlorpropamide an effective agent that appears to be more potent
than the two drugs previously used Adequate dose response curves are
not yet avalable  Chlorpropamide 15 longer acting than tolbutamide and
can be gryen 1 smaller doses, which should always be small and should never
exceed 750 mg per day It 1S probable that 500 mg or less would be ade-

quate 1n most patients, and this amount would be safer The safe thera
Peutic range of Ahlarmennnos 3a - 2

to this point
be determinec
high levels and small increases 1n dose may have a surpnsingly great effect
on blood levels  Chl tends to and hypoglycemia
may be distarbing, particularly during the early period of adjustment
Pauents shoutd 'be watched very carefully, since delayed responses inde-

* Flsemhere 1n this monograph
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and 1s iftustrated agam by a case presented by Tolstos  Wherever possible
pauents should be standardized on diet alone  If mare specific therapy s
needed the wsul requirement of alf patients should he determmed  If
an oral agent 15 then used s wnsubn equisalent 1s thus made asvadable
These are valuable data and they should be abtamed whenever possible

Someone has observed that the patients who tespond best to the oral
agents are those who do not need them  There s, of course, a real need for
these agents 1n the nght cases but it s becoming thereasingly obuious that
many patents are recerving these drugs »ho could and should be controlied
by diet alone  As Dobson aard the oraf agents are frequently a conyenence
and not a necessity  In ten years we shall hnow of this convemence will
have been perfectly safe

T harve atiempted to quote a numbers of the distinguished chimerans and
1 conclude by refernng to the finding mads by Alexander Marble® that chlor
propamide 1s an effective agent Marble encountered a disturbing side
effect 1 one patient of seventy two even with a relanvely smalf dose of the
drug  He believes as T do that there are many advantages w hasing 2
number of safe actrs e oral agents avadable and ke stressed the fzct that
wmore exact chueal work on chior de 1s needed to d 1ts proper
sphere of usefulnesy

It 1 unportant that the natwonal diabetes assocations wtensfy their
efforts at the present tume to help physicians 1 the selection of cases and 1
development of an appreciation of the nisks imolved and the benefits to he
ohtained from the oral hy pogly cennc agents
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