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INTRODUCTION

Peter H. Forsham
Unnersity of Califormea Medical Center, San Francssco, Cabf

‘The collaboration of an active group of investigators to produce this mono-

mvark wan mmnttonsad me mamls hos sha danton dn veamecs ca tha ctatun of tha

An acceptable definition of the vanious types of hyperglycemua has become
of increasing practical importance with the snclusion of the sulfonylureas 1n
the therapeutic armamentarium against diabetes  Naunyn already described
three different types of diabetes at the tum of the century m s classic text
entitled Der Digbetes Melitus! This mvestigator differentiated between (1)
the diabetes of young patients, mostly beiore the thirtieth to fortieth year,
“the pure diabetes”; (2) adult diabetes, mostly “a mild disease of older pa-
tients”"; and (3) the orgamic diabetes associated with conditions such as curv
thosis, This classification has taken on practical meamng as the prematurnity-
onset diabetic will not respond to sulfonylureas, whereas the postmaturity-onset
dabetic will usually do so

The genetics of diabetes 1s becomung mcreasingly more important, since we
have mterfered with natural selection with the advent of insulin and are thereby
mcreasing the reseryoir of potential diabetics enormously  We are now capable
of preventing the fatal outcome of coma with a ligh degree of assurance  We
can provide patients With at least potentially adequate amounts of nsulin on
a fairly normal diet, as adjudged by near-normal blood sugar levels much of
the time, this may also be done with sulfonylureas and biguamdes  However,
1t has become well recognized that, even with the very best “control,” changes
n the integnty of the vascular system occur in varying degrees in long-con-
tinued diabetes  Among such changes ate, notably, the degenerative anes i
the small vessels of the eyes and Lidneys and the accelerated atheroscieross
of larger vessels In this menograph contributors dlscu:s progress of the re-

search into this all and d nhlch can be
cnlyod anlar by g ot sl of fha ok P ™

employment Thesc socmlogucal cnmdemnons have hccome the physican’s
problem as well as the patient’s and are also discussed

aspects we finally launch a survey of the present status of the climeal use of
hypogly cermic agents other than msulir 1n the management of the dubetic.
I can find no more sustable mtroduction to this publication than the state-
ment made by Claude Bernard in 18772 “1f tn the field of diabetes all the
195






Part 1. Diabetes Mel Certain Fund 1 Clinical and Soci
nomic Considerations

THE GENETICS OF DIABETES A REVIEW*

Arthur G Stewberg
Departments of Biology and Preventsve Medicine, Western Reserce Universdy, Cleveland, Ohio

According to Foster (1912), the earhest report of a famwlial madence of
duabetes mellitus was by Morton 1 1696. Morton reported a family m which
four children were diabetic. It seems reasonable to assume that the fambial
nature of diabetes was known long before this, becauce diabetes mellitus was
apparently recogmzed by the sweet taste of the urine as eatly as 500 AD
(Saundby, 1908) Be that as 1t may, daily experience early convinced clini-
cians that diabetes mellitus is frequently familial. It was not until the fourth
decade of this century, however, that it was quantitatively established that
the increased incidence 15 statistically significant (Pincus and White, 1933)
‘These observations strongly indicated that susceptibility to diabetes 1s genet-
ically determned because the necessary and suffictent cntenon for establishing
the presence of a genetic component n the causation of a character (disease)
15 an increased famihal incaidence m the absence of environmental factors that
can explain this increace

Further evidence for the heredstary nature of diabetes mellitus 15 offered by

- 03 L R Ll Tl ent@ vt - AR

complete, hence, postnatal factors are m det
ing the occurrence of frank diabetes

Pincus and Whte (1933) showed that the familial incidence of diabetes may
be explained by assuming that susceptibility to diabetes 1s due to homozy gosity
for a recessive gene  Independently, and at essentially the same tune, Willlam
Allan (1933) arnved at the same conclusion from his highly skilled and too-
frequently overlooked analysis of the famly data from 143 cases

These proneenng studies have been followed by numerous studies of large
samples  The several investigators have advanced a vanety of mterpretations

T v '

Three broad categories of diabetes appear to be recognized (1) juvenile, mith
acute onset, severe course, and <ensiuvity to nsulin, (2) late, ™ith gradual
onset, generally in obese individuals, mild course, and often no need of msuhmn;

The work reported in this paper was supported in part by Research Grants from the Na-

tianal Heart Tnstitute and the National Instutute of Arthritis and Met:
Tealth Service, Bethesda, Md rihnus and Metabobe Diseases, Public
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pathological obscuntuies have not as yet been completely elucidated, this is
because the knowledge of the normal function is still imperfectly understood.
Only by increasing our knowledge of the phy: =mloglcal aspects shall we find
the basts for the formul of an ad logical theory and by tlus
dual approach we shall e éntually master the control of the morbid phenomena.
Phystology defined in this framework will be the only certain guide to the
understanding of the pathology and the therapy of diabetes mellitus” It is
in the tradition of this great man that the contributors to this monograph,
representing all levels of investigation, basic and applied, furnish an impetus
to the advanang knowledge of diabetes and its complications,

References

1 Navwww, B 1906 Der Diabetes Mehitus 2nd ed A, Holder, ed. Vienna, Austria
7 Benwaxp, M C. 1877 Lecon Sur le Diabdte ¢t Is Glycogenise Animale T Bail-
ere et Fils  Paris, France.



Part I. Diabetes Mellitus: Certain F 1 Clinical and Soci
nomic Considerations

THE GENETICS OF DIABETES A REVIEW*

Arthur G Steinberg
Depariments of Buology and Preventsve Medcine, Western Reserve Unserssty, Cleveland, Ohio

According to Foster (1912), the eathest report of a familial mcidence of
chabetes melhitus was by Morion 1 1696 Morton reported a family n which
four children were dabetic It seems reasonable to assume that the famulial
nature of diabetes was known long before this, because diabetes mellitus was
apparently recogmzed by the sweet taste of the unme as early as 500 AD
(Saundby, 1908) Be that as 1t may, daily expenence early convinced clim-
cians that diabetes mellitus 1s frequently famulial It was not until the fourth
decade of thic century however that 1t wae pmaphitatiyaly estahhiched that

. !
IS - A . L
is an increased familial mcidence 1n the absence of environmental factors tha
<an explam this mncrease

Further evidence for the hereditary nature of diabetes mellitus is offered by
the many studies of twins (Then Berg, 1038, Joshn and White 1n Joslin et af ,
e ot R DR AR

complete; hence, postnatal factors are 1n determm-
ing the occurrence of frank diabetes

Pincus and White (1933) showed that the familial mcidence of diabetes may
be explained by assuming that susceptibility to dizbetes 1s due to homozygosity
for arecessive gene  Independently, and at escenually the same time, William
Allun (1933) arnved at the same conclusion from his kughly skilled and too-
frequently overlooked analysis of the family data from 143 cases

These pioneenng studies have been followed by numerous studies of large
samples  The several investigators have advanced a vanety of interpretations
to explain their data  Prominent among them are hypotheses that distingwsh
the early-onset, severe, brittle diabetes from the late-onset, mild, stable type
These hypotheses ate attractive on & prion grounds because of the chnical
heterogeneuty of the disease

Three braad categones of diabetes appear o be recogmzed (1) juvemle, with
acute onset, severe course, and sensitivity to msulin, (2) late, with gradual
onset, generally 1n obese individuals, mild course, and often no need of insulin,

* The work reported 1 this paper was supported in part by Research Grants from the Na-

tonal Feart Tnsigtute and the Nabonal Tnstitate of Atihmte a0d Metebol,
MHealth Service, Bethesda, Md etabolie Diseases, Pubhe
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and (3) J-type, with onset in young, thin individuals, insensitivity to insulin,
and generally absence of ketotic reactions (Hugh-Jones, 1935)

The heterogeneity of the disease leads geneticists to expect that more than
one genetic mechamism 1s concerned 1n the determination of susceptibility to
diabetes.  This suspicion 15 based on the experience that physiologically differ-
ent characters are determned by different genes and, vice versa, that different
genes causing similar appearances (phenotypes in genetic terms; syndromes,
diseases, abnormaltties in chinical terms) do so by different biochemical or
physiological mechanisms,

Insofar as I am aware, no genetic studies have been made of the J type of
diabetes, but many have been made of the other two vaneties.

I have already mentioned the work of Pincus and White (1933, 1934) and
of Allan (1933). Cammudge (1929, 1934) examined the pedigrees of 1000
drabetic patients  He concluded that early-onset diabetes is due to a recessive
gene, and that late-onset diabetes s due to a dominant gene, presumably these
are not alleles Hanhart (1950) beheves that all diabetic pedigrees may be
explained by assuming recessive inheritance due to genes at one or more genetic
loci, but neither Hanhart nor Cammidge has employed quantitative methods
to analyze his material Penrose and Watson (1945) reported the presence of
a sex-linked tendency 1n susceptibility to diabetes, but ‘Thompson and Watson
(1952), in a subsequent study on a derably larger sample that included at
least a part of the sample studied by Penrose and Watson, failed to confirm
the finding of a sex-linked tendenry  Téiamntes —ait e
tors have also failed to confirm
concluded that their data were
somal recessive gene

Hise von Kries (1953), in a study of the families of 1305 probands, concluded
n agreement with chxthan‘d Pfssikgva (1934), who studied the families of 775

HALELLS auIvIg st partars s e pruusius WS 3DOUE equal to that amane

s (1957) published an extensive monograph based on his study of tha

dsto, wuv svrs U 2 aveten
mellitus must be presumed
«“A part of the mllddcns
xogenically conditiones
¢ “gl'he majonity of all cases o

es of diabetes n elderly individuals are Probably

f diabetes mellitus, in any case the majority of
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the severe cases, must be regarded as one group of primary pancreatogenic
diabetes, probably inhented recessively.”

The reasons for Grunnet’s conclusions remain obscure to me At no time
are the data subjected to genetic analysis, not even to the simple extent of com-
paring the frequency of duabetes among the sibs of those with an affected parent
with that among the sibs of those with healthy parents. Unfortunately, de-
spite about 65 pages of tables and graphs, it is not possible to determine the
number of sibs of each patient or the distribution of farmly size  The data
therefore must remain unanalyzed

Genelic Pattern

Thaveelsenhereanalyzed in detsil the studies published prior to 1952 (Stein-
berg and Wilder, 19525}  The objection to the conclusion that diabetes mel-
hitus 1s due to 2 dominant gene rests upon the observation that, in all sets of
data that are presented so that the comparison can be made, 1t is found that
twice as many of the probands’ sibs are diabetic if one parent 1s diabetic than
if neither parent 13 diaketic Dommnant inhentance does not lead to such a
pattern

1t is possible to elaborate a two-gene system that would approvimate the
data, Such a system would require 2 modifying gene that mcreases the pene-
trance of the domunant gene that leads to diabetes Several unknowns that
may be mampulated at will are inherent in such a hypothesis  Three of these
are [4Y) lhe irequencxes of lhc allc!es at each locus (Z) the pene&mnce of the

Planations, especially when we have no way of testing them
Despte these ot ions to dominant e of diabetes as a \!
tion, the possibility remains that 1n rare instances diabetes 15 due to 2 dominant
gene  Burnsten and Patterson (1949) published a remarkable pedigree ex-
tending over S generations and purporting to show dommant inbentance of a
mmid diabetes with clear expression of antiipation N Burnstewn, Veterans
Admumstration Hospital, Jackson, Miss, generously made 1t possible for me
to correspond with the proband  The pauem a registered nuree, recompiled
her family htslory for me by comspundmg wuh vznolls of her rchuves 1
a
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and (3) J-type, with onset 1n young, thin individuals, insensitivity to insulin,

vice versd, that diterent
enetic terms; syndromes,
different biochemical or
physiological mechanisms

Insofar as T am aware, no genetic studics have been made of the J type of

diabetes, but many have been made of the other twao varieties
T have already mentioned the work of Pincus and White (1933, 1934) and
of Allan (1933). Cammidge (1929, 1934) examined the pedigrees of 1000
diabetic patients, Fe concluded that early-onset diabetes 1s due to a recessive
gene, and that late-onset drabetes is due to a dominant gene; presumably these
are not alleles. Hanhart (1950) Eelieves tl:at all disbetic pedigrees may be

- ~Favnded

L o
me‘lll;\zus n:“;; '{f,f:md s of diabetes in elderly individuals are propyy
par

o '°“'L’j$§a"§’ ‘t:,io::l\e\dc‘.\ses of diabetes mellitus, in any ca<e the majoryy o
he m
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twice as frequent amiong those with ar affected parent as amorg thase with
nondiabetic parents
1t appears from the foregoing that genetic susceptibility to dizbetes 15 un-
likely to mvole sex-linked genes, or ta be due to 2 dorvnant gene with wncom-
plete penetrance, or to 2 gene that leads to late-onset, muld diabetes when
heterozygous and to early-onset, severe diabetes when homozygous  The only
ha . e a

1 [EETE . ' .
ners affected among the parents of mdividuals homozygous for a recessive
gene fs as p%:2pg:¢%, respectively, where g equals the frequency of the recesste

Tasee 2
Frequeacy (v PER CENT) oF DIBETES AMONG THE SiBs 0F PATIENTS Wit
EazLy AND L4TE OMSET OF DIsBETES
Netther pasent diabetic | One parent duabetic
Allabs e
Patient's ege at onser sibe Sibs
Per cent Pez cent Pag cent
Totat l dbetic I Tl et ‘ Toul ! diabenc

Harms (19501
0-29 1,019 41 91t | 3s 48 138
30- 4 2,446 41 327 107

7,
Thompson and Watson {1952)

0-29 a2 | 75 425 54 s7 158
30- 4,128 91 3.4it 18 T4 | 153
Steinberg and Wilder (19525) -
0-29 823 60 136 50 2 | w1
30~ 7,456 60 5,028 16 1,528 | 1z

gene {convenently, the proportion of affected parents in the sample of parents
equalsg) These ratios are independent of age at onset, provided the distnbu-
tion of age at onset 15 the same for the offspring of the three types of matings,
and provided that only a relatively small proportion of the nonduabetic parents
may be genetically hiable to dizbetes  These conditions appear to be fuliilled
By these samples published 1n sufficient detad to permut such an analysis
‘FanLg 3 presents the companson of the obseried and expected numbers of
the 3 1ypes of mating for each of 6 sets of data, The x? test of goodness of
fit indicates thas differences betneen the oberied and expected numbers have
a high probiahility of occurring by chance 1n § of the 6 samples  The suth
sample has Leen shown (Stenber and Wilder, 1952¢) to have certain incon-
sitenciey with reference to ages at onset, which suggest that tius set of data
may not be as suitable for analysis 2s the remamng 5 sets.  We ay conclude,
therefore, rhat the only simple genetic hy pathests consistent with the data is’
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betics ave cnrd tn hasa hacama 321 -

the 12

m 5, ar

have become awvenc i an even year of life, and 4 of the 8 with onset in an
odd year of life became diabetic in a year of hfe ending in 5,

The discrepancy n the number of diabetics n the 2 pedigrees has already
been mentioned, we are concerned now with the peculiar distribution of the
ages at onset In an unbuased sample, equal numbers with onset in odd- and
even-numbered years of hife would be expected, and only one fifth of those wmith
onset 1n an odd-numbered year of life would have onset in 2 year ending in 5

Tt 15 apparent that neither of the compilations of this pedigree 1s free of bias
ATIA Ainharan ten s

Tante 1
Trequency oF DIABETES ANONG THE PAzENTS oF I,

ATIENTS wiTIx
EARLY AND LATE OSET 0 Disneres®

Per cent of dibetsc pasents
Fatient’s sge at onset (years)
arns Stewnberg and W ilder
0-29 33 50
30— 62 114

* Data from Steinberg and Wilder, 19526

added that the distnbution of (Ele hom(‘)zygcus and heterozygous types would

tests. ' o

with th

diabetes  uuset.  Stein, %
set thdll ansusg ses puesse - o case g einberg and

g{}l] der (19526) showed that this was not the case in either Harny's dupr o

oy
nou “""ﬁ;:hc s;‘m ¢ re,;.urd]css of the age of the proband at onset, and 5 abouy
essentia ’
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twice as frequent among those with an affected parent as among those with
nondiabetic parents

1t appears from the foregoing that genetic susceptibility to diabetes 1s un-
Tikely to involve sex-linked genes, or to be due to a dominant gene with incom-
plete penetrance, or to a gene that leads to late-onset, mild diabetes when
heterozygous and to early-onset, severe diabetes when homozygous  The only
simple genetic pattern left to consider is recessive inhentance

It can be shown (Dahiberg and Hultkranz, 1927, Steinberg and WWilder,
19525) that the relative frequencies of matings with none, one, and both part-
ners affected among the parents of individuals homozygous for a recessive
gene is a5 p*:2pg. %, respectively, whete g equals the frequency of the recessive

“TanLe 2
FrEQUENCY (IN PER CENT) OF DIABETES AMONG TRE SmBs OF PATIENTS WiTH
EazLy AvD LaTE OxsEr or Duasers

Nerter parent dubetsc ' One pareat disbetic
All mbs.
Patient’s age at oneet Siby Sibs
Per cent. Per rent. Ter cent
R R

Harns (1950)

0-29 1,019 41 91 35 48 13 8

30~ 2,713 44 2,446 41 ar 107
“Fhompson and Watson (1952)

0-29 432 78 425 64 57 158

30~ 4,125 91 3,411 78 Kty 153
Stewberg and Wilder (19525)

00 a8 sa 136 5q 92 wul

306- 7,456 6.0 5,928 46 1,528 1z

gene (convemently, the proportion of affected parents n the <ample of parents
equals g) These ratios are independent of age at onset, provided the distrbu-
tian of age at on<et 1s the same for the offspring of the three types of matings,
and pravided that only a refatively smail proportion of the nondiabetic parents
may be genetically hable to diabetes. These conditions appear to be fulfilled
by thowe samples published in sufficient detail to permut such an analysis
Tavir 3 presents the compansan of the observed and expected numbers of
the 3 types of mating for each of 6 sets of data  The x? test of goodness of
fir andicates that differences between the observed and expected numbers have
e e ° v T samples. The sixth
+ have certam incon-

tneretore, that the only s - .

-
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that susceptibility to diabetes 15 due to the homozygous conditton of a recessive
gene

The way the data have been collected does not permit us to decrde whether
only one gene is involved or whether homozygosis for any one of two or more
recessive genes may lead to dubetes  While 1t §s a simple matter in experi-
mental genetics to distingwish among these alternatives, it is difficult to do so
1n human genetics, particularly for a character with vatiable age at onset.

The method most likely to distinguish between the alternatives of a single
locus versus two or more loci 1s to follow the offspring of families in which both

S e 3 bt mend tlar cora salostad ste ol

v rmmmmta TE bl meen Tang

Tabte 3
CouPARISON FOR 0 SETS OF Dara or ExrECTED NUMBERS OF Eacu or 3 Kixps or MaTINGS
Y1ELDING DIABETIC OFFSPRING WITH THE OBSERVED NUMBERS Tiur EXPECTED
NUMPERS ARE COMPUTED ON THE ASSUMPTION OF RECESSIVE MEREDITY

ISteinberg and [Fincus and o
Wilder White  |Allan (1933)] Itarais (1950) .‘.‘.‘3\'\"."“,‘;,‘; von Kries
{95

Mating (19528) 1933 [1953)

obs | Txp |ots| Exn jobs| Exn Jobs | Exp [Obs) Exp {Obs] Eap

Neither parent dia-
betic 15891588 614401430 6[1241122 8|t124]
One parent diabetic | 370 370 8| 80! 78 8 17) 19 4/ 109)

1401/1408.2 gzl o
X
Both parents - 164 1
tetic

1119 1
115 8) 223] 2146
22| 216/ 3 36 2/ 08 8 31 4 s2 s

5.9
Total 1os1[iost 0s23]523 0[143(143 ojf2a1]1za1 soslizos o
- —_——
' 000 | 0119 | 2109 | 8513 | 249
M 5090 | »070| 5010 | <00t | >a10° | »9i’
v, A Newill, G F Badger, A § Littell, M B Sussman, and I are undertalung

f diabetes.  Oth

such a study as part of a broader study of €. Others have attempted
such studies 1 the past (Pincus and White, 1934, Steiner, 1936; Han}?m-t
1950), but the data are not presented in suffcient detail to petmt therr evalua.
tion.

PRENEDE DUDNRAN £ | ST p o .

(ale, L o . . e
‘:‘l:; ag\‘\\';\m;e tolerance test to test @ gepetic hypothests, These Investigators

ients with none, one, or both parents d. i
diabetic sibs of patien s s nts diabeg
tested the NORCHE 2 ormal glucose tolerance tests among these sibs were
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revesstve mhentance  The observed frequencies, however, fall short of the
expected frequencies, which suggests that the test does not detect all presumed
predubetics. It would be of interest to know how the frequency of abnormal
glucose tolerance tests varies with the age of those tested Unfortunately,
Pincus and White did not pubbsh such data A simtlar omission accurs in
the data published by those using the cortisone-stressed glucose tolerance test
(Conn, 1958; West, 1937)

1f we accept the hypothesis that most 1f not all cases of diabetes are due to
homozygosis for the sume recessive gene, we can estimate the frequency of the
gene 1 the population (Steinberg and Wilder, 19526) and, using this estimate,
the probability that various relatives of a diabetic patient would be hable to
diabetes (Steinberg, 1935g, b). It 15 estimated that the gene frequency Is
about 22 per cent, and that about 3 per cent of our population is genetically

TABLE 4
TRAT AY WL B G LiASLE 7O DIABETES
17 He mas 1 or Mowe Diapenic RELATIvES®
‘Probability tha! s
e Senctytaly hatle o5 Duabetic relatives
dubetest

Up toand including 20 sin, (2) uncle or uunt, (3) one grandparent, (4) two

per cent B o TRy
30'to 40 per cent ' o e .
50 to 80 per cent ' o L.

lable to diabetes  Since only about 2 per cent of the population 15 diabetic
{detected and undetected, Joshn ¢f al, 1946), 1t follows that the frequency of
the disease may be expected to mcrease as our population ages TaBLE 4,
from Stenberg (1955), prescnts a summary of the probability of being genet-
1cally hable to diabetes (dd) as a function of the relationship to a diabetic
patient  The nek runs from less than 20 per cent to 80 per cent  The table
does not include the nsks incurred when a sib 15 diabetic because these are
cleatly 25, 50, and 100 per cent if nesther, 1, or both parents, respectrvely, are
dabetic
. While 3t 15 of some use to be able to offer probabilities of bemg liable to dia-
SO Y F VA Do FO SN v

'

« e e e e e laas PR BMULIAUUIL, WU WAL & ULa would Far

ever become diabetic at a greater age than had his parent. This s L‘::»:‘r{ n,:
anticipation  Stemberg and Wilder (1950 and 1952c) showed that, among
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children of diabetics, the younger age at onset of diabetes is a statistical and
not a biological phenomenon. These conclusions were based on an analysis of
200 parent-child pairs for nhich the ages at onset were known for bath parent
and child

In their paper on the genetics of diabetes, Steinberg and Wilder (19528)
presented data for 301 parent-child pairs, these include the 200 pairs previously

TABLE 5
NuvMBER OF PATIENTS WROSE AGE AT ONSET Was 1v A DECADE PrioR
TO THAT AT ONSET OF THE DIABETIC PARENT®

Age of parent at onset Total No of parent-child pafrs | NO L Paticats wuh oneet in &
20 to 29 3 1
30 to 39 15 5
40 to 49 51 18
50 to 39 93 43
60 to 62 85 n
70 to 79 a1 40
80 to 89 13 13
Total 301 13

Per cent prior onset = (191/301) X 100 = 634
* Data from Steinberg and Wilder 19525,

TaBLE 6
DERIVATION OF TnE LXPECTED FREQUEMNCY OF PRIOR ONSET AMONG
301 PATIENTS (VALVES ARE PERCENTAGES)
v utior s uts I ted freque; 4
Apwayears  [Comiliine dbonof Datubuton ot ste sty | Pror g e
0 to 9 49 —
10 to 19 1§ —
20 to 29 194 10 01
30 to 39 3.6 50 1.0
30 to 47 541 169 53
50 to 59 811 309 167
60 to 67 96 4 282 29
70 to 79 98 § 136 131
80 to 89 100 0 43 42
Total %9 633

= Dased on dala of 12,740 patients published by Joskn et af (1946).

reported (1952¢). TasLe 5 presents a summary of these 301 pairs  Onset
was 1n a prior decade of age in 63 4 per cent of the offspring.  Hence, a5 Wood-
yatt and Spelzlreported, }'mox'onset occurs In the majonty of the diabetic
A T tat n marante Tt h

.



Steinberg. Genetics of Diabetes 205

children with prior onset for each decade of onset m the parent 15 obtained by
multiplying the value for the proportion of parents with onset 1n a given decade
by the percentage of all digbetics with onset before that decade  Thus, for
patents with onset during the fifth decade (40 1o 49 years), the expected per-
centage of children with prior onset 15 0169 X 316 = 53 per cent  If this
operation is repeated for sets of parents with onset 1n each of the decades, the
total evpected frequency may be denved This frequency, 633, 15 almost
1dentical with the observed frequency, 63 4

Taste 7
AGE AT ONSET aXD FREQUERCY OF P'RIOR Oxset VERsvs DiasFric Pagent

Diabetsc pagent.
Duabetic patients —
s * Mother Father
(140) sy
Percentage with prior onset 634 65
Mean age at onset in years (a)* 49 48

Mean age at onset 1 years (o) 42 39

* (2) All patients with a diabetic patent T
1 (1) Patients whose diabetic patents becarme 1 before age 50 41 mothers, 23 fathers

TasLe 8
TFREQUENCY OF DIABETES AMONG THE SiBs or DIABETIC PATIENTS 4s A
FuNCrion OF THE SEX OF TUE DIABETIC PARENT®

b
Diabetic parent Number of patients Disbetie
Totat
No. Pet cent.
Mother 220 1000 1w ng
Father 150 620 72 16
Total 370 | 160 185 | 114

* Data from Stewnberg and Wilder (19525}

Tt has been shown that nexther the diabetic nor the prediabetic state n the
mother mfluences the age at onset or the probabahity of accurrence of diabetes
in the child (Stesnberg and Wilder, 1952q, Stemnberg, 19556)  TABLE 7 presents

betic parent.

In this sample the mean difierence between the ages at onset of the parents
and the probands 15 19 years Tt may be shown by calcutations similar to,
but more detailed than, those illustrated in TABLE 6 that the expected advance
in age (assuming independence of age at onset of patent and child) is alko 19
years (Stemnberg and Wilder, 19524)
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children of diabetics, the younger age at onset of diabetes is a statistical and
not a biological phenomenon  These conclusions were based on an analysis of
200 parent-child pairs for which the ages at onset were known for both parent
and child

In their paper on the genetics of diabetes, Steinberg and Wilder (19528)
presented data for 301 parent-child pairs; these include the 200 pairs previously

TabLE 5

NUMBER OF PATIENTS WHOSE AGE AT ONSET Was Iv A DECADE Prior
TO THAT AT ONSET OF TRE DIABETIC PARENT*

Age of parent at onset Total No of parentchild pas | N of patients wich onsct in 1
20 10 29 3 1
30 to 39 15 5
40 to 49 st 18
50 to 59 93 43
60 to 69 71
70 to 79 41 40
80 to 59 13 13
Total 301 191

Pex cent prior onset = (191/301) X 100 = 634
* Data from Steinberg and Wilder 19525

TABLE 6

DERIVATION OF THE EXPECTED TREQUENCY OF PRIOR QNSET AMONG
301 PATIENTS (VALUES ARE PERCENTAGES)

ml st but Expected frequ
Agesn years Comlet e fomarit o™ o Bl nee ot | P Gar g of
children
0tof 49 -
10 to 19 1.8 —
20 to 29 194 10 0.1
30 10 39 3.6 50 10
10 to 49 511 169 53
50 to 59 81.1 309 167
60 to 69 96 4 282 229
70 to 79 93.8 3¢ 131
80 to 89 100 0 43 12
%2
Total 99 633

+ Based on data of 12,740 patients published by Josha ez al (1916)

. ts a summary of these 301

eported (1952a). TABLE § presen Yy e pars.  Onset
:‘}: ina prior decade of age 63 4 per cent of the offspnng  Hence, as Wood.
et and Spetz reported, l.J"Drv?n:e.t _°$c_mf_ T thf majority of the diabetjc

POTENT dUU Ll (Weesees

The calculations are illustrated in TABLE 6 The expected frequency of
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x\‘cl‘siG &P, \),m-rz 1934  Ontheinhentance of diabetes mellitus 111 Am J Med

Scl. 188 90

aTonY, R 1903 In Allbutt and Rolleston, System of Medioine 8 167-212  Macnnl-
lan Ln.ndon,‘l:ngh

TeEN Bexc, H 1938 Der Erbioliie des Diabetes mellitus  Arch Rass u Research Biol
l‘Hmn;o\l, M(s\_’z?& F-M Warson 1952  The inhentance of diabetes melltus  Dia-

s,

von Kllr.s, 1953 Beitrag aue Genetdk des Dishetes meltus 2 menschl Vererb
Konstitutionslehre 31: 4064
Nesm K M o5t Companson ‘of the hyperglycemue efleets of glucocorticouds 1n human
gy The elfct of hereity on responses o ghcocortuconds _ Diabetes 6 163-174
Wiexes, A. §,1 Zieve & J 1 Tatzs © 1936 The mbernance of allorgie disease  Anm
ugen. 7. 141-162

Moo AT R T KM Srevz 1942 Anucpationn the whentance of dmbetes ) Amn
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We may conclude, therefore, that anticipation has no biological significance,
and that we cannot use the parent’s age at onset to predict the chid’s ageat
onset or the end of the peniod of sk for the child

If we assume that the distibution of the age at onset ts essentially the same
for all segments of the population of the United States, we may use the cumu-
lative distributton of the age at onset shown in column 1 of TABLE § to estimate
the proportion of the period of risk that has been paseed. For example, 54
per cent of those who will become drabetic are already diabetic by the age of
50 years, therefore, we may assume that 54 per cent of the rish has been run
by this age  For the present, this appears to be about as well as the geneticist
can do  More precise information for the patient will become available only
when the prediabetic can be detected with a high degree of certatnty.

Summary
Tt 15 demonstrated that susceptibility to diabetes is probably inherited as a
S PR O B S . A

[V

phenomenon
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chabetes on the occasloml curve that drops abrupﬂy to normal at 1% hours

vathin the shaded zone of *1GURE 1. It should be emphasized that these
critena for the interpretation of the glucose tolerance test are applicable only
1n ambulatory and ethermse heaithy mdividuals

The criteria described are sumilar to those of Moyer and Womack® and those

3%0-

H

- NELSON) mg/ 100mL

BLOOD SUGAR {SOMOGYI

3 £ v i
HOURS
Frovre 1 Cntena used for the interpretation of the standard oral glucose tolerance test

H 13 3

of Mosenthal and Barry ¢ However our critena are less restrictive than lhase
of Mosenthal and Barry, who considered carbohydrate tolerance to be
when the mamum blood sugar value 1s above 150 mg /100 mi and the 2-hour
value above 100 mg /100 ml  Also, these workers did not employ a value at
134 hours i mildly abnormal glucose tolerance tests to elmumnate false positive
rebound curves

Tt 13 obvious that any critena which employ a sharp dividing hine between
normal and abnormal must be arbitrary  What, then, are the justifications
that make us bebeve that our critena are sound® Applying these criteria 1n




THE EARLY RECOGNITION O DIABETES MELLITUS*

Stefan S Fajans and Jerome W. Conn

Ditssson of an X of Internal Medici
Unirersity of Michagan Medical School, Ann A r/bo:', e

Progressively earlier recogmtion of the diabetic state 1s vital if progress is to
be made toward the eventual control and prevention of the disease. The
presence of mild diabetes mellitus may remain unrecognized in a large number
of individuals for many years unless diagnostic laboratory procedures are freely
employed in groups of individuals 1n whom expenience has <hown a high in-
adence of latent diabetes  Dependable diagnostic criteria ate now available
that make 1t possible to detect these previously unsuspected diabetic mdivid-
uals  In addition, 1t 1s hoped that other means for detection of the diabetic
state will be discovered that will give earlier evidence of its existence than s
possible by present methods of testing

This discussion has two purposes, first, to consider the use and the criteria
for the interpretation of the standard oral glucose tolerance test employed for
the early detection of diabetes and second, to consider experience with the
cortisone-glucose tolerance test as used for the possible predictron of future
diabetes mellitus

The early recognition of diabetes mellitus depends upon the use and inter-
pretation of proper Iabcrmoryjplmcedures. In some cases the presence of

We have used the oral glucose tolerance test in our studies For at Jeast
3 days preceding the test the subjects ingest a diet contaiming approximatel
300 gm carbohydrate per daty pll‘ls Lmzmlen:.mce calories ! Although the m}j

The cnitena that we employ for *
cose tolerance test are lll_us(rn‘led

ol awuee s .

in thi: was supported in part by Research G,
* The work reparied «‘“,\iﬁ‘,’n{’ﬁd ‘Metabohe Discases, Public Health s:rav':;e“nsgi:ﬂm
3 2

the National Institute ol
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Several types of glucose tolerance curves that cannot be classified as indicat-
ing dubetes or probably diabetes according to our cnitersa, but which never-
theless may have prognostic significance, deserve comment  The duagnosis of
diabetes meflitus cannot be made with confidence on the basis of an abnormal
elevation of the blood sugar level at 15 or L hour 1f 1t 15 accompanied by a normal
2-hour bloed sugar level duning the glucose tolerance test  Rapid transit of

e 3
Tanest A C, Marg, Hecur 60°, Gracostria Forsp Twice v 1930
Clucose tolerance test {(hours)
Year Age Weight
Fasting ‘ 1 2 ( 3
) | + [ I
1934 48 170 86 205 1
1953 & 182 Polyurs, palydipss, Tpound weight loss
‘daring preceding mont
11-17-53 44+
220
12-10-53 Pl
32
TanrE 4

TroGA0STIC TMFORTANCE 0 ABNORMALLY Hicit Pk Broop Svcar Levets
wiri Nomuar 2-Hovz Levees

Glucose tolerance test (hours)

Subjectand height | Date | Age | %
z | Fastong | b4 1 14 7 EETI]
[ 4+ )
M P, male, & 1935 | 43 l160] 130 1 At 68
++ -+
1940 )48 61| 211
0 +4+ +
A M, female, 5'5° | 3-5-53) 33 [1e0} 100 130 % 18
6-25-53] 33 |162] 123 | 214 | 250 | 189 | 138 Jre3] 137
3-23-500 39 {148 136 | 240 | 280 | 264 | 180 [103f 137
O bt + [
T G, male, ¥10° [3-15-55} 24 j178] 68 | 108 | 153 e 3
) 4+ [+ +4+

b
0-1-85; 24 |177) 88 188 207 2. 208 1143 1-'3’0

-

sugar levels dunng the glucose tolerance test 1s indicated  TABLE 4 shows the
e LA e PR o

diniduals 10 be no more {requent than in the general population  However,
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abnormalities of glucose tolerance frequently shows further impatrment of
carbohydrate utilization clearly diagnosttc of diabetes mellitus. Decompensa-
tion of carbohydrate tolerance may occur rapidly, although 1n middle-aged
individuals loss of glucose tolerance may be only slowly progressive over many
years  The following examples will serve to illustrate the significance of mild
abnormalities of glucose tolerance as defined by our criteria

Subject A N (r4BLL 1) shows a 1-hour blood sugar value of 177 mg /100
m] and a 2-hour value of 121 mg /100 ml A few days later, fasting hyper-
glycemia was dizgnostic of diabetes mellitus  Patient K. C. (Tapte 2) is an
example of “probable diabetes,” since the 2-hour value 1s between 100 and 120/
mg /100 ml  Nine years later no doubt remains about the diagnosis of dia-

Taste t
Patiext A N, Mare, AGED 69 Yrans, Hetonr §%8°, Weaonr 160 1n
Glucose tolerance test (hours)
Date
Fastng ] 3 | 1 s 2 3
1458 94 m 171 188 12t
9-17-38 (surgery) 124 w
9-18-58 m
Tasie 2

Pamizxt K C, Mate, Hetour 617, Fainy Hisory or Diaverss (Momues)

Glucose tolerance test (hours)

Year | Age |Weight
Fasting | %4 1 th 2 | o W |
018 | 36 | 160 [ 75 197 8 | 96 { 54 | 36 | ss |6
el 8| 1as 1 8
100 | 208 | 286 | 260 | 216 (Diet discontinued by patient
after 3 months
1oss | 46 | 191 | 96 | 177 | 216 283 " 19| ) [

betes mellitus, In subject A C (TABLE 3) the di
e o N

e i 1021 8n0s1s of probable diabetes

Nhinatesn wanes -4

5y s
melhtus.
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uang the same cntena 1n a control group of 127 subjects without a famly
Tistory of diabetes or of large batnes, only one previously untecognized diabetic
(Curve 2) and one probable diabetic {Curve 3) were discovered The other
125 subjects, (more than 98 per cent) had normal glucose tolerance tests  Thus,
at least a 19 per cent maidence of previously unsuspected diabetes can be found

TABLE 6
REVERSIBILITY 0F DIAGNOSTIC GLrcosE ToLreance TEst
, male beight 567, weight 152 1b
3-16-38 Glucosuria found, but no sy mptoms

Glucose tolerance fest (haurs)

Date Age
Fastng \ 1 1 2 ( 3
0
3-13-38 24 21 315 353 a3
329-38 u 107 16 uz2 9
1946 32 Turunculosis, polydipsea, polynhagia, 8 1b weight
loss, recovered without treatment
1947 33 Abdomunal wall abeess, latigue FBS-—350 mg /
100 m! Diagnosis Diabetes melitus  Dict
and wsuhin
148 3% Retinitis probiferans, sitreous hemorrhages
A38 RELATIVES OF KnOWN DUBEYICS 127 CONTROL SUBJECTS (NO FM DIABETES)
I0(TT62)-NORMAL, (Dr25ta8%- nORNAL
118 3%)-DIABE TES (D1>1 %)+ DIABETES
® 763 9%)-PROBAD 2so.
LE DIABETES

() (120~ pRoBABLE DABETES

]

Aoan,
-,

wveuD SUGAR (SOMOGYI- NELSON) mp/100mL.

HOURS

wours
Frouze 2 Standard oral glucose tolerance tests

m close relatives of diabetic patients, while this incidence is less than 1 per cent
in the control group A very much higher inaidence of previously unrecognized
dm!m\u will be found if studies are canducted among close relatives of dabetse
patients than in the general population

To develop means of recogmzing the potential diabetic 1s the aim of our
current investigations  The cortisone-glucose tolerance test has been used as
3 test for d the iality for the devel of the disease
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we have found unsuspected diabetes in 63 per cent of the patients with non-

diabetic glycosuria 1 whom follow-up glucose tolerance tests were performed

up to 30 years later * Approximately one third of the group had mitially ex-
- DV S [

hihatad facting olucaenrin Thie fane = naos

Ald vanations of ghucose tolerance may be encountered when the test Is
repeated at ntervals of more than a few days i the same individual, In
general, however, there 15 a high degree of reproducibility when the oral glu-
cose tolerance test 1s carefully performed in conjunction with the use of a
standard high-carbohydrate preparatory dict and a true blood sugar method
Occastonally one encounters a rapid change from an abnormal glucose toler-
ance test to a normal one It has been recognized for many years that reduc-
tion of body weight in the obese middle-aged diabetic patient may result in a

Tantz §
Traxsirion reox NOXDIABETIC GIACOSTRIA T0 Disberes Mrzircs
. Glacose tolerance text (hou;
Subject and height [Vear [ Age | & _—
; Fasting % ] 1% 2 2% 3
+F y 0
AB, female, 1936 22 |114] 89 135 104
9% P o
1948( 34 [115[ 260 (Polyuria, polydipsea, weight loss)
o ER oy 1
F T, male, 60° |1937] 48 o0l 97 107 o a
Lol S [E STy PRV P
1956| 67 |190] 97 1838 186 151 136+ +T2‘;+ +13-2+

return to normal of the gluufe tnler‘an'ce test” It s less well recogmzed that
R L L N

te test to normal may also

from a glucose tolerance

. . A rrem 0 a normal one does not
3 ex 2
validate these cnitena per se. An © example of such a change to o

erante Lulves  ~ -
81 (19 per cent) were
for these previously unsu
(4 per cent) gave curves In

sy,
Posite curyg
38 relatiye,
In contrags

Ie found to be diabetic. Curve 21s the Com,
unsuspected dubetics. Seventeen of the 4
dicating probable diabetes (curve 3)
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glucase tolerance test as individuals with probable diabetes (Curve 1). Fif-
teen of the 17 (88 per cent} gave positive responses to the cortisone-glucose
tolerance test, while 2 of the 17 gave negative responses to it,

FicoRE 6 demonstrates data obtained m 22 obese, mild diabetic patients
Curve 1 shows the composite glucose tolerance test before reduction of body
weight  After weight reduction all subjects exhibited normal standard glu-
cose tolerance cunves, as shown 1 Curve 2. Cortisone-glucose tolerance tests

NEGATIVE RESPONSE ' TESTS "POSITIVE RESPONSE® TESTS
25 220 oF 205 (5%} 250,  I3.0F 295 (25%)
STANDARD - 6TT STANDARD ~ GTT
. ORTISONE = GTT ORTISONE ~ GTT
o 200 ——
o .
3 ~.
[ &_n 150-
3y —
H
a
a
8
K]
H
Foow 1 e 2 2w 3 F w2 | i 2 a2 3
MOURS HOURS
Fioure 4 Cortisone ghucose tolerance tests on 295 nondiabetic relatives of duabetic patients
"POSITIVE RESPONSE™ TESTS "NEGATIVE RESPONSE® TESTS
of 17 (ssy, 2or 7 g2y
TANDARD ~GTT NGAAD -~ STT
250, OATISONE = GTT 250 CORTISONE ~GTT
P
N,
200 / ~
~..

0LOCD SUGAR meJi00mL
8

F e 1 ez dwe 3 F vz ) vz 2z zm 3
wauns wouns
Ficuze 5 Cortisone-glucose talerance tests on 17 subjects with probable diabetes
were then performed  Of the 22, 19 (86 per cent) gave a positive response to
the test {Curve 3)

In correlating these results 1t seems very sigmificant that 25 per cent of the
group of nondiabetic relatives of diabetic patients respond to this test 1n the
samewayas do 88 per cent of patients with probable diabetes and 86 per cent
of the group of obese diabetics whose carbohydrate tolerance had returned to
normal after reduction of body weight On the other hand, only 3 per cent

of the control group without a famly history of diabetes
r gavea positive res
to the cortisone-glucose tolerance test, re sponse
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TRE 8 Glucose tolerance tests and cortisone glucose tolerance tosts in a subject with
M.ml.xal diabetes melhitus (mother)
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Fion lucose tulerance tests and cortisone glucose tolerance tests in a subject nith
farmbie dubtlts melutis {mother, 3 sbhngs)

each of the tno groups  Such studies have been i progress in 91 nopdibetic
relatives of diabetic patients over the Jast 6 years {TABLE 7}

Of the 91 subjects, 34 had positive respouses to the corisone-glucose tol-
erance test at the time of the mutial tests  Subsequently, 6 (18 per cent) of
these 32 subjects have developed diabetes, and another 4 (12 per cent) have
probable diabetes  Of the 57 subjects with negative responses to the cortzsone-
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PREGNANCY AND THE PREDIABETIC STATE

Hugh L C. Withesson

Duabetes Frdd Besearelr Unib, Clironte Disvase ngram, Unuted Staies
Publuc Ueallh Service, Busion, bass

Quite appmmmlt\y 1t has been said that the ideal clinical state for the -
estigation of “prediabetes™ 1 1o be found 1 the pregnant woman® Most of
our hnowledge and postulation have come from studies of her “career” and her
offspring

The mvestigations of Jackson? Conn} and Hoel* refer respectively 1o m-

A \mslc pxemm by which ab vest lga\mn m\ghl Te g\uded may be that those
who ultimately become overtly diahetic are born with a susceptibilnty or pre-
cdisposition to the disorder, transmitted through heredity and/or by an ab-
normal metabolic intra-utenne environment With the passage of ume 2
susceptible human host ages, being subjected to cumulative environmental
organie stresses and wsults, wncluding such things as obesity and ifertion and,
i a woman, possibly subjected to the stress of repeated pregnancies The
time at which an ureversible state of diabeles melhitus wiil mamiest wself may
depend upon the extent of the basic pattern of susceptibility and the amaunt
of pathology produced by each added stress or physiclogical msult

Our present interest is concerned with pregnancy and the prediabetic state
In this regard several studies™ made in retrospect and reported m medical
lterature conclude that the diagnosis of overt diabetes 1n roany women is not
made uniil months or even many years after these woren have had certan
characteniic expenences in pregaancy  These expenentes, allegedly delneas
g the “preduabetic state,” include a lgh ncidence oi big babies, stillbirths,
neonatal deaths, abortions, p: délivenes, toxemia, and
congemital anomalies

As 2 p:m oi our premise, 3t 15 afso felt that, during pregnancy, transient ab-

hism as d:lccled by a standard oral glucose
tolerance \ts\ wmay wdtate 1hat a habetogeme effect 15 bemg exeried, not onty
on the mother, but also on the fetus

Some of the abnormal expeniences in pregnancies related subsequently Lo the
prediabetic state are mote pronounced than others While the expected in-

heles 1 the mother §

Yetal and neanatal mortahity "  reported 1n the igh range of 20 to 40 per
cent 1 the S-year penad fy preceding the devel of overt
diabetes, but it 16 mcreased appreciably over normat as much as 30 years prior
10 the recogmition of s metabuhe disorder®

pitd
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glucose tolerance test, only 1 has develaped diabetes. In summary, 30 per
cent of the positi e-response group has dey eloped diabetes or probable diabetes,
while only 2 per cent i the negatae-response group yielded an abnormal glu-
cose tolerance test at a later date, Thus, the cortisone-glicose tolerance test
mayproye to be of value as a test for the predictionof futurediabetes,  Figures
7 ard 8 give examples of the progression from a normal glucose tolerance, but
abnormal cortisone-ghacose tolerance, test to diabetes mellitus in the conrse of

PoshiDie prognostic Importance of an elevated peak blood sugar le\fel‘
Summary
The diagnostic criteria that we employ for the interpretation of the standard
oral glucose tolerance test have been revien ed,
Unsuspected diabetes has been found in 19 Per cent of 438 close relatives of
dabetic patients, while another 4 per rept fall vean . s

Positive Tesponses to the cortisone-glucose tolerance tests have been b
tained in 3 per cent of the control group without a famiy Blstory of diabetes,
n 23 per cent of the nondiabetic relatives of diabetic patients, w 88 per cen;
of patients with probable diahetes, and 1n 86 PET Cent of 2 group of opece o
betic patients whose carbohydrate tolerance bad returped © norml agts
reduction of body weight .

A positve response to the cortisone-glucose tolerance test 10 nondiabetic
indwviduals can be interpreted as indicating 2 potentiity or ssscephaiy
thed . of diabetes  Foll “UP 10 O nondiabeqic relatives of drabetic
patients over 1 to 6 years supports this view

References
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Whate!¢ reports toserma in 10 per cent of cases, abortions in 42 per cent and
pennatal loss 1n 30 per cent n the 10-year period immediately prior to as well
as following the recognition of dubetes.

An ncreased incidence of congenital defects has been noted by some au-
thonties, but not by others ®

The possibility that expenences such as those mentioned above could be
harbingers of the ultimate disease 15 worthy of investigation If the “predia-
betic state” in pregnancy can be recognized by any one or combination of the
phenomena alluded to, then early intervention to prevent or halt its progression
can be attempted. One preventie measure considered for study 1s that the
correction of abnormal metabohism during pregnancy by insulin administration
may reduce some of the comphcations of pregnancy and/or delay the onset of
diabetes ®

Objectries and Plan of Study

Since 1954, in cooperation with the Massachusetts Department of Health,
Boston, Mass , the Public Health Service of the Department of Health, Educa-
tion, and Welfare, Washington, D C.* has conducted at the Boston City
o Y S 3o Pamean Yo o Tu T Voo e L P

making available improved service facilities for the mothers and children in
the project

Three specfic objectives are being sought The first is to determine, if
possible, the facts about glucose tolerance tests for abrormal CHO metaboh’sm
or “prediabetes” 1n pregnancy, that 1s

(1) If women having such abnormal tests actually have a higher rate of
oversize babies, fetal wastage, and complications of pregnancy than those with
normal tolerance.

(2) 1 such women acualy do develefrnk disbtes i subsequent years

'

L eatibatee eada bn davae t -

Third, 1t 1s hoped thal 4 generdsy placuicdt method of
g

1 d! L detecting such
wpraabetic sate,” it actally eists, wil evolve from the s Sl @

tudy as it is being

" .
Pci:“&‘xee (tme pregnant women register for prenatal care they

: lucose. Immediately followi; i
_favored drink of 50 g™ & y ing this a hist,
l;:x?:{:en of past pregnancy expenences and the occurtence of diabetes iy ‘:he
e One hour after the glucose drink 2 venous specimen of blood 1 taken

are mven g
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gave 9.7 per cent false positive results)  Of women witk a hustory of a Jarge
baby, 135 per cent had abnormal glucose tolerance tests, as compared with
89 per cent of those women who had other posttive pregnancy history and
11.5 per cent of the women who had a listory of diabetes 1n the famuly. )

If we consider all of those who may be suspected by at least 1 criterion,
only 10 7 per cent would have an abnormal glucose tolerance test  This per-

Ter cent
50 200
1

Per cent

¢ a0

20

Positive to Bloed Sugar

Positive to large Baby

Positive to Other Pregnancy
History

krszzs,

Positive to Diabetes in LR
Fantly PR

Fioomz 1 Pregnancy and the prediabetic state screening results by vanous cntens from
July 19, 1954 to Decerber 31, 1957~ A total of 11,352 preghancies was screened

Tasie 1
Groeose Torgrance Tesr Resvirs sY Eaci ScresviNG CRITERION
(uly 19, 1954 to December 31, 1957)

Glucose tolerance tests.
Sceumg cruees Pouiive Seontimty | Speeenr
Nlumbeé
eriorms
]

Toative to blood sugar 1085 | 255 | 235 419 %03
Tositive to large bahy s 25 9.8
Other posstive pregnancy lustory | 2182 | 221 89 389 3.6
Duabetes in famaly 1061 122 ins 25 8t
Poutve to at least one enterion 43 {107 64 st11
Negative to all criteria® 5082 1 134 26 - —
Total screences with GITs o7 | 568 62 - —

*The actual number af DTTe narfarmad nn mannt a joeps 20 ¢ 0~ + —
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and study: (1) women with abnormal glucose tolerance who receive jnsulin

therapy during pregnancy (insulin-treated), (2) women with abnormal glucose

tolerance for whom msulin is not prescribed (positive controls); and (3) women
s R RSN A b dame £ A

in chnr‘ge
The study includes (1) careful observation of mothers throughout their pre-
. Tm Al v sl RIS OB

erance test of the mother at 6 to 8 weeks post parfum; (4) well-child care for
FI RSS2 S U S ' N B

Results

I present a few of our results, but in so doing I emphasize that thisisa pre-
liminaty report, the study is still continuing. Any finding or conclusion at
this time is a prelmmary one and subject to change as more data are accumu-
lated

1.2 A0T0 alemass 17 00N o

Some analysis of data currently 1s available through December, 1957, and
FIGURE 1 shows the screening results b}: various critenia through that date
At that time 11,352 dehvered pregnancies had been screened, 444 per cent
were positive screenees,  This ratio beh\een“thoss suspected and those not

' he time of

- ter taking

7 Of all

hto one or

ables WOIRILLE # pomius ws =« oy . « had other

;‘;}“;;,:,a, ovegnancy history, as has been defined earber. OF all pregnant

women, 11.3 per cent had a history of dubetes in the famly It should be

remembered that all of these screening suspect groups overlap to some extent,
"+~ woman may have 1 or any combination of the critena

N Tt e tests by each screeming

“ere we find that of thoss

nrboyy'dmle metabolism
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but a Iittle more than 5 per cent in each of these groups suill had some abnor-
mality in their glucose tolerance tests. A little more than 2 per cent of both
insulm-treated and positive control cases were revealed as diabetic by their
first post parinm glucose tolerance tests *  All or some of these 2 per cent could
have been undetected diabetics priot to pregnancy

With regard to our third specific objective of finding a practical procedure
for wentifying the pregnant woman who has abnormal carbohydrate metab-

Fer cent

UL
ABIORIAL,
UTERES

Ltxe. 9 Ib. or

mare at brth

N * Sygificantly greater

an fnsulin trested
r=.0

R 2ovin vented B rosttswe controts [ mepptave Cantrots

FiugE 2 Rates of abnormal outcomes for msubn treated patients and positive and
negative controls through December 31, 1938

alism or “prediabetes,” the most encouraging fesults 5o far are those shovm in
TABlE 3 Here speafiaty and sensitwity rates for each hour of the glucose
tolerance tests are presented  Of all the positive screences who had abnormal
glucose tolerance tests when first tested during pregnancy, 99 3 per cent had a
2-hour level of 120 or more mg /100 m} blood This level of sensitivity 15
sati-factory, but accomp inying this good sensitivity 15 a specifiity of only 91 4

* Tsing the same Llood sugar Jevels shown 1 our cnrena for
metabolism n pregnancy,” a glucose tolerance test outside of pregnancy 13 considered “gie
ahetic” 1 any §

successive levels are reached or exceeded or if both fasting and third hour
levels are equaled or exceeded

“abnormal carbohy drate
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= much from the percenta
sossibly more select grov
of 790 patients so studic
or about 14 per cent
Of particular interest in TaBLE 1 are the specificity and sensitivity ratings
screening with at least 1 cntenon Screenung “positive toat least one criterto
gives a sensiivaty of 76 4 per cent, by this 1s meant that our present crife
are picking up about 76 per cent of those pregnant women whe have an ¢
pormal glucose tolerance test duning pregnancy However, we are missi
about 24 per cent of those whom we would find if we gave such a test to
screenees nstead of using the present procedure of screening and doing g
cose tolerance tests on the positive screences only  Also, we havea 57.7
cent specificity with “at least one criterion positive,” meaning that we ¢
rently must restudy about 42 per cent of all women who finally are classif
as having negatve glucose tolerance tests.
1t 1s estimated that about 6 2 per cent of all screences would have abnorr
cathohydrate metabolism by our cntena if they were all given a glucose 1
erance test. Ve performed glucose tolerance tests on a sample of 378 ¢
secutive megative screenees and found that 2.6 per cent had poaitive resu
Applyng this pe to all negative who would have been
pected to have a pegatine glucose tolerance test, we estimate that 134 wo
turn out to have a positive glucose tolerance test in spite of screening as norr
in every way.
Our research patient case load through December 31, 1958 consists of
\wrmen who ate msulin treated, 231 women who are positwve controls, and |

FIGURE & susuy N
for these 3 research groups Although many of our research cases have gi'
birth to several children, this bar diagram represents only the analysis of
outcome of first pregnancy undfer our observation  Abnormal outcome
pregnancy 18 defined as follows: live baby weighing 9 pounds or more at bii
tive baby with congenital amzn:m});, b:ky alve but premature, or & perin:

) abnormal outcomes occurred am:
wsulm-treated or negative conte
s AoV W o . ‘tence 1 the outcome of pregnar

R A < amma) n brantad and U
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Conclusions

Let me repeat that T have presented only some of the preliminary findings
to date in a very evtensive study that 15 still being continued thle then:

e €8 b 2 gl Spnns B d i oF opanent o

o 1 . . -
ultxmntcly evolvmg a pracucal progr.arn of detection of predmbelze in pregnant
women that would be stntable for de by the medical p for

It 15 hasized, however, that xecammendat\ons
for such a pmgmm must anajt unportant refinements needed and a cleager
definition of the prediabetic state  Also, there must be mare evidence of the
actual significance, with respect to prevention, that can be attached to the
detection of the prediubetic state In pregnancy

Joslin et al®* have urged us “Like Bouhn, to stop saying that diabetes 1s

of its A and 1ts F ion to state I
hope that our research project ulimately will shed some dam’catmn chinically
and from the standpoint of public health on this confused state of so-calted
prediabetes in pregnancy.
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per cent This speaficity rating means that 86 per cent of the positive
screenees who had normal glucose tolerance tests unfortunately, apparently,
had some degree of misleading elevation of blood sugar 2 hours after taking
100 gm glucose.

The fact, however, that a single blood sugar analysis following 100 gm of
glucose 1n a standard glucose tolerance test procedure shows such a satisfactory
ability to pick up all but 0 7 per cent of the abnormal glucose tolerance cases
among those who screened positive encourages us to believe that a simplfied
and practical method of for at | carbohydrate bolism in

TanLe 2
Apdoraat CARBOHYDRATE METABOLISY 1N PREGNANCY
Results of Glucose Tolerance Tests in Post Partum Tollow-Up of
Turst Study Pregnancy Through December 31, 1938

Abnormal CI1O metabolism
Negatwve controls

Result through S mos posi partum Tasulin treated Poutive controls

No Ter cent Neo Per cent No Per cent

Total completed 173 100 | 180 {1000 191 [1000

Normal 13 100 0 166 [ 922 177 | 92.7

Abnormal - -~ 10 56| 10 52

Diagaosed diabetes - - 4 22 1 21
Tans 3

SPECIFICITY AND SENSITIVITY Rates or mnz Gruco
ToLERANCE TeST By HOUR of Trsr® o "
(Using Somogy1 Nelson Method)

Hour Blood sugar level Speaitinty Sensttivity
- . "
110 99
Fasting 61
Fusst 1 oS 378
Second 110 %3 23
Thurd 823

0% GTTs mads on women who screened posiive through Be
e o vt hen 2 hourly Xeadhngina test equalor eacend shee Ly oS

pregnancy may be forthcoming soon I:lrﬂt, however, we must do mare ctucding



A CURRENT ESTIMATE OF THE PREVALENCE OI' DIABETES
MELLITUS IN THE UNITED STATES

Quentin R Remein
Operational. Research, Chronic Disease Program, Disusion of Speciol Healih Sertices, Public
» Healths Service, Department of Health, Education, and Welfare, Woshngton, D C

The size or importance of a disease as a public health problem is commonly
determined by the number of persons who die of 1t, the number of persons who
acquire 1t each year, the number of persons who have it, or the number of
persons who become disabled because of 1t.  Interrelationships among these
statistics supply additional definttive information, Each of these measure-
ments 1s deficient as a single gauge of the importance of a disease

This discussion is imited to the prevalence of diabetes, which 1s the number

concern about the number of cases of diabetes 1if it were not for the fact, for
example, that diabetes is the eighth leading cause of death  The longevity of
duabetics 15 still considerably below that of the general pepulation, ranging
from 17 fewer years of lfe among diabetic 10-year-olds to almost 4 years less

from clinical observauon of the day-to-day impact of diabetes on the Iives of
patients and thexr families.

Prevalence data will help focus the picture of diabetes as a public health
problem From such data come estimates of needs for physicians, nurses,
nutnitiomsts, and other personnel i caring for diabetics, needs for msulin and
other medical supplies and equipment, and better defimition of extraordmnary
needs 1n times of national emergency, ns well as m ordinary sitvations, and the
rationale for allocation of research funds  The estimate of unsuspected cases
of diabetes unknown to patient or physician shows the need for case finding

The need for such prevalence data has not gone unnoticed among mvesti-
gators m the medical field T shall not attempt to recount the studies con-
S e e B - !

estimate based on adequate statistical methodalogy, therefore, any estimate
of duabetes prevalence that could be presented 1s of necessity a crude working
estimate based on scattered data and 15 venfiable only by comparison with
local surveys and studies

One might ask why, considenng sts importance as a health problem, there
has not been a definitive study of the prevalence of diabetes This same
Question can be posed for any disease because there has not been much practical

210
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11, Wigersoy, H L C &Q R REEY 1957  Studies of abnormal carbohydrate me-
tabolism in pregnancy the sigmbicance of mpaired glucose toerance  Diabetes 6(1):

324
12 Carzmoroy, E R, H.S REsrpoy &C R Suvaay, 1959 Recogrution and magage-
ment of problems associted with prediabetes during pregnancy J Am Med, Assoc

166 245-2
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1 not independent of methodology, and we may expect to see development of
tmethods for more accurate prevalence estimates at a reasonable cost.

About 14 years ago the Public Health Service, Washington, D. C, became
aware of the public health implications of the diabetes problem in the United
States and the possibility of applying ta diabetes problems many of the pubhic
health 1echmques that had proved so ful in the i
cable diseases  Early public health interest in diabetes led to mvestigation of
the size of the problem and o estimates of prevalence The need for and
anterest in such data are no fess acute today than they were fourteen years

ago.

Historically, the prevalence estimates made by the Chromc Disease Program
of the Public Health Service have originated from the well-known study of
Wilkerson and Krall m Oxford, Mass, in 1946 and 19477 In the course of
this pioneer study of prevalence m a typical Umted States community, over
70 per cent of the population of the town was examined for diabetes, using
hustory and blood and unne sugar studies A rate of 17 5 cases of diabetes
per 1000 population was obtained A few years after this study started several
large-scale case-finding programs were conducted m which there was no at-

Tasie 1
ESTMATED PHEVALENCE OF DABETES 1 THE UniTep STATES In 1958
Number | Rate pet 1000 population
Unsuspected diabetes 1,400,000 81
Known diabetes 1,500,000 88
Total dabetes 2,900,000 | 169

tempt to study a population sample  On the basis of the Oxford study and
RIS A AU i . R Ha =
e mmb e s m it '

May 1 pomt out that the esumate refers only to the noninstitutionafized
population, 1t accepts the prevailing diagnosis of known cases as being correct,
and 15 based on conservative diagnostic critena used to determine the unknown
and unsuspected cases in the population  The Chronic Disease Program has
endeavored to provide as reasonable and conservative an estimate as possible
within the hmitations of available data

The current estimate of the prevalence of diabetes 1 the Umited States,
then, 15 29 million cases Of that number, roughly 15 million cases are
estimated to be known, and about 1 4 milhion are unsuspected cases {TABLE 1)
‘Thes¢ data produce rates of 16 9 per 1000 population in total, 8 8 known cases
per 1000, and & 1 unsuspected cases per 1000 povulation
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development in the field of national prevalence data; however, I believe that
major developments of this sort will take place in the next few years Some
of the reasons for the current lack of defimitive information on dhabetes prev-
alence may help us to appreciate the problems involved:

N Vo os manmrormant Aanands far 1t areavacye an tha nrecision of
uestion is.
surement?
» are large

aumbers of cases of diabetes that would meet even the most conservative
dugnostic criteria,  There are also many persons who would be called diabetics
by some critena but not by others, and there arc even those referred to as
prediabeties  Thus rather necessary ambiguity 1s reflected mn estimates of
prevalence

In this connection it may readily be seen that changes in what is called

diabetes will automatically produce parallel changes in prevalence estimates

N O S SO RSN S A RN | VY
e con-
seemns
ch, as

PRRTTRUVVEN
- 1 a1 - 4NEQ Dt W T T e e B YL oo af

(2) Another reason for the lack of dehmitive information on disease prev-
alence 15 that the methodological problems o were almost in-
surmountable until intenstve study dunng the last five years brought forth
some mayor breakthroughs Even now, however, this is a very difficult area
Various means have been attempted to uncover the prevalence of diabex;s
as known to the people themselves and to their physicians The housebold
survey on a sample basis i3 perhaps the most frequently used  In additson to

2F caranbiney e Wl

fecleu Saipie .
:,mbe;s of any sample population selected for study have actuat]
This is a serious source of bias  Reasons for

ARARDERV

~urvantly the ahisct af insacn

ly accepted
#+he eramination onresponse

in the next few yoalo vov 4 i f -k ol
l:l?mbﬂes and other diseases 15 worth the high cost involved. The cost Problem
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prevalence that is known to the patient of physictan A large-scale case-finding
program may alter sigmficantly the known case rate at the expense of the rate
of unsuspected cases

The methods used in the surveys shown vary widely and are worthy of
comment In the Oxford study previously referred to, histories were obtained
on all persons examined, and the information was venified with the physiaan
whenever 2 person said that he had diabetes 3 The New Market, Ont , Canada,
study was conducted 1n stmilar fashion;* more than 80 per cent of the popula-
tion was tested The data on Baltimore, Md , were obtamed from the Study
of the Prevalence of Chronic Illness conducted by the Commussion on Chromc
tliness ©  This study consisted basically of a household-interview survey of 2
random <ample of the population followed by a “clinical evaluation” of a sub-
sample of mterviewees This climical evaluation obtained a response rate of
about 63 per cent. As stated m the Commussion’s report, in reference to 1t,
“The diagnowis of diabetes was based on climcal Judgment taking nto con-

Tasiz 4
Prevarece o UNsusPECTep DIABETES Iy SEVERAL STUDIZS
COMPARED WITw UNITED STATSs ESTDMATE
(Rates per 1000 Population)

Atea of survey or estimate Crude rate Adyusted rate?

Oxford, Mass
New Marhet, Ont
Baltimore, Md

Swmo
preers

*® Dew
- wow

Unuted States prevalence estimate

* Adjusted according to the distribution of the 1957 United States population by race and
broad age groups

sideration history, physical findings, blood sugar and unne sugar determuna-
tions

The California, Hagerstown, Md , and Kit Carson County, Colo data were
obtained by housebold-interview surveys of samples of the population &
Diagnosts of diabetes as reported by the respondent was not venfied

‘We see a wide range of rates in this group of studies The result of the
Califorma Health Survey stands out as exceptionally low  The relationship
between mortality and prevalence 1s by no means a sure one, but the mortality
rate from diabetes 1n California 1s only two thirds that of the United States
asa whole It 1s therefore concewvable that the prevalence of known duabetes
1s considerably less in Califorma than n the nation asa whole  The comparnson
between the current estimated national rate and the several studies 1s best

chown hy the racaags admctad raton PRI

In companing rates of unsuspected diabetes we are agan hmited to the few
studies n which examinations of a sample of the population were actually
uodertaken, these are shown in TaBLE 4 The current estimate for the United
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To our knowledge, there have been few tudies reported in which an examina-
tion of any kind was given to obtan an estimate of the total prevalence of
dizbetes  While the cniena for diagnosis of previously unknown cases are
not the same, the 3 studies shown i 7anLE 2 provide some comparison with
the Chrome Disease Program estimate  The Canadian study! rate is con-
siderably less than that for the two eastern United States studies* #  Both of
the Umited States studies have considerably higher rates than the national
prevalence estimate and were conducted 1n arexs having high diabetes mor-

TaBLE 2
DraBeTES PREVALENCE IN STUDIES WiTH PHysicAL FXaMINATIONS
CoMPARED T0 UNITED STATES LSTNMATE
(Rates per 1000 Population)

Ares of survey or estimate Year Crude rate | Adyusted rate®
Oxford, Mass 1946-1947 175 212
New Market, Ont 122 128
Baltimore, Md 1953-1955 267 230
United States prevalence estimate 1938 169

* Adusted according to the distribution of the 1957 population of Unsted States by
race and broad age groups

Tasee 3
Prevauence oF Knows DIBETES o Severac Stobizs Cosn,
WiTil UNITED STATES Ltiusre ARED

(Rates per 1000 Fopulation)

Aren of survey or estimate Yeer Crude rate | adjusted rate*

Oxford, Mass 1946-1957 80

New Market, Ont . 1949 75 l; g
Baltumore, Md 1953-1955 | 11 3 97
Californta Health Survey 1954-1955 55 55
Hagerstown, Md 1955-1957 87 H
Kt Carson County, Colo 1957 98 F
Umted States prevalence estimate 1958 a8

+ Adguated according o the dstribubon of the 1357 Unted Staies poputann o rece o)
broad age groups

tality rates  From case-finding programs one also gets the

these areas have higher-than-average prevalence rates Thg
is discernible 1n the comparison of these 2 rates to the national es
1 am indebted to source material for the basic data on these

the responsibility for rates and adjustments thercon s my ow,
of mv sources of date. ,

Impression that
fact, of course,
timate  Whyle
Various studses,
0, and not that
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portant mdividual and public health problem and that large numbers of un-
suspected cases of diabetes anait detection and medical cave.
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States is again lower than that of the Oxford and Baltimore studies, but higher
than that for the Canadian study.

A second source of crude comparative data on unsuspected diabetes is found
1n the results of case-finding programs conducted i various areas  The persons
screened 1n these case-finding programs were not necessarly representative of
the entire population in the arez in which the programs were conducted To
the extent that these f were in attracting high-prevalence
groups 1 the population, their results were also less representative of prev-
alence mn the general population There have been 61 diabetes-screening
prog with d reported 1n the past several years to the
Public Health Service® In the average program 6 new cases of diabetes were
discovered per 1000 persons tested, but unfortunately there 1s no breakdown
of the results of these programs by age of persons tested  In most programs
only a few persons under 25 years of age were tested It 15 known that the
older population, particularly those aged 65 years or more, are poorly repre-
sented 1n such p If the 2 d groups, that 1s, the young
\ery-lo“’preva]cnc'c group :Ltnd Ehc ‘a[ied hlghizrwﬂ‘ence group, to a great

used dizbetes-screening techmques have a sensttivity of about two thirds,
Thus, 1n a random screening of persons not m a fasting state 2 of 3 persons
N --st A A shetae ol coreen posilive In a screening fest such as the
. - Jevel on venous blood of 1ts equivalent
tics will l‘>e missed,  These findings are

ER

. [P

Susuin, srow

Therefore, lh:G cases per 1000 tested as iuund m case:ﬁndmg programs r‘ép:;_

Le s pra e s v ouw
mational estimate ood for more accurate and b
€ Vel an
The future prospects are very good for more accutate and better-defined

to evaluate 1he ACLULILY Ui it gavotsse somumis v o 2 IUON cases

dxfgcu‘l)iﬂes We believe 1t i5 8 good, us.eiu) working estimate  Regardlegg o

f}i : ‘;reﬂs‘ figures used, the conclusion is tnescapable that diabetes 15 an im-
e
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too rapid in any vessel to distinguish cellular detait At present there 1s no

wall, and sclera  These differences can be enhanced by mampulating the
lluminating source but, at best, healthy vessel walls are difficult to distinguish
{rom the supporting parenchyma  Therefore, in most instances the drameter
that 1s measured is that of the Rowing column of blood rather than that of the
blood vessel This error 15 least for the capillaries and venules, but 1t may
become appreciable In arterioles when there 1s an anemia because of the n-
crease mn the penipheral plasma layer. The column of blood, however, does
delineate accurately the configuration of the wall that in heaith are cones for
arterioles and venules, with the smallest diameter of the cone at the junction
with the capillary The capulanies are cylinders. Cellular detal can be
1dentified mtravascularly ahenever the velocity of flow decreases, which occurs
10 health when terminal arterwoles constrict, when arteriovenous-anastomoses
open {which decreases the flow rate distal to the shunt), and m short venules
that connect adjacent venules and 1n which the pressures are nearly equal,
which reduces or stops the flow in the connecting vessel Under the above
. P S G . Hae ~

vessels It has been stated that reduction of the linear velocity of blood flow
per se produces erythrocyte aggregation* This is not true in health, The
blood flow through many areas of the body, especially in the liver, can stop for
many minutes, and erythrocyte aggregation does not occur, however, they will
form aggregates when the interfaces of the erythrocyte are abnormal ~ The

and pressure, the normal number of mtravascular cellular and plasma con-
stituents, and a normal blood volume, & characteristic vessel pattern exists tm
ihe bulbar conjunctiva  ‘The ratie m diameter betneen corresponding seg-
ments of arterioles and venules1s 1.175 to 20 The vessels are ot tortuous,
and the pattern of distribution 15 regular  With a healthy intravascular and
vascular physiology the connective tissue of the bulbar conjunctiva 1s trans-
parent, permitting sharp focus of the circulating blood (thss does not occur
when thers 15 2 mamtamed reduction of blood flow through the microvascular
system with associated exudation of plasma, whereupon the edema flud causes
ncreasing opamy of the connective tissue, with a concum\l:.mt decrease in the
opticat ut The halogy can be it with
theuse of a ahbmtcd scale i the ocular of the microscope and a chronometer
to measure the temporal exents ?

Recording the Dynamsc Morphology

If the observations axe to be meaningful, the method of recording assurses
importance  Dufficulties evist. The micravascwlar physiologists have not



DIABETES MELLITUS AND THE LIVING
MICROVASCULAR SYSTEM

Edward H, Bloch
Department of Amatom, Western Reserve Unersity, Clercland, Oa

Can anything be learned about the mechanism that damages blood vessels in
diabetes mellitus by studying the dynamic morphology of the superficial micro-
vascular system 1n man? The curzent optnion in regard to the answer to this
question will be denved through a review of (1) the preferential site for the
study of the microvascular system, (2) the structures that can be visuahized in
this tissue, (3) the recording of the dynamic morphology, (4) the statistical
vahdity of data denved from superficial microvascular systems, and (5) an
analysis of the studies to date

Preferential Stie for the Study of the Microvascular System 1n Man

The tissues that can be considered practical for study are the skin, the
mucous surfaces, the bulbar conjunctiva, and the retina. Of these tissues the
bulbar conjunctiva s prefetred, because the blood can be followed with ease as
1t passes through the numerous arteriolar-capillary-venous channels. Good
i of the 1s obtainable because the vessels are superficial,
parallel to the surface, and embedded in transparent connective tissue, and
contrast 1s enhanced by the white background (the sclera). Also, this tissue
1s constantly irngated by normal physiological fluid Therefore, special prep-
aration of the tissue 15 not required, and homeostasis 15 automatically main-
tained The result of the anatomical and physiological constituents permit

- s Quaue UL UIe
wnherent limitations in the study of the vascular and intravascular reactions of
the retina at the microscopic level may be obviated or elimingteq 1n the future
by electrome 1mage devices The mucous surfaces and skin are not suttable
because of their special van:ular anatomy,! their termmal vessels are ot right
angles to the surface It is dufficult to differentiate not only the terminal
portion of the an:rjo]e but also‘lhe origin o{ the venule, since the camilarr

Iying heratinized epiLLtuuLL Gauopaita
Dynamic Morphology
Ibar conjuncty h
scope s focused on the bu onj va, the compon
m:,c.::athed is the circulating blood  With the m“g"iﬁcauof:,;::
frequently (48 to 150X) the velocity of blood flow i health 35
236
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1n the capillaries and venules in the bulbar conjuncttva 1s not necessarily 2
statistically vahd sample. The sample will reflect statistical validity of con-
nective tissue blood vessels similar to those that are not the site of active special
metabolic processes of physiology or disease. For example, the physical
composition of the blood 15 altered in capillanies and 10 the mmmediate post-
capillary venules 1 tissues undergoing active metabolic processes such as
muscular contraction or processes of localized disease  These processes can
cause locahized hemoc or the f of ceflular that
may not be reflected in the bulbar conjunctiva due to the diution of these
abnormalities by nonaffected blood flowing through adjacent tissues and diluted
in the heart and Jung by mung  The artenioles m the bulbar conjunctiva or
any other arteriole in the body contain a statistically valid sample of blood,
while the blood m the capillaries and venules are statistrcally vahd for the

e tn Caae Sfoatot wiall o liian

PN DU S R

Doata Derwved from the Bulbar Conytincitra

To be able to evaluate the current studies 1t is worthwhile to teview hnefly
the history of the microvascular system in man? The study began more than
one hundred years ago. Many of the early 1nvestigators noted cellular ag-
gregation and abnormalitres of vessel walls ~ Reports of ticroaneurysm have
been described 1n diabetics for more than 50 years. Simular pathology was
also observed in other diseases _ Often the reports were conflicting or difficult
to interpret, which led to 2 mhulistic attrtude 1 regard to the usefulness of the
bulbar conjunctiva to assess vascular damage .  This attitude has not been
dispelled entizely -4 In the past thts attitude was Justified, since the knowl-
edge of what constituted the healthy microvascular system was meager In
respect to the dynamic morphology of this system, such an attitude can be
mamtai‘ncd no longer }Relnjar{xl data for the system exist that have been ob-

ferences of epinion are not due to inaccurate data, but to inaccurate interpteta-
tion of them There 1s a farlure to understand clearly that a description of
this system as pathological per se does not necessarily imply sigmificance in
Tespect to an alteration of function of the entrre organism that can be detected

snracenriby by rlineeal et o on & os e e e

detine 1n general an abnormal microvascular syster and indicate some of the
mechanisms that produce the abnormality. The discussion that follows 15
based on data denived by many methods and ncludes experimental animals
where better optical resolution could be obtained and hgher magmifiction
{to 1270X) could be used . ¥. 7.2

By defimtion, the healthy microcirculation becomes Ppathologtcal whenever
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the strandmg of these cells 1 smal blood vessels and presumably (indcated
by direct observation »n experimental animals) by phagocy tosts n the hiver

In wmmary, the abnormal arcwiation s defimtd as the formanen of ag-
gregates by the formed elements of the oisculating blood and/or an merease w
the plasma visconty that results i making the blood more difficult to aredlate
through the sucrovascular system, which can sesult 1 concomitant pathology
of the vessel walls and a reduction m the arculating blood volume through
thromboembolism, phagoecytoss, and loss of plasma flwd

A vanety of abnormal processes can sfluence the microy ascalar system and,
due to the lumted number of responses of this system, morphologic simifanties
wilt ensst  The differences of effect on the system will be determined by the
metabolic disturhances of the disease  For example, cellular aggregation s the
sesult of altered metabohsm of the host due to a vanety of nomous stmul
such as ussue trawma, anugen-antbody reactions, or bactemal of viral ta-
fectsions  Some of the factors that influence erythrocyte aggregasion are the
chenycal nature of the stinalus {physical trauma produces large ngd {28 to

) m & taa sifaction where the ag-

gregates may be small {10 to 13 4] and soft), the duration of the stsmulus (tn
trauma 1t 1s short and ot repetstive while, tn a tuherculous process, it can be
active for months or yeass), the volume of tissue wmvolved with patent blood
flow througk the snfected area (in local trauma a very smail »olume of blood
s wvotved while, i an estensine bactersal pneumonia, the volume s large),
and the physiclogical status of the host (the aggregation of erythracy tes s less
1n mafnutrutan)  Lattle work has been done to isolate the specific chemical
snducers of such aggregation ¥ 2

The above review illustrates some of the abnormal stmuh that can exst i
dusese, resulung w the production of mtravascular cettular aggregation that
produces pathology of vessel walls mdicated by «pasm, dilatation, constrction,
of aneurysms  In geperal, each disease s hmated by the damage 5t causes,
which cannot be compensated for by the defense mechamsms of the host
Thesefore, 18 & genersl mannez, the dynamic wtravastular and vascufar re-
actions analyzed over the entre penod of the disease wall {ollow a rather con-
sistent pattern, this has been documented? T ¥ Havever, no visible intra~
vascular or vascular reaction per se 1s pathognorme, so that a drgnosis can be
made anly by observing the mucrovascular system

Bromicroscopy of the human micravascular system of the bulbar conjunctiva
began with Cocomss % Among the earher imnestigatots were Dondens,” who
recognized erythrocyte sggregation, Bajardy,” who was terested primanly
1 reaction of the walls of blaad vessels to drugs, Schieich® who stressed tha
smportance of measuang blood flow, Rermar,® who recogmaed that cumps of
cells will sedument as flaw decreases and descnbied the effect of cellular ag-
gregates on flow, but who recogmaed that these weze amportant only when
thrembasis aecurred, and Lucdde, who clearly distingmished the difference of
flow charactensties between atienoles and venules and biopsied the conpunctina
The early repatts of diabetes are those of Straiff* who described granutar flow
and thrombt, Zeller,®* who obsened mucroaneurysms and wvented 2 method
Tot mesunag the tate of blood flow, and Cesan® who correlated the changes
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an aggregate is present (erythrocyte, leuhocyte, of platelet) and/or the viscosity
of the plasma mereases.?  The aggregate, which is larger than the other cellu-
far elements, changes the character of the flow. Independent or associated
with aggregate formaton is the adherence of leuhocytes and/or plaselets to
the walls of postcapillary venules. Whenever the hinear veloaity of the flow
15 Teduced, the first vessel walls that indicate dynamic morphologic abnormality
are the postcapillary venules where hemaoconcentration and dilatation accurs,

o N 4 R R AR ROy P
cy\ucs are more commonly involved than the other formed elements. There-
fore, with the conuinuation of the process that produced (he formation of an
aggregate, the majonty of the c'ircul:mng celly may become involved At first
the foxces that bind the cells into aggregates will he weak, and the process
oceurs onfy i statiotiary or very slowly flowing blood, but finally the strength
of the forces may be so strong that the aggregates are not fragmented in the
arterial oreulation  As a Tesult of the increase in size and ngidity of the
aggregates the veloaty of blood flow decreases correspondingly.

The change fram the healthy circulation 1s the degree of abnotmality or
“sfudge” present at that moment? With muluple observations it becomes
possible mldetehm\i“c, not onfy the extent, but also the rate of the mtravascular
and vascular changes

When an abnotmal arculation 1s present:

(1) Either erythrocytes, platelets or leuhocytes, or a mixture of such cells
form aggregates

(2) Leukocytes and platelets adhtre to the endothelium of systemic blood
vessels am}\), ux\dnr‘ spe‘t‘:l:ﬂ condinons, erythrocytes adhere to the feukocytes
hat line the vessel wall. .,

(3) In the presence of an mereasing number of aggregates the normal lamunar
Wood flon changes At first there is an increase 1n the thickness of each
Jamina, followed by mired flow that produces gross turbulences, finally, plog
flow oceurs where the aggregate is as “flldc as l}:je Vesyel 4

he distutbance i the lamnar flow produced by the zggreq,
in (:)dfcr:nsed velacity of blood flow. With the nd}u:uo" fﬁrcﬁ";‘\:ci‘:ffu‘l;i
presence of aggregates, the homogencous appearance of the he, slthy, flowing
column Of! b:lnd dn:appears, and the cellular aggregates become ercasingly
visible and sedimes

(6] Duc‘m lheI decreased blood flow excessive plasma find ¢ tost through

he walls of veaules, N

b As a sesuls of such a arculation: N

{6) The walls of blood vessels faul to receive adequate nousishmen, and the
bluent propesties of normal flow are altered, which results in 4 gy, af theis
:onm) cone-shaped configuration. . =

(7) The walls of veaules become increasingly permeatie 16 the plasmg gy
praduced hemocpcentzation, with assocsted local o general ilstadiun s

1issue,
tion and edema of the adjacen! . .

sac(‘g;hﬁmlly, the numbes of clrculating erythrocytes begin to decregge due 1o
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extent, 1 the ptuntary, kidney, and pancreas, but such studies have not been
made

The question was proposed whether anything could be learned about the
mechanism that damages blood vessels 1 diabetes mellitus by studying the
dynamic moephelogy of the superficial vascular system in man  The question
may be answered affirmatn ely because the blaod flowing through the artenoles
repsesents a statistically valid sample of all the arterial blood.  The responses
of the vessels in the bulbar conjunctiva represent those of connective tissue
Thercfore, it is not possible from these data to predict with certainty how the
microvascalar systems of the pancreas, hver, pituitasy, er kidney will respond
1t 15 recommended that expenmental ammals Le used to elucidate the responses
of these organs and 1o obtain further datas i man from 1he penpheraf orcufa-
ton
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seen in the circulation of the shin and conjunctiva and stressed the fact that
these results were sigmificant alvo for hidney and brain (alo see Muller 1937-
1939) ¢

The influence of intravascular ery throcyte aggregation on the microvascular
system was stressed by the reports of Knisely e al., which wete followed by
repotts from other laboratones® In 1951 Ditzel began to report data ob-
taned in patients with diabetes mellitus, using the bulbar conjunctiva method
descnibed by Kmsely and Bloch Ditzel and his associates have studied
diabetic children,? normatensive disbetic adults,® and pregnant diabetics,*
and have found that the vascular pattern 1s characterized by tortuosities and
elongauon of the capillaries, narrowing of the artenoles, dilatation of venules,
and pernvascular exudation Jeading to “byahine” infiltration  These changes
were associated with varying degrees of erythrocyte aggregation  Ditzel and
his co-workers conctuded that the venular distension and increased permeabitity
are oftent mantained for long perods and, while these conditions are associated
with cellular aggregation, ~
15 mummal  The abnorm, .
the duwhbetes, and these are
and his co-workers are more than a corroboration of the earlier data for this
disease, since they have used better cnteria and better subjects. The finding
of a spectfic Teaction 1 the microvascular system jn diabetes 1s not surptising,
since “speaifie” patterns of reactions have been found in poliomyelitis,” myo-
cardral infarction,? and tuberculosis? In these diseases smilanties and dif-
ferences exist 1 the reaction of the microvascular system This seenung
paradox is explamable by the fact that only a few mornholoric cntena gre

omitant

It may

L . =T e suuticaces 1 UG response
of the bulbar conjunctiva to chronic redqcnon 1 bleod flow 10 obtain an in-
sight wto the mechamsm of how theve diseases damage the vascular system.
The studies of Ditzel gla["-_""' ndablebecause they leadditional
B E " e studes for 5 longer

are to be elucidated,

. - - 0re studies required

and for a longer perod of time, but they should include Gantative re::}hlsrzo

that it will be possible to compare the data of different iny estigators

1f the morphologic mechanism of how duabetes affects the vascular system is
ta be hnows, 1t 1s necessary to study other vascular beds. The study of the
retipal vessels is curtaled by the opu‘c‘::ll ltmléallon of magmification, whick js
&iffcult ta overcume It may be possible to ;:lcrmme changes i the y)ls of
——les, blood ﬂo\y, and paren(h}’“}““l““" 1 ‘ez_.[:resen! oplics by using the
Secbriqa of scaning misrospectropholomelry. -t This methad shons grens
promise, but it 15 not yet perfected an ,‘cvenll ll € promise i fulfilleg, this
sechmgue will be wsufficient. Itis m;fes aryb (:; l:;n to ;xpenm:m;,j animas
50 that one sy study thesites & e the m\elmh A:Ic i i  ating
ing et walor disturbances  Methods and wformation exist that
‘x)r‘\‘nf‘;o'\t possible to study the ictovaseular system i the liver ad,toy lesser




DIABETIC NEUROPATHY: EVALUATION OF FACTORS IN ONSET

Max Ellenberg
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Although diabetic neuropathy has long been recogmzed, there are still many
areas of nadequate knowledge and uncertainty. The diagnosis stself presents

- !
: W f . T - ...' .
diabetic ‘conu?u] Among the authorities subscribing to this siewpomt are
Joshin,# Duncan,* Rundles,® Goodman,® and Martin *
1 L 1 e
are mamfest in several directions and nclude the following six points (1)
neuropathy may occur dunng good control; (2) there may be a simultaneous
onset of neuropathy and the symptoms of uncontrolled glycosuna, (3) the
neuropathy 1s unrelated to the duration or seventy of the diabetes, (4) neurop-
athy may be the wmtial chmcal 1on of dubetes, ded by

and 1n these 1nstances, a relatively constant latent penod exsts

(1) Neuropathy during good control There 1s not ifrequent reference in
the literature to the occurrence of neuropathy 1n this chaical situation  The
areflexia, pain, and paresthesia of diabetes commonly occurred 1 patients with
diabetes under thorough control 1n the senes of Woltman and Wilder®  Simlar
observations were made 1n three cases of neurogenic bladder® and 1n a senes of
patients under close supervision, good care, and good contro}¥® Charcot’s
Jowts have been reported in well-controlled diabetes ! Other authors alluding
to this set of circumstances include Broch and Klovstad, 2 Garland and Taver-
ner,;” De Jong, and Jordan® The last author stated that, since neuritis
commonly occurs more often 1 the older person with nuld diabetes than in
the young one with severe diabetes, dbetic neuniis 1s not the result of hyper-
glycemia alone, and one must seek a more subtle factor ¥

(2) Simullancous onsel of neuropathy and diabetes This situation 15 well
documented The neunttic symptoms dominate the clinical picture, and the
diabetic symptoms are ehated usually by a careful, routme history. This
sequence of events was reported by Root and Rogers,” Balley,* Epstem,®
Boeck,* Broch and Kiovstad,” and Jordan®® In our patients with this type
of onset, no previous evidence or history of glycosuna could be demonstrated

(3) Neuropathy unrelated o duration or seienty. 1 poor control 1s the mast
important aspect 1 the pathogenesis of neuropathy, then severe diabetics (as
measured by wsulin requirement) and those with dabetes of Jong duration

235
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surgery, arputations, cerebral vascular accidents, diabetic coma, batbiturate
zoma, acute myocardial afarction, acute wmfecuions, eoricosterond therapy,
trauma, and the nstitution of confrol of the dubetes by diet, msuhn, or
tolbutamide R
Another charactensiic of this graup of patients is 1he presence of a fairly
constant ttme mierval or Jatent penod  This latent pénod averages about 18
days, it a range from 7 to 30 days, its sigmficance wil be seferred to fater

TARE L

Stress toctor Katent mpcrend

urgery prostate
urgey prostate
wegery amputalion
ey shqamunal
nfection

stection

ocarthal infarciion

sctionsterord therapy.
Cerebral vascular accident

Contro} wich msala

Contsol with tolbutamude
Control nith talbutaatde
Contol with tobutamide

Merage

2
FOHENENLEERERREEEER

S8R

5

Table shoming the Jatent wnterval of ansee of newropathy following the vanious sticsses in
26 patieats

Duscugion

That profonged poos dizbete: conurol may possibly lead to neuvopathy 15
not demed  Sn addtson, this paper s not meant to Minumyze the Tnportance
of good control 1n diabetes not to enter into the controyersiat aspects of the
ments of mantaming noatmoplycema and aglycosura n the dibetic patient,
rather, the conchtsions rest on the prepuse that neurapathy can and does oorus
ndependently of the presence, degree, o duration of hypergycerua and
Bycosuna

There has been an Jacreasing swareness that dubetes 13 a complex, gen-
eralized, fundamental disease process of which the carbohydsate metabolic
chisgrder tepresents a ssgle facet  Other facets include pregnancy, micro-

h and prph , and atterasclerotic
wvalvement of tie larger vessels. Al of the above may occur as the jmtial
Aucal mantestation of duabetes.  Dry and Hines® felt that 1t would be cor
7ec to regard the vascutar problem as a mansdestation of gn, alnotropby affect~
ing the msulto-producing tissues and. thevascwlat systera.  Recogmtion of this




246 Annals New York Academy of Sciences

should have the highest incidence of neuropathy. In our own experience there
is no correlation between neuropathy and duration or seventy of diabetes.
Similar observations have been made by Jordan 18 Ruidv 2 and Mosiea? 7

4w Laves Ll naraly be ascribed to a prolonged period of poor diabetic con-
trol. The diabetes in these cases is diagnosed by finding an abnormal glucose
tolerance test, carried out because of suggestive or compatibl logical
syndromes and/or the presence of a fanuly history of diabetes. Continued
follow-up of these patients indicates that the ovest diabetes makes jtself mani-
fest

Sumilar observations have been recorded by Jordan,1 Andrews? Bailey,”*
Garland, s Sprague,” Mur,® Lincoff and Cogan,”® and Broch and Klovstad
My personal experience, as previously published, 15 1n complete accord with
this concept

tio
trio - peeasy #3 @ wusLLLANE and not a complication of dmfmes;
this point will be discussed later

(5) The paradawical precipulation of newropathy follnwing the i of
drabetic control. ‘This situation ts incompatible with the postulate that the
condition 15 due to a prolonged period of poor control  This observation has
been kpomdxcally reported 1n the Iiterature > 2.2 Ina study directed toward
this set of circumstances, I have witnessed this phenomenon not infrequently
in patients controlled with insulin,® as well as in those controlled with tolbut-
amided

The means whereby control is achieved are unrelated to the sequence of
events, suce similar phenomena are observed with diet alone, with jnsultn, or
with tolbutamide, The neuropathy this category follows a fairly constant
latent period of 2 to 3 % echs of good control A suggested explanation is that
the sudden change in ); results ma physwological at oy
ing a stress stuation  Since the neurological syndromes =n

,n"(é) S{”H sutuations leading to neuropatlly  Occurning wnerdentally 1 the
course of dubetes such situations may lead to neuropathy independent of the
state of dibetic control )

Several authors have included this t);?e of situation in thewr seres acluding
Rundics® De Jong* Rudy* Epsten,’® and Springer and Hymes® have
observed 20 cases wherem the neuropathy followed the maidental occurtence
of stress situations (rapiz D. ,

The resalting nevropathies are entirely charactenstic of the recogmyzed
syndromes of neusological lyvolvcmenl asrghl:y occur in duabetes, g 1S

Tinical Tepresentations are independent of the nature of the stress, Thee
chni « neuropathies are defimitely part of the dubeg;c

th <
facts nducate that ¢ T hase observed include abdominal surgery,

state
The stress factors thal

Prostatic
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constant latent time interval suggests the presence of an operative toaic or
metabolic factor in this category.
References
1 Euexeerc, M 1957 Dubetc neuropathy mitfalls 1 diagnosis Arch Internal
ST
2
3 .

4_.

Rosores, R W, 1945 Daabetsc neurapathy  Mediane 24: 11
6 Gonmuﬂ,] L 1952 Femoral neuropathy in relation to diabetes mellitus  Diabetes

7 Maxtiv, M M 1953 Diuabetic neucpathy Bron 76 §

8 Wormuaw, H W & R M Wupcr 1929 Dubctes m&lluus Fathologic changes 1n
the spnal cord and Fcnphunl verves.Arch Interna) Med. &

9, Joroaw, W R &1 1f Crawtaee 1935 I‘xul)ssnhhehladdnnndub:uc patients
Roeh Tntermat dfed 5517

10 Bovkato, A_ 1950 Relation betmeen neuris and chmical Lackground in diabetes
melbtus. Arch Internal Med 83: 9

1t P T T 1o " Chasaot yont 1 diabetes melldus Am Practtioner and Digest of
Treatment 4 49

12 Biom,0 T 50 Kiowsmao 1947 Pobyneuntismduabetesmelbtus - Acta Med Scand

3

14

” Med 6

16 Joroav, WY 1035 Dabenc neuropathy  Arch Internal Med 56 26

17 Roor, It ¥ & M il Roosas 1930 " Disbenc neanus with parslysis - New Engl J
Med 202:

18 Banzy, A A %55 Neurologic complications associated with diabetes Diabetes

19 Evsﬂ:m, s l[ 1951 Diabetic neuropathy and ats prognosis _ Neurology 1 2;
2. Soecs, 053 Dot shatopemme avthooriin Bu - Shiard. Edlore
osp 1.

21 Ruoy, A 1945 Diabetic neuropathy  New Engt J Med 233

22 Maurie, M M 1953 Invohement of autonomic nen e Sbres 1n diabetic neuropathy
23 Suluvan, J F 1958 Diabetc neuroputhy Neurology 8, 243

% TamonS M 1955 Dubeiuc newropalhy prseniing 4 he intal el manfes

1ation of diabetes  Ann Internal Med 49 6



248 Annals New York Academy of Sciences

approach to diabetes has led to the performance of glucose tolerance tests and
the concept of the existence of a prediabetic state.$: #  Root ¢f al# felt that
diabetes mellitus 1s hereditary, but may remarm latent until some stress brings
it forth  This hypothesis carries with 1t o specific vulnerability of the central
nervous and vascular systems.  Thus, long before hyperglycemia and glycosuria
are present, the patient may manifest other defective states.

From this point of view neuropathy emerges as an integral part of the
variegated syndrome of diabetes mellitus It 1sa concomitant, not a complica-
1100, 1t becomes a fundamental component of a multifaceted crystal and not an
end result of failure of proper climcal of disordered carbohyd
metabolism

Trom the etiological consideration, no known factors have as yet been de-
termmed  In view of the varying backgrounds preceding the onset of neurop-
athy 1t would seem reasonable to conclude that there are probably several
such factors However, 1n those cases where the neuropathy follows stress
situations, the evidence pomts to the presence of an operative {oxic or meta-
bolic factor  This assumption 1s based on the presence of a fairly constant
tume mierval that s mdependent of the preapitating factor, It is directly
comparable to the latent period of many known inating factors that lead 1o
vanous types of neuntis These include postinoculation neuntis,® post-
vacanal neuntis,?® abortifacients,* arsenic, and neunitis complicating penial-
Lin therapy # This parallel adds to the significance of our observations and
suggests the general category of a sensitization phenomenon mediated via a
toxic or metabolic factor that produces the cause-effect relationship,

Tt 1s worthy of comparative note that toac drug mamfestations resulting
in ntrahepatic cholestasis without neural involvement also have a simlar
latent perod  These include arsphenamine,® thiouracil,# chlorpromazine, s
chlorpropamide (unpublished observation), and metahexamide {personal com-
munication from H Dolger)

The presence of a latent time interval strengthens the vahdity of the conten-
tion that the stress factors are related to the neuropathy and are not a comn-
adental association  The fact that comparable situations with Lnown toxic
factors act mn like fashion and express themselves similarly tends to support
and corroborate this hypothesis

Summary

. . . are in-

de ! . o + 1€ con-

tel ) ¢ of neuropathy Loes weon s0r the
relopment of

de;)emll:em neuropathy should be regarded as a concomitant feature of the

syndrome of diabetes mellitus rather than as a complication of the disease
Awareness of the occurrence of neuropathy as the imitial clinical manifesta-

tion of diabetes may help solve some obscure clnical problems,
The diverse character of the factors preceding the onset

ropathy suggests ¢
ever, the sequence

of diabet
hat there may be several etiological determinants, chn:x_

of neuropathy following stress situations after o relalively



ACCEPTABILITY OF DIABETICS FOR LIFE INSURANCE

Paul 5. Entenacher
Meiropahtan Life Insurance Company, New ¥ork, ¥ ¥

Oniy about 30 per cent of persans with a Anown hustory of duabetes applying
to the Mewropohtan Life Insurance Compary for hife tnenrince are found to be
acceptable, according to a zecentiv re ! apertence.  About
tho thtrde oF o use the offer, thus

_ wanetic applicants who even-
sty A study i 1949 of yts diabetic apphcanzs
1, - waner msyrance company show ed an acceptance rate of about 40 per cent!
and & panel discussion tm 1933 by medical diectors of several msurance
companies showed a tange of abaut 30 to 40 per cent. In the past decade,
therefore, despite our everancreastng knowledge of the disease, lhe chabetic
population has shown Inile imp fsom an It
sewpont  Why are 60 to 70 per cent of the diabetic apphicants {or insurance
sl found to be unacceptable for hle tusurance? What yardsticks are the
1n>uTance Companies using s evaluaung them?

Before the era of insuhn therapy andd for ATV ver  © opansuling was div
covered alf digbetie vern - aduatly, however,

! sure habetics an
- v o lead, and teday

a v ssutd substandard-nsk Wle wnsurance offers some
1,y Of COVETape 1o 4 Telected group of digbeties It iy an accepted fact, how-
ever, that even (he most favorable group of dizbetics cannot be considered for
standard-r=k snsurance becanse, although thetr mortaliny vate has dumnished,
with & corresponding 1nerease in hit espectancy, st still 1s not as good as that
of the general popub In general, will decline ap-
plicants for wharm the expecied mortality 1 greater than 4 1o 5 nes that of
standard nshs  Substandard nsk wnsutance will be offered to the groups that
have 4 mortality experience fafling betneen the standard mottality himt and
hat for the dechned group, the eatra premium varnyng according to the amount
of excess mortality A study of the expenence of the Jodkm Cinsc, “Boston,
Mass, fat e pertod 1947 to 1951 on paients fires *- n the
years 1930 throurh 10312 2ntng

- g pwidtion,
- wwntues was almost 6 Lines greater
t .« senicrat population  ALage 303t was about 10 times greater,
at age 40 about 4 ey greater, at age 50 atmost 3 umes greater, and at age 60
dbout 22 Umes greater It 1s appal’tn( then, that 3 eties decrdedly falf
nto the tubetandard and decl 1ealy, all disbetics
manke 1 -ante were devised

ated, bat vies ~dea

far
o wiotsls.
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110n of the enzymatic test, which 13 spenific for ghucose, 15 not likely 0 alter
s Prior o the mtroduction of scaddy avalable commernal testing ma-
terals of thus type, the Metsopoluan Lafe Insurance Company was using the
enzyme test 1 ts Dothermcal Jaboratary and had demonsirated iis accusacy
canclusively 1® At the same time that tlus test $as bemg evaluated, a study
was cartied aut 1o determae 1§ the yasults of a glurese tolerance test, usnally

performed on a different day, could be correlated wot ! 12] amount of
gscosurs ¥ The results were rmed the im-
presam oF 3 cose tolerance

Metropohtan
1 . e wt 01000 SUgAT test
3 . ~swntine whether or not the apphcant s &
d . owett These Fesults have a outed value  As insursses company,

2 ot of roIa

Heart Bisassa

Yaseler Lasions
Lentea) Macven Sriten i

Conser «Jw 4

Neskeitie ;E "
A D abers Mok weohe

bttt I Y4

smrase {120

Dbt vae {112

JiotRe 2 Selectid tauses of death among duadetic panents of the Joshn Chnse tn the
dears 1959 1o 1956

by the nature of sts business, can obtain oply one test m atmast alt sastances,
and 1t has no contral over the type of detary intake of the sppheant dunng the
days preceding the test  Apart from this, the tompamses differ on test pro-
cedures and their mwrpretation some companies use fasting Mood sugars,
others postprandial blood sugars, and still others use vasiaus mtesval vatues
after gloeose sngestion The latter approach was adopied by the Metropoltan
Yafe Invutance Campany after 3 veview {unpublished data) of twe-biour glucave
toferance tewts shomed that the number of cases was so small where the fasting
ot haif-hour bload sugar levels alteted the trterpretation of the test that it was
dectned unteressaty (o oblam the furst two spramns,  Granting, howerer,
that vanabibity w the type of test weed and in the mterpretation of the test
axnvis, the question anses of how t handle the apphicant who has 3 definitely
abnormal bevel, \ay n the tange of 13010 150 g pet cont on the Z-hous specie
men, but wha does not appear chinwcally to be s diabetie, Difierent compames
bave thesr own indiidual approaches to the prablem and, untl more extensive
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The over-all death rate from cardiovascular-renal disease is 283 times greater
in diabetics as compared to the general population  Analysis of the causes of
death 1n recent years among diabetic patients,? as 1llustrated 1 FIGURE 2,
shows that the diseases of the card ) 1 system d for about
three fourths of ali deaths  Heart disease alone was responsible for nearly one
half the total, and 2 of every 3 heart disease deaths were due to coronary artery
disease  Neat in order were cerebral vascular lesions, cancer, and renal disease
There 15 still some excess mortality among diabetics from infections, whereas
death from diabetic coma and gangrene has decreased progressively

Death Rate Par 1000
100]

Gensrel Populanen

20 30 40 50
1 P 60
@ Excludas doaths within one waok oF Bt observaiion of hospiral dinshargs

Figure 1 Death rate among diabetics and i the genera) Populatios
s thal of patients of the Joslin Cliuc 1n the years 1937 to 1951, he o

The duabetic rate
the whité population of the United States m \Be years 1949 1o 1951

he general rate 13 that of

From an nsurance-evaluation standpomt, there are two main
considered (1) persons with glycosuria, but without a specif
diabetes, and (2) known diabetics  Concerning the first group,
large-scale industnal health programs were begun, urine examingt,
nection with hife msurance probably represented the largest ny,
examinations done on apparently healthy people The diccoves
dubetics resulting from this has for many years been a major
1he hie insurance industry to the field of dnabe(ga detection

Many studies have been made on the mortality of life ins
with glycosuna ¢ & It was found that um}? applicants who were linuted (o
substandard 1nsurance because of E'Yf"s: ria had a mortality Sgnificantly aboye
normal ¢ ¢ The amount of glycosl;m;. oVever, a8 ot found 1o be 5 rehable
index on which to base a substandard ratng,*: * and even the Tecent introdyc-

groups to be
c history of
even before
1ons in con-
mber of such
Ty of numerous
contribution of

urance applicants

o
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cases examined in the years 1940 to 1949 and traced to 1955 These data also
tend to show an increasing mortality with duration of disease that is most
apparen
of diseas
and deals 110 PAUICHS wpSu 7v v vs av s s v e

[RSTPOR—.

Tasle 1
Per CENT mmo o ACTUAL 10 EXPECTED DEATHS AMONG DIABETIC PASIENTS
ACCORDING 10 DURATION AT FIRST OBSERVATION
Cases With Insigificant or No Impairments

Duration of duabetes pt first observation

Age st obsersath

Less than 5 years 5 Years o moro

excentages) (percentages)
25t034 329 =
35t0 44 301 351
45054 227 375
55to 6l 187 264

rience of Josin Clnic 1n 1939 to 1947 on patients first seen in 1930 to 1947  Ex-
pmﬁ” deaths based upon Metropolitan Life mortality expertence on standard nisks.
Based upon 7 deaths of loss.

‘TABLE 2
EATR RATES PER 1000 AxONG DIABETIC PATIENTS
AGED 45 10 59 YEARS AT Fizst OBSERVATION
Cases First Sceo Less Thao 1 Year and 5 Years or More Alter Onset

Duration of diabetes at first observation
Duration from first observation
Lets than 1 year 5 Years or more
1to 5 years 196 386
§ 1o 10 yeary 28 627
11 o 15 yeary 301 81
Lxp £ Joshn Clinic on the years 1940 to 1949 and traced to 1955

Third, comml of the dxscas: must beevaluated In this regard themsumnce

dlsc:m.- or Impnll"mcnt 'the total dmmctcr, temperament, and surmundmgs of
the diabetic must be taken into consideration when consideting hum for in-
surance It helps if he has a good understanding of tus discase and wants to

15 also important.  The expenence of the _foslin gmup.)ns for many )e:a:s in-
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mortality studies are carnied out, this will continue to be an indefinite group,
The mortality study carned out by Jimenis el a/. on applicants who wefe given
glucose tolerance tests did seem to indicate, however, that this group as a whole
had a better mortality than the known diabetics. It also seemed to indicate
that the mortality expenence was less fav orable in the group that had a grossly
abnormal test as opposed to the group with a borderlne or slightly abnormal
response. Based on ths experi our af h at the Metropohtan Life In-
surance Company has been to offer various substandard classifications accord-
ing to the degree of abnormal response on the glucose tolerance test,  We know
that some persons in this group are diabetics but, within our pattern of opera-
tion, we cannot go ahead to estabhsh the diagnosis.  We are therefore dealing
with the probabilitzes of a Jesser or greater proportion of these applicants being
diabetics, and our graded ratings are related to that. Analysis of mortahty
when we have a sufficiently large expericnce will indrcate whether the ratings
are correct

co .
e T T v smeues LY dsUGLIVEL UL L3
Juvenile diabetics are still not con-
_______ . . ¢ mortality statistics to support this
contention®- - 1 and most corapasies will pot issue insurance to diabetics
whaose onset of disease occurs prior toage 15, At the other end of the spectrum
an upper age himt of 55 13 often set, but some compantes have an upper age
Limit of 60, ar even higher.  This aspect of the problem will undoubtedly un-
dergo re-evaluation in the near future because of the separation of diabetics
into at least two major groups., One group has its onset of disease earlier in
e, 15 usually insulin-dcﬁciEDQ', and 1 many cases has a “bnttle” type of
duabetes  The second and major group consisis mostly of obese persons with
onset of disease in muddle or later Ufe. The difference between the two groups
has been accentuated recently by the type of response to oral hypoglycemic
o ot B .o .
clinicians, * .
complicat

!ns\xranée .

i . e
}Z;T,;d 0 the climic and duration of disease at first observation  The resglts are
gxpressed 1n ratio perccntage'of actual deaths in the diabetic Broup to expected
eaths in a standard population group. The company’s contemporaned

uS mor-
tality expesience on standard nishs was used as the basis of comparison jn
formulating the ratio. Bearng 1n r:und that the limit of insurabylyty far ane
mpairment 15 nOW & €
ratie F 100 piT cent),
dea
rate v g
lower Woiiansy = Dts the deatly

- . . ese
the ggnem\ diabetic population as seen at the Jo

rate per 10001 shin Clinie oy
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we
io
LA -
impatrments at first observation, as compared to the death rate 1n dibetics
with msigmficant impatrments of none

Taking all these factors 1nto consideration, what has been the actual experi-
ente with diabetics who have been screened carefully and issued 1nsurance?
1t 15 still too early to say accurately because of the limited matersal avadable
to date, but preliminary studies's 1 show that, even 1n this carefully selected
. B Toor e

uation of diabetics have a sound basis  This 1s sull an early expenence, how-
ever, and because of the nature of the disease 1t is to be anticipated that the
late experience will be less favorable. It 1s concenvable that some test or re-
fined set of cfiteria may evolve that will predict prognosis with sufficient ac-
curacy to allow an almost standard classification of certain diabetics At any
rate, it 1s hoped, that after more experience has been accumulated and analyzed,
more diabetics nill be considered msurable and broad subgroups will be delin-
eated, o that the better nisks can be gi en more favorable ratings
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dicated that control 1s one of the most important factors, if not the one most
important factor, determiing when vascular complications will have their
onset  Certanly, a great deal of stress is placed on control when an insurance
underwnter attempts to assess the nsk for a particular diabetic applcant.
Fourth, an attempt 1s made to estimate the seventy of the disease, Some
companies use nsulin dosage as an mdicator of seventy, and 75 to 100 units of
insuhin daily 15 frequently set as a top hmit for insurability, While insulin
dosage 1s 1mportant, it 1s not a really good indicator of sewerity, and 1s not
accepted as a hard-and-fast critenion of insurabiity The recent advent of

564

DEATH RATE PER 1000

238
169
Inngnikcant Impanments
Impotrments ey

3 Death rate per 1000 of diabetic patients with and without sigmficant smpair.
ot st observation | These patients, aged betwcen 18 and 61 y ears, were frst soca 1n
Tt L {890 1o 1945 (anah s made by the Metropoltan Lie Tosurance Compang of Joshn
Climic recards)

erme agents for the treatment of diabetes has been watched with

oral hypoglyc <
p by insurance companies and may influence underwnting nractices
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dicated that control is one of the most important factors, if not the one most
umportant factor, determining when vascular complications will have their
onset  Certanly, a great deal of stress 1s placed on control when an insurance
underwriter attempts to assess the risk for a particular diabetic applicant.
Fourth, an attempt is made to estimate the seventy of the discase.  Some
companies use insulin dosage as an indicator of severity, and 75 to 100 units of
wmsulin dasiy 1s frequently set as a top limit for nsurabitity. While insulin
dosage 15 important, 1t 15 not a really good indicator of severity, and 15 not
accepted as a hard-and-fast cntenon of i bility. The recent advent of

56.4

DEATH RATE PER 1000

23.8
16.9
Insigmifcont Imparments
or e o
Imparrment

e
Signitconce

Fiooee 3 Death rate per 1000 of duabetic patients with and without sigmficant impar-
ments at first observation  These patients, aged between 15 and 63 3 cars, were first seen 1
the 3 cars 1930 to 1943 (analy s made by the Metropohtan Life Insurance Company cf Joshn
Clirie secords)

oral hypoglycemic agents for the treatment of diabetcs has been watched with
great interest by imsurance compaies and may nfluence underwniting practices
In the future A good indicator of severityis the presence of other smpairments

that even maderate amounts of albuminura, hypertension, or both, had a
martkedly adverse eﬂec} on mortality, whereas a moderate degree of obesity
had much less of an influence The marked cffect that small amounts of
albuminuria and/or hypertension had on the mortality would seem to indicate
cither that, without knosingat, diabetics who already had renal involvement
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may produce prolonged or permanent disability, which may be expensive to
management
(5) Increased nsurance costs  Chis is frequently given as an ehjection to
employing diabetics T sy pr this reason s reported to be unfounded, be-
€3use roup MSUrAnce *t e ncineion of dabetics
Some of these objes
placement and penoui va- .
and praper job placement
1n a study of the dabetic
the results of a questionnare Smelu:u vy~

employes » ~f Aubetes among 28(; 00L Eupre, -
39 compa e A2 companies
employed

TESETICIER tesc wrmnn
and 6 had no set pohicy  Thisty-01gnt cunuper -

Tasis 1*
Data Concsranne 40 Rnowi DIABETICE 13 AN InDusTRIAL Porvianox of 3508
(Inodence of 11 Ter Cent)

Dubetcs All employees
Age 3210 68 years 19 10 65 years
Average 54 S years 46 1 years

Famuly physcian  —{7
Unlnawn =%

* Data fram Tom ey

developed v
of wotk afte

TasLe 1
S years  These 4V Wun.. :
ndustnal population of 3308 mmns employea Uy a w - -
tem

The age of the duabetics vaned from 32 10 68 years, and axeraged 54 5 years
The age of all employ tes varnied from 19 to 63 years, and averaged 461 years
Your perons had dibetes of several years’ duration prior to employment
The duration of en ' =ent after discovery of diabetes averaged 39 years,

rrrnns fomen £ v ot e



EMPLOYABILITY OF THE DIABETIC

Harold Brandalcone
New York Uninerssty College of Medscine, New York, N Y.

The most frequent question the newly detected adult diabetic requests of
tis physician 1s, “Will I be able to continue in my job?” The male patient
wishes to know 1f the disease will interfere with his ability to work; the female
becomes concerned about her job or her household responsibilities

‘The physician must be able to answer these questions with accuracy and
understanding,  Usually the answers are simple, especially in the diabetic who
15 controlled by diet or by diet and an oral preparation. The patient who
requires wnsulin for his control may present an employability problem if hypo-
glycemuc reactions tend to endanger his own life or the lives of others

The diabetic requning insulin should never pilot an airplane or operate a

. 1 ' e « to work near an excavation or
' .

Javmareny . « ' at he 15 capable of supporting
his famuly or of performing her usual household responsibilities, The diabetic
child must be nstructed early that he cannot be a jet piot, but that he can do
almost anything else  The best place for such instruction 1s the diabetic clime
ot summer camp, where lectures on suitable employment are prescribed as
part of an educational program

Various reasons are given by employers for rejecting diabetics for employ-
ment L shall demonstrate on the basis of surveys made 1n industry that edu-
cation can Temove most of the objections to the employment of the diabetic.

' ' . P ‘ »r employment
an . \ ’ . v + « compensation
(PR vN— . L = costs

(1) Tusubn shock Sudden unconsciousness may endanger the e of an
employee, as well as the lives of others  For that 1cason proper job placement
of the diabetic 1s important  For example, the Interstate Commerce Commis-
son, Washington, D C, records the case of a duabetic truck driver who re-
quired msulm He neglected to ]niorm his employer of his disease, and was
not required to submt to a physical erxammation, He was employed as the

dnver of a large traller truck operating across the country  One day, while

dniving on a mountamn Toad, he Jost consciousness, and Jus truck went out of

control and struck se\'ex:al parked automobiles in a small tawn This accident
st two Jives, many njures, and a great deal of propetty damage

CO(Z) Prolonged absenteersi Employers fear the high cost of prolonged ab-

senteeism because of 1ts eﬁect. on pro‘?uctmn schedules, overtime costs, and

bility insurance A diabetic may develop (ubercu}osxs or vascular disease
duabi Ybe vequued to be ahsent for long perads of time.
and m;ymeﬂ od compensation costs  Employers realize the Possibility of pro.

. (3)d heababty ollowing an mdustnal accident. A mumor myury to o Tower

onged £y produce ulceration, gangtene, and possible amputation

ex‘(?)m():tpi,&z{alwu: of disbetes  Complications, especially vascular disease,
258
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the tubereulosss and not because of hio diabetes. The other was absent for 146
of the 273 days because of an ulcer on the foat  While these 2 patients repre-
et only 6 ey cent of the drabetics, they were responsible for 61 per cent of

absentes rate as for the nondiabetic group

(3) Caltber of work as defined by accrdent rale  An effort was made to com-
pare the caliber of work, as measured by the acaident rate, performed by dia-
benic and nondsabetic bus operafors

‘Thsrteen of the 17 diabetic bus operators drove mn routes of the city of New
York  The statisties for the diabetics as campared ta thase for the tota) group
are shown in TABLE 3

Although, from a statistical viewpoint, the number tr the diabetic group 15
deemed msufficient 1o permut a conclusion, the data for the diabetic group wcem

‘ABiE
NUNBER OF AceIENTs PER MAY 33 VAR Periop Frow Jory 1, 1930 to Juxe 30, 1952

300 nom dbetic Namber of
o Tabenc operatory Pl

First 2 years of driving
Third yeas of driving
Fourth year of dris tng
Fith y(ar of dnving
Suxth y ear of duving
Seventh year of dnying

5.6
36

Zle vooo

* Data {rom Brandaleone and Fuedman, 19531

not far remosed from these for the nondiabetics  Fusthermore, both wets
seem (0 show a sharp deerease in accudents after the fourth year of operation
Anather study was nade by the Committee of Employment of the Amertcan
Dzm\uc\r-» Assocuation, Ine, New York, N ¥? In response ta questionnaires,
A% N . ~eoy

dia

wnp .

DAY Ll WUbiaina \v s g s .- . -
beuws, while 31 (25 per cent) danot, 8 companies (6 per cent) did not anwwer
Of the 31 compames that do not employ known diebetics, 17 based therr

. . ", 4on Natistics

gave more than 1

Companies ¢mploy ing hnon n diabetics rated their * expenence as to rehabl-



260 Annals New York Academy of Sciences

Eleven employees took mnsulin regularly. Sixteen took no insulin, and &
took msulin rregularly  In the remaining cases no data were available

Applicants with diabetes requining treatment with msulm were not rejected
except for the posiion of bus operator For such persons, employment in
other work was recommended

Duabenic control was classified in four categories. (1) good, (2) fasr, (3) poor,
and (4) unknown A person was considered under gaod control when he main-
tained his body weight and had minimal glycosuria and no acetonunia. Fair
control was signified by moderate to sevese glycosuriz, maintenance of body
weight, and absence of acetonuria  Contro} was considered poor when the
person fost weight and had severe glycosura and intermittent acetonuria

Seven patients mamtamned good contro), 6 were Lur, and 3 were poor; m
24 the status was undetermmned. Seven of these 24 are no longer with the
company The remaining 17 (43 per cent of the total number of diabetics)
did not take advantage of the opporiunity to cooperate with the medical de-
partment

Twenty-seven employees were able to continue 1n their jobs, Five were
permutted to contiue as bus operators when they were not taking insulin,

TabLE 2*

ABSENTEEISM IN A TRANSIT SYSTEM FEBRUARY T0 OcTonER 1951
(Number of days absent per employ ce per 3 car)

Stchness Accudent

Nonmedical
Total group 1 8t 069 7.10
Diabetics %2 080 1760

* Data from Brandaleone and Friedman, 1953 1

One patient who had pulmonary tuberculosis was unable to work because of
it

In an effort to evaluate the efficiency of the diaketic n ndustry the three
following factors were studied: (1) ability to work, (2) absenteersm and (3)
caliber of work as defined by accident rate

(1) Abalsly to work. Twenty-seven employees were able to continue 1n their
jobs  Five were persmitted to CONMINUE 25 BUS OPETALOrS when fhew s see mot
taking msuln  One
work because of 1t
nmt Two resigned
were employed at the ime of this study

(2) Absenteersm A meticulous study was made of absenteersm 1n a large
qransit system for the 9-month period from February to October i 2 large
centeeism was divided nto 3 categones liness, acadent, and i
i‘\\e of the 40 diabetics were not employed during thys Dencd of Lnoomedicl
been pensioned previously The remaming 35 were compared 1o the total

up, and the results are shown n TADLE 2

10 XF, hscnce for sickness of the diabetsc group requires a wor
Tw;re ?:d\v\dua.ls were absent for long periods of time. one

nary tuberculosis wWas absent the entire 9-month period of
mo

- v pautis

d of explanation
Patient with put.
f study because of
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The possibility of insulin reactions tequired the reassignment of 8 of these 10
workers to jobs whese they were not likely to injure themselves oz others.  The
other 2 diabetics who were dowmg st work could not be adequately controlled
because of the wregulanties of their working houts

Much of the data presented by Wade demonstrated the impottance of an
adequate occupationa! health program? Early detection of asymptomatic
cases was most frequently the result of penodic health examinations  Proper
education of the diabetic 1s of vital importance

‘Twenty mne and eight tenths per cent of all the duabetics had cardiovascular
renat disease, while 31 1 per cent of them were suffering from obeuty It was
Wade's opinion that diabetics should not be hlred where normal advancem:nt
requires ratation through the of mator
wehicles ar fast-moving of heavy machinery, nor should sh\k work be essential
in the course of their careers®  Failure to assume a fair share of the “grave-
yard" sft 15 not looked upon favorably by fellow workers, ‘The desire of most
shift workess to rotate at relatnely chort wtervals makes an adyustment of
eating and nsuhin schedules complex and incompatible with optimal diabetic
control

On the other hand, diabetes does not preciude productive employment, as
evidenced by the experience reported in Wade's study

Improvement 1 the employment of the diabetsc depends on the education of-
(1) the diabetic hamself. {2) the farily physican, (3) industnal management,
and (4) the industnal physican  The wse of oral preparations has remosed
most of the objections of industry  Howeser, an understanding of the prob-
lems of the diabetic will reduce further any existing objectians to employing
duabetics

‘The disbetic must understand s hmtations 1 mdustry 1f be requires w-
sulin or suffers with complications of fus dwease  He must be taught that
proper care of s disease, including close cooperation with hus family and -
dustrial physicians, 1s the best way to snsute his ahility to continue 1 his work

The Amencan Dubetes Association states that the poarly controlled, un-
cooperative diabetic should be refused employ ment, while the well-controlled,

. + performed by
In addition,
\)w patient’s ph)slcl;\n shou\d be in communication with the industrial physi-

cally by both the family and the mdustral phy sician
The results of studies 10 ;mdustry show that the diabetic may be compared
o the nondiabetic 1n Tss abiity to werk, the caliber of work, and his absentee
record, extept 19 3 fow 1olated Instances,
The mndustnial physician is an important factor in the care of the diatetic
industry  This practitioner must be alert to the condition of the employ ee, the
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pated in insurance and other employce benefits. The major conclusion dravn
from these data was that “large companies hayve a more enlightened approach
to the subject ”*

In a recent publication, Wade? reported a study of 266 diabetics in an em-
ployee population of 20,466 (an incidence of 13 per cent). This group of
diabetics had an average age of 42,6 years, Seventy-five per cent of the cases
were discovered after 40 years of age. Work assignments had usually become

TABLE 4*
RESPONSE TO A QUESTIONNAIRE SUBMITIED TO INDCSTRY

1 Number of emgIO) ces 1,871,610
2 Number of diabetics 2,658
3 Do you do routine preplacement physical examinations?
Yes, 123 97
No 3 2
Did not answer: 1 1
4 Does this include a routine unine exarmunation? Yes* 106 83
No' 21 17
5 Do you employ kaown diabetics? Yes 83 69
No 31 2
Dud not answer. 8 6

A If not, is st based on*

(1) Previous poor experience? 17 13

(2) Tnsurance reasons? 16 13

(3) Statistics mdrcating unrelabiity? 2 3

{4) Other reasons? H 1

Note 11 gave more than one answer 11 9
B If you do, what is your expenence as to reliabihty and

absenteeism
(1) Satisfactory?

65 51

(2) Unsatisfactory? 7 [

(3) Same as average worker? 60 4

Note 44 gave more than one answer 4 35
{4) Do your diabetic employees participate 1n ansurance

and othes employee benefits? Ye 110 8

8 0 0

Did ot answer 17 13

(5) Do_you make any concessions as to rotation of
shifts? es 35 28
No 68 53

Did oot answer, 2 19

* Modified from* Comumuttee on Employment of the Amenican Disbetes Assocation *

stabilized and were not incompatible with the dubetic state. In a very few
instances the advent of diabetes was the cause for job reassignment.

Wade commented that the workers continued satisfactorly in both sedentary
jobs and heavy physical labor2  Approximately 10 per cent of the total rroup

Oply 10 workers (3.2 per cent) were restrcted because of their diabetes alone
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‘The possibitity of insulin reactions required the reassignment of 8 of these 10

\luch of lhe d;\la d by Wade d trated the i of an
adequate occup:moml health program® Early detection of : asymptomatic
cases was most frequently the result of peniodic health examinations. Proper
education of the dabetic s of vital importance

‘Twenty nine and eight tenths per cent of all the diabetics had cardiovascular
renal disease, while 31 1 per cent of them were suffering {rom obesity. It was
Wade’s opinion that diabetics should not be hired where normal advancement
requires rolation through nec the ion of motor
ychicles or fast-moving or heavy machinery, nor shuu!d <huft work be essential
1n the course of their careers®  Failure to assume a fair share of the “grave-
yard” shift 15 not looked upon favorably by fellow workers.  The desice of most
stift workers to rotate at relatnely short intervals mahes an adjustment of
eating and insuhin schedules complex and incompatible with optimal dabetic
control

On the other hand, diabetes does not preclude productive employ ment, as
evidenced by the expenence reported in Wade's study

Improvement in the employment of the diabetic depends on the education of
(1) the diabetic himself, (2) the famly physician, (3) industnal management,
and (4) the ndustrial physican  The use of oral preparations has remos cd
most of the objections of mdustry  Iowever, an understanding of the prob-
lems of the diabetic will reduce further any existing objections to employing
diabetics

The diabetic must understand his Lhsitations n 1ndustry 1f he requires in-
sulin or suffers with complications of his disease  He must be taught that
proper cate of his disease, including close cooperation with ks family and in-
dustrial phy sicaans, 1s the best way (o msure his ability to continue 1n his work

The Amencan Diabetes Assoctation states that the poorly controlled, un-
cooperatine diabetic should be refused empl » while the well
cooperative duabetic 1s a good employ ment risk

The attending phy sician should understand the type of work performed by
Tus patient <o that he may be able to control the patient’s disease  In addition,
the patient’s physician should be 1n commumcation with the industnal phys-
cian, who bLetter understands the problems on the job

The education of management 1n mdustry 1s most important  The studics
of the Committee of Employment of the American Diabetes Association have

' o

' o :
Lty IR gy
The results of studics 1n industry show that the diabetic may be compared
to the nondiabetic 1 his ability to work, the caliber of work, and his absentee
record, except 1n a few isolated instances
The industrial physician 1s an important factor 1 the care of the diabetic in
mndustry. This practitioner must be alert to the condition of the employ ee, the
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pated in insurance and other employ ce benefits. The major conclusion drawn
from these data was that “large companies have a more enlightened approach
to the subject ™

In a recent pubhcation, Wade® reported a study of 266 diabetics in an em-
ployce population of 20466 (an maidence of 13 per cent). This group of
diabetics had an average age of 42.6 years  Seventy-five per cent of the cases
were discovered after 40 years of age  Work assignments had usually become

TADLE 4*
RESPONSE T0 A QUESTIONNAIRE SUBMITTED T0 INDUSTRY
1 - 1,871,640
2 2,658
3 ——
Yes 123 97
No. 3 2
Did not answer. 1 1
4 Does this include a routine unne examnation? Yes 106 83
No 21
5. Do you employ known diabetics? Ves 88 @
No 31 25
Dud not answer. 6
A If not, 15 1t based on
{2) Previous poor expenence? 17 13
(2) Insurance reasons? 16 13
(3) Statisucs indicating unrehability? 4 3
(4) Other reasons? H 1
Note 11 gave more than one answer 1 9
B If you do, what 15 your expenence as to rebabulty and
(B“gl:?ml ?
atisfactoryi
(2) Unsatistactory? e st
. . [ 47
44 35
srance
L. Yt;: ug 81
. Did 5ot angwer: 3 3
(5) Do you make any Concessions a3 to rotation of
shidts? 1{:: 35 28
Dot aned g 3

* Modified from Comsmuttee on Employment of the American Duabetes Assoclation

stahilized and were pot icompatible with the diabetic state,

In a very fe:
ances the advent of diabetes was the cause fot job reascimen 1 esy few

inst:

ot ¢ eeeen svorseeuullS WERE 1m| ose‘ cardio-
P oo houn d for cordi
:‘as‘guhr-rcml Jisease rather than flcr ??bezcs; these re;lricuo‘r’x; were :h?s‘:r:x: .
i other worhers with suular vascular Xl[se:s; ‘;“}w“‘ diabetes  Restricon of
otk assignment was sometimes necess ta c‘ b ’k’: concomitant vascular disease,
Only 10 worbers (3.2 per cent) were restnicted because of their diabeteg alone.
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and <hould report peniodically for physical examination and medical evalua-
tion ™

Summary

Education of the diabetic patient, of the farmly and industrial phy ~ician, and
of industnal management will lead to a better understanding of the dabetic
employce.

1i the diabetic s well controlled und cooperativ e and presents lameelf for peri-
odic examunations, he may be useful to his employer and to himself

References
1 BrasoarEone, & G ] Prirpvan 1933 Diabetes in andustry  Duabetes. 206)*

2 Beazpwoon, J T o ol 1957  Commultee on Employ ment of the American Dialstes

3 e .
Federal Service CSC Form 533 -\\lshmglun, Dc’
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accuracy of his control, and his ability to do his job; he must also be able to
recommend proper job placement He must supervise the diabetic and be
sure that ibe employee has periodic supervision by his own physician. Clase
supervision and cooperation will help prevent the comphications of the disense
or indicate catly the presence of a comphication fof prompt therapy.

The industnal physiaian must always be alert to the devclopment of diabetes
1 an employce and recommend the employce for prompt and proper therapy
by his fammily physician,

The dabetic seehing employment should submit to a careful preplacement
examimation and, later, to regular periodic examinations to assure adequate
duabenc control and the absence of comphcations.  On the basis of preplace-
ment examinations, preper job placement may be made,

On the basis of a more enlightened attitude, the objections to employing
diabetics are aiminnized to negligible proportions.

A more liberal attitude 1n the employment of diabetics may be seen from
a recent report of the United States Civil Service Commission, YWashington,
D C, which has published the pamphlet Emplayment of Diabetics 1 Federal
Seruice, which states

“The U, § Covdd Service Comnussion betieves that persons with controlled
Qiabetes may be good employees and that 1t is good bustness to hire them.  Re-
gardless of this condition a diabetic 15 capable of safe and efficient service 1 an
appropuate job, provided satisfactory control of his condition 1s maintained

«3Mid diabetics who require no insulin for the control of their metabolic dis-
turbonce present no special difficulty m regard to placement  They are ordi-
nanily capable of performing any type of work for wlich they are otherwise

wahfied-

4 “)fore sesese diabetics who require insulin and a regulated diet are accept-
able for appomntment 10 many positions, incfuding arduous-duty positions pro-
vided medical evidence shows the condition 1s under control.  When medical
evidence 13 furnished to show the condition 15 properly controlled, the Commnus-
qon will accept the individual’s apphication for consideration for positions
which do not require work at heights or around dangerous power-driven ma-
chinery, work wvolving
:nvlronmema\ situation
ot others M the event s v e -~ . i
Same individuals with less severe and properly controlled diabetes are gven
favorable consideration for motor sehicle operator positions, particularly those
nvolving incidental drving )

«)fore severe diabetics who require insulin and a regulated diet but who are
sncooperalive andfor ooty regulated are not recommended for Federal em-

i f unstable dialy
ent Thereis3d small group of | dubetics who are c 2
g&’i’m ¥ —enve medlical supervision, but in whom it 1s d)/ﬁcuf.to&c:::x;:
tan
went v

tion is made s
Caupmbmcs <hould carry cards or 1ags at all times idenufying therr condition,

«yabetics should be under the gudance of their dinlc o personal physician
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both insulin production and msulin secretion Tt is also well to appreciate thay

concentration of msulin per islet c¢ll can occur  Mlence, an additional factor
may influence the msulin content of the pancreas and, concetvably, the granu-
latton of vlet czlls  This 1o the total volume of the islets 1 the total amount
of islet tiswue ncreases, then the insulin content of the pancreas ncreanes, pro-
vided that the contentration pet cell femains the same  1f the total inswhin
content of the pancreas remains the same, but the total yolume of Vet tissue s
increared, then the concentranon per eell will be reduced, and the granulation
of the cell also will be reduced  Changes 1n the amount of acinar tissue <an
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greatly influence the concentration of insulin in 1,
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¢ pancreas as a whole, but
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directly, 45 can the sectetion of the exocrin glands  However, some mforma.
tion about the secretion of nsulin can be obtamed indirectly by noting histo-
logical changes 1 the 1slet ¢ells or by measuning changes 1a the nsulin content
of 1he pancreas or in the 1osulin that has entered the blood

I the production of snsulin by the pancreas does not change, then estimating
the level of pancreatic insulin provides a measuse of secretion. Secretion may
bLe estumated alsa by measuring the changes in the level of insulin in the blood
This blood fevel of msuln depends on the balance between the secretion and
removal of insubin, as shown 1 FIGURL 2. The reservations are similar to those



Part IL Recent Advances 1 Studies of Insulin Secretion and Cert,
Metsbolic Effects

ISLET CELL FUNCTION

R E Hast
Department of Physslogy, Unssersity of Toronto, Toronto, Ont , Canada

The slets of Langerhans are small masses of specialized cells lying in the ¢
ternal secreting tissue of the pancreas  In the rat, they make up about 1 p
cent of the total pancreas and, if all the insulin is assumed to be m the slet
then the insulin content per gram of 1slet tissye )5 about 300 U /gm., that ;
somen hat more than 1 per cent of the islet 35 insulip

The islets make and secrete msuln The evidence far b - T .

U Ao st L4E Granation of the beta cells whep the)
are stained with aldehyde-fuchsin stain T shall limt this discussion to a cpp
stderation of the function of beta celfs

The changes 1n the histological appearance of the beta relet cells may be
gross morphologic alterations, as one might observe wjth hydropic degenaratio
ot extensive atrophy or disappearance of beta cells or changes 1n the degree of
granulation of their cytoplasm when stained 1n o barticular way  n addition,
changes concerned with the Golgy 2pparatus may help in an assessment of 1slet
cell actvity  The strictly histologrcal indices are considered by others else-
where 1n this monograph

In some species there 1s good correlation between the degree of Eranulation
of the beta cells and the insulin content o{ the pancreas  Granulagion stuches
therefore give somewhat the same ty pe of information as styges of the insuliy
content of the pancreas  Because of this, we shall consuder these g1y types of
mvestigations together  The insulin content of he PAnCreas ang the siate of
granulation of the islet cells, by themselves, tell hittge regarding yslet activity
but, taken in conjunction \}llh other measurements or taken under different
experimental conditions, this content may gie 5 great deal of yalyhte e
formation concerming islet function A reduction the insuliy content of
pancreas or in the granulation of islet cells may result from sgme "JSPmpamo"
between the production and sectenion of msuln (rrours 1) This effocy may
Le due to an increased secretion of insuhn that is eut of Proporiion tg ts Pproduc.
tion, or to a decreased production of insulin that 1s out of Propartion 10 1t cacre.
tion  The disproportion accounts for the changf, but it i concevabla that 5
level may be maintained despite Chnr}:gcs 1n secretion if seczetign o, d Produc i,
remaatn balanced  Thus, sudden d ar!geshm secretion or CACESSIvE changes

vould be more likely to cause changes in the msulin Content of Dancreas grr e

:‘hoe sranulation of islet cells than slow changes  With Jop ey R o oems

poss tdingly,

nett]
Ir
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duce a fall 1n Llood sugar level, this might be because it failed to stimulate
an~ulin <ecretion, or because the ~ecretion of something else (for example, gluca-

late the et Also, 1t 15 diflicult 10 make these obserations guantitatnve in
relation to insulin sectetion

Tnsuhin injections will cause the ghicose-6-phosphatase activity of the liver to
be reduced  Changes m glucose-6-phosphatase can be used as corroborative
evidence of msulim secretion if the expenment is of sufficiently long duration
However, these changes can help to confirm only what 1s suspected from other
information

Direct visuahzation of the wlets 1 hving animals has not been u-ed exten-
snely in studies onislet secretion  Many years ago O'Leary? descnibed changes

alterations in the total ivlet mass when the animal as 4 whole has been treated,

These vanous pmtcdurc; hase been used 1n studying the secretory function
of the 1lets of Langerhans  When propetly used, measurements of the insulin

olervations on the blood 1nsulin level, then the nterpretation would be aided
Using the various procedures, it has been possible to gain some 1dea of factors
wfluencing the activity of the wlets  While evidence of the importance of cer-
tain regulating factors 1s good, y et the way in which they bnng about secretion
15 not clear, nor 1s the final common factor, if there 1s one, known with certainty
(riGURE 3)  One may say, however, that the fundamental final commen factor
n the tegulation of nsulin secretion 1s probably humoral — The evidence indi-
cates that nervous ! 18 not of fund, tal since the pan-
<reas can regulate msulin secretion remarkably well even though denervated or
transplanted  One humoral factor of importance must be glucose It 15 con-
cewvable that the lexcl of glucose 1n the blood going to the pancreas s the funda-
mental sumulating factor insofar as immediate cecretion 15 concerned  An-
other factor of importance must be the level of insulin in the bloed  Insulin
administration depresses islet function, but 1t is possible that the msulin effect
1s primanly on insulin production rather than secretion, since the msulin con-
tent of pancreas falls, presumably because, imtually, the production of nsulin
15 reduced to a greater extent thanats sccretion  The pitwitary gland does nat
seem to be fundamental to the regulation of insulin production and secretion,
since there is evidence that large changes 1n 1slet actinity can occur in hy po-
physectomized ammals.  However, it is concervable that the basic stimulating
factor 15 glucose, and that other agents such as nsulin, anterior pituitary sub-
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mentioned for the insulin content of the pancreas. However, at present it is
casier to mvestigate the relationship between the production and secretion of
ssulin in the pancreas than between the secretion and removat of insula from
blood  This removal must also velse renal excretion, which further com-
plicates the picture  The insulin content of penpheral blood by itself, thercfore,
does not provide a very satistaciory ndex of insulin secrefion,

A better indication of msulin secretion would be the total insulin content of
the blood leaving the pancreas  The nlets constitute about 1 per cent of the
pancreas, and 1he Greulation 1o the islets 1s not separate. Since one cannot
sepatate the blood flaw to the 1stets from that to the acinar thssue and, also, since
flurd may be removed from blood as 1t passes through the pancreas, it is neces-
sary to know the amaunt of blood Jeaving the pancreas and the msulin contained
(herein i 1t were possible 1o measure the total amount of insultn leaving the
pancreas, then changes n this value would satistactorily indicate changes in
msulin secretion, provided there were no differences in the amounts of msulin
held by the other tissues of the pancreas  Houever, any procedure permilting
such measurements must be done acutely in anesthetized ammals. The op-

¥

COUCTION £ ) pancreatic

INSULIN
SECRETION 2

~BLOCD
REMOVAL 3 INSULIN

Fioore ¢ Diagram to show that the insulin Jevel of the blood depends on the relation
fietween the secretion of wsulin 010 the Vood and s removal (as by utibzation, destruction,
or excretion)  The same zeservations apply as for the insulin content of pancreas,

eratwve procedures and the anesthetic must produce changes 1a blood flow and
changes n function that are not easy 1o compute  Not the least of the difficul-
ties in thus and 1 the previous method, as well as in the one to follow, 15 the
accurate quantitative measurement of the msulin content of the blood. The
difficultics 1 estmating this are well known and wi) agt be discussed here.

Studses on the islated periused pancreas also might permut a calculation of
the total amount of msulin leaving the pancteas and hence of isleg sectetion,
but in these expenments the Conditions are even more abnormal reretions
expect that factors nvolved n the production of snsubz mrghr be 1nterfered
with and that, 1 addition, the circulation to the 1sJets would probably be at-
fected 1n 3 way difficult to pred,cv,..

Other studies not directly mvolving msulin mcasvemems may provide in-
formation relating to the §ccrellor} of 1nsul3n, These 3nvEstigations favolve the
measurement of changes In certam malma\s‘ or acEmues and the comparison
of these with the changes pmduged by msulin l1 oF example, w hon e
jnfused directly into the pancreatic artery 1 small amounts the general hlood
H ot Tovel will fall, whereas this smovnl of sugar injected elsewhere may

This fact would
7 the pancreas
1y failed t pro-
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fortunately, very hittle 15 yet known concerning the way thus arculation 15
regulated and what relation it bears to the activaty of the nlets,

The cells of the 1lets seem to be able to vary the secretion of msulin within
himits accarding to the need for it (FICURE. 5)  Ordwnanly, then, there may be
alarge variation in the secretion of insulin Ly the existing islet mass.  In addr-

INCREASED INSULIN REQUIREMENTS CHO
APE
GH
ACTH
THYROID
DESTRUCTION
ETC.

INCREASED ISLET MASS
INCREASED INSULIN SECRETION
BALANCED

erease 1

tion, the mass of 1slet tissue Lan be increased above the pre-existing Jevels  In

tien while mamtamng a reséne of function

Tt will not be possible to deal with all aspects of the regulation of msulin
secretion at this time, but an attempt will be made to review briefly the evidente
for some of the regulating factors The factors nfluencing the islets may bLe
divided m a general way 1nto those that reduce islet acuvity and ighibut islet
growth and those that increase islet actnity and enhance 1slet growth, The
term growths used here, 1n an arbitrary way, sunply 10 mean an mcrease in the
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stances, cortisone, and thyroxine, produce their effects by altering the ease of
access of glucose to the cell or by influencing the sensitivity of the insulin-
secreting mechamsm to glucose. Whatever the fundamental final common
path may be, many factors do influence 1slet acti ity and grow th, and some of
these still act mn the absence of the pitwtary gland. One further factor must

€51 GROWTH
@ INSUUN
sNTHESS | (2
+ SENSITIVITY
INSULIN | Todusiose
(3
 access SECRETING
N e £4 £ MIE
o =y 5 CHANISM

GLUCOSE BLOOD FLow

Fiouse 4 India mk injected vessels of an islet, showing the nich bloog supply
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considered to be due to reduced activity of the islets, a conclusion sub-
stantiated by the fact that when the msulin admimistration was stopped the
animals wmporaniy became diabetic

Restriction of the food intake also reduces the activity of the ilets and islet
growth  When rats were fasted for 1 weck the wsulta content of the pancreas
Wwas redaced to abuut one-half the nosmal value (HiGuks 8),9 whent insulin nas
tnjected mto the fasting ratw, the m~ulin wontent of pancreas was reduced to
much lower values ® This obsenvation would ~cem to indicate that the effects

VoI ¢ NSULIN- INJECTED Cparr ~ ted)
o CONTROLS °

INITIAL  LEVEL

120 160 200 240 280 320 IO 400 440 480
B00Y WI : GM

Fi6uRe 7 The effcct of insulin administiration on the growih of the wlets of Langerhans
Reproduced wath permission frum the merscan Journad of Physiology®

of fusting and of insulin admumstration are in the same direction and would

4 reduction in the concentration of mnsulut in the islet cells  However, when
young rats were fed amounts of a diet just suffiaent to maintam their body
weight but msufficient to permut body growth, the wlets alsa fatled to grary
{ricore 9} ¢ 1t 1 concluded, then, that resiriciton of caloric imntake reduces
the insubin conlent of pancreus, mhibats isfet growth, and reduces the actraty
of the islets, a concluwon that is supported Ly reports in the literature of stara-
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total amount of 1slet tissue without specifying whether this is a consequence of

an increase in the number of 1slet cells or of an increase in the size of individua!

avolved in the increase.

- can be reduced, and/or

- . s+ em =+ == udte amounts of msulin,

by the restriction of caloric ntake, by the restriction of carbohydrate mtake

and by removal of the pituitary gland, and that islet activity can be increased

and slet growth enhanced by increasing the carbohydrate or carbohydrate-

forming substances in the diet, by infusing sugar intravenously, by admnister-

wng anterior pituitary extracts, growth hormone, ot ACTH, by admunistering

thyroid hormone, by injecting steroids of the adrenal glands or of the sex glands,
or by administering certain sulfonylurea compounds,

w
Z INSULIN IN FED RATS
O

0 RA
w

INSULIN
PAIR-
FED

<]

INSULIN:U,/GROUP OF §
(=]

Fiovre 6 The effect on the 1msulin content of pancreas of adequate 1 .
tton 1o fed rats  The msulin-injected rats were pair-fed with the s onate 1nsulia adrumstsa:

ntrols

Investigations concerming a number of different endacrine glands indicate
that the injection into an animal of the hormone produced by a particular gland
reduces the production of that hormone by the gland  When adequate amounts
of insulin are given over a peniod of tme to rats, several effects are noted
Turst,
islets.
strate
1n the rat is assoclated with a FEQUCTON i the Insulin content of pancreas  The
injection of 1103 U protamme zinc insulin daily for 1 week caused a marked
reduction in the imsulin content of the pancreas (ricurg 6)  This reduction
1n nsulin content cannot be ascnbc(% toa corresponding reduction 1n 1slet mass
but rather to a reduced concentration of insulin per unit of sslet tissue, In
rats 1t was not possible to demonstrate a reduction in the total amount
of the sslet tissue below the intuial ‘e"e‘shbx‘he administration of msuln, but
the normal increase In islet tissue was {ﬂx ‘b“"i‘li (FIGURE 7) 3 Insylyn s e
duced the specific granulation of beta et cells, reduced the concentration of
smsubn in jslet cells, and inhibited the growth of the islets These effects are

growing



Haist: Islet Cell Function 215

The effect of dietary constituenis on the volume of et tissue was demon-

datsd. Tn 3 to § weels the animals on the carbohydrate supplement and o
the protew supplement showed a sgmificant increase in plet volume, whereas
those on the fat supplement ded qat.  Frem these esperiments it would appear
that there must be wufficient amounts of carbohy drate of carbohy drate-formung
«ubstances m the diet if inwulin production is to be mastamed and 1sled growih
15 to coptine

o) CONTROL P-FED FED FAT FAT, THNN
Z3°T apuiB 7 DAYS "
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1t is known from vther work that the anterior pituttary gland exercises an
smportant muence on catbohydrate metabolnm and on many endoctime
slands  Removat of the prtuitasy gland stops the growth of the rat, and the
amount of food the animal eats is lessened  After a perod of time follovwing
semoval of 1he pituntary, the imsulin content of the pancreas 1s diminished when
compared 1o the alues obtained m those rats recerving as much food 25 they
woald al, bat st 1s not reduced in relation to the levels m control amimals re-
cewving the syme calonic intake (FroURE 10)  Moreover, U the fypophysecto-
muzed rats ave fed a dhet very nich in fat, the insulin content of the pancreas is
reduced to much the xame degree a5 in control animals, and the fefeeding of &
balanced det folloning 4 peviod of § weck on the fat diet brings back the msuhn
content of the pancreas to normal levels orevenalove them® 1t would appear
from s that, n growing rats, the remoral of the pivitary gland does not
present the changes in msulln production catsed by feeding fat, that is, by
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tion diabetes or “hunger” diabetes, a diabetes of transient type followng a
period of starvation or undernutrition

There 1s 2 good deal of evidence to indicate that restriction of carbohy drate
or carbohy drate-forming substances wili produce an effect similar to that of

N - FASTING
0L

%3

INSULIN-U,/GROUP OF 10 RATS

FIcURE 8 The effect of fasting and of insubin plus fasting on the msubn content of
pancreas 2

UNDERNUTRITION 3.4 WEEKS

CONTROLS
JAWEEKS

4

[T INITIAL  UNDERNUT
3-4WEEKS

ISLET WT MG
[N

8 28 12

F The effect on islet weight of heeping rats on 5 diet
e eghts (andermutiition) - Control 1ats wers fut s Rt icient to maintain

reduced calonc ntake  When rats are fed a diet very Bigh in fat there 1 -
duction in the 1nsulin content of the palncrens that 1s as great as 1n complote
starvation Here, too, the effect »s enl l;ncled by the simultaneoyg admims-
tration of wnsulm ® In expenmelmfs (;nf ‘: ,hc‘ equicalone pacanedts o
carbohydrate were fed, the amr:ahs deata showed 2 much lower insulin content
of pancreas than those fed carbohydrate
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Cortisone, one of the products of the adrenal gland, the target organ for ACT1,
also cauced a significant increase in tslet volume  The effect of thy rotropic hor-
mone was not tried, but the administration of desiccated thyrord gland for

GROWTH HORMONE

HYPOX  HYPOX  INTACT |NT£CT
+
%Ko GH GH
=
Q
25
-
g
p< OOl p=OC!

Frovar 12 The effect on islet weights of grow th harmone admimstration  H) POX =
hypophy sectonuzed rats, GH = growth hotmane Injected rats, INTACT = rats with patu
tary glands atact

CONTINUQUS  INFUSION
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12 12

Figuge 13 The effect of the continuaus intravenous snfusion of ACTIL on islet weight
sats ACTI = ACTH-nfused rats, SALINE = saline infused control rats

penods longer than 40 days Jed to sigmificant increases mn islet tissue ™ One
report indicated that the insuho content of the pancreas was imcreased,”
The effect of the gonadotropic hormones was not tried, but the hormones of
the target organs 1 the female (that 1s, the female sex hormones) and similar
sterads did give sigmficant mncreases m 1slet tissue.  Thus held for the estro-
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restricting the carbohydrate intake, hence, the islets can alter their activity w
refation to the nced for nsulin i the absence of the pitwiary gland. Inadd.
tion to this, 1t 1s found that removal of the pitutary gland does not cause 2
significant atrophy of the islets in young rats (rGURE 11), although 1t does
prevent further islet growth under ordinary circumstances

It 1~ possible to have a great reduction in the nsulin content of pancreas
without any marked decrease in the amount of slet tissue but, when one con-
siders those factors that increase the tnsulin content of pancreas considerably
above the normal values, it 15 found that the condtions mcreasing the insulin
content of the pancreas in the rat als lead {a an increase in the total amount
of et tissue  Whether or not this holds true for endocrine glands in general,
1t seems to be true, wnsofar as the endocrine pancreas 1s concerned, that when-
ever there 15 a sustaed mcrease in the concentrauion of hormone in the gland

HYPOPHYSECTOMY

op CONTROLS
FED AD LIB

CONTROLS
PAIRED-
Hypox  FED

O[]

Fiure 11 The efiect of hypophs sectomy (28 20 130 da.
rats of one control group \«er;dpalrcd fed with the hypophy
other control group were fed ad hibitym

SLET WT N MG

ys) onsslet waghts of rats The
sectomized rats and the rats of the

an ncrease m the tissue producing the hormone has been found A decrease
1n the hormone level n the gland, however, need not be associated with any
measurable change it the total amount of hormone-producing tissue
Daily mjections of saline extracts of the anterior priwtary gland mto rats
have been reported 10 catise an mcrease 1n the insulin content of the pancreas®
and an increase n the total amount of 1let issue®  The fatter finding has been
substantiated, and it has been shown n addition that certajn highly purified.
anteror pitwitary prnciples {growth hormone, adrenocorticotropic hormone
{ACTI), and prolactin) hiave this effect also  Significant incroaees in fslet
tissue were found aiter the admunistration of each of these materials for periods
of sevetal neeks. The effect of grow th hormone was obtained using subcuta-
neous 1njections for 3 weehs, but Tne best effect of ACTH was obtamed when
the matenal was given by contimous mtravenous infusion for § werk  fremrme
12 she
and it -
week, .
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When one follows the blood sugar level in rats injected continuously with
glucose for a penod of 7 days, 1t is found that the blood glucose level goes up
1mtially but that, within about 24 hours, the level returns to the normal range
unless the condition of the ammals declines. (B Kinash and R, E Haist, un-
published data) This can be scen in FIGURE 15, Despite the continuation
of the infusion, the blood sugar level 1s not clevated for fong. Nevertheless,

CONTINUQUS INFUSION

GLUCOSE

5]

SAUNE

| | l
29 29

. FIGLE 14 The effect of the continuous intravenous infusion of glucose on islet weight
inrats GLUCOSE = glucose infused rats, SALINL = sahine-infused rats,
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Blood sugar levels an rats continuously anfused with glucose (08 cc /hour of
40 per cent glucose 1n 05 per cent saline).  Mean values and standard deviations are shown

Fiorze 15
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gens, estradiol bengoate dintholeen o 1 R , but ad-
mmstration of testoste e any 1-
crease In 1slet tissue ¢ -+ v mevemuon oz the TEpOIL

that the admimstration of certain estrogens increased the insulin content of the
pancreas® It seems evident from what has been outlined that the administra-
tion of a number of pituitary trophic prnciples or the hormones of their target
organs leads to an increase m the total amount of 1slet tissue, There 15 always
the possibility that this effect 15 mediated by ane particular hormone, namely,
3 pancreatrophic pituitary hormone However, 1t can be shown that sevesal
of these hormones or principles can produce their effects on the islets in the
absence of the pitwtary gland Indeed, it 1s often Possible to obtain a more
pronounced effect 1n the hypnphysectomlled animal, Very good and signifi-
cant increases 1n the total amount of islet tissue, in the absence of the pitwitary
gland, were obtamed with growth hormone, ACTH, thyroid, and cortisone
The eflect of the estrogens was not tried 1 the hypophysectomized animal

Tt would appear, then, that a number of different, highly purified substances
can stimulate the growth of the islets and inerease the amount of islet tissue
above the normal Jevel Tt is also evident that the stimulating effects of &
fiumber of these substances can be obtained mn the absence of the pitujtary
gland, hence, 1t 15 uniikely that they effects are med g [T 1 v 4 y

[ b . Lo

o ! . ' oo i e

Livs onea n e e vaoe w tue alOUNE of Jslet tise qre in Some way conse-

quences of sustained increased msulin requiremente and hence of increased 1sfet

activity  Studies of the msulin activity of blogdis s indicate that growth

hormene admmstration for several days mcreased the msuln activity of

blood 1n some species, but not in others Investigations with pancreatic

transplants 1n the dog® also gave evidence for increased insulin secretion fol-
lowing the admunistration of growth hormone,

One important effect on the islets is exerted by carbokydrate or carbohydrate-
forming substances  Carbohydrate m the dief 15 essential for the maintenance
of the msulin content of the pancreas and the growty, of the islets
1t can be demonstrated that, when latge amounts of
tinuous mtravenous infusion, the islet volume quickly agg
creases (FIGURE 1420 At the same time, there is some Uneven
of the beta cells of the 1slets during the course of the injectio
estimations have not been done  This efiect of 5 large glucose I
is interesting because there is a good deal of evidence n the Iit
cate that the islets may be shimulated durectly by increasing
m the blood going to the pancreas. 1In the isolated Perfused
found that mcreasing the glucose level of the perfusate leq o
of detectable amounts of insulin, indicating insylin seCretion 2t Jp o Teported
also that the cat given glucose intrapenitoneally over 2 Penod of time exhibited
degenerative 1slet changes and became Permanently diabetic 2 and 1t has been
demonstrated that glucose given into the pancreatyc artery led to 5 £ll m Blood

level and, after a petiod of time, to hyperplastic igjet changes a7y poo
;“%K““m dicated also that after glucose admunistrayon there
a: a tenfold merease 1n the plasma insulin level 2

ns, but isulin
ad on the islets
erature to indi-
he glucose level
Dancreas 1t was
the appearance
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White under most arcurastances those fuctors stimulating wlet activity and
growth 310 rawe the tes el of blood sugar, 1n one gapenment the wiets appeased
1o be stumulaled and 10 grow, even though the blood migar »as apparently not
elevated and the insuln tequirements apparently were rot increased {FIGURE
18] This was when the sulfonytures 1, BZ-53 {cath d¢} wis
gnen dasly 1o vats for a peried of I to S weeks ¥ The total amaount of wslet e
sue tn the pancreas was wreseased wnder these Gitcumstances, and other evidence
supports the ronclusion that sl secretion trom the pancreas was stimu-
lated by the admunstretion of the drug  The blood sugar level of anumals
amifarly treated was reduced, and the <hisical essdence wauld fead one to can-
<lude that the requiremends for nsubn would be reduted alo  Tience, we can-

CONTINUOUS INFUSION OF GUUCOSE

wo CC.
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Froesr 37 ook sugar levels so by pophs sectomized sat: 133 3 nfusesd -
cose” M »ace Ak Leantrd desiatons ave dhpan | CouPvoud elusl with glu

not ascribe the stimulation of the islets o the merease t slet tssue shiswed
under these circumstances to an ncrease s blvod segar teve! or sugar toad or
0 an werease 1w the requirernents for nsulin  This 1 possibly an mstance of
disect sumulation of tslet acinity by 2 drug, but we cannot he dogmatic about
how 1he stymulating effect on the ety 25 oltamed  In the zat the granulation
of the beta sslet cells 1s teduced as a re-ult of the adramstyation of carbutamide
and, n the doy, the wsubin conteat of the pancreas s greatly duumshed  The
wsulis content of pancreas subsequently returns to norzaal levels despite the
continuation of the tteatment.  Ths mught result from an merease in the tetal
amount of snsuim-secrebing tissue or merely from an merease in msubn synthesss
30 the ensting sslet cells that 1s sufficent to balance sezeton
1t has bieen seen that certan factors feduce wslet activity and islet gronth

Theweare the admunstration of adequate amounts of insulin, restnction of food
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S svaus OF, possibly, access of glucose 1o the inge

- [
of the islet cell, or sensitivily of the wmsulin-secreting mechanism to gluc
Since this effect of 8lucose 15 such a rood ane and «inea thnea s a1 o

Leves v pruvwsn s i aUsUILE O The Diwtary gland  When glucose was ¢
ttnuously infused into the hypophyaccwmized rat,

CONTINUOUS  INFUSION

dIO F HYPOPHYSECTY OMIZED
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o GUICOsE SAUNE
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NO- 25

FIGuRE 16 The cffect on 1slet weght of the €ONtNUOUS intra engys § ¢
and sshne into by pophy sectamized rate 1enous infusion of glucos

The studies on the mnsultn content of pancreas woulg indicate that i the hy-
pophysectomized rat there can still be regulation of the actvity of easting
sslet cells 1n relation to changing nsuliy TeQuirements.  The basic regulation
15 still present.  However, mn the absence of the piturtary 8land, islet growth
is not stimulated by the glucose load, The blood supar Teve) docs not rise as
high mmtially in the hypophysectomizeq animaly 1nfygeq With glucase, but as
shown 1 FIGURE 17, the sustained \'alues'are as high or 4 litle hlghcr‘[hnn m
the mtact rats infused 1n the same way (Kinash and Hast, above)  The loads
and the levels of glucose were comparable, ang yet the incregge I islet tissue
was not obtained when the pituitary gland Was remaved

Chbvd ve g eos o TE T aniery coulg still be obram .
;;l:'{fé absence of the pituitary gland obtained
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ncrease maslet tissue  In the normal ndividual an increase an insubin require-
ments will be balanced by an increase 1 wnsultn secretion and an mcrease in et
tissue. In the diabeuc, this compensatory increase 1n insulin secretion and
wslet tissue, if 1t occurs, 1s pot sufficient to balance the insuhn requirements.
Consequently, one way of thinking of diabetes 1s to consider 1t as, basically, a
disorder m homeastasis or a disorder 1 compensation

Not all species respond 1n the same effectine manner as the rat 1o greatly
increased insulin requirements, Most of the effects considered were obtained
1n growing rats, and one would expect that simlar effects would be obtaned
n other species  This 1s true, but not necessarily to the same degree  Young

Ficoge 19 Photormcrograph of an islet from a dog that recenvcd 11 datly wnjections of an
extract of the anterior putuitary gland  Reproduced with permussion from the 4merscan Jour-
ol of Pathology™

growing dogs and cats probably are much lihe the rat, but in certain adult dogs
and cats those factors that were shown to sumulate islet secretion and growth
in the rat caused lation, eahaustion, and d ration of the wlct
cells  This can be dlustrated by showing the effects of injections of antenor
pitwitary eatracts  In the rat, these caused the islets o grow  With daily in-
Jections of antenior pitustary extracts in the dog, proliferation of islet cells was
evident 1n some instances, hence growth was occurrng, but was not sufficiently
rapid and extensive to prevent the development of drabetes, and degeneration
of the islets occurred (F1curE 19) #  If insulin was given along with the mjec-
tons of anterior pitwitary extracts, then the diabetes was prevented, as was the
degeneration of the islets (FIGURE 20) ?  Similatly, the eacessive stimulation
and degeneration of the islets could be prevented by fat feeding or fasting dur-
ing the period of APE mjections® ‘The reason for mentioning these effects in
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intake, restriction of carbohydrate intake, and removal of the pituitary gland
Other factors increase slet activaly and enhance islet growth.  These are ad-
mimstration of pitmtary substances, or admunistration of hormones of the thy-
roid adrenal, or female sex glands

an

101 44k wasw swmssmms meem ey s o maie sl oam o, _
according to the requirement for wsulin whether the amount of 1slet tissue ¥t
large or small. When hyperinsubnism occurs, therefore, 1t 15 an evidence of

c Bz c B

il

o
2582

ISLET WT MG
~

oo O
—_

=
&
s

2
~

i

2
ISLETWT/I00G BODY WT | - RWCREAS WT
- “

PER CENT 1SLETS IN PANCREAS

NORAIS 16 6 16

16
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e Y oghis n rats G = mean values for control rats BESS = e
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some abnormality m the mechamsms regulating insulin secretion rather thas
in the amount of islet tissue

Thare s evidence that, under normal circumstances, nsulin requirements are
phily
int
SECPEuION Wy e - . , Ce g eeveneny o
nevertheless good I this increase continus, an increase i the total amount
of wmsulin-secre
then, when the
there 53 COMPaesr - < . . N e ran aaame =
req\mcme“[) as with e:‘cessne nsulin administration, the growth of the islets
15 duminished. Thus, in gfowing rats at least, the 1slets of Langerhans are re-
sponsive structures mportant in homeostasis  Itis felt that an s

p s fe mpor
 the response 10 2 ‘more sustained large mcrease in insulin req Portant part
o s

Wirements js an
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e, these 15 stll a considerable amount of apparently normal islet tissue, and
the insuhn content of the pancress may be withw the nosmaf range.  Since the
radnadual 15 diabet, there must be a selatve Jack of insubn 3 the insubn
lack 1 theve habetics were due 1o ap increased ytilization or destruction of -
suhn, that 13, wereased wnsubin remoyal, then vius would greatly increase the
msulin reg Siuee the req are not being met, thers shoudd
be avidence of greatly mereased sustained activity of the islets, namcly, signs
of esther tsfet cell degeneration or wsiet growth.  In some of these adult human
<disbetics there 1s hittls or no evxdence of increased sumulation of the wets I
the demnands for msahin 1n these patients ate wndeed excessise, nevertheless they
are not met by narmal compensatory tesponses  This would suggest (hiat there
15 1ot 2 greatly sncreased reqmizement for wsubin but, rather, that there 1s some
nterference with the secretwon of insulin or the sumulation of this secetion.

However, slet atraphy s not extersie, aod the msulm content of the pan-
creas 16 not preatly veduced » the pancress of these patients  This would
suggest further that the wslets aze still being stmulated, atthough this stmula.
tion appears to be less than it should be at avrmal Wood sugar lovels

The tentatne conclusion 1s that w certain adull human dubeties at normal
bload sugar levels the stimulation of msuhin secretion Ly the wlets 1s «ubnormal
Whetbes this 1s due to sliered access of glucose 10 the wsled 21! or 10 altezed
sensittv ity of the msulin-secreting mechanim 10 glucose o to some change
the secreting mechanism wself, of 10 an gliered aircufatton 1o the wslets 1 not
bnown It scems unlhely that it 15 due baueslly ta a prmary vedurtion 1
wnsyhin synthesss, olherwise the snsitbn content of the pancreas <hould be tow
While there 15 failure of istes growth {o compensate for the nsubn need, 1his

would be a secondary effect cansequent on the falure of sumulation of xhe stet
cells
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es in dog an

s yel theen

Labetes 1s nc

ncreasing th

£ TTCTII e s wuiy Melle, mSUln secretion,  In the adult dog, som

growth of the 1slets does occur, but thys 15 nsuflicient, the islet growth is no

sufficiently rapid, so that the increased Insulin requirements put ecessive de

mands on the wlet ussue and the cells degenerate In the adult dog, then
the compensatory 1slet increase 1s not adequate, and diabetes Tesults,

Fuoums 20 Photomcregraph of an wet f1om a dog reccisng 1suba 19 addition to m
tions of an extract of the anterior Pluttary gland for 11 I
L e o of Physialogy st “3ys  Reproduced with per

Diabetes resulting from mjections of anterior mire «

. o ¥ ssascyuende of continued arge
increase 1 insulin requirements m experimental anm, .

) 415 15 euther an increase
1n the amount of 1slet tissue or degenerative chanres in o

oo SSUCHON Of the for oofi
(R e beta cells, a
very low insulm content. of (he panereas ind, one prewgpmee. | absolute lach
of insuln, In certain diabetics whose diabetes hyg 1S onset somewhat lager 1n



ELECTRON MICROSCOPY OF THE ISLETS OF LANGERHANS®

Paut E Lacy and W. Stanley Hartroft
Department of Pathelogy, Waskington Unseersdly School of Medicine, St Lowss, Mo

Knosledge of the synthesis, storage, and hberation of insulin by beta cells

oassays mdicate that amounts of extractable insubin i the pancreas are ade-
quate, and histological studies reveal that numbers of beta granules are

L -
that at least one important action of these new drugs 1s {0 release some of the
same insulin from beta cells that was not released by the stimulus of hgh levels
of blood sugar If this 15 true, then these drugs may be considered as keys
that unlock stores of msulin previously tnaccessible to the patient through the
usual phy siofogical mechanisms

The problem of why the drygs can act when hyperglycemia cannot seema to
be clearly lormulated, and answers may finally rest with the biochemists and
enzymologists rather than with the pathologists  However, if structural alter-
ations in beta cells and 1slets share 1n the pathogenesis of diabetes 1 adults,
‘morphologic studues, particularly at ultrastructural levels, may indicate path-
ways for the pursuance of solutions We do not have answers yet, Lut the
questions have stimulated my colleagues and me to atlempt the clucidation of
finer structures of beta cells with the electron microscope and to follow ther
changes under various physiological and pathological conditions  Abnormal-

in man

-Alleralions sn Islets of ddult Diabetrcs

normahties Turthermore, those lesions that are demonstrable i the re-
mainder of cases are not in any sense pathognomonic of the diabetic state be-
cause all may be found to certamn degrees m the islets of some nondiabetics
Even when these changes are present, we cannot be sure always that they are

. [N [
he work reported wn bis paper was supported sn part by Grant A-1226 from the Na-
Insttute of Arthntis and Metabohc Diseases, Puhl!?l{u th s«:“wce, B:lhr.stl:,‘ l\zde *
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Figrze 2 Hyala appears black ta this paraffin section of an skt (rom ap adult diabetic
{in {rozen sections, bjnd could abo be demonstrated, asin FicCRE 1) Most of the hyabn s
deposited 1n or around the cn(;l!lary walls and appears to have narrow ed the one in the center
of the field almost 1o the pamnt of occlusian e hyalia draplets can e scen intracelia
farfy  Connecive tissve stam

LY }E} T 2 ‘."*.'/ =

AR e e

,’:"""_, ‘;;:%:-.;: %w"“.b ,/Oa.‘.
T AT e R 4 !
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fﬁv RPN e
tx.s (%Y

%23 A ruxtuse of h, alin and collagen 18 dcpomtd 1r and atourd the snusads and
lwu cells of ths wlet from an adult diabetic  The collagen appears to be fibnllar, the byalin
smooth  The beta cells betncen have rather shrunken dark nucler that may suggest some
knotic change  Hematoxy Lin-cosin staie, paraffin section X800
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Degranulation with hydropic or glycogenic vacuclation (or both) is found at
autopsy 1n only § to 15 per cent of adult diabetics. These cases, in which
amounts of extractable msulin are significantly low, represent but a mumority
of the total, n contrast to a majonty of Juvenile diabetics, in whom islets are
reduced m number or <ometimes even completely absent,? and in whom the
msulin content of the pancreas 15 low  However, in the remaining 60 to 7§

or collnéen), and not nfrequently all three of 1hc;x‘1’,ﬂc—at-lﬂl:¢.:-i.)-x;se;1;-\’\llh:n a’

R

singleslet  Fat, i abnormal stainable form, and sometimes 1n large amounts,
1s probably the most ubiquitous  Lapid deposits almost always accompany
Thyahn, to such an extent that we prefer 1o refer to this combination as one
complex lipohyalin lopid may often be overlooked or forgotten because the
usual methods of exarmination, such as paraffin sectioning, dissolve 3t from
es
m%‘:em cells enmeshed within Lipohyalin or collagenous bands along sinusordal
channels may appear to be relatively normal (Fi6URE EY) They may be smaller
than usual and their cytoplasm reduced  Sometimes theyr nucles are abnor-
mally small and darhly staning (ri6ure 3), but secretory granules may be as
beta cells of nondiabetics smilarly examined The temptation
that abnormat deposits along or near basement merr?b ‘ms
ther to passage of glucose from blood 1o beta gr:::?c

numerous as mn
15 strong to assume
may act as barriers el
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a second (B2M,) by a wide space () in which processes of fibroblasts (Fib Cyt.

Ty ate encountered  ‘The second basement membrane (6) 15 closely refated

to 1slet parenchymal cells, from which 1t 15 separated by only 3 narrow space
O3

ékwdurc
\Spocz No
Cap, lumen
‘3 /l':»d albn Q——E"A“
L TS ci&s ool 1
= A B

*See bext

Under certatn circumstances described below, this space may become wider
than 1t 1s normally, Neither basement membrane dips betneen adjacent beta
cells, although the second one (BMz) appears to be more closely related to
aslet cells than to capllary endothelium, To enter a beta cell, ats plasmal
membrane (8) must be penetrated to reach the cytoplasmic gmund substance
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(to stimulate insulin release) or, conversely, to passage of insulin from beta cell
toblood 1f erther hypothesis has any basis, how do oral hy poglycemic agents
avercome these hindrances,

by faaifitating passage of ins

hyalim membranes of 1slets? .. [

tion of various membranes and spaces, both intracellular and extracell lulat,
through which substances from the blood stream must pass to reach beta gran-
ules and through which the latter must pass to reach blood

= vy

AR

1*.;;75 s

Fioupe 4 Thus nest of beta celis 1s surrounded by a meskn or §
The mcles stan somewhat darher than normal, bl the G roplaeny 3y ok SR End Byalin
s can be scen  Goros's Chromtum hematosy o phicase ri * 10t geduced, and g

Structures Separating Blood from Belq Granules

Electron microscopc studies of islets from a numher nf enomne 1 o. v
us to represent ¢
tween blood anc

articular species, a pranaas wurstpr vasey Ol an wiil be resented, s
gnd abbreviations m brachets i the next paragraph x{:eier to the :Ii‘nigfﬂg;rf;
FIGURE 3.

S ving the capillay lumen (1), the first barner encountereq is the endo-
thelial wall of the vessel, wluch consists of ap inner plasma) membrane (2q)
» thon comporent of ground substance (28) m which may be found sc‘itleﬂ-‘c‘;
emall mutochondna, and th.e outer ‘plusmal membrane (1), Ay frequently

n i . endothelial celtg are m almost

' of capillary walls (Tng att'n.)
o * {3) from the first of two b, st;-

(4, BMy), which appears mote closely relatad to th bll d
This basement membrane (BM,) is separﬂl‘:d f;):m

e l.n\,.‘..vb- .
ment Tesabrane:
vessel than to islet cells
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before feaving it bu, after pathological stimulation 1 wome speucs, empty
granule saccules were found deep within beta cells.  The tatter obenaton
suggests that msulin could leave ts «accyle at any site within the cytoplasm
and traver-e the ground substance toward the capillary in some soluble, non-

b of a normal beta coll from a d

e S e ﬁ,,m(,ék..,,%,) it o ,:5;;':’,:‘:“?:43‘7‘“"".;:?
hranous sacs rgastoplasm ) &nd mitache, [3

e e ool (ER) 00 ndria (M) are scattered diffusely thraughout

Frcore 1 Electron mlcrﬂgmr
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(9) with us contained nutochondna (Mitoc ) and Golgi vacuoles (Golgi). In-
sulin 1n beta granules (12) 1s reached by traversing first the thin but definite
wall (10) of the small saccule 1 which the granule lies and neat by crossing
the space (11) that separates the granule (12) from its saccule wall. At least
5 membranes and § spaces separate granules from blood In theory, pathe-
logical alterations at any one or more of these 10 sites could interfere with
insulin hberation

. % uuu Uie granyes L -

Capuasy ==

Although evidence that msulin x‘s st(’)red 1 beta granules 1s strong, some also
15 probably ”
observed 10
fions. 1™ q
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adsabetic state that 1s coexistent with normal amounts of extractable pancreatic
1nsulin and normal complements of beta granules with or without fatty, hyahne,
or fibrotic change as encountered 1n adult diabetic man  Without this expen-
mental model, which 1s so sorely needed, we must depend upon biopsy matenal
obtained from man

Variations 1n Form and Number of Bela Granules
with Specres and under Abnormal Condstions
In the foregoing, two pathological changes 1n 1slets have been considered as
possible factors m the pathogenesis of diabetes 1n man. (1) reduction 1n msular
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granular forrn. Granules have not been observed free of their emveloping
saccules

By whatever mechamsms subin reaches sinusoidal borders of beta cells,
tlre membranes here twn most species are wrregularly thrown tnta a few, fine pro-
jecting processes or mucrovill  Granules have not been seen within villi, whick
suggests that at least somewhere mn this viciuty, insulin must exist in non-
granular solution  These vith have been obsenved to increase in number fol-
lowng the apphcation of certain stimuli? as in glucagon administration in the

' -",,".;":“.' R

XL
>,

1 ".“5"""*

Fdatitteala A

Fieoze 8. Electron mucrograph of portsons of normal beta celis of 1]
o e S bl ol e et The granle
Bt e has » thomboudal shape in soome graoules and a crcular of elipircal shype 1 others
N = nucleus K24 P

der some conditions by

rat, (FIGURE. 6)- Perhaps unde numbers and size of villi ma;
be an wdex of rate of hiberation of msulin from beta cells Vil conld rpculyt
from the fu

The focal U

jecting frag ‘v Such A Protess couid pe t

o ol concavity pi lermed reverse pp, "

?o e invle word for such an event emiocytosis {eiertmx:v f?fszfeﬁ;'

Fr as failed

toes N . ubranes
ta extracellular positms: PO TTN N SMwew s Movement on
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within the granule complex for each ammal, 15 distinctly and charactenstically
speciessspectfic.  Studies are n progress n this laboratory to discorer the
ultrastructure of beta granules i normal man and 10 mvestigate the possi-
tality of abnormal Jorms existing 12 beta cells of diabetss

Changes 10 grasude content and the sbnartat accumulation of glycogen that
develop i beta cells of cats subjected 10 By perglycemia following repeated
wtrapentonezt infusions of gluroe solutions have been studied by electron

™7 *
S RN
SHEEN Y

PRPATIY) K

Frovss 1t Focal sccumulations of g!swgeh (B a7e fustsated 1n portions of beta cells
of & cat follonang repeated Jutrapentonsad yections of glacose  The branching strands of
glscogen ase separated by ceas spaces of flud  The beta granulex (grrons) ate devreased 1
number ergastoplasrn {LR) 15 abundant m sume culls and kas & lamellar stracture
N = nucleus X 18,000

macrescopy  Poles of cells adjacent to capilfaries contaimed many granules,
whereas appasite ones were filled wah a lamellar 1ype of ergastoplasm  Ab-
normal depostis of glycogen were demonstrable by fight mucroscopy 1n 1slets
of mected ammals  Two patterns of deposiion were evidens by electron
merostopy, W one, ghytopen formed a meshwerk of gray, praaching chatns
scattered diffusely throughout the cytoplasm (fiGume 10)  Beta granules,
although presemt, were fever than in the controls  The second pattern cons
sisted of focal sccumulations of glycogen that displaced susrounding organelles
(riguas 1) Abnormal collections of fuid were apparently associated with
some of taese depots, becyuse the dehicately branching strands of glycogen
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tissue or {2) interposition of an abnormal barrier between beta granules and
blood A third possibility 1s a pathological change in the structure of granules
m some diabetics, The sumilar appearance by hght micvoscopy of beta gran-

ules = =l and dinhetic man and in varnous animal species does not con
stitu .

mco
elettivu snacaevy . . .
1n the ultrastructure of granules 1n cach species exarmned to date*  Lacse
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ifferences Were completel
MICTOSCOPR Gmnu]les of[
because they ase relatively _
only in the size of thewr consistently ciscular profiles.

Peta granules of the rat (rmmz;: 6) Mcf Imuml and homogeneous, byt 1 dogs
(s16URE 7) they have 3 rectangular profile. I cats (F1GuRE 8) they have a
central, densé, shorabordal body embedded 1n 4 less dense homagengous sub-
stance  In hichens (FIGURE 9) the granules are distinctly crystalline and are
componed of sheah¢8 of needles.  These examples of wltrastructural variations
ndicate that eadogeneous insubin, or an intimately associated Dinding fations

. P
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1 b

limited by er H t of any type were absent
around hydropic spaces in feline beta cells that contamed glycogen and fluid
(F1cures 11 AxD 12)

) “a cell of a guinea pug after 13 days of
1. ¢ limited by 2 distnet membrane
. Etween the vacuoles A few alpha

L e et N o= onucleus %9000

beta cells

Orinase).*

bly causes

:fc L:um?mcal sndices of population denstties of beta granules are bcx;;mog;ﬁ':-::g
hefore definite conclusions are drawn The changes produced m these pre-
Lmumary studies are. Alustrated :inbx:xwms 7and 13 Numerous rectangular
gramules ate present I the contro biop: syf(g(.mu: 7, but only a.few are present
2 hours aiter an intravenous wnjection of Ormase (rrcure 13). Membranous

«The Upyohn Compsny
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Discusston of e Proe

~oe T od
cemevs waal

1 - wws s 2aUigethRns of manv metrnty.onsct
C it subfects as an ¢fectin e bo vhile such
* e of the

—eeven sUbECLS,
1 o i sl cne effectively normal levels of plasma
Luswun that have been Teported m such subjects ™ How would Lacy and
Hartroft mterpret these find'ngs 1n terms of their wslet barner hy pothesis?
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3 Groes, §C ¥ Kaomncr, A F Wizeseanps & J R B 1952 T Ln
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M ' ' ! ! *vefls ar
i ' wwd, the
ng to out hy pothess
- veveast of normal amounts
' ic subject by Increasing the
‘ sdte  Normogliycemuc levels
- woprte of velease . the diabets
' - <y w3 Wabettc, hyperglycemia (if, paradoatcally, 1t could
exist) would therefore snmulale the release of preater than normal amounts
of insulin, that 15 suffierert Is of greater than nor-
d permut the existence
¥ blood ineulin and co-
abetic agents act to
digbetic what normo-
—emewwd of release of weulm
- woxeugerations ace, of wourse, hypothetical, since we
have no expenmentad condition that reproduces this type of diabetes i ani-
mals, neither have we, as yet, electron microscopic studies on diaberic cubjecis
sth a normal degree of beta granulation
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granule saccules in these beta cells are empty but for small amounts of amor-
phous matenal

Summary

Frequently encountered pathological changes in islets of adult diabetics in-
clude hydropic or glycogenic vacuolation of beta cells, abnormal deposition of
hipohyalin on or around the vessel walls, fibrosis and, more rarely, decreases
1n numbers of 1slets  In 20 to 235 per cent of adult diabetics, islet abnormalities
have not been demonstrated by techniques applied to man thus far. In alt
animal species studied (o date, clectron microscopy has shown that beta gran-
ules are separated from blood stream by a minimum of 5 spaces and § mem-
branes, including walls of saccules i which they ke, plasmal membranes of
cells, 2 basement membranes, capillary endothelium, and other structuses.
Tn theory, any of these spaces and membrancs could be altered by the patho-
logacal deposition of either intracellular or extracellular fat, hyalin and collagen
(singly or together), thereby threatemng the normal degrees of freedom of
nterchange of glucose from blood to beta granule or insulin from granule to
capillary fumen.

Diabetes has not yet been successfully produced 1n animals charactenzed by
these kinds of abnormal insular deposits and by normal amounts of pancreatic
insulin, which are features often present 1n diabetic man  Therefore, electron
microscopc study of this type of diabetes must depend upon the avaability
of biopsy matenal obtained from patients at Yaparotomy.

The ultrastructure of beta granules 1s umquely species‘specific for all animal>
'

branchingstrands within th beta cllsof cats mected intrapetoncaly wib
large amounts of glucose solutions.

Prelimunary studies of acute effects of intravenously administered Orinase
on witrastructure of beta celfs n dogs suggest that degranulation occurs, Evak
uation and interpretation of these findings await completion of additional
experyments and collation of numencal mcidences of poplation densities of
beta granules
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jugular  Nembutal anesthesia was used  Blood samples were withdrawn at
mtenals from the infenor vena cava for the measurement of the blood glucose
by the Nelson modafication of the Somogy: method !

Following fixation 1n Boun’s fhud, speafic granules were stamed 1 4-p sec-
tions by the Gomori aldehyde-fuchsin method,! employing a chromotrope
2R-light green counterstam,

For & of the Golg nissues were fixed m Champy-
Kull fixauve for 24 hours, washed for 24 hours, and treated with 2 per cent
osmic acid for 8 hours at 56°C and for 10 days at 33°C  They were then
washed for 24 hours, dehydrated, embedded in paraffin, and sectioned at 4
Excess deposition of the oxide was removed with 0.125 per cent patassium
permanganate followed by 3 per tent sodwm isulfite,

ResULTs AND Discussion

Identification of Cell Types
The distinction betw een alpha and beta cells was facilitated by the fact that,
m the rat, the alpha cells are smaller and are almost completely restncted to
the edges of the islets  In Golgi preparations it Js at once apparent that two
cell types are present (FIGURE 1). The predominant cell is large and has a

and clear cytoplasm. These cells correspond, m their location and relative

counter-stawned preparations only those cells that have been tentatively 1den-
tified as alpha cells were so colored  As a further assistance i identification,
ne islets of alloxan-diabeuc rats were studied. Due to the destruction of the
beta cells, the 1slets of these aimals consist almost entirely of alpha cells, and
mn Golg preparations, as would be expected, the islets were composed pre-
dominantly of the small cells with simple Golgi bodies, already tentatively
dentsfied as aipha cells (FIGURE 2}

Studres of Beta Cell Actruity
' .

v 4 . .

show that elevation of the blood glucose level 1s a potent direct stimulus to the
beta cells  Of the many expeniments bearing on this question, two are partic-
ularly conclusive Brown o af * infused high concentrations of glucose mto
part of the artenial supply to the pancreas and observed a lowering of the blood
sugar and Iustological evidence of stimulation 1n the part of the pancreas that
vas nfused  Anderson and Long,* using the 1solated, perfused rat pancreas,
showed that the elevation of the blood glucose resulted mn increased msulin
g{els m the perfusate. Since there is general agrcement on this pont, eleva-



USE OF THE GOLGI APPARATUS AS AN INDICATOR OF THE
LEVEL OF ACTIVITY OF THE CELLS OF THE
ISLETS OF LANGERHANS®

Adrienne Batis
Department of Physiology, Unssersity of Califormsa Sehood of Medicine, San Eranciseo, Calif

The development of relatively <ensitive methods for measuring insulin and
glucagon in the arcutating blood has been most valuable tn estimating the level
of nlet function  However, all of these methods leave much 1o be desired in
precision, moreover, there are crcumstances in which their application 15 not
casy The alternative approach 13 10 attempt o estimate the level of activity
by tustol ! means  C Ly, the activity has been Judged on she
basis of (he amount of specific granufar materia 1y (he cells, the size of the
celts, and changes in the size and appearance of (he nuclei  The grapule con.
tent may be very deceptive, however, since 1t obviously represents 4 balance
between synthess and release. It is possible, as will be shown, 1o show very
definite depletion of granufes not onfy in conditions of vigorous activity but
also 1n conditions of extreme inactivity, moreover, he granule content may be
unchanged under certamn circumstances when other cnteria mdicate consides-
able reduction 10 uctivity It obwiously would be desirable to have another,
more rehable, means for determining the activity, A most likely candidate
for ths role 1 the Golgs apparatus, for 1t has been shown repeatedly that ina
large vanety of sccreting tissues, both exocnin and endocnne, the Golg; ap
paratus becomes very daborate dunpg hagh Jevels of scretory activity and,
on the other hand, iy much reduced in size when tins activity 1s low  Wide-
spread investigation of the exact nature and morpholugy of the Golgi apparatos
in the lving state fs still 1 progress, and it appears quite Iikelv that tha o

1

-
FEEATAIESS OF s Precine luiule, tesponus in a reproducible way in o Variety of
functional states It can Le shown that, in the islets, the Golg apparatys re-
sponds quile rapidly and definitely 10 known stimu}, bermitting exploration
of function 1n o number of other conditions,

MeTuons

Rats of the Long-Evans strain were employed exclustvely I)urmg 2 ex-
senments the animals were kept on a routine stock diet ad Iibitum unleq, other-
5“;¢ speafied.  In some expenments ‘.\lluxan:dubcuc rats Were conployed,
Diabetes was induced by the intravenous administration of 50 ML of recryse
tallized aNoxan per hfogram of body weght as a 5 por ceny solutson i sulime

X fast
owing a 72-hour - .
(u\}n (cri:'.’li" expeniments ghucose o insulin or both were infused immvmous)y
through & catheter placed either in a tal vein or in a brancy, of the external
this paper Was suppsLed in part by Grang .
o sod Metabnt Dacares, Tutine Tora) Servaces Bl from the
302
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fmatar - Nemhntal anesthesia was used  Blood samples were withdrawn at

Aviv g e - - _
tions by the Gomori aldehyde-fuchsin method,? employing a chromotrope
2R-light green counterstdin
For demonstration of the Golgi apparatus, tissues were fixed 1 Champy-
Kull fixative for 24 hours, washed for 24 hours, and treated with 2 per cent
oxmic acd for 8 hours at 56°C. and for 10 days at 35°C  They were then
washed for 24 hours, dehydrated, embedded in paraffin, and sectioned at 4 o
Excess deposition of the oxide was removed with 0125 per cent potassium
permanganate followed by 3 per cent sodum bisulfite
RESULTS AND DIsCyssioN
Identification of Cell Types
The distinction between alpha and beta cells was faahitated by the fact that,
i the rat, the alpha cells are smaller and are slmost complelely restricted to
the edges of the islets
cel} types are present (F
farly elaborate Golgi appu-—-— -
hv asmie acid 1o a moderate desree  Arranged around the edges of the 1slets

n Golgt preparations, as would be expected, the islets were composed pre-
dommantly of the small cells with sumple Golgt bodies, already tentatively
sdentified as alpha cells (FIGURE 2)

Studies of Belg Cell Aetimaty

was mfused  Anderson and Long* usm, ;

| A g the 1solated, perfused rat pancreas,
fho“led that the elevation of the blood glucose resulted i increased snsulin
levels in the perfusate  Since there js general sgreement on this pownt, eleva-
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t1on of the blood glucose for varying pertods of fime was used =c the Bret tort
.

1 . . o
biooa tevels that were contintously above 350 mg, per cent. Ammals were
sacnificed at intervals from 115 to 12 hours from the beginning of the infusion.

Ficure 1
beta cells) and penpherally located small cells wath smal Gol
mﬁ: e mpregaation X 1100 olgt bodics (alpha cells)

Tslet of normal rat showing centrally located large cells with ¢laborate Gol

tains for speafic granules revealed almost complete degranulation of the
‘Swm cells, a finding often described previousty  In the osnugc acid pxepn:afuon,
the Golgi bodies of the beta cells of the expenmental animals were somewhat
Yarger and conaiderably more elaborate ll;an those of the contrals (FIGURES
Sund4) Thischange vasdiscernibleat 13 hours, well established at 4 hours,
and nwite marhed at 12 hours, Dtesumably, more pralanna1 1

-
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bservation that the beta cells of rats made diabetic through partial pancrea~
ectomy show exceedingly hypertraphied Galgy badies (stouee 3), presumably
he result of very prolonged hypurglycema

{2) Hypoglyeemia  Since hy perglycena 1s ¢ sumulus to the beta cells, 1t
vould be expected that the removal of this sttmulus by reducing the blood <ugar
0 levels below normal would result 1n great duminution of the activity of these
ells  This expectation 15 supported by the work of Zunz and La Barre® and

1GLRE T Tslet of alioxan-dabetic rat  Note that whi ulz[;JOmpqsLd almost entarely of

Fr
cells with amall Golgr bodies  Osauc acid impregnation X1

130 by the experiments of Bennert and Sutherland,® who trapsplanted normal
pancreas into the neckhs of pancreatectomized dogs Beanett and Suther-
land found that the blood sugar was resiored to narmal by tius procedure fol-
lowing a hughly reproducible curve of decline. They then obeerved that, -
order for insulin infusions to duplicate this curve, 1t was necessaty to seduce
progressively the rate of wnfusion as the glucose Jesel approached normal, -
dicating that the pancreas must aleo have rednced s rate of insulin secretion
as {he blood sugar fell  One would therefore expect the islets to reflect in
their appearance this reduttion 1 actvity during hypogly cema

Rats nere made hypoglycemic with insulin for short expeniments of 4 hours’
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duration and also for as long as 2 weeks. In the acute experiments, insulm
was infused mtravenously at 13 to 18 umts/Ag /hr., resulting in bloed sugars
of 40 mg per cent or below. In the chronic experiments, 3 to 4 umts of pro-
tamine zinc msulin were gien subcutaneously every 12 hours for 2 weeky
resulting 1n blood sugars at autopsy of 37 mg per cent or below.  Four anmal
and their controls were used m cach type of capeniment. Stains for speafi

et T

Ch

-t f
;)‘x"..\c"/ ¥
N r, o -

%
K
U L UL SN
oxe 3, Islet of normal rat consisting almost entiel
T” Osic sad impregoation X 1100

"
kﬁ»
£
&

ly of beta cells. Compare with

- ts revealed a normal
anules in the acute expenment a 0 amount of granular mate-
Eml 1n the beta cells, but in the chronic experiments the beta cg:;?s were com®
pletely degranulated In the acute experiments the Golg: bodies were some-
what condensed i appearance, while in the chronic experiments they were
\ery much reduced in size and complexity (FiGure 6),
Tt should be emphasized that m l}}:e two expermental conditions just de-
scnbed, the Go}gl ol . i bi;':l::::: yl’Cnﬂ a d d“""g “lr s‘yLemiJ o
poiace Soang by poglycemia, ppal ly accurately reflecting the changes
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In activity known to occur.  On the other hand, in both these two quite oppo-
site functional states the speaific grapules of the beta cells were almost com-
pletely depleted, in the one (ase presumably because insulin was refeased as
rapidly as 1t was produced; in the other case, because the pmduman of insulin
was greatly depressed  Thee findings empl the d n
g changes in the granule content

g % 23

e

Ficere 4 Tslet of aumal infused with glucose for 4 hours  Note the sacrease wn com-
ety of the beta cell Golgt bodiss 24 comfared to #iGURE 3~ Oatmc arud impregnaticn

The smplest explanation for the dimnution wm function durdg nsuhn-
induced by poglycenna would be that the Jowered blood sugar has removed the
necessary Stimulus 10 actwity  However, the possihdity that msulin stself
may directly wtubit beta cell activity 1s suggested by the work of Hausberger
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of them were subsequently infused with 1 umt of HGF-

e § Islet of partally pancreatectomiscd, drabagg i
Mot o ententive doviaposent 12 Golgl Lodg ctacaiie 0 days after operatio
X1100

€30 Weta cells Osmg geia impregnatio
mnsulin and glucose showed extensive degranulation of the beta cells. Th
Golgt bodues of the beta cells of those anumals that received both glucose an
wnsuiin were noticeably more elaborate than thyee treated with insulin onl:
. did not interfer

conclude that1

rols the functior
v (};Y i,;jlumce of the putuitary. Many years ago, Pancreotropic effect of the

frec insulin (Lilly) p
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pstuitary on the ilets was propased by Anselmino and his co-workersé: # on the
baws of the finding that

hypertrophy of the 1slets

son and Young,!? and has been anvnn v wu wapr vcce oy - 5 L, L
atations of growth hormoneM If the pitwitary exeris a stmulatory effect
upon the slets, one would expect hy pophyseciomy to resuft \n some degree of

Figire 6 Yslot of rat treated with insulin for 2 weeks  Note the reduction 1n compleaity
of Gulg bodies Compare with FIGORE 3 Ostmc acid impregnation X {100
hypofunction and consequent atrophy However, adequate cstimations of
wslet mass have revealed only suggestions of such 4 change® 7 and the his-
tology has been reported to be normal * - Tt seemed worthwhyle to reinvestigate
this point

Tuehve rats were hypophysictomized by the parapharyngeal approach at
40 days of age and were then placed m indiidual cages 5o that their food -
take could be measured  Twelve normal rats of the same age and sex were
also placed m individual cages, and each was pair-fed with otie of the hypophy-
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sectomized rats. After 14 days both groups were autopsied, together with s

group of ad libitum-fed controls, and the completeness of operation was checked

by examnation of the operative site  Specific stains for granules showed 1
. 0

sigure 7 Islet of ammal that was treated wit

h ansul
oG R sore claborate as compared with FICURE 6 Qs and glucose  Beta cell Golgt

6 Osnuc acid impregnation X 1100

iy v ked reduction 1n the si;

ever, Tevealed a very mar © size and compleity of the Golg!
bodies 1n the beta cells of the hypophysectomized rats, which ways much more
pronounced than the very moderate change seen in ke 1 -

[ [
resulted TTOTIL E awavise = <o A€ SUMUR10TY hotmones  Support for
the concept that the beta cells are functioning at a low Jevel in the llyplt))f)hywo
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tomized animal is afforded by Randle,* who has found lowerng of blood in-
. . [
o .

. . T B , o
when such a pancreas was transplanted into the neck of a diabetic dog, 1t re-

Ficurs 8 Tslet of ammal bypopbysectoruzed 14 days previously Note the extreme
reduction in complenty of Golg: bodies of beta cells Compare with FIGURE 3, an ad hbitum-
fed contiol, and with FIGURE 9, a pair-fed control  Osmic acd wmpregnation X 1100

stored the blood sugar to normal 1n the same length of time as did the pancreas
of a normal dog However, there 1s some suggestion in their data that the
mtsal rate of decline 1n the blood sugar may have been slower when the pan-
creas of the hypophysectorized dog was used, even though the same final
sugar level was attained

Most of the available evidence suggests that growth hormone stimulates the
islets, probably directly, altbough n only a few cases has 1t been possible to
observe this effect without a concomitant ncrease in blood sugar  For ex-
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ample, Randle!* reported that the blood of cats treated with growth hormone
contaned mcreased wnsulin activity, but the blood sugars were also shightly
clevated  On the other hand, An<elmino and Hoffmann'® long ago showed
that pituitary extracts would produce a4 prompt decline in the blood sugar of
the mtact dog, but would produce only clevation 1 the blood sugar of dogs
that had been previously pancreatectomized and alloned to recoyer thoroughly

Fiorre 9 Islet of normal rat whose food intake was restacted to that of animal whost
t1s shown1n FIGURE8  Note moderate reduction 1n cop le ry
glsem:: Sed wmpregnation X 1100 mplerity of beta cell Golgi bodies

from the effects of the operation. Moreover, Milman ~v 1 m
served a
or adrena
terest 10 ucitasumn ra verens = esavis 1 € beta cels 1y ,
c?mld be detected hlslologl;ally. . Y growth hormo!
ts, prepared as aby y

Four hypophysectomized ra! 0ve, were treay, "

\\'1{!?2.5 mg of growth hormone (prepared by the method of v ed for 4 day

of Wilhelm) ef of #
per day intrapentoneally. Another group “of hypophysectomizeq r‘als wa
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simufarly treated, but their food mtake was restricted to that of the untreated
. f

N T * ‘s .
However, thesr increased food intake makes interpretation of this experiment

Fiouse 10 Tslet of hypophysectomnzed ammal treated for 4 days nath growth hormone
Qﬁ)ahe returs of Golg bodies foward normal in appearance  Osmic atd impregnation

ddficilt  Therefore, an experiment was undertahen with normal rats under
conditions that, it was hoped, would prevent either alierations in food mtake

Gos¢ of msulin and also with 05 mg of puniied grow th hormane subcutaneously
every 12 houss for 2weeks At autopsy, the blood sugar values of the tnsulin-
treated ammals averaged 54 mg per cent, and those of the msuln- and growth
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ample, Randle™ reported that the blood of cats treated with growth hormore
contained increased msulfin actnvity, but the blood sugars were also Slightly
clevated  On the other hand, Anselmuto and Hoffmann'® long ago shusel
that piturtary extracts would produce a prompt decline in the blood sugard
the mtact dog, but would produce only elevation in the blood sugar of dog
that had been previously pancreatectomized and allowed to recoser thoroughly

- [N -
Ficurs @ Islet of normal rat whose food ntah,
islet s shownm FIGURE 8 Note moderate reductio

& WS Testricted to that of ammal whost
Osmuc atid impregnation  X1100

N compleaity of heta cell Golg bodies

from the effects of the operation  Morcover, Milman ang Russell also ot
served a very marhed decline in the blood sugar leyels of hypophysectomized
or adrenalectomized rats given growth hotmone Therefore, 1t scemed of 107
terest to determine whether stimulation of the beta celly by gron Lot
ould Le detected Iustologically.

i Four hypophysccmmnpd Tats prenared ¢ ahoa.

with 25 mg of gro

per day intrapent
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sgation of the duct por the destruction of the heta cells by alioxan pmducﬂé
any diminution in the amount of ghicagon extractable from. .\he pancreas)

sccre’(cd w -r;po-n: ln physiological stimudi,  In cross-circulation experunents,

,’F,‘iff ’T:g.\ﬁ( *" :J
YA ~ 4]

[

g
i

3

FIGURE 12, Tslet of alloxan-diabetic rat treated with insuhs for 2 weeks  Islet composed
abmost entirely of aipha cels  Compare with Flcors 2 Alpha rell Golfa bodics unchanged
Dy prolonged hypoglscemia Oamic acid smpregnation 51100

Fol et ol 2 have reported that pancreatic venous blood from a hypoglycemsc
dog contaned a substance that induced hyperglyceria m a recipient anumal,
whije mesentenic vein blood from the same ammal did not.  Moreoser, Born-
stemn ef af ¥ found 1hat pancrealic venous bloed from cats treated with prauth
' . PR .
" ' ] . . . L

E A L R ST Y e . PR SR
y aipha cells with the expecsasion shax the changes in function believed to occur
. waould be reflected in ther appearance  The effect of chronic insulin treatment
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hormone-treated ammals averaged 52 mg per cent. Study of the aldehyde
fuchsin preparations revealed the usual degranulation i the msulin-

group but, i the group treated with both hormones, the amount of beta o1
granulation was restored toward normal. In the Golgt preparations, atrophy
of the Golg bodies was seen 1n the insulin-treated group as previously descr’ '
but 10 the group treated with insulin and growth hormone the Golgi bode

T TR

K
L= _f N
b. vy .

PR
oxx 11, Ammal treated with 105ulin and growth h .
O™ !Nate the ancrease in complexity of beta wull samone for 2 wecks  Compare it

ta el Gol,
Toumal trealed with msalin alone ~ Osme acid impregnae es Compared (o those

2. mia Lkt

were sigmfic:
sugars Were |
observed stin
ulation of the DELL LES Ly 1 i s LUINONE Uself rather than by any secon
dary effect on the blood sugar. y any

Studies of A1pha Call Actimty

ts the alpha cells and th,
Very strong evidence connec € Dresence of extractable
Elucarg};n in the pancreas. Neither atrophy of the acinar tissye p,od:ied by
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bath groups of animals the granule content of the alpha cells was indistinguih-
able from the normal; furthermore, the Gulgi bodwes (FIGURE 12) appeared
enturely unchanged

The effects of changes 1n pshntary function upon the lustology of the alpha
cells have been studied quite extensively  Ferner ef ol ® have claned that
hypophysectomy resulted 1n reduced numbers of alpha cells, while growth
hormone treatment increased thewr numbers  However, 1t was later pomnted
aut® thay their staming method was unreliable, and further studies have re-
vealed no change in the alpha cells following hy pophysectomy, although very
prolonged treatment with large doses of growth hormone resulted in an mcrease
followed by 2 decrease in numbers. Therefore, the alpha cells were carefully

e s Pl g vsaes g R
experiments outlined above are hemng repeated in rabbits  On the other hand,
another poswble explanation is afforded by the work of Sireh e a1, who have
confirmed the finding that the admirstration of growth hormone causes the

in the pancreaticod vein blood of the dog of a material
that induces hyperglycema i recipient dogs However, this material was
still present following growth hormone treatment of pancreatectomized dogs,
moregver, its effect was bloched by pretreatment of the recipient ammal with
dihydroergotamine, a substance that blocks the eflect of cpinephnine, but not
of glucagon® These findings cast doubt upon the identty of the materst
found in the blood i the expenments aited aboye, and reopen the entire ques-
tion of whether glucagon 15 aclually secreted  If it 15 not, the unchangig
aspect of the alpha cells 1s quite understandable
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has been studied, with a varety of results Latta and Harvey* treated mua
with msubn for 75 days and observed no changes m the alpha cells. Hap
mann® reported that chromic hypoglycemia increased the alpha-to-beta-el
ratio, but this finding could be accounted for on the basis of a reduction in th
size and number of the beta cells. Recently, Hokfelt and Hultquist? haw
reported degranulation of the atpha cells n rabbits as a result of msulin treat

Ficuxe 13 Telet of anumal by pophysectomuzed 14 day s "
alpha cells  Compare with EIGuRE 1 Y5 previously  Cells wath g
:i:;‘:gf,ﬁgnfn X 1100 1 Golgibodes appear unchanged O

ment. As a result of the divergent findings, studes of t
alpha cells of ammals chronically treated with msuty yor undertaken

The alpha cells were studied 1n nommal anumaly treateq s msulin n the
experiments descnibed above.  In no case did euther the aranul - he
Golg bodies cha
Because of the r
losan-dsabetic ra S
were mamtained 10 o iy pvbiy s SLs 10T £ weeks g5 outhned ahove It

he Golgt bodies in the



MORPHOLOGIC REFLECTION OF INCREASING INSULINO-
GENESIS DURING CHRONIC HYIERGLYCEMIA
IN THE RABBIT

Bruno W Volk and Sydoey § Lazarus
The Isaae Atber} Research Instaie of the Jewish Cheomse Discose Hospiial, Brooklyn, X Y.,
and the Department of Pathelogy, Albert Esngiesn College of Medicine, Tesltta
Ynarersity, Bronx,

In physilogical studies of the effect on the blood sugar of various hyper-
B

o - »
Simidarly, 1t has been observed that in some ammal speaies there 15 gradual

d to the duab action of ty admmstered hypergtyce-
mic agents  Thus, the semporary dhabetes mduced by growth hormone or by
adrenal steroids admunistered alone or together with glucagon 1s charactenized
by the gradual development of glycosuna, shich then slowly declines anly to
become re-established on increasing the hormane dosage ¢ The fact that

Malersal and Methods

The study was camnied out on 86 New Zealand white rabbits, of both sexes,
weighing between 2500 10 4500 gm , divided into 4 groups  Group 1 comprised
36 rabibits, each of which recen ed corisone acetate {4 mg fkg ) intramuscularly
daly dunag the first 21 days, and then 8 mg /hg daly for up to 60 days
Group 2 copsisted of 18 ammals that recenved subcutaneously cryaiathne
glucagon suspended 11 corn ol (1 mg /hg ) 3 tumes daily, at 10 A, 4,30 Py
and 12 mudmight and, i addition, cortisone acetate tn 2gueous suspension

pancreatic tissue was placed immediately into Zenker farmol solution, (20
per wemt) for histological study  Alter paraffin embedding, the shdes were
*Chas Pfizer & Co, Braoblyn, N ¥
— 319
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fonvacuolated hyperplastic ductules were found that were intrainsular or
conuiguous with slets.  In occasional snstances, primitive beta cells were seen
onginating from this type of hyperplastic ductular emthehum (RiGURE 4),

MORNING BLOOD SLUCOSE CONCENTRATIONS I 4 REPRESENTATIVE
RABBIT TREATED WITH 4 mg/Xg AND Bmo./Xg OF CORTISONE ACETATE I M,

CORTISONE ACETATE CORTISONE ACETATE

MORNING AND AFTERNOON LOQD GLUCOSE CONCENTRATIGNS {N & REPRESENTATIVE
RABBIT TREATED WITH img CRYSTALLINE GLUCAGON IN CORN OIL SC TLO AND
1 ma/ K DAILY OF CORTISONE ACETATE | M

MORNING AND AFTERNON BLOOD GLUCOSE CONCENTRATIONS IN A REPRESENTATIVE
RADBIT TREATED WiTH 2mg ADRENALIN SC TID AND
\ smg /g DAILY OF CORTISONE ACETATE 1M

° 5 woon 20

<~~~ UPPER LIMIT OF NORMAL

¢ ¥ 40 45 50

25 &
oary
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staned by the following methods iron hematoxylin, phosphotungstic hems-
toxylin, modified Masson trichrome,"® modified aldehyde-fuchsin trichrome,*
4 modification of Gomori’s chrom alum hematosylin® and the penodic sud
Schuff trichrome controlled by dustase digestion for glycogen identification®

Results

The untreated control rablits showed no significant differences between the
morning and afternoon blood sugar values, which varied between 93 and 15
mg per cent, a fasting blood sugar value hugher than 160 mg. per cent %3
therefore considered a significant elevation, The animals that recenved larg
doses of corticone alone showed, 1n general, 2 peaks of hyperglycemia: the i
ual peak blood sugar level was reached between the third and fifth days after
starting treatment with cortisone (4 mg./hg). After that time the blood
sugar tended to dechine, reaching 1ts nadir within 3 weehs. On doubling the
dose of cortisone at 21 days, a secondary rise of the blood sugar level was wt
ally obtained, which eventually again tended to dechine to normal. Wih
these cortisone dosages the masumum blood sugar Jevels varied up to 375 mg
per cent (FIGURE 1, fop)

The greatest degree and duration of hyperglycemma was developed in thos
rabbits treated simultaneously with cortisone and glucagon. In these animals
the morning dose of glicagon produced a marked hyperglycemic response that
was faily well sustained until the alternoon  The morning values were fte
quently within normal imits during the carly stage of treatment; thercaftes
they wercased to as much as 400 mg per cent, The afterncon values were
elevated from the begmming  This elevation became extreme as treatment
continued, with occastonal values reaching 830 mg per cent. After 6 wech?
the morming glycemic levels were frequently less than they had bLeen prior 10
that time, and tended to return to normal (F1cuRe 1, center).

‘The animals treated with adrenaline Pluscortisoneshou edintermttenthy per-
glycemia  The mormng blood sugar values varied Letween 82 and 120 Mg
per cent, and rarely exceeded upper normal Jevels, The afternoon values wert
markedly increased, and ranged up to 840 mg, per cent {¥IGURE 1, boltom)

The scquential morphologic alterations of the pancreas of all hormonally
treated anunals were quite simlar  Within two days the degranulation of
beta cells was observed which, concomutantly with increasing blood sugaf
levels, became very marhed or even complete (prcure 21 The heta cell

'

rovs ue wusu wed

eventh days (FIGURE ). Glycogenic vacuolization appeared first tn ductulat
eputhelnum and then alsy in the beta cells, and 1ts extent was related to the
coventy and duration of disbetes T 1< of interest that the raphie (roatod
sith adrenaline plus cortisonc, which deseloped only intermifent hymeralve
a3,
case,

epith



Volk & Lazarus. Insulinogenesis in the Rabbit 323

hyperplastec, with irregular contours, and visual estmates of therr volume
showed that they were marhedly mncreased over that seen in normsl rabbits
(z16URE 7) Occastonally an acwar arrapgement of beta cells was seea m
which the celfs surrounded a centra) lumen that contamned Schuff-posius e mate~
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Fiotne 4 Pancreas of rabbit treated with glucagon and cortsane for 106 day s, showing

an sntrainsular prohicraling ductule (arrous) with a pemitive beta cell (P) eniginaiag teom
it Peniodic acid Schaff trichrome stan X963

nal  Addwional moerphologic thanges 1 the pancreas unrelated 10 the chrome
hyperglycemia were ako found The ammals that recencd ghucagon and
cortisone showed marhed decrease of identifiable alpha cells, as described else-
where3®  With the larger do-ages of cortisone alone, but alse to a lesser entent
m the other two groups, there $as occasional intraductular inspissation of
secrelion, ductular dilatation, and occasional pancreatic lobules that consisted
of profifersting difated ductuies and dedidferentiared acinar tissue with com-
paratively intact islets

Drgctesston

Prolonged administration of diabetogeme hormones in the rabbit does nat
woduce permanent diabetes  The degree of dabetes wane» as treatment ts
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(r16uRe S)  Occasional well-granulated beta cells were seen which were esther
itratpsular or intraductular (FiGure 6) 1n location, despite the fact that the
beta cells 1n the Test of the pancreas were in general catensively degranulated

In the ammals treated for the longest peniods of time the islets were markedly
hyperplastic, with irregular contours, and visual estimates of their volume
s

{

. f
o 2 g

- 3 @ ¢
vk D Tk

Ficore 4 Pancreas of rabat trealed with glucagon and cortisone for 106 days, <howing

a0 transular prohfeating ductule {arrows) with a primitive beta cell (P) onginating from
it Perodic aaid Schu trchrome stan X960

mal  Additional morphologic changes 1n the pancreas unrelated to the chromic

hyperglycemia were also found The ammals that recewved glucagon and
corhisone showed marhed decrease of dentifiable alpha cells, as descnibed else-
where®®  With the larger dosages of cortisone ajone, but also 10 a lesser extent
wn the other two groups, there was occasonal intraductular wspissation of
sccretion, ductular dilatation, and occasional pancreatic lobules that consisted
of proliferating dilated ductules and dedifferentiated acimar tissue with com-
parati ely mtact islets
Duscussson

Prolonged admimstration of dibetogenic hormones in the rabbit does not
produce permanent diabetes  The degree of ciabeles wanes as treatment is

-
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rolonged, de-pite the maintenance of hormonal dosage. This decline of the
yperglycemia 1S thought to result from mcreased insulin release from the
ancteas, which 1s reflected 10 the morphologic changes init,  Thus, soon aftet
he imtiation of hormonal treatment, there was degranulation and increased
atotic acuvity of beta cells In the amimals treated for prolonged penods of
me there was marhed 1slet hyperplasia, and 1t was possible to trace new beta
ell formation from ductular epithelium.

Fsoure 5  Pancreas of same ralbit as in FIGURF 4, showing large young b 3
ieee S e fachan postive o aresThe sdjacent clder beta 25]11':[?«:(;‘1!;1(1')
st e Mo e shichyde fuckun postuee col Lrders {arrous)  Aldeh de fachsn
trachrome stairt K1600

syperplasia,
‘Sy'c';ml-& Fowever, N0 UNATIAlLy Ve ujmuis waisd w2 v s v ,h:ox:!lg,c‘:flr):
formed beta celis: Tn the embryo, beta cells have been stated to d:vdop cither
by difierentiation from prmitive ductular epithelium® or by transformation
faom cImar e 15 Under vamous conditions in postfetal ife, neogenests of
beta cells bas been daimed to oceur from acinar cells and from other islet cell
pes 35 well as from ductular epithehum -2 The principal evidence for
the former type of transformation ha‘sl b(ec;\ either geographic contiguity, the
supposed preseAce withm the Tm(e o o ifferent types of mtracellutar gran-
ulcs, of an sanar arrangement of beta cctis. == Hownever, 1t is generally
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iemselves, while primitise

1 the study presented here,

, alpha cells, or delta celly

wis found,  This 1 in agreement with the Ghvervation that apparent acmo-
sular transformanon, us well as the interchangeabshty of various islet cell
types, 15 an artifact, esther due {0 superimposition of two different cell types

T
“f4 o

W A T /,\1 ‘
! .‘,,, -

ﬂr»

o

it Ot e b

P S

ar to a confusion of mitochrondna with intracvtoplasmic secretary granules @
fumen con-
s that these

- - - - sclf in mor-
phologic changes of the beta cells indicatn e of ncreased msulinogenests might
' v L e .
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pensatory response  Furthermore, only a very small percentage of individuals
treated with adrenal steroids develops diabetes, It has also been shown that
pronounced diabetes due to adrenocortical tumors or pheochromocyloma may
be cured by surgery  These observations suggest that in the human there s
adaptation by the pancreas to diabetogeme stimuli, and diabetes may occur
1 man without causing damage to the pancreas suflicient (o maintain the
diabetic state after the offending lesion 1s removed,

TN 1

et A Sk Y
in il

11eure 7. Pancreas of rabiat treated with corlisane acetate (1 mg /hg ) daily nnd 1 mg

b glucagon tid for 106 days, showing marked inlet by perplasa A ol
f:l)c: i3 loascly attached toa hwﬂllfmlc ductule (arrou), Aﬂf(h; ;.lcﬁ;:rh\m:::i]rf Iu;“b‘a

Summary

A otudy was conducted on the sequential morphologic changes in the pan-
creas of rabbits during administration of varnious diabetogeme hormones,  Ani-
mals were treated ether u'nh Targe doses of cortisone alone or with subidia-
Yetogenic dosages of cortisone together with glucagon or adrenaline  The
ammals des cloped varying degrees of hyperglycemia but, 1n general, as treat-
ment was prolonged, hyperglycemun tended to wane despite maint
QLN 10CTENE of the hormone dosage level, )

The carlicst morphalogic change was degranulation of the by

e cla cells, which
ually became complete.  Wthin the first 3 to 11 days after (rca(n;;n‘:h“

cnance of

grad
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st = . _

ame of sslet nssuc, \'e\v beta cell formanion was first evidenced by ihe ap-

pearance withw ductules of Jarge cells with opague somewhat reticulated cyto-

plasm SubsequLIy, occassonal cefis were iound “uh sparse, dxﬁusely
4

gen’m agents and for the gradual dimnution 1n chabetogenuc effectrveness of
the hormonal treatment

Acknouledgment

The microphotographs that wliustrate this article were prepared by Herbert

A Fischler

References
3 HAst, R L ool98 Yactors affecting the iasulin content of the pancreas - Physis
+ Cucctmu. C, &1 F Root 1030 Acromegaly and duabetes selitus - adocrin
3 .

von of glucvse  Endocrinology, 42 243262 N
15 Howssar, B A, L F Mavtuss & 4 F Carorza 1955 Metacortcod dialates i
e dog (istr ) Duabetes 4. 146



328 Annals New York Academy of Sciences

16

Lazarow, A & J Beraay 1950  The production of diabetes in rats with cortisone
and its nhnnn to plutathone  Anat Record 106: 215-216

Pathol 20. 605-666

0 Goworr, G 1941  Obscrsations with differential stains on human islets of Langerhans

38

Am J I‘alhol 17, 395406
Lizarts, 8 S 1958 A comlined pesiodic acd Schul trichrome st A, M, &
Arch Pathol 66: 767-772
CavALLERD, C & L Mosca 1953 Mitotic activaty an the pancreatic islets of the rat
ormone treatment

' . ' Coxpier &L Koy
183169 fr o
e,

At

252-2

KinaAst, N &R B st 1954 Contiouous ntravenous tfysion i the rat, and 5
effect'on the llets of 'l,:ml:ﬂhuns of the continuous ifusion of glucose  Can. J. Bio-
chem I’h)snol 32: 4;

195
J Anat 96. 03 151
Vax Caxpesnout, T 1927 Contnbution a Fetude de histogtnese du pancr(as chez
q%k‘ll;c’s mamnnitres  Les complexes sy mpathico msulares  Arch bl Pans. 3T
Surawp, L € 1949 Le complere neuro insulaire du pancrias chez fes mammiferts
adultes_ Rey Can Biol 9
Goyory, G 1943 Pathology of pancreatic islets  Arch Pathol 363 217-232
Frorevtin, " & D Prcazp 1936 Recherchessurle pancréasendocrine Rev <ndoc:

and ¢y tology of sslets i rablat - Am

ns afier continuous ntrd
atomie des Menschen 6

wctures Ser, 23: 123-166
. Adrenal cortical adenomé
. 0
ll)pnlmph) and hy &1
©aem apn - Arch Tat ol

24: 603-G15 i g e



STUDIES ON THE MECHANISM OF CAPTURE AND
DEGRADATION OF INSULIN-I** BY THE
CYCLICALLY PERFUSED RAT LIVER

Glenn E Morumore and Frank Tietze
Natwonal Instatute of Arthrates and Meiabolic Diseases, Publie Health Sertace, Bethesdo, Hd

Since hner extracts have been shown o contain a potent insufin-degrading

served would reflect, not only the activity of the insulin proteolytic system, but
also pracesses that govern the rate of entry of insuhin mto the cell, assuming an
intracellular location for this system. Thus, farlure to observe degradation
under these conditions, despite the presence of insulinase i fiver extracts,
would argue strongly against a significant role of the liver 1n the degradation

fusion studies and present the resulis of more recent expenm-enls designed 10
explore possible mechamsms of entry of 1odommulin nto the ver celt

Perfusion Expersments at 37°C.

Ficure 1 1s a schematic drawing of a recent modification of the petfusion
apparatus wsed 1 many of these expenments*  Heparimzed whole tat blood
was added to a round-bottomed flask reservor-oxygenator  As the flash was
turmned about 1ts anis and slanted a few degrees from the honzontal, a fim of
blood was formed over its lower portion, permitting gas equihibration with an
internal atmosphere of humidified 95 per cent oxygen and 5 per cent carbon
diomde  After fitration, the blood was pumped through a portal vem cannula
wnto the liver 1 sits, rcturning 1o the flask by means of a tube secured in the
wdenor vena cava above the diaphragm  Retrograde leakage of blood was
prevented by hgaung the nfenor vena cava between the Inver and the nght
Lxdney A flow rate of 70 ml, /mm was mamntamed in most of these expen-

[ - flow for rar

' - the resersoir

of the system descnbed s dcp\clcd N FIGURE 2 The perfusate tn the resersair

was sampled at the times indicated and the separated plasma treated \vuh

tnchlore

plasma.”

msulin,

TCA-sol . .. -0

70 per cent of the mdumsu\m mma\\y added was removed (mm the (\rcuhlmg

perfusate  We reported previously that the total quantity of TCA-preaipitable

radioactivity removed by the Iner dunng the perfuson» equaled the sum of
* Obtamed from Abbatt Laboratonies, Oak Rudge, Tenn

329
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the final plasma TCA-soluble radioactivity and the radioactivity accuraulated
by the cellular fraction of the blood * The latter was assumed to be denved
from the prod i 10d lin d ! , since the percentage of radio-
activity found i the cellular fraction of blood with respect to the quantity of

© e e e v Salassdiny Ga s b svas
insulin that had been captured by the liver was degraded and its products re-
turned to the circulation  Of particular interest was the pronounced lag in the
early appearance of TCA-soluble radicactivity when compared with the rapid
disappearance of 1odoinsuln (FIGURE 2) This discrepancy between the

LIVER
N\
!
HUMIDIFIED
Ox\CEN-an
{
& |[€

OXYGENATOR-RESERVOIR

(-

Fiouss 1 Schematic of orgun perfusion apparatus  See tost for description

. o @+ vgraded products,

. cumulated in the

L . 1on pointing to a
Sepdlatt s --

Evidence that at least a major fraction of 10doinsulin 15 handled in a manner
similar to msulm 1s revealed i the competition that exists between natie
msulinandats 1odnated denvanv\'e for one or more Lmiting slepsin the degrada-
tve pathway (FIGURE 2). When sodomsulin was dilgted with increasing
amounts of native msulin, increasing mhibition 1n both the rates of disap-
pearance and degradation of 10demsulin was observ.ed * It would appear, then,
that the liver canmln. effecively distinguish native insulin from at least o major

i 1wdownsulin
Po%\lznﬁ%f_mm TcA_preclpnableivalue In FIGURE 2 was shown, 1 perfusions
carned out for extended periods of tune, tobe very close to the It of removal
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It was thus estymated that about 25 per cent of the 1odomsulin was relatively
unreacine oF resistant to capture by the hiver.  The 1odoinsulin used 1n these
expenments Was eshmated to have a mean jodine content of 1 atom per mole-
cule of msulin (6000 MW.) At this level of iodination, wehave shown previ-
ously that the duodotyrosine (DIT) content 15 of the arder of 135 per cent of

todimated than othets In order to determwne whether this heterogenenty
might have contnbuted to this resistant fraction, the relatne DIT content of

CPM PER ML PLASWA

MINUTES

the perfusate was determined after prolonged perfusion Plasma samples
from the begmning and end of a 120-min perfusion were dialyzed to remave
nonprotem Tadioactivity and lhen dxgcsted with pancreatun  The digests were
d and the d with MIT and DIT was
mcnsured for each sample (F10URE 3) The sigruficant increase 1 the propor-
tion of DIT to MIT that became evident after all of the “acuve” TCA-preapit-
able radicactivity had been removed strongly suggests that the “inactne”
iraction of iodowmsulin 1s composed of species having a higher than average
fodine content It must be assumed, however, that the reiodmation of other
protein material had not occurred duning the perfusion.
A caleulation of the veloaty constant for the hepatic removal of *actine”
1odomsulin has been previously reported # For a more complete kinetic dis-
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cussion the reader is referred to that communicaton, from which the following
consic .

the h

flow, R R B -
time will cause essentially “instantancous” concentration changes within the
reservorr perfusate  The mean plasma TCA-preapitable values for 1odonsulin
disappearance shown tn FIGURE 2 were corrected by subtracting from each the

MIT-75% OIT-25% .
0 MIN

MIT-53% oIT-47%
120 MIN

Yimating or asymptotic TCA-precipitable value  From these corrected values
a velocity constant of approximately 3 ml /mn, was computed, Such a con-
stant, which differs from the tmdltlunallconsmnt k=1 independent of
changes n the volume of perfusate and, within Limits, is also independent of the
flow through lver. It may therefore be viewed s 4 quantitagve approxima-
tion of the kinetics of the reaction occurring within the hyer stself,

The percentage of iodoinsulin removed with respect 10 the amount delivered
to the hiver at any tune, however, s rlelaxed dlrecl.ly 1o the flow of perfusate
Having a veloaity constant of removal of 3 ml /min means that, of the jodo-
snsulin entenng the lver, the amount removed will equal that contained 1n 3
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m}, of the perfusate. Thus, since the establshed flow was 7 ml fmn , three
sevenths (40 per cent) of *acuve” lodomsubin wil be mLen up durmg S smgle
hwver passage  This percentage under si on-
ditions agrees very well with simular esimations made in intact rats ¢

Covled-Liver Perfuston Studtes

then one should observe a substantial reduction in degradation by fowening the
temperatute of perfusion from 372 16 nearly 0°C.  With this 1n nund, a sexies

100

todanatin toruin
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B epp
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MINUTES

of expenments was canducted i1 2 3°C <old room  Livers from tats of the
same sex, strain, and weight were perfused as before  The cell mass, how ever,
was removed {rom the perfusate 1o reduce viscosty, and the plasma was equi-
hibrated with air by constant stirning in a beaker surrounded with crached e

the fiver as TCA-precipitable r’nalenal, virtually none was bound 1o the tubing
ot the gla.s resersoir  When a large amount of natn e insulin was dissalved 1n.
the 1odornsulin solution (RGURE 4) the disappeatance of the latter was nearly
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abolished, thus establishing the existence of a saturable site of remosal and
o h

the bility that jod, in nonspecifically diffused into flud
spaces of the liver

The essentsal wrreversibility of this disappearance is indicated 1n HGURE 3.
As i carher expeniments, 1odomnsulin was removed by the hver during 100
mn of perfusion Immediately thereafter, the plasma in the reservoir was
eachanged for fresh plasma  After Smin of arculation to permit equilibration,
a zero-time sample was taken, leaving a circulating volume equal to the il
volume  Note the barely percepuible mncrease tn TCA-precipitable radiosc-
twity dunng the second half of thus expenment  The implication that the
process of removal was one of strong binding to the liver was strengthened by

100
”}'
-
=
%
3
& el
o
2
& \
2 ol \
=
a \
° \
\
z0f- \
\H_o_o_—o——v—o
4o no © 40 o 120
MINUTES

the results of the following expeniment. At the termination of 2 separate 100-
mn. cold perfuston, residual unbound jodoinsulin yas eluted from the hver by
perfusing with 025 M sucrose A portion of the liver was then minced and
homogenized 1t an 0,25-M sucrose medium containing natve msulin (40 pg/
» should 1odoinsulin be-
o ‘man unbound,  After
. 4Achion, when compared
[ . . = - the total radioactivit
one half of which was TCA-soluble. Inasmuch as the presence of native ir)\,:
sulin should hinder or even re\:ersed bm‘}l‘mg. the fact that nearly all of the
Toinsul 1 d under these condi tablish
captured ulin . 3 s the east-
cn‘ze of stable binding between iodansulin and a particulate fraction of the
lver cell.




Mortimore & Tietze: Degradation of Insulin-T 335

Failure to detect any degra(hhon durmg the cold perfusions was SUrprising,
since of = of Tiver homogenate expenments
asharp
ture
msulin at 0°C. was tested, A 100-mmn coi P
at 1ts conclusion, unbound edomsulin was elulcd fmm the liver with saline.

e
'DEGRADATH
Per Cent avn worwes -
Tocubatian temperatere. Slee ‘Homogerate
o 3 21
9°C 98 502
25°C B3 892
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z fodonmin
I
&
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20k
L A s i 3
G 25 3 5 g £ T

A segment of the hiver was then homogenized 1n 01 M Tns buffer, pH 76,
stelding a4 10 per cent homogenate Pomom of this homogenate were tncu-

batec ' 25°C  Shees of the same hner,
mos After 60 min the m:ubauons
were together with homogemzation

of the suces o

for each sample,

dunng the sneabation; wie 1w

cent of the bound mdmmsu\m was degraded dunng the 0°C. humo«em\: incuba-
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abolished, thus establishing the exstence of a saturable site of removal and
elinnating the possibitity that sodomsulin nonspecaifically diffuscd into fluid
spaces of the liver

The essential urreserability of this dappearance is indicated in FIGTRE 3
As in earlier expeniments, todomsulin was removed by the lnver dunng 100
mn, of perfusion Immediately thercafter, the plasma in the reservoir was
exchanged for fresh plasma  After 3 min of cairculation to permit equihbration,
a zero-ttme sample was taken, leaving a circulating volume equal to the fntidl
volume  Note the barely perceptible increase in TCA-precipitable radioac-
twvity dunng the second half of this cxpenment.  The implication that the
process of removal was one of strong binding to the Iner was strengthened by

100
ol
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F
3
& el
2
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«
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& a0t
=
o
°
20t
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MINUTES

HOMOEIIALL 1t wis ¥ 4umiia SULIUSS INEAIUM CONtainy, g

ml). gThe concentration of natne insulin was such 11151,’1:}::,\:1(;?232:,‘,5(33:51
come unbound durng homogenization, 1t would hikely remain unbound, After
centnifuging at 100,000 g for 30 min the supernatant fraction, when c(;mparcd
with the whole homogenate, carried only 11 per cent of the 15a] radioactnitys
one half of \\h'l(h was TCA-sohfble. bIn(:;smuch as the presence of native -
2:2?;:0‘11‘1 h\ndl‘ar or even xc»,clr;ed . r":hlc[;% rthe'{qct lha‘t nearly all of the

d n blishes st-
ence of stable binding between 1odeinsulin and 2 Particulate f, he
liver cell.

raction of the
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the cold was not followed by degradation, even after 4 hours of continuous
rfusion  In epite of the complete inhibition of degradation obsenved in the
tact liver, the proteolytic system was actuve since an appreciable fraction of
»und 10dofnsulin was subsequently degraded at 0°C. after the liver vas homaog-
uzed (raBLE 1), As mentioned earhier, perhaps an essential component
ecessary for degradation remaned physically 1solated in the mtact cooled

heme might then be the rate-lnnting transfer process postulated far the $7°C.
erfusions

Summary

Todoinsulin was shown to be mpudly degraded by the isolated, cycheally
erfused rat iver At a rate of blood flow that was estimated to approximate

hat cooling the 1ntact liver and perfusate to 3°C completely abolished sodo-
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PR
hver where proteolytic activity, as noted 1n the above esperiment, %as ool
partially inhibited by cooling, 1t is reasonable to evoke the idea that an esseatal
element was physically scparated from the other components of the degrad
tive system  Such an clement might be an enzyme, cofactor, or jodoinsula
itself I 1odemsulin 1s the 1solated component and it is further assumed that
the site of binding 15 on or within the cell where degradation occurs, then on¢
may postulate the existence of an insuln transport or transfer mechannm
which may be more sensitive to the effects of cooling than is the degradatne
system 1tself

Some degree of selectivity in the binding of 1odomnsulin 1s indicated by it
very removal from plasma, a medium abundant i protein. Furthermore,
1odotnsulin the* - ot o
(F16URE 6)
msulin by ch, A R
linkages *  Finally, no competition was noted betw cen fodoinsulin and glucagon
or prolactin for hepatic binding tn the cold when the Iatter were added to th
perfusate 10 amounts comparable to native insulin as shown in HIGURE 4.

Comments

It will be recailed that during the first 15 min of perfusion at 37°C. a roptd
disappearance of 1odoinsufin was observed, while the products of degradation
increased only very htdle (FIGURE 2). It was shown subsequently that thy
initsal rate of 1odotnsulin disappearance could be markedly inhibited by adding
to the perfusate unlabeled native insulin, an obsersation that lead to the cor
clusion that a nonspecific diffusion of iod into flud

the Liver contnibuted httle, if at all, to 1ts disappearance, Such a dichotomy
1n rates obviously results m the hepatic accumulation of jodomsulin of 15
products It has been reported that, after admunistering 1odoinsulin to 1ntat
rats, most of the radioactivity in Livers removed within 15 nun, after in jection
was precipitable with TCA?  Furthermaore, the hepatic concentration of thi
material was several times Jugher than one would expect from simple duiffuston
alone? Thus, this imtial discrepancy in rates and the concomtant aceumula-

it 15 not reacily apparent Wiy 10doinsulin would be permitted to a
unless 1ts site of capture were remote from the degradmme <an 1n '

q

ccumulate

s
of CAPIUTE LU 1L wvpaummses s v s |

Thl: results of the cooled-liver perfusion expenments are of interest, to this
discussion since they outline mo? gr}?phlm“y the hypothesis just presented
The selective bindmng of iodomnsulin that was observed dunng iver perfusions

o
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. INSULIN-TREATED _
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Fictke 1 Paper electrophoretograms of wsulin I' i the serum of an msubn-treated
dabetic subject (i6p) and n the plasma of a0 untreated control subject (bottom}, together wath
radiacly ¢ scans of the paper stnps.



RECENT STUDIES ON INSULIN-BINDING ANTIBODIES

Solomon A Berson and Rosalyn S. Yalow
Service, Veterans Ad Hosputal, Brons, N. ¥
Insulin-bind bod

L4 fi appear in the sera of human subje
after 1 to 3 months of continuous insulin therapyd  Stnce the antigen-antibe
complexes are not preapitable and the maximum insulin-binding capaaty
generally only of the order of 200 to 300 mug /ml. <erum, detection of 1
antihody requires speaial techniques  In our eaperience, the use of I¥-1ale
msulin and paper chromatography! or clectrophoresist-2 has proved m
expedient for quanutatine as well as qualitative analysis of 1nsulin-antisen

murtures  When present i low concentrations, free insulin-11% adsorbs fim
en WL 2 mrnr Coe

1rom ne p100a stream: * and tor the protection of msulin .:I.gainsl the degrad
tive action of ver \l and, bably, of other insulin.d grading ¢
zymes, as well  When present 1n high concentrations, the insuhin-bindy
antibody 15 associated with mamfest clinical 1nsulin resistance,  Whereas U
wmsulin-binding capacities of sera from most insulin-treated patients do ™
generally exceed 10 U/l serum,} 10412 a1 .
bind from 60 to 500 U /1 and mor.
insulin requirements depends on a
concentration of antibody  These tactars
dissociation of insulin-antibody complexes,
the energies of reaction between tnsulin an,
logical chimination of compleaes ™ The reverailiy s iy

complex formation'" ¥ may result 1n delayed insulin reactions even severi
days after large amounts of insulin have been administered duning the tret
ment of msulin resnsm::c? associated with high antibody concentrations.

At least two types of insuln-antibody complexes are formed ; their rates ¢
dissociation differ by a factor of 25 to 100,10- The ‘standard free.eners
changes mvolved in formation of these compleacs (mnus 10 to 11 heal./mo
for one and nunus 13 to 14 keal /mol for the otherts. ) are considerably greatt
than those reported for most other antigen-antibody reactions 16 The po
tive entropy changes in these reactions (AS" = 25-30 entropy urats/mol s
have been interpreted in other antigen-antibody systems as being due to th
release of bound water molecules at the sites of reaction 7

In general, equiibrium constants wete found to he cinned. .

338

nclude the rates of formation a8
which are 1n part determined b
d antibodies and the rate of 1
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In the hight of this fact, the high energy of interaction of sheep insulin with
antibody has been wmterpretedi® as indicating the mportant contnbution of
van der Waals’ attractive forces (in of close spatial
tanty of antibody and antigen) to the stability of the antigen-antibedy com-
plex” In support of this conclusion s the observation that the equlllbx?um
constants are not sigmficantly dependent on the 1onic strength of the solutions
within wide hmits of the latter ¢

The speafic quantitatine relationship betucen the concentration of msuhn
present in wosulin-antiserum muxtures and the percentage of wsultn-T% that
becomes bound to antibody has been used to advantage in the development of
an immunoassay for msulin® However, the assay 15 necessanly speatfic for
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mdividual animal nsulins and not for the hormonal actvity of tsulin and
therefore 1s not affected by the presence of other tnsulin antagonists  Thus,
this method can assay the concentration of any msuln (for example, becf,

' - » B . . re- -
available but, 1f the insulin content 1s known, even a crude preparation will
suffice  The method 15 brietly as follows

LR D e a
Yoa L ‘ .

L. . . . . H

15 added also to unknown samples  Following incubation of all solutions with
the same concentration of antierum, the mixtures are analyzed for their con-
tent of hound 1nsulin-I™ (B) and free snsuln-I" (F). The ratio B/F is then
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sera from nonresistant sub)
sulin-resistant patients (g
to dicate that some loss 1
when antibody synthesis is

Recent studies have showu wuwe sv oo s o :
in the energy of reaction with msulins of different animal speaes.  Beel and
sheep insulins are generally bound much more strongly than pork and hore
wnsulins,” * as evidenced not only by greater direct binding of the labeld
insulins but afso by more effective compctitive inhibition on cross reaction

TRACER BEEF INSULIN—T/3!

154
9
E H.L.
J 1= 4 DILUTION OF SERWV
10
B
F A
A
5 HORSE INSULIN (sm-v)
d PORK INSULIN ({4-~-a)
T BEEF INSULIN (¥~-8)

%‘—. H
5000
INSULIN GONCENTRATION-muq/mI. 10600

Ficumg 2 Ratio of bound to frce becl insulin-pn

{racer c
concentration of unlabeled horse, pork, and beel ins o7

Hecatations) as a function o
sulins, Yasad

(mioures 2and ) Inasmuch as these various ammal insulins dffer in amino
acid sequence onty in the 8, 9, and 10 sesidues of the A chaps, 25, would seem
that this xegon ot only plays anmportant part in the rcacho’n with antibody
Lut also represents a site of antigenicity. Tt should not ecape atsentron st
the similarly reacting animal insubns contain the same i aesention [y
and 10 positions
and threomne ar .
most conraeraid N

| ipterest Hide aiee e . . o
spi;ninsulm’ and that the R portions of the 8, §, 10 reudué, (alaning, ;,L' cine,
and \ahne) of sheep insulin oI chain contain no permanently charged group>
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as low as 5 or 10 microumits/m! , but any given reduction tn B/F ratio for beef
(or pork, or horse, or sheep) insulin-I¥! requires from 25 ta 100 times as much
human as armal msulin, Therefore, human antisera produced aganst beef
or pork msulins are not very satisfactory for assay of human nsuln at the
¢ mromteatinne that usually obtamn n blood However, human insulm has

dard

able m ities sufficient for

OF QUETENt aNUSCra M Kty

IMMUNOBIQASSAY OF PANCREATIC EXTRAGT

70
60-
EXTRAGT— ORIGINAL CONC-1mg/ml
504 DILUTION INS. CONC | INS CONTENT
1 1000 180XI02ug/ml 18089/mg
1500 290 135
40+ 1250 570 3

8 ves?  fuee [th)

F okt
304 AL
204
104

O e e e . At e SIS
0o 50 100 150 200 mugs/ml.

INSULIN CONCENTRATION iIN STANDARDS

laboratores, we,

PIg anuserum th

buman msuln

tors with such stanualuiscu unustan, wess ~s - s 1y L

curves  The study of endogenous tnsulin concentrations 1n man may thus be
expedited

suffiiently .
or 1200, . _ . .

the low nsulin concentrations present i the blood stream. From present
indications it appears that this wilt be quite feasible, but several months will
elap-e before standardized sera will be available  Another difficulty that may
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plotted as a function of the insulin concentration present in the known solution
to provide a “standard cune” By reference to the standard cune the
sultn concentration 1 unknown samples i readily determined from the
served B/F values i the unknown solutions are assayed at several d
concentrations, the B/F values fall alang different regions of the standarder
and the precision of the determinations 1> thereby increased. The metbod
and results obtained m the assay of a crude extract of beef pancreas are
trated 1n PIGURES $and 5 The values obtamed were in good agreement wil
the results of assays by the mouse convulsion testd *  Since the stope of e

KNOWN  STANDARDS PANCREATIC EXTRACT
e etz NI -
- . S e
/ [
S LA /\—‘
j o ' Jron,
/ wom E e\ <.
/ - f !
! . ;
/I | omum

curve of B/F versus insulin concentration decreases with increase 1 msuld
concentratian, the change 1 B/F for any given percentage increment m mnsulit
will be greater as the 1mtial insubin concentration 1s Jower, Furthermore, st
A mithmim fenatante of tha sanmet and bumag ant
orecision and

Aures are allowtd

<o v e 37°C, for severdl

hours . .
Gelected huma antisera permit the detection of beef insulin concentrations

Tormed by Reyben S
4 e mouse conulsions assay s were perl 2 Reuben Schucher of the afonted
]emlh;(aspnal. Montreal, Que , Canada of the Maontre



INSULIN-STIMULATED GLYCOGEN FORMATION
IN RAT DIAPHRAGM*

Joseph Larner, Carlos Villar Palasi,t David J. Richman
Department of Pharmacology, Western Resere Unscorsity Schaol of Medicine, Clereland, Olio

Introduction

synthesis 1 isolated rat
1} and Haraman' Brown
ation period, about 75 per
cent of the ncreased ghucose uptahe m the presence of insubn could be ac-
counted for as tissue glycogen. In the present report 1t is shown that, after
a 10-min 1ncubation penod at 38°C , more than 90 per cent of the mcxeascd
gluco-e uptahe 1n the presence of msulin could be accounted for as tissue gly-
cogen, the major tncrease bemng i a perchloric acid-soluble glycogen fraction

Analy(cs of tissue acid-soluble phu>phnte mt:rmcdmles, mcluding inorganic
ph

creatine b ADP), and
mpha:phate {ATP) showed no dnﬁerence between control and insulin-t tre:ned
diaphragms A small but ncrease 0 h

phate content of the insulin-stimulated diaphragms was observed at 2 mcdlum
glucase levels

Glycogen synthesis occurred with ratios of inorgame phosphate to glucose-1-
phosphate that would marhedly favor glycogen degradation by phosphorylase
as studied 1n soluble systems Enzyme studies in broken-cell preparations
indicate the presence 1n skeletal muscle of 2 enzymes, undine diphosphate

Matenials and Methods

Twelve male Wistar rats weighing between 70 and 100 gm after an 18 to 24-
hour fast were used for each experiment  Incubations were carned out in Gey
and Gey bicarbonate buffer® and gassed with 95 per cent O; and 5 per cent CO;
Vessels were shaken at 140 cycles per minute 1n the metabohe shaker

Paor to the 10-mn_esperimental penod at 38°C , 2 pre- expenmcntal pro-

to allow msulin fixation to musdle cells o oecur  Followng the second penod,
the expenment was run for 10 min at 35°C.  Amorphous insulin (01 U /ml )

34
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be mentioned only briefly here 15 that of producing the required high-peat
actvaty ausulin-I™ free of excesuve amounts of irradiation-damaged compr
nents.! = However, toa large extent this problem has been soh ed by judice
attention to procedures that Imit such damage® and 1n any event can be ar
cumvented by smultaneously runming the mintures with control sera to comad
for nonspeaific plasma protem-binding of damaged insulin-Ii%, 13

Acknowledgments
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1on at 38°C are presented 1n TABLE 1. Glucose uptake values are reported
n the umts mg /gm /10 min  When expressed 1n the more conventional

More than 90 per cent of the increased glucose uptake 1n the presence of
nsubin could be accounted for as increased tissue glycogen at medium glucose
:oncentrations of 140 and 280 mg /100 mt At both concentrations the major
ncrease noted was in the aad-soluble glycogen fraction® At 280 mg /100

Tavie &
MeoiLw GLucoss: UPrank AND GiacocEs FORMATION By COSTROL AND
INSULON-STIMCLATED RAT DIAPHRAGHS
(Medium Glucose Uptake)

Medium glucose ot sl Mean differen
ey \ o ' o 1S Mo
110 143 (13)* 182 (13) 0 39 & 0027 <0 0011
280 195 (13) 2 41 (13) 0 46 2 0 049 <0 001}
Tissue Glycogen Content
Perchlone scid soluble sidual
Glycogen
Control loswn | Mexo diference | Contro} | Tnsuhn | Mfean differencs | yield
me fom malen  |mefen/iomn | g /o | mgm | mejem/0min | per
0 814 (10) | 1172 (10) | 0 358 1 611 (9)i1 687 (%) 0 046 92
+0 053 0 03t
<0 0014 <0 25 >0 204
0774 (8 | 1013 () | 0299 t 438 (9)1 560 (9] O 122
+0 062 +0 038
<001t <002 >0 01

* Number of experiments indicated by the figure 1n parenthesis Lach experiment 18 the
mc:'m of 6 control and 6 1nsulin treated vessls, each vessel containing 2 henudiaphragms
»

- [

- L . ) h to.
penods on a balance basis, the increased glucose uptake w the presence of
wsulin in this preparation can be accounted for to an almost quantitative
extent as increased tissue glycogen

tewd-soluble phosphaies  Analynes of aad-soluble phosphate clusses are
presented 1n TABLE 2 These analyses were done en neutralized perchlorate
tilirates from disphragms mcubated at a medium ghuco-e concentration of 130
mg /100 =) Aad-labile phosphate represents 37.9 ta 41 4 per cent of the
total acul-soluble pho~phate. These values are 1 agreement with values
reported for heart,? using a rapid-freezing techmique for tssue fixation  No
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was freshly prepared each day pror to use. Following the expenment?
period, beakers were rapidly chilled at 0°C.; then the tissue was removel
quickly washed, blotted, and frozen mn sold-liquid isopentane prechlled u
hquid mtrogen Medium samples were deproteinized by the Ba-Zn methd
for glucose analysts The expenment was carred through with pairs of
mals according to a timed schedule

Tssue Extraction
Twelve control and 12 mnsulin-treated hemidiaphragms from patred vest
were pooled and mechamcally reduced to a fine powder n a fitted stai *

ing for 5 min with a mechanically dmven plastic (Teflon) pealfc Extn.
were combined, brought to a known volume, and neutralized by adding sl
KHCO; to neutral pH, KCIO, was removed by centrifugation, and the supf
natant flud was used for the various analytical techniques employed

Analytical

Medium glucose uptake was determined as reducing power by the methe
of Nelson”  Acid-labile phosphate was determined after a 30-mm hy droly+
in NHS0, at 100°C  Creatine phosphate was estimated by the method¢
Lowry and Lopez? w1th acetate buffer at pH 50.  Anthrone analysis was o

m 2 final volume of 3 ml with a concentration of Hi80, of 66 per cent
Hexose phosphates were estimated microenzymatically in lyophifized news
hl b hilized Dowea-2 colu!

lized p te extracts of d gm or i [;
fractions  For each determination, o major portion of the perchlorate extra!
Glucose-6-phosphate dehy drogens

was disolved 1n a small aliquot of water
and crystalline phosphoglucomutase i the presence of added glucose-t,
diphosphate were used  Since the glucuse»ﬁ»phosphate dehydrogenase prepar
tion 15 contaminated by 1somerase, no distinction was made between gluco?
phosphate and fructose-6-pl
absence of hexolnase and
dehydrogenase preparation ®
for the Tecovery of added gh
occasional addition at the enu o1 e determination
Residual glycogen was estimated after digestion of ns:
residue with 1to 2 ml of 10 per cent KOH at 100°
en was precpitated wth 66 per cent ethanol  Precipitates vere washd

twice with 66 per cent ethanol before dissolving in o known volume of watéf
Demehlone acid-soluble elveoren wac eetrmmnia 1 v

oluble diaphrag®
C for 60 to 90 min. Gl

c
p -

5i esimAation Ol duu-sviwmie pryLugell,

ne LI .

Results

d glycogen synthesss  Bala
Glucose uplake an nce studies relat sl
sthimulated glucose uptake to glycogen synthesis following the 103_,:5 ;:cub"
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diaphragm by SacksM  Calculations show that m order cumpletely to resyn-
thesize the ATP required for the f d glycogen 6 per
cent of the increased glucose uptake would be required, assuming an average
P/0 ratio of 3 and a requirement of 2 ATPs per mole of gluco~e polymerized

shmma ondatnve p};o~phury!stion can be made dependent 1n an almost absolute
sense on the availabilty of ADP as phosphate ncceplor for ATP resynthesis ¥
Hesose phosph H phosphate and glucose-1-phosphate contents
of control and msul ed draph after 10-mi b at 38°C
have been measured At 2 medium glucose concentration of 140 mg./100 mi,
mean hexose-6-phosphate contents were 0 100 and 0 136 umole/gm. for control
and for insulin-treated diaphragms, respectively (TaBLE 4) The smal) m-
crease noted (0027 = 0008) was statistically significant, mean glucose-1~

Tamik 4
HexosE Mosoruoseaars CoNTENTS 0F CONTROL AND INSULIN-
STTUIATED RAT DIAPIRAGYS
Medum Glucose 1 prosphate Hexose-6-phosphate
Haose
conlepirstna o | denn
TRAIL || o ey it Lusesin | detice v
10 00H @008 (6] ~ 10 @t Mooy <oz 001
20 004
#0 oos BDB ) ~ 0109 w2z ®) 001 00
| | | +0 014

7RM\0/X'/G 1~ P (849/0028) = 250  (855/0028) = 305

phmpb,ne contents were 0034 .md 028 pmole/gm , rc<pcch\ely Glucese-1-
P levels are d ly lower than b 3t , and 1 the
ducclmn of phmphuglummuta:c equilibrium. Thcre was no sigaificant
difference between control and mnsubin-treated tissue contents of glucose-1-
phosphate
Simlar findings have been made at a medium glucose concentration of 250
mg, 10 ml  Mean hesoe-6-pho-phate contents were 0,169 and 0 212 gmole/
gm for control and insulin-treated tissue, repectinely  The small difference
observed {0043 & DO1H) was agan statistscally gnificant  Mean glucose-1-
phosphate contents were 048 and 0050 pmole/gm , re-pectn ely, no signifi-
cant difference being obsened in this fracion
The wncrcase noted 1 the bexose-G-pho-phate fractton of the insulin-treated
diaphragm at the 2 medwm gluco-e concentrations i compatible with an
weulin-stimulated consersion of medium glucose to trssue hevoe-t-phosphate
The ah~ence of an increase mn the glucase-1- pho«phnle !raclmn that mught
be expected (o increase itantly with the h fraction
may be explained 1n one of 1o possible nays

(1) 'he expected wncrease 1s Janced by removal of glucose-1-ph
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significant differences were noted 1n mnorganic phosphate or creatine phosphate
With an insulin-stimulated glycogen synthesis of 2 pmoles/gram/10 mins u
decrease 1 acid-labije phosphate was noted; on the contrary, a small bt
statistically significant increase was observed,

ADP and ATP  That this sncrease was not due to an increase 1 ADP
ATP was shown by analysis of these compounds after separation on Do «*
chlonde 10n exchange resins.  Analyses were carried out by 2 independet

TasBLE 2
ACID-SOLUBLE DHOSPHATE ANALASIS 0F CONTROL AND
INSULIN-STIMULATED RAT DIAPHRAGMS

Tnorgamic phosphate Thosphocreatine Acid labile phosphte
Contral nsul o n Tosila
el B gl T B
736 971 s 507 7.73 80
806 522 614 1040 e
9 87 746 9 87 10 %
976 982 376 212 708 44
843 912 174 $.63 835 o1
691 710 5.00 387 775 LA
Mean 849 855 475 143 853 93
P . S
Mean difference 0792025
-
b | os <05 >04 0025
Tanes 3
ADP aND ATP CONTENTS oF CoNtrOL Anp INsuLIN-STIMULATED
AT Diarniacirs
ADP (33 ademne) ATP (a3 ademne)
1 Tnsul;
P st/ e i
__dmolesem
149 131 0
068 085 in s
Q75 078 174 1.56
093 087 225 236
P
— ¥
Man 096 095 200 20

namely, absorption at 260 #, and radioactivity
using P#,  For these experiments animals were Premnjected with P2-inorgant
phosphate (2 mc. per rat) 18 to 24 hours prior to the experiment
TasLE 3 presents the ultraviolet analytical daty for ADP and ATP from
such expeniments  As may be noted, ADP and ATP levels diq not difiet
significantly between control and nsubin-treated diaphragms Rye Alertso?
¢t al ¥ have recently {eparlcd similar findings after 30-mun incubation penodz
These findings are in agreement with the mcreased turnoer of high-energ)
phosphate bonds of creatine phosphate and ATP ohserved in insulin-stimulated
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. - Caielanions show that, m order completely to resyn-
1

through vt 777 1 e
Such a

through t

shown, o2

Sense Ofl 1t avaw .
Heavse phosph hosphate and glucoses1-phiosp! contents

of control and msuhn-treated diaphragms after 10-min incubations at 38°C

have been measured At a medium glucose concentration of 140 mg./100 ml,

mean hexose-6-phosphate contents were 0 109 and 0136 pmole/gm. for control

and for msalin-treated diaphragms, respectavely (zABLE 4), The small m-

crease noted {0027 & D008) was statistically sigmficant, mean glucose-1-

TABLE ¢
HEX0sE MonoruosriATE CONTENTS OF CONTROL AND INSULIN-
STIMULATED RAT Drarmracys

e Glucose 1 phosphate Hexose 6-phosphate
conienisten| ¢, nostin | Dilerencel Control | Tomatn | o 3
| ot |t [ S Jt | e [
10 00 @0 @ — 010 (7)10 s @owr [<oa>00m
=+l
260 0 048 (8)! o0 8) - 0w (K)lO 212 8j 0 643 a0z
=0 0f

~ Rato P/G 1 — I (849/0028) = 250  (3355/0028) = 305

phosphate contents were 0034 and 0028 umole/gm , respectively  Glucose-1-
phosphate levels are conwiderably lower than h hosph
direction of phosphogluromutase equitbnum  There was no significant
difference between control and nsulin-treated tissue contents of glucose-1-
phasphate

Sumular findings have been made at 2 medium glucose concentration of 280
mg /100 ml  Mean hexose-6-phosphate contents were 0 169 and 0 212 ymole/
pm for control and insulin-treated tissue, respectively, The small difference

, and 1n the

The merease noted in the hexose-6-pho-phate fraction of the msulin-treated

be expected to increase with the h hosphat
may be explaiicd 1 one of 150 possibls waye. o
(1) The expected ncrease 1s counterbalanced by removal of glucose-1-phos-

fraction
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phate (presumably to glycogen) through a Linetically rapid reaction, possitly
such as the UDPG pyrophospharylase reaction (sce below),

(2) A speaific insulin-stimulated removal of glucose-1-phosphate that wouli
lead to the concept of a double effect, but not necessartly double action d
wsubin 1n diaphragm.

Ratios of wnorgamic phosphate to glucose-1-phosphate, TIn view of the b
levels of glucose-1-phosphate obsersed under these conditions, it was of mtered
to express these levels in terms of ratios of norgante phosphate to ghicosel
phosphate. Through the extensive work of Cort'® and of Haney' 1t 1 wel
recognized that whether synthesis or degradation of glycogen by phosphorylz¢
will occur depends on the value of this ratio, which at equilibrium has 2 vale
of 3 at neutral pH  Ratios higher than 3 result an glycogen degradation, whit
ratios lower than 3 result in glycogen synthesis. The concentrations of reactist
sites (outer chains) of the glycogen pnmer do not ordinanly enter into it
expression, since their size and not thewr number changes with lengthening o
) ) “atios obsenved in these experiments st
* 250 and 305, respectively, for contrd

¢ -o-ww venouE 4} Such ratios obscrved in tist
rapidly synthesizing glycogen are 75 to 100 times removed from phosphory lat
equilibrium 1n the direction of glycogen degradation

Eather phosphorylase was catalyzing the synthesis of glycogen under unu-ud
local conditions at the synthesis site, or the synthesis was being catalyzed by
another set of reactions mdependent of thorganic phosphate, an alternate med
amsm  Another reason for considering the latter possibility was brought ot
by the work of Sutherland,” who has shown that activatipy of phosphoryle¢
1n either hiver or muscle by epinephrine or glucagon 15 associated with glycoge
breakdown.

e Ou

" by Ut

repue e v ussn” | ANCSE WOTKers reported the direct polymenz
tion of UDPG to glycogen without the Intervention of glucose-1-phosphate »
ntermediate by an enzyme present 1n hver W laminz e o 1

10US, SUKE wiEy BuS uuis LIUCE difterent conditions v’I“I“ie ";Bl-;;‘r;;hhb
expeniments were done wath concentrations of UDPG of 29 pm /mi, with net
conversions of the order of 20 per cent of the UDPG 1o glycogen m’n 60-mun
incubation peried. Recently we ha\:e found that the supernatant flud alo
contains the enzyme, 5o that these estimates of activity ara nees bly somenhat

low. . 10n of UDPG
of i;‘l > asured are o
sufhcie

: TS blycogen synthest
observed in these eaperments  This enzyme has recently becrs obz:incd »

lly punfied. It is of interest ;
luble form and partial ) 18 terms of le con”
ool mechanisms that, in confirmation of unpubjper findingy Sossble con
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his co-worhers, the glycogen-synthesizing enzyme shows an almast absolute
fependence on small amounts of added glucose-6-phosphate (TaBLE 6). The
1mounts required for maximal actiy ation are of the range of heose-6-phosphate
‘hat are present 1n diaphragm.

UDPG pyrophosphorylase has been measured spectrophotometrically by
the p; dependent formatzon of gl 1 P The enzyme
s present 1 the soluble fraction of muscle extracts obtained after centnfuga-
tion at 100,000 g for 60 nun  Its activity 15 about ten- to twentyfold higher
than the glycogen transglucosylase (TABLE 7) and has a widespread distabu-
ton in ammal tissues The combination of these two activilies 1s a reaction

TABLE §
UDPG GLicoceN TRANSGLUCOSSLASE ACTIVITY OF RAT Muscie Exracts
Chemieal* Spectrophotometiict
g /100 gm /he g /100 gon /b

516 610

486 783

210 331

986 465

240 527
Mean 500 (2 78 mmoles) 543 (3 02 mmoles)

{Worthungton}, enzy me, 6 1 m! particles, solume, 1ml T

TasLe 6
Lrrect OF GLUCOSE 6 TrospHATE ON UDPG GLICOGEN TRANSGLUCOSYLASE ACTIVITY

¥/Mg pratei/hour

No glucose 6-phosphate added 405
5 X 10~ M glucose-6-phosphate 91 30

sequence leading 10 glycogen synthesis from glucose-1-phosphate independently
of morgamc phosphate

Duscussion

The presence of these two enzymes opens the question of the enzymatic
mechanism of glycogen synthests and degradation 1n muscle and other tissues
At present there appear to be two reasons for considenng a ¢y che mechanism
mohing the undineinked pathway for synthews and phosphorylace for
degradation (1) the espenments on phusphor lase actination associated with
glycogen Lredhdown and (2) the present experiments mdicating that gly cogen
<y nthess oceurs at vatios of inorgamic phosphate to glucose-1-pho-phate highly
unfavorable to synthesis via the phosphorylase system
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The physiological significance of this over-all system may be considered
terms of the two following mechamsms (1) a «ystem lending itself much mort
readily 1o control mechamsms and (2) a pH-dependent system in which glyc
gen synthesis would be highly favored thermody namically at neutral pH A
other question raised by the present experiments is the following. Can '
increased glycogen s)‘rnlhc\is observed 1n these experments n the prescnce of

P 3 PR h e e m

to be ncreased at a medium glucose concentration of 280 mg. pE; 100 ml
under conditions where glucose uptakes were elevated, and the fact that ther

TasLe 7
UDPG PyROFHOSPUORYLASE ACTIVITY OF RAT MUuscLe LATRACTS

Spectrophotometric actisity®
100 gm /br

Mean 8665 (48 1 mmoles)

an clevated heao

s tog
cvadense for the fact that the slvcozen svathesis abopont gether constid
Jasulin does not appear to. * RN LN
alone  Inview of theespe - A evr o der Y
of the activation of the UDI’G glycogen transglucosylace by added glucose”
phosphate, two factors may be “°"h“de'f°“ Further expenments w1l |
requred to assess the significance of these n‘clors n the relationship of glyo
en synthesis to the transport action of msulm i muscle
g

Summary
ats carried out with rat diaphragms after shott-term ¢
entrations of medium glucose mdicate thay more than §
1ncreased glucose d:sn_ppennng from the mcgmm n the pee
o accounted for as tissue glycogen. The incregge in )l:b/’ .

/;h

Palance experime!
periments at 2 conc
per cent of the
of insulin can b
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occurs in a perchlone acid-soluble fraction, with a smaller increase tn the
residual fraction at the higher medium glucose level
lnorgamc phosphate, phosphocreatine, ADP a.nd ATPare uncbanged under

these which 1s ble with a 1 d turnover of
high-energy pho<pha|e compounds Under our condlunns hesose- 6-phosphate
lin-stimu-
at ralios

Enzyme activities measured 1n muscle extracts indicate the presence of

UDPG pyrophosphorylase and UDPG lucosylase 1n sufficient activity
to account . =, * o o -

cyclic mech o - .

dence is

docs not appear to be cxplmned solely by the mcreased penctmlmn of glucose

References

1 Gesunr, € L &1, Hausax 1941 Bull Jobns Hophuns Hosp 68: 50
2 lhm\\N b ll C R Pawk, W H Davcmabay & M CorneratE 1952 J Biol

. . 30: 449
' ' “
: . .
. e e 55 Seand 43 105
. Jroy and B Glass,
. . =39
. L. " " ¥ D McElroy and

9 Swaw,W N &W C Snux;: 1957 ) Biwol Chem 227: 115



352 Annals New York Academy of Sciences

The physiological significance of this over-all sysiem may be considered n
terms of the two follewing mechanisms (1) a ~ystem lending itself much mor
readily to control mechamsms and (2) a pH-dependent system i which glyco
gen synthesss would be Inghly fa ored thermodynamically at neutral pH. Ar
other question rared by the present expeniments 15 the following: Can the
wncreased glycogen synthesis obsenved 1n these espeniments in the presence of

v oo 2 alone? Thret

s in terms of gt

R .., e we -t glycogen Jevch

to be increased at a mediem glucose concentration of 280 mg per 100 ml
under conditions where glucose uptakes were elevated; and the fact that ther

Tante 7
UDPG P1yROruosMIORILASE ACTivITy o RAT Muscie IATRACTS

Spectraphotometric actnily®
/100 gm /he

Mecan 8665 (43 1 mmoles)

15 (3) no clesation of the glucose-1-phosphate fraction with
6-phosphate 1n the presence of msulin

While none of these alone 15 conclustve, all three tehen together constitutt
evidence for the fact that the glycogen synthesis obwceved 1 the tescnce
msulin docs not appear to be eaplained by the mereased penetration of glucoe
alone. Inwview of the expeniments of Shaw and Stadiet and the demonstzation
of the activation of the UDPG glycogen transglucosylase by added glucoses
phosphate, tvo factors may be considered  Further expeniments will be
required to assess the significance of these factors 1n the relationsbip of glycor
gen synthesis to the transport action of insulin 1 muscle

an elevatcd hexot

Stummary
Balu o
pen tmet

er cen . - -
E( insulin can be accountea 1or as ussue glycogen. The increase in glycogen
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as measured Wwith raffinose, sucrose, or thiosulfate, denoted mtraceliutar ac-
cumulation, whereas an equal or smaller value indicated that glucose was con-
fined 0 the extracellolar water.  The wdraceliular concentration of glucose is
an mdex of the telatnve rates of glucose penttration and phosphorylation by
hexolinase, An mcrease m the mtracellular concentration of the free sugay
can result exther from a relative increase an the rate of penetration of from a
telative decrease in the rate of phosphorylation  In erther circumstance, the
presence of glocose withm the cell would mdicate that phosphorylation was
rate imiting  On the other hand, the absence of free sugar from the ntra~
cellular compartment would mean that the ansport of glucose across the cell
membrane was the rate-hmitng step in glucose utthzation

The secand method consisted of measunng the rate of uptake of the glucose
analogue 2-deaxyglucose by tno dfferent 41 tatro vat diaphragm preparations
{1) the usual wotated rat hemiduphragm desenbed by Gemmali® and referred
10 in this paper as the cuf preparation, and (2) the #atacs daphragm prepara-
tion developed 1n aur laboratory.r A more detaded discusston of the physto-
logicat and matabohe pmpemes of these preparahons mﬂ bt grven in a subses
quent sectton. The 2 ts Pk w ryl by b K =~
24 X 10°M 8 to form the phosph ester 2- fu hosph
which aocumula.uvs within the celf, smce 1t 13 not acted wpen at an apprecable
rate by ather muscle enzymes  Methots have been deseloped for the deter-
munatwn of free and phosphoryfated 2-deos) glucose n lbe presence of each
other,¢ therehy the im of and
phosphorylation as separate processes

Effect of Tnsulss and Epsnephrane on the Glucore Distribution n the
Praphragm and Gastrocuemens of Nonfaried Rats

Glucose was confined to the extracelfular space n bath the gastrocnemms
and dizphragm of the nonfasted rats (TaBLE 1, columns 1 apd 7) at plasmae
ghucose Jevels ranging from 98 to 163 mg percent  Yutracelhular accumufation
did accur, however, foltowtag the tyectian of epmephrne (Tasie 1, eolumns 2
and 8, This was not a result of hyperghy cermz per se. for glucome remained
extracellular when correspondingly high plasma levels were atiamed by the
mtravenous administration of @ glucose foad (rasiz 1, column 3} Insubia,
on the other hand, had a vanable effert, depending on the degsee of hypo-
ghycerma mduced Wik moderate hypogiycema, the percentage of distabu-
Yon of glucose m the extracelular water was decreased (TABLE 1, column 4}
With senere by poglycenns (TabLx 1, colums 5), which results 10 an endogenous
dischasge of epmepbnne, glucose sccumulated withia the muscle el A cons
comx(am eﬂect cf cpmphnne secretion 15 the miracellular accumulation of

n nhtbitor of hexol {(Bi—4X
l(T‘ \i)" msmg from an ncmkmod cate of glycogenolysis ¥t sverns probable
that the accumulation of (ntracefiular glucose occwrnng dunng epmephnne
secretion resulted from an mibiion of phosphory lauon secondary 1o the ele-
\md phmphme ester concemtrations (>2 X 1073M) observed under these
of glucose associated wib severe
wsubin hnaog!)cemm could then be explained as rfecting an accelerated fate
of glucose entry (nsulin effect) and 5 decreased rate of phosphorydation {epi-




REGULATION OF GLUCOSE UPTAKE BY MUSCLE:
FUNCTIONAL SIGNIFICANCE OF PERMEABILITY
AND PHOSPHORYLATING ACTIVITY*

Dawvid M. Kipnist
Department of Medicsne, Washington Unisersily Sehool of Meducne, St Louss, Mo.

Much nformation concermng the pathways and individual enzymes -
volved 1n carbohydrate metabolism has been obtained from studies with cell
free systems  Stmilar studies with intact cells or multicellular systems, how
ever, have frequently yielded results that appear to be at vanance with the
information It 1s because of these discrepancies that there is an increasiss
awareness of the importance of structural elements for biochemical events &
{he intact cell  What, for example, are the functional limitations imposed b
cell structure on enzymatic processes? Progress has been slow in this aret
primanly because of the lack of adequate techniques for measuring discrett
reactions within wntact cells The ultimate goal of such an approach s, of
course, an und ding of the | that d ine the jon of
‘
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R

O Puuisy suvewm== = o e e g s e =4
transfer of sugars across the fnuscle cell membrane and the effect thereon o
varnous hormones, dietary regimens, and muscular activity.® The fact, hot
ever that these sugars are poorly metabolized limits their uscfulness in clanfy
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as measured with raffinose, suctose, or thiosulfate, denoted intracelluiar ac-
cumulation, whereas an equal of smaller value mdicated that ghacose was con-
fined to the extravellylar water  The intracefiular concentration of glucase 13
an sndex of the relatne rates of ghucose penetration and phosphory fation by
hexokinase.  An increase in the wtracellular concentration of the free sugar
exn pesult esther from a relatn e increase 1 the rate of penetration or ffrom a
relative decrease in the rate of phosphorylation  In erthey arcumstance, the
presence of glucase withm the cell would indicate that phosphorylation was
ate initing  On the other hand, the absence of free sugar from the mtra-
ctllular corpartment would mean \hnt the transport of glecose across the celf
3 was the ratedimting step i glucose util

The secand method consisted of measunng the rate of uptibe of the glutose
analogue 2-deoxy glucose by two different 14 1176 rat diaphragen preparations
{1) the usuaf ssofated rat henudiaphragmn descrbed by Gemull aud referred
to in this paper as et prepmncn. and (2) the wnfecf dphragmt prepara-
ton developed n qur labaoratary? A more detatled discussion of the k3 swo-

logieal and of these w3l be given m a subse-
quent section  The Zdeoxyglucﬁsc s pbosphoryhlbd by ‘w:u)hmasc ls:. -~
23 X 1M o jorm the ester

which accumulates wirhia the cell, since 1t 13 not acted npm\ &t an apprcmble
zate by ather muscle enzymes  Methods hase been developed for the deter-
mination of free and phosphorylated 2-deoxy gln:osc n the presence of each
wther therchy p the penetration and
phosphory lation as separate processes

Effect of Insulin and Efnnephirine on the Glucoss Disirdbadion 1 the
Prophiragm and Gastrocnemus of Noufasted Rats

Glugase was confined to vhe extraceliular space 1 both the gostrocnemius
and duphragm of the nonfasted rats {TasLe 1, votumas 1 and 7} at plasma
glucese levels rangng from 9810 163 mg per cent  Intraceliedac accumutation
did acenr, ko ever, following the mjectian of epinephnne (TAnLE 1, columns 2
and 8)  This was not a yesult of hyperglycenua per e, for gucose rematted
extoaneliuler when correspondingly high plasma fevels were stuaned by the
smtravenous admmssteaton of & ghucose load (ragte I, coluron 3} Insubn,
on the ather hand, had a varrble dfect, depending on the degree of 3 po-
glysema induced  With moderate bypogly cemaa, the percentage of disinbu-
tan of plucose i the extracellulos Water was decreased {Tapce 3, column 4)
With sesere hypoglycemia {r3n1e 1, colunss 5), which results w an endogenous
discharge of epnephnng, ghucese accumylated within the muscle celt & cone
com\um eﬂm of epmephnnc secretion 15 the intracellular accamulation of

phate,® ¥ snhibstog of hexal (Ko~ 4 X

0 d \[)" NSO {rom an acmlcmcd sate of glycogenalysis It seems probable

that the aceumulatian of intracellular glucast eocurnng dunng spwnephrine
stiselion resulted from ap mhibition of pho-phory laton dary to the ele-
\atcd phiosphate ester concenteations (>2 >< 104} obsersed under thee
The of ghucose 3sspeated with seyere

m:u\m hypoglycemia coutd then be esplained as reflecting an accelerated rate
of glucose eatyy Qosubm effect) and a decreased zate of pho:pbor,huwn {epi-
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nephrine effect).  Consonant with this interpretation is the finding that insubn

Jmini: d simul ly with epinephrine did not ¢ the effect
of the latter on glucose distribution, but increased the intracellutar accumula-
tion of free sugar (TABLE 1, columns 6 and 10).

Varations 1n the endogenous secretion of epinephrine hae been avoided by
adrenalectonuzing ammals 30 to 60 min. before the esperimental petiod, 1hs
procedure, in essence, depletes the animal of epnephrine without producing
adrenocortical insufficiency. In these rats insulin had only one cifect even

Tanee 1*
INFLUENCE OF LPINEFIRINE AND INSULIN o8 GLUCOSE DisTRISUTION IN THE Diarumacy
AND GASTROCMEMIUS OF TiE NoMFASTED Rat®*

Duphregm Gastrocnemius
Column No rE';‘\lh'- Toa . o ol o |5
Tne Ad X1 ‘4 ™
s boee)| e/, trgreent- 55y |ddash|
)
Intact ammal
1 — | = | 13060 | 354 272 {1e30)251|15¢
2 + - 354 | 1152 325 |190(H) | 61.3]35
3t - | - |22 | 724 216 |288(5) | 430|149
4 -+ 66(5) | 136| 206 | 64(3)( 7.9 123
: ol e o [P N I Y Il Al BA
Acute :dm;alccmm)% o + 0 - - s
- | - Sy | 204 208 {12 |B2(U
8 + | = | 32@) [1295] 348 |155 21) 510} 328
9 -+ 61 (4) 02 | d0@| 31(70
10 + |+ | 2iQ) |1315] 98 - - -

when hypogly cemia was severe, namely, a marked depletion of glucose in the
eatracelfular space of muscle (TABLEL 1, column 9)  This depletion suggest
that, under conditions of rapid up}ake and low plasma glucose levels, the dif
sion of sugar in the interstitial fluid from the capllanies to the cell SI;r[acc may
become rate limiting. Of further mterest 1s the finding that intracellular gh-
cone did not aceun late in acutely adrena) ized rats gnen msultn an
Targe glucose ©

g, per cent

of muscle in th - --
ton, providing €pl

R A

nephrine secretion is prevented.
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Effect of Insulin and Epinephrisne on the Glucose D ion in the
Intact Diaphragm Preparation of Noufesied Rals

Glucose could not be demonstrated inside the muscle cell of the futact dia~
phragm either 1n the presence or absence of added wsulin (TABLE 2)  Because
of the remarkable similanty between the glucose distribution 1n the diaphragm
of the acutely adrenalectosmized rat and that in the sufact preparation n the
presence and absence of wsulin (tasLe 2}, it occurred to us that A&he s alro

P I Lo,
Recent studies \uth thc utact prep;.r:mon have shown that the increase n
glucose-6-phosphate concentration following epinephrine addition exactly paral-

TABLE 2
INFLUENCE o EPISEPDRINE AND InstLIN 0N GLUCOSE DISTRIBCTION IN THE IV Virgo
Ix74c? DIAPHRAGM PREPARATION

Dustribation of glucose 1 tissue wate

Tempecature
Geatigrade) P 7
(percentages) (percentages)
3 1810908 H1+12002
27 A7x16 15908
27t F2x26618 96+35198)
fid 9213 | BIEl
. . <
am)
Lare
. new-
- o for

amalyus.”

leled the accumulation of ntracellular glucose, and was of sufficent magnitude
to account for at least a 70 per cent whilation of hevohinase  Additional evi-
dence indicating that epmephrine 1 capable of causing an imhibition of phos-
phorylation 1s presented in TABLE 3 In these expeniments, the rates of 2-de-
oxyglucose penetration and phosphoryfation were determined 1o the presence
of nsultn and epinephnne  Although phosphory lation as inhibited about 50
Pper ceat, sugar entry was not affected

Influcnce of Fasting and Glucose Loading on Glucose Distributton
v Rat Diaphragm In Vit

Glucowe was confined to the extracellular space of the draphragm in rats
fasted up to 72 hours (TveLr 4)  Mare prolonged periods of starvation, how-
ever, were assoctated with the appeatance of free glucose in the mu~cle cell of
both the diaphragm and gastrocnemms  In order to avaid vanations in the
rate of endogenous epancphnne secretion, which 15 known to be nfluenced by



358 Annals New York Academy of Sciences

starvation,® the remamder of the experiments recorded in TABLE 4 weré per-
formed 1n acutely adrenalectomezed rats

Although msulin produced a depletion of extracellular glucosein the 24-hour-
fasted adrenalectomized rat identical to that observed in the nonfasted control
(TABLES 1 and 4), 5t was still possible to demonstrale that this short period of
fasting produced a marhed metabolic change in muscle.  Plasma glucose level
averaging 389 mg per cent were not associated with the intracellular accumuls-

Tante 3*
LrrecT OF EFINEPHRINE ON THF PENETRATION AND
PrOSPIORYLATION OF 2-Dgo\iGLUCOSED

2 Deoxy lucose

ol bats 1 i

ronagen | L g | Ty
30 199 107 30,6 (33 6)
45 51 154 0.5 15

* Reproduced from Kipnis and Cor® by Dermussion from The Journal of Biclogud
Chemstry,

t Disphragms were mcubated 1n 006 M 2 deoxy glucose with insulin (04 units pef &)
added to increase the rate of [y o ine was 6 X 10
M The values are averages of 3 expeniments  The values in parentheses represeat the
uptake of 2-dearyglucose 1n the absence of epinephrine

Tance 4*

INFLUENCE OF FASIING AND OF GLucose Loap ON DisTRIBUTION
OF GLUCOSE IN RAT Diaruracy®*

of fasting period ‘niCa % 180
Length of fasu e Tusahot | Glucosetonds | o S5y o) | Bn oy | Saliaded
Tntact ammal

24 122 (6) 26
72 108 (3) 255 264
120 14 (3) 29
Adrenalectomized
amumal}
214 116 (3) 238 206
24 + 66 (3) 14 67
0 + 400 (4) 809 25
+ + 389 (1) 108 0 278
2t + 380 (3) 1023 269
2 + + 300 (3) 310 60 2
72 + 225 (3) 715 342
72 + + 239 (3) us 372
96 + 2 Q) 177 § 518
96 + + 328 (3) 230 8 70 4
o Veenen Wannie ot ad B 1y DETMUSSION feam The Fareesasd £ 8 ton of Chomicde?
spa . .
anc . .
30

. - before the experimental period
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tion of glucose in nonfasted sats even after msulin administration.  In 24-hour-
fasted animals, however, sumilar conditrons resulted in the accumulation of large
quantities of glucose withm the muscle cell  Furthermore, in ammals fasted
for from 72 to 96 hours, injection of glucose alone produced this effect, which
was reinforced by the simuftancous admimstration of insulin

It is known that profonged staration results in an umpaired glucose toler-
ance¥ 16 Obyiously, this impairment 15 not a result of epinephrine secretion,
nor 1s it secondary to an impairment of glucose entry, since intracellular glucose
accumulated in the fasted ammal It would appear from these findings that
the phosphorylating capacity of muscle 1s severely mmpaired by starvation

Taszz §*
GLucose DisTRIBUTION IN DIAPHRACMS OF ALLOXAN-DIAETIC RATS**
Length of tasting o Com Cm/C
Ferod ™" ower expenmantal orocedies g /G cey | g i cc i et
0 - 686 (1) 191 78
0 Insulint 750 (3) 321 4238
24 - 568 (5) 154 271
24 Insulin 340 (4) 158 63
24 Adrenalectomy} 510 (3) 114 284
0 Adrenalectomy? + 315 (3) 138 438
insulin _

[ Epinephrine§ 650 (2) | e

. *Reproduced from Kipms ¢ @® by permussion from The Journal of Buological

Prehmmary studies suggest that ths effect 15 mediated v pitwtary and
adrenal cortical secretions

Infiuence of Alloaan Digbeles on Glucose Distribution s Diaphragm In Vito
The eficets of fasting have often been compared to the diabetic state and, as

o RN . it e
fore, that the phosphorylating capacity of dibetic muscle 15 diminsshed
Whether this v a pnmary ¢ffect of msulin deficency or 1 secondary to other
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factors 15 discussed in a later section  The effect of epinephrine injection o
mtracellular distribution 1s the same 1n the diabetic as in the normal ammal

Uptake of 2-Deoxyglucose by the Cut- and Intact-Diaphragm Preporaiions

For purposes of presentation, the relative rates of 2-deovyglucose uptale
with and without msulin in the cut and intact preparations from normal {nor-
fasted), dubetic, diabetic-adrenalectonuzed, and hypophysectomized (fasted)
rats are recorded mn FIGURE 1 The uptake of 2-deoxyglucose by each growp

cut aiagrregn Intuct disrhragn

2-Deoxyglucose uptake
Per cent of normal rate

has been compared on a percentage basis with the duaphragm of the normal
nonfasted ammal without added insubn  The results with the cuf preparation
a sugators 7 ¥
T aan diabelic
3 . Although
insulin stumulated utiization 1n tfus preparation, the final rate attained 1s Si¢-
mficantly lower than that of normal insulmzed muscle, The cut diaphragm
of the diabetic-adrena amumal (ad, tomy was performed 4 to
days after the diabstes was established and 4 days before the animal was sacr-
ficed) was indistinguishable from that of the normal rat exther in the presence
or absence of suln.  Hypophysectomy resulted in o significant increase 18
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d 4 by

the basal rate of and a
msulin
The results obtained with the 1ntact diaphragm differ markedly {rom those
of the cut preparation. The sumulatory effect of 1nsulin on 2-deoxyglucose
uptahe is greater in the tu/act than n the cuf preparation  Furihermore, the
wnlact diaphragm of the alloxan-disbetic rat exhubited a far greater impairment
of uptake than 1s observed n the cx/ preparation  Insulin failed, as it did with
the cut preparation, to restore the rate of uptake of the diabetic tutact dia~
phragm to the level observed 1n normal insulinized muscle  The most stnking
dhfferences were seen with the diabetic-adrenalectomuzed and hypophysectos
muzed {fasted) ammals  Contrary to the findings with the cul preparauion,
adrenalectomy, 1n the absence of insultn, did not alter the severely impaired
utilization charactensuc of the intact diaphragm of dwbetic ammals  In the
presence of nsulin, however, the rates of utihzation were similar to those of
d, 1 the wlact
2-deoxyglucose

Before discussing the last group of experiments, 1t 1s first necessary to examine
the physiological propetties of the cuf and snfact preparations and consider
their metabolic imphcations  The usualsolated rat hemidiaphragmt® has been
referved to 1n this paper as the cuf preparation because all of 1ts muscle fibers
are cul at both ends dunng 1ts excision from 1ts attachments to the nb cage,
spine, sternum, and central tendon The ¢ut diaphragm has been used to
study a vanety of metabolic problems of muscle that mvolve the penetration
as well as the utihzauen of sugars A senies of studies designed ta determine
whether the cu! diphragm 1s a switable sn tafro test object for permeabihity

led to the concl that 1t 15 inadequate for this purpose® #
For example, a vanety of substances that are normally excluded from the cell
wntenor, such as sucrose, raffinose, thiosulfate (FIGURE 2), thulm, and ferr-
c)’amdc. readily penetrate mto the intracellular compartment of the eu! dia-
phragm  These shortcomings are not associated with the snfact diaphragm,
smce none of the muscle fibers are damaged m s preparation, This prepara-
tion 1s sumilat to the diaphragm in the hving animal with respect to total tissue
water, mtracellular and extracellular spaces (FIGURE 2), 1nsulin tesponsiy eness,
and rates of sugar penetration?

We have recently studicd, in collaboration with Dr Adelph Coln, the
electron muicroscomic appearance of the ntacf and euf preparations following
prolonged imcubation 1n Krebs-Henscleit phosphate buffer  The tnfact prepa-
Tation could not be distinguzshed from the diaphragm reraosed from the fiving
anunal and immeduately fixed for study, the cu? preparation, on the other hand
exhibited severe and cellular d The h
were swollen and contained fragmented cnistae, the muscle fibnls were thick-
ened and indistinet, and the endoplasmic reticulum was mnrkcdly cngorgcd

The rates of mtracellular of both metabol!
lizable sugars are much faster n the cu? preparation shan w \hg wmtact one.
Far example, the cdllutar entry of 2-deony glucose 15 fourfold and that of
-3ylose is tenfold more rapid i the cxf than i the sntac? diaphragm  Not
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only are the permeability characteristics to sugars affected, but Menoza ¢ ol?
have recently shown that 1on transport is also markedly altered. Seriow
doubt, therefore, may be entertaned s to the functional significance of the cell

\i asa bol zul in the cut preparation.  For example, no
difference in permeabihity could be observed between the normal and the dia-
betic ent using the bolizal i ponsive pentot
Dp-xylose, even though the utihzation of glucose and 2-deoxyglucose was de-
creased 50 per cent (FIGURE 3)  In view of these findings, it appears hikely that
the utibzation rates observed with the cuf preparation are representative of
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the phosphorylating capacity of muscle, whercas those obtained with the o
preparation are a measure of the rate of intraceltular transport.

The results that have been presented indicate that other factors, 1n additiot
to the petmcnbll&ty properties of the cell membrane, may lmut the rate of gt
cose metabohsm in musclf: Since the first intracellular event in glucose metab
ohism 15 its phosph?rylalmn by hexohinase, it 15 reasonable to eapect that thie
reaction may function as one of the regulators of glucose utibzation  The fact
that free glucose can be demonstrated within the cell 1n variety of condition$
supports this contention F;r c):]nmple. epinephrine, whether ntroduced by
injection or discharged from ‘l cda re'na!s In response to hypoglycemia or othef
stumull, such as muscle work, leadsto anintracellularaccumatation. of free sugal
As mentioned previously, Lhis reaction probably results from decrease in the

Y -
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mze of phosphorylation caused by the as«ocmted elevation in the glucose-6-

The d d glucose tolerance assoated with
Iasung is, in part, a reflection of a dxmlmshed ra(e of phaspbar)lalmn n
mauscle, since free sugar ac \! ! unde, d in which

er

1t would have remained extracellular 1n the nanfasu:d arumal  The muscle of
the diabetic anumal, in addition to a defective sugar transport system, is albo
characterized by an impawed phosphorylating capacity  Thus, free sugar
accumulates within the cell, both 11 tizo and i# rifre, upon the addition of
isulin It would appear, however, that membrane permeability 1s wmore
senously affected by insulin deficiency than 1s the phosphorylating capaaty,
since the rate of 2-deoxyghucose uhihzation by the dubetic intact diaphragm
preparation is 10 to 20 per cent of normal as compared to 2 50 per cent decrease
 the dabetic cuf diaphragm  This 138 10 agreement with the resuhs of recent
expenrments by Field and Con® m which the rates of glucose utilization 1n nor-

wedurs
© Diapheagm from normal s
@ Dapheagm from dubelc rats
4|
Insube
4022 mact
Y ok=0llma !

S Y O PN

4G, D-XVLOSE FER ML INTRACELLULAR WATER

CREERE] 40 50 50 MNUTES

GUsE 3 The tate of Dy lose penttration 1n the cud duphragm of normat and allozan
d|lbellc rats.

- RN - Ve aee -
phosphory lation, efther :n tiro or 11 rafro, suggests that this defect 15 a second-
ary effect of insulin deficiency.

It 1s possible 1o reconcile the divergent results oh\:uncd with the ext and
tnact preparations of the diabetic- d and hy pophy s d

a3 2-dcoxy glucose and nonmetabolizable sugars such as p-xylose.  One would
ot expect to obwerve any effect of the mection or removal of adrenal or pitui-
tary secretions on glucose uptake under conditions where penetration was rate
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only ate the permeability characteristics to sugars aflected, but Menoz it

have recently shown that fon tranwport 15 also marhedly altered Senos

doubt, thercfore, may be entertamed as to the functional significance of the all

! asa bot: 1 in the ¢t preparation. For example, 0

difference n permeability could be observed between the normal and the du
bolizabl ;

betic cul pref s using the ponsive peotst
p-xylose, cven though the utiliz. . :
creased 50 per cent (FIGURE 3)
the utilization rates obsenved w ... _.. e
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the phosphorylating capacity of muscle, whereas those obtamned with the 4
preparation are 3 measure of the rale of intracellular transport
The results that have been presented indicate that other factors in additio?

NI 83 09 pemey . - 7 o= ow svwavLaLIE 1O PXDECT LA 44
The fact

f condtions

b d fi the adrenals - ,_I’Odu(l!d by
injection or discharge "’"}: et n rez{mmc to hypoglycemia or othtf
tumult, such as muscle worh, leadstoanmiracellularaccumulation of free sugat
i\s ‘mentioned previouslys this reaction probably results from a decrease 1n the
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hmiting  This observation 1s consistent with the results of Long and Lubens*
and of others® @ who have shown that the carbohy drate tolerance of depar
creatized ammals 15 not improved by the removal of the adrenals It isale
in agreement with chnical observations that diabetes can occur i 1ndividub
with adrenal cortical msufficiency, and that the impaired ghucose tolersnced
the dubetic human 15 not corrected by adrenalectomy. Under conditioss
where penetration is not rate hmiting, however, the cffects of adrenal corucl
ablation become evident "This 1s the situation 1n the diabetic cul diaphragm
cither with or without added msulin and in the diabetic mfact preparation ith
added msubn  These results indicate that the impaired phosphorylating &
paaity of diabetic muscle s, at least 1n part, a retlection of adrenal corticd
activity.

Houssay and his associates, in their classic studies on the effects of by
pophysectomy on carbohydrate metabolism, 3 demonstrated that the hyper
glycemic respouse to a glucose load was prolonged, that the extrahepatic cor
sumption of sugar was decreased, and that the sensitivity to insulin w2
marhedly increased  These onginal observations ha e since been confired
1n the hving animal by numerous 1y estigators using a variety of l:xpcl’lmﬂ‘”I
techmques.® % Similar results have now been obtained with the tafact d
phragm  Since penetration 15 rate limiting 1n this i vitro preparation, te
impared uptake of sugar can be attnbuted to a diminished rate of trande
across the cell membrane reflecting, I believe, the decreased levels of insul
activity in the hypophysectomized animal 1 These findings, however, are i
contrast to the increased rate of utihzation and the decreased tnsulin respond
observed in the cut diaphragm of the hypophysectomized animal, These 7&
sults would be anticipated if, as pres iously proposed, the pituitary secrenor
depress phosphorylating activity, since utihzation rates in the cud diaphrg®
reflect its phosphorylating capacity.

Tha amtracallalag o "

utihzation. The removal of thns’reslrammg-iniﬁer;czb;:gu]d then be one o
the factors contributing to the mcreased nsulin sensvity of the adrenalects”
mized ot hypophysectomized amumal,
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ROLE OF INSULIN IN TWO PATHWAYS OF GLUCOSE
METABOLISM IX VIVO GLUCOSAMINE
AND GLYCOGEN SYNTHESIS*

Robert G, Spirot
Department of Brological Chemstry, Harcard Medical School, Boston, Mass

One manner of further localizing the action of insulin 1s to compare its
1n the regulation of two pathways of glucose metabolism,

For this purpose, a compart-on was made of the brosynthesis of lyver g
gen and protein-bound glucosamine 1n the insubn-deficient state. This
done by measuring the incorporation of radioactivity from C'-labeled glu
1nto the hher glucosamine and glycogen of the intact allotan diabetic rat
comparnng these values 1o those previously reported for the normal rat.!

It was of mterest to compare the synthesis of liver glycogen to tha
glucosamme 1n particular because an enzyme has been described in hiver
synthesizes glucosamine from glucose-6-phosphate,? and also because it
been shown 1 a previous study that the liver 1s the principal site of synt]

pathological states *

A study of the biosynthesis of glucosamine from Cl.labeled glucose in
normal intact rat mdicated a very rapid turnover of this substance, 1
turnover time of 0 8 hour for the hiver glucosamine and 2.0 hours for the se
glucosamne  The following scheme was proposed to show the relations
between the serum glucose and the hiver and serum glucosamene.!

"

o o
09 uM/hr I I 256 uM/he
Serum ghucose —2 > ler glicosamine T2 serum glucosamine —
263 u\br

From the rates indicated for a 250-gm rat 1t may be scen that, 1n additio
the synthesis of new glucosamine molecules from glucose, a very rapud
change takes place between the glucosarmne of liver and serum

The data given 1 the present study show that in diabetic rats the bio
(hesis of glucosamne from glucose 1s essentially unympaired, despite an alt
complete nability of these anunals to synthesize liver glycogen from gluc

Eaperimental

Male albino rats of the Wistar strain
were wed Al animals were fed Purina
dunng the eapeniment to the time of sacn. .
intray enous 1njection of alloxan monohydrate (37 1o 39 mg,/kg ) after a

ted in Ulus paper was supported in t b

e Lo e Cancer Socity, Inc, New York, N ARt b a Postdoctoral Fellow
““Tyuesént “Address Robert W. Lovett Memonal Laboratones, Massachuseits Gel
Hopital, Boston, Mass
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hour fast  The animals were used for the expenments between 1 and 4 months
after alloxan injection, and then only 1if their blood glucose was greater than
300 mg per cent,  Each animal was given a single intraperitoneal injection of
10 10 15 pc glucose-U-C* (208 uc /mg ) 1n 2 m! of physwological sahne, At
vanous time intenals following the njection of the radioactive glucose, 02
ml of blood was taken from the tail vein of each rat without ancsthesta for the
purpose of determiming the blood glucose specific actinity  The ammals were
sacnificed at various tmes following the njection of the glucose-CY by exsan-
gunation by way of the mferior vena cava under light ether anesthesia

The detaus of the 1solation procedutes, as well as of the chemical and iso-
topic analyses, were identical to those previously descnbed for normal ani-
mals' The protemn-bound glucosamine was 1solated from the tnchloracetic
aad preaptates of huer, hidneys, lungs, testes, and spleen, and from the
ethanol precipitate of serum  The glucosamine was hberated from the pro-
tan by acid hydrolysis and then d from neutral sugars on
a Dowex-30 cation exchange column  The amino sugar was then converted
to the glucose phenylosazone for the purpose of determiming its specific ac-
uuty  The Iner and hidney glycogen was preopitated from the trchlora-
cetic acd extracts by the addition of ethanol and, followmg aad hydrolysis,
the glucose pheny losazone was prepared for counting its radicactivity  Lihe-
wise, the activity of blood and unne glucose was determined from the glucore
phenylosazone formed from the Somogy filtrates

Colonmetnc and chromatographic analyses of the Dawex-50 efuates of
hydrolyzed diabetic tissues revealed the same very high ratio of glucosamine
to galacto-amine that is found in normal tissues !

All measurements of radiwactiity were adjusied to 50 X 10¢ cpm njected
Into 3 250-gm rat

Results

In of ly nlo The speofic activity and
total activity of the pmlem~buund glucosamine of liver and «erum following
the injection of a tracer dose of glucose-C are shown m TasLE 1 From the
ratio of the speaific actnaty of the hver glucosamine 1o that of the serum glu-
cosamine st may be seen that, while the liver 1s more actrve than the serum
early 1n the course of the experiment, the serum activity soon becomes equal
to and then exceeds that of the liver (TaBik 1)  The actwvity 1n the protein-
bound glucosamine of several other tissues was also determined at 3 75 hours
following the injection of the glucose-CH* (TaBLE 2)

Incorporation of radioactiaty wnto luer and kidney glycogen  Very little ac-
ity was incorporated nto the Iner glycogen from glucose in any of the
animals studied (Tante 1) Very ugh levels of hidney glycogen were present
(TABLE 2), 1n contrast to normal ammals, which were found to have only about

mals
) was

. . L .. ythe
'ncorporation of radicactivity wnto the glucosamine of normal and diabetic
rats, 1t was necessary to take 1nto account any differences in the specific ac-
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tivity of the blood glucose m these two types of ammals,  For this purpos,

several samples of blood were obtained from cach rat following the injection

of glucone-CY, the <pecific activities at cach time are plotied in HGURE 1
Tavre 1
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amimals 15 considerably greater than that of the diabetic ammals  In order
to compare the actinity in the glucosamine and glycogen in the diabetic am-
mals with the actnity of these substances 1 the normal ammals, 1t 1s first

68

43 *NORMAL

xDIABETIC

CPM per uMOLE x 1072
R
s 5 5 9

o

o f

- o - . . LR
ratio of the area under the normal specific-activity curve to that under the
duabetsc speafic-actvity curve, the folloning correction factors were calcu-
lated 383 for 15 hours, 3 18 for 3 75 hours, and 3 11 for 12 hours following
the glucose 1njection *

* Sunce the cquations for the specific activaty of 2 product at any tume mvolve the mtegral
of the specufic actissty of the precursor up to that time, the necessary Correction factors for
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As may be scen from TaBL: 3, the pool sizes for the lier and serum glucoss
mine were essentally (he same 1n normal and diabetic ammals, whereas the
Iner glycogen pool was markedly reduced in the diabetic

In tanirs 4 and 5 the dubetic values for both glucosamine and glycogen
corrected to the normal serum glucose-specific activily by multiplication by
the above factors are given alongside mean normal values for the same tume
mtervals At the time mtervals shown, there is little difference between the
total acuvity of the glucosamine of normal or diabetic animals either 1n lner

TasLe 3
CourarisoN o7 PooL Sizes 1v Nozuar AND DiaABETIC RaTS

Luer
Tove of anmal Serum glucosamiae
O oo Glucosaamine
T
Normal o+ s¢ 1,720 2 191 21504 00£20
Duabetic £ s¢ 206 + 5¢ 269+06 60x52

All values expressed as umoles per 250 gon rat

Tants 4
A COMPARISON OF RADIOACTIVITY 1N Livig GIACOGLN, LIVER GLUCOSAMINE, AnD SERTK
LUCOSAMINE OF NOKMAL AND DIABETIC Rare

Liver

“Tatal uur:

n

Tume | o) slyeogen actinsty  [Totat glucosmune sety|cEcomn_ scunty

hours. —
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| e | Tiaberte] [ i Rl S ol R (e
Lsaass b | e tustl en [ 1oy (155007 101 830 | 133
3,753,973 140 | 243 0 11021 | 1248 | ¢ 53 332 o;? 2500|2130 | 117
1203,628) 52 | 629 | S31| 557 996 |° 3 00 |1527( 1370 | 1.1
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As in Iver and serum, the other diabetic tissues studied do not appear to
show any impaument in the synthesss of glucosarmne from ghocose (TABLE 5)
at the time studied.

Taste §
A COMPARISON OF THE RADIOACTIVITY IN TuE GLUCOSAMINE OF SEVERAL
Tissues 0F NoRMAL AND Drapetic Rars

Total Activty

Tusue - .

Noraal Dubetc’ Normal/Disbetic
Kidney 1844 294 06
Lung 250 585 o8
Testes 703 54 4 129
Spleen 736 63 113
prevouy ? oo v Lo
cpm LIVER cpmy LIVER
x15% GLYCOGEN 163 GLUCOSAMINE
40} N Voh
30 u 2
N
M okl 1D
20}
N D
0.5k
10
N
o {o /0
[ERE 20 is 3715 (20 buns

lseruE 2 A companson of the total activity 1a the Iver gly cogen and glicosarune of
normal and diabetic rats  The values are means for each time and are expressed per 250 gm

rat  The actisities of the dialenic animals are corrected to the normal serum glucose-specific
actnity

Incorporation of radroactaly wnlo glucosamine follozing ngectson of fructose-
U-C'*  Fructose-U-C* was injected mnto a drabetic rat under the same condi-
ons as for glucese-U-C, and the animal was sactificed 3 75 hours thereafter
As obsersed in normal rats,! both liver and serum glucosamine activity 1n-
¢€reased in the same proportion, so that the ratio of the two rematned the same
as with glicose {TamiE 1) No wgmficance can be attuched 10 the absolute
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increase, since the specific activity of the injected fructose would be d
less than that of the mjected glucose

Discussion

It appears from the data of the present study that the synthesis of pr
bound glucosamune from glucose in several tissues of the alloxan diabet
e S . .

. S et swesan L3 WHLILAVIE QUi AUy
the diabetic ammal the hver 1s the primary site of synthesis of the serun
cosamine, as appeats to be the case m the normal anjmal

It s of interest that Schuller and Dorfman have observed that the incot
tion of radicactivity from C'labeled glucose into the hyalurome acid ¢
skin of alloxan diabetic rats was reduced to about one third of normal *
decreased actvity of the hyaluronic acid molecule could represent a decr
synthesis of either the glucosamine or the glucuronic acid moieties, or
Since these mvestigators did not measure the specific activity of the |
glucose, 1t 1s difficult to compare their results with the data obtamed i
present study, 1n which the markedly decreased blood glucose-specific act
of the diabetic anumals was taken info account

s1ze glucosamine 1rom glucose at a norm:
ment in the synthesis of glycogen su,
ole m the regulation of all of the p
impairment 1n glycogen synthesis y
deficiency has been demonstrated

al rate despite an almost total im
ggests that insulin does not play the:
roducts of glucose metabolism ~ Tha
n the alloxan diabetic rat is due to 1
0 a previous study” In order to attt
to explain this difference mn the effect of msulin deficiency on the synthes
glycogen and glucosamine, it 15 necessary to consider the pathway of gluc
mine synthesis from glucose  Pogell and Gryder have demonstrated the |
ence n rat liver of an enzyme that can synthesize glucosamine-6-phosp
from glucose-6-phosphate and glutamme 2 ~ ¥ glucose-6-phosphate is also
precursor of glucosamine m the liver of the ntact ammal, 1t would ap
likely that 1t belongs to a glucose-6-phosphate pool that 15 not under tht
fluence of insuln and is therefore a pool separate from that giving ns
glycogen If the action of nsulin on the Liver is one affecting the penetra
of glucose, 1t may be that glucosamine synthesis takes nlace in 2 cnmmnartn

tomsulin Ln LS TERAG, 1L 1> 0L nterest that Shaw and Stadse have d
onstrated that, m the rat duaphragm, glycogen synthesss from glucose 15
sponsive to 1nsubin, whereas lactic aad formation from glucose 15 unaffec
by psulin®  In order to explan therr data, these Investigators have pos
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lated the existence of two separate glucose-6-phosphate pools, one nside the
cell that is responsie to insulin, and another on the cell surface

This difference 1n response to nsulm deficiency of the hver glycogen and
glucosamine 1s consistent with the observations made 1 normal ammals, 1n
which there was no correlation between the actity incorporated into the liver
glycogen and glucosamme

However, 1t 15 alo necessary to consider the posaibuhity that there 1s only
one glucose-6-phosphate pool, but that the enzyme responsible for the ami-
nation of glucose-6-phosphate has such a high affinity for its substrate that
1t remains saturated despite a decreased formation of glucose-6-phosphate from
glucose, resulting 1n ummpaired glucosamme synthesis

It 1 of interest to note that, ke the liver, the other tissues reported n this
study also synthesize glucosamine from ghicose at essentially 2 normal rate
The data of this study may be of some relevance in evaluating the ongin of
the rcunal and glomerular Jesions found 1n human dibetes, which have been
postulated to be the result of some disorder of mucopolysacchande metabolism *

Summary

A comparison was made of the iosynthesis from glucose of Iiner glycogen
and protein-bound glucosamne m the intact alloxan diabetic rat ~ From the
wmcorporation of radioactivity from tracer doses of glucose-U-C* into these
two substances, 1t was judged that there w2s no impaiment 1n the rate of syn-
theuss of the gluco-amine despite an almost complete failure m the synthesis
of glycogen  This difference 1n response to insukn deficiency of two pathnays
of glucose metabolsm 1s discussed, and 1ts possible relevance to localizing the
site of action of insuhn 1s conwidered

The synthesis of the protein-bound glucosamine of serum, hidney, lung,
testes, and spleen i the diabetic rat was also studied with the aid of glucose-C'
and, as in hver, no decreaxe from the normal was observed

From the relationship of the speafic actvity of the Iiver and serum glucosa-
mine at several ume intervals, the liver appeared to be the pnmary site of
synthesis of serum glucosamine, as has been reported for the normal rat
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Part IIL. Biochemistry and Physiology of Insulin and the Sulfonylures
Compounds

EFFECT OF 6-DEOXY-6-FLUOROGLUCOSE ON
GLUCOSE PERMEATION OF THE CELL*

Arne N. Wick
San Diego State Callege, San Diego, Calif.

George § Serif
Unseersity of South Dakota, Vermullion, S Dak

The processes nvolved in the permeation of glucose into muscle cells have
recewved considerable attention in recent vears. The nossihle ways of transfer
a chemically
brane camer
o Trisaues

speaficity ! The use of modified sugars is not always a rewarding one, b
cause one cannot always predict in advance whether or not a particular cos-
pound will be useful. Most of the compounds examined thus far have bes
of no value because of their mertness for one reason or another. Howerehs
6-deoxy-6-fluoroglucose (hereafter referred to as 6-FG) is a compound wilb
interesting phystological properties  In this report we present a summary
the effect of 6-FG on the intracellular transfer of glucose,

Preparation of 6-FG and Facts Regarding It

We prepared 6-FG according to the
vised by Blakley* This compound 15 a well-defined crystalline compousd
with the stereochemical configuration of glucose In considering the poss+
bility that this compound may enter into an “cnzyme socket,” t should b
pomnted out that the atomic radus of covalent fluorine 1s smaller than that of
the hydroxyl group that 1t replaces

procedure of Helfersch ¢f al?3 as &

Glucose Permeatton and Inlnbitory Action of 6-FG

The phystological properties of 6-FG as previousl:
manzed as follows

e rapidly enters he cels of the eatrahepatic tissues and simultane-
ously inhibits the mtracellular transfer of glucose ®
(z) Therateofcell ety of ¢ FG .and s ﬁna.I distribution in the ussue water

o . © 10f msul, hke:

L . L IERY 0 e,
W

. . «*ased by the pre»
ence ol lsuiul s

ted in this paper was supborted in part by Grant A @
[t J}’x‘?.;‘?.‘?.‘.h’é \rthaitis and Mctabolic Diseases, Public Liegltjy scmcﬁ&f(é’s‘é‘a"fﬁf
10 .

Y reported by us are sum-

374



Wick & Serif. Effect of 6-Deoxy-6-Fluoroglucose 373

(3) 6-FG inhibits the oxidation of uniformly labeled glucose-C'* in wn tilro
studies using rat hidney shces,* rat epididymal adipose tissue, and rat dia-
phragm tssue?

A companson of the relative effectiveness of 6-FG as an mhibitor of glucose
oxdation 1n rat hidney and adipose and diaphragm ussues is shown 1n FIGURE

100]
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22 1 Companson of the effect of 6-FG on the mhibition of glucose {umformly
h\:ded) oxidation on rat Lidney, rat diaphragm, and rat epididy mal adipose tissue
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% 2 Comparison of the effect of 6-FG and 2-deoxyglucose on the mbubition of
glucose (umlmmly labeled) vaidation 1n rat hidney siaces

1 Itisapparent from thedata that, as an mhibitor of glucose oxidation, 6-FG
lf (rlnost active 1n adipose tissue 1n lhe senes adipose tissue > diaphragm >

idney

The most complete data regarding the action of 6-FG on the entry of glu-
cose 1nto the cells are furnished by the results with hidney tissue  Frure 2
shows data on the effect of 6-FG concentrations on the conversion of uni-
formly Jabeled glucose to CO; with this tissue  With increasing concentration
of 6-FG, the whibition of rad ve COz f a plateau,




376 Annals New York Academy of Sciences

On the other hand, 2-deoxyglucose maintains an increase m mhibition with
mcreasing concentrations of the inhibitor.  With adipose and diaphragm tissue,
ghome e ' ‘hereas the curves ob-
. bition” With respect

alively the same with

. O e e g

Modes of Cell Permeation as Suggested by These Studies on 6-FG

The plateau type of inhibition curve resulting from these studses is unusual
A possible explanation of these data is that 6-FG inhibits a specific pathway of
glucose oxidation, but that one or more alternate pathways exist. Under
these conditions increasing the concentration of 6-FG ultimately would rewult
1 complete mhibition of the susceptible pathw ay, while the alternate pathway

<]
(=]

T O , 003 o005 . oor
MOLARITY OF F-GLUGOSE

Ficere 3 Comparison of the effect of 6-FG on the oxdation of €y » Cy, and unmformly
labeled glucose 1n hidney shices

% Cl40, COMPARED TO CONTROL

would be unaffected.  From this line of reasoning 2-deoxyglucose would have
to inhibit at a pount where ali glucose ondation 10 CO;1 15 affected, which isin
agreement with the mformation available for 1e2 I the point of glucose mhi-
bition occurred in the metabolic sequence after the formation of glucose-$-
phosphate, then 6FG mhibition could be tentatvely explained intorms o
known pathways such as the hexose monophosphate path or the Emden-
Meyerhof cycle If either one of these known routes were tnvolved, then one
would expect to observe a greatly mncreased maximum inhubition of CO, forma-
tion with 6-FG if umformly lal.)eled 8lucose were replaced with G- or Cela-
beled glucose, depending on which of the two Pathways was inhibited, How-
ever, since the mazimum wnhibition of radnoacm:e CO; formation from Ci,
Ce,and uniformly l_abeled glucose remains approximately the same, it appears
that the infubition imposed by 6-FG must he c{i’ecled prior to the formation
of g]ucose-ﬁ-phusphatc It ma‘jl/ be Ithmt 6-FG mlc.xferes with a process con-
cerned with cell permeation direct] l{ This Possibility was suggested by
Blakley and Boyer? who examined the effect of 6-FG on yeast fermentation
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and concluded from their studies that the compound might be compeung with
glucose on the cell surface for cell entry. If 6-FG mterference occurs at cell
entry then, to be consistent with our data, two or more pathways of <ell entry
must be present. On the other hand, if 6-FG whibits within the cell, then
again, to be consistent with our data, a pathway alternate to that tnsolving
Thexohinase must be present

1 one accepts the explanation for the plateau type of inhibition curve as sug-
gesting that 6-FG mhuluts a speofic pathway for the oxidation of glucose to
€03 and that an alternate unafiected pathway also exists, then one must con-
ude that the sensitive pathnay 15 a common one 1n kidney shces, in adipose
and diaphragm tissue of the rat, and in the extrahepatic tissues of the rabbit,
but the extent 1o which the sensitive pathway operates in each tissue vanes.

Summary
We have found that 6-FG nltubits the ox:dation of glucose 1n Tat hudney,
gnd 1 dwapbragr and adipase tissue, also that it inkabits the ttracetlular trans-

same re-

hat 6FG
) + --ey slices)
when the wmbubitor concentration 15 increased 15 interpreted to suggcst that
for ghucose two or more pathways for lista prior to the § of
glucose-6-phosphate may exist  Alternatnvely, two or more methods of cell
entry may exist for glucose
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GLUCOSE TRANSPORT THEORY OF INSULIN ACTION

M. §. Goldstein
Michael Reese Iosputal, Chscago, I,

About 10 years ago Rachmiel Levine, myself, and a number of calleagues

ing interest 1n the developing field of logy. The search for the
site of action of msulin paralleled the development of ideas of enzyme path-
ways. Each pomt of confluence of the flow of intermeduary steps from pro-
tem, carbohydrate, and fat has briefly but temporarily occupied interest as 3
proposed pomnt of insulin action.

In 1946 Soskin and Levine presented a critical review of this arca of work!

lar entry of sugar to the action of imul{n by a new and independent demonstra:
tion. In essence, we were able to dissociate cellular entry of a glucoselibe

sugar from subsequent enzymatic or metabolic alterations of that sugar.$

We have reported with the eviscerated-neph ized dog and
rat !
In
ing
pre
but . .

SZ TR . : B S,
ﬂoﬁon of these matertals, being located excl ly in the abdominal viscers,
are now absent. Sushlmetabohca\)y Inert sugars, when introduced intrave-
nously in the evisce P , are distnbuted in what-

318
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ever water compartments of the body are avalable to them A famiy of

hexoses and pentoses was found to occupy about 45 per cent of the carcass

weight within 60 to 90 mm after mntravenous admmstration  Beyond this
. N '

thereaher, pmmpuy made ava)lable to a certain selected group of sugars an
affording distribution of the matenal in
total body water. This 1s best exemphfied by FIGURES 1, 2, 3, and 4, where
additional msulin serves to determme, not the rate metabolism of these 1nert
sugars, but rather the area of distribution within the body of specific sugars

500}

Galactose 1 gm /kg.
400}

300} No insuhn

Blood galactose, mg X

Insuhn

Hours

ology ®

Of the sugars we employed, some proved to be wsuln-responsive, while
others were unchanged by the presence or absence of insuln  Those sugars
whose mtracellular penetration was promoted by the hormone revealed a com-
mon aspect of chemical structure 1n that they all resembled glucose sn the con-
figuration of hydrogens and hydtoxyls about catbons 1, 2, and 3 The sug-
gestion was made at that time that a barxier to the entry of sugars exsted at
the susface of certam cells, presumably skeletal muscle, heart, and adipose
ussue This bm’ner to entry was overcome by 2 spemﬁc syslem, located mm 2

structure, that P glucose from the extra-
ccllulzr to lhe mlracellul;\r postion  This glucose transport system, while
beng structurally designed for operation with glucose, would nesertheless
accept and transport sugars of related structure sharing a common configura-
tion about the first three carbons  Confirmation and extension of both these
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findings and their mterpretation soon followed, and a direct demonstration jor
this analogous situation was finally made for glucose

Subsequent work has revealed that the specificity of this system is consider-
ably wider in nature than experience with this eatly group of sugars had e
vealed. That the hexoses and pentoses possessing the same configurations

700
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about carbons 1, 2, and 3 as seen in D-glucose makes them acceptable to this
insubn-promoted sugar transport system remains unchallenged. Mampula-
tions of the hydrogens and hydroxy Is on carbons 2 and 3 mdicate that the hy-
droxyl 1s not essentral and can be replaced by a methyl group, hydragen, or
ame group. At Jeast two sugars m which the configuration about carbon 1
and 2 are different from that of glucose, namely, mannose and fructose, have
been reported as active participants m this transport system 37
These addstional charactenzations of the speaficity of this system have
no way duproved the conception of a umquely designed apparatus  In the
in, some demonstrations of token action on other sugars are quite ir-
The system appears to behase 1n a manner that 1s far from 1ndis-
criminate, and 1sulin can promote mcreased rates of entry consistent with

“Non responsive™ sUgars

1gm/hg v
o No insulin Insuhn

a——t Rhamngse -
«— 0 Arabinose -

* 400 compared with
e am—g pGalactose wm=O
2 300
3 T
& 200
100
=T T T
o 1 z 3

Hours

Fictxz 4 The sugar transport action of insulin 1s quite specific, and not all sugars are
allected  The distnbution of D-aratanose and L rhamnose 1n the evisterated nephrectomized

og 15 unaffvcted by added wnsulin  Reproduced by permission from The American Journdd of
Physiology ¢

moy ement of substrate amounts of carbohydrate for only a relatn ely few struc-
tured sugars

It would, 1ndeed, be sad 1f we were now to compound our imtial neglect of
earlier speculatine mdications of cell structure as a stte of action of msulin by
neglecung to examune the vast literature dealing with speatfic transport sys-

out effect  Since much of the discussion of matters such as cell membrane
and transport systems 15 largely a matter of conjecture, there is really no ea-
penmental basts for assuming that the sumulating action of insulin 1s durectly
involved with the intrinsic properties of this particular transport system 1tself
Spedific transport systems for many substances, as well as for sugars, are rather
universal properties of cells and tissues, mdeed, there may be nothing ntna-
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steally unique about this particular insulin-activated system. The finding
that mannose or fructose 1s an acceptable sugar in the insulin system of the
rat, but not in the carcass of the dog, may have no relation to either msuin
actron or to unrecognized differences in expentmental technique.  Cardiac mu-

by aiierent investigators  The eviscerated carcass,? diaphragm,'* gastrocne-
mius muscle,'* heart,* aqueous chamber of the eye, and lens' have been wed
by vanous workers  Much has been made of occasional differences 1n the bt

of sugars affected by insulin without reference to species and tissue  Thert
15 peneral ArTeEMent in esnaranen slas v . "

‘I'here are other conwderations that caution agawnst simple identification of
msulin with the actual apparatus of cellular transport of sugars  Insulin, with
1ts own dependence on specific chemical structure for biological activity, is not
the only agent that can activate the intracellular transport of a definitive group
of carbohydrates  The capacity of contractinn of «1 ~letal muscles to increa

been known. When w-

- ---v as we Sellular entry of glucoe
was a initing step n the first instance, 1t must also be o in the second,  Sinet
free glucose within the cell was essentially absent, greater intracellular utliz-
tion by work could not of itself Jead to greater inflow of glucose, We wert
able to demonstrate in parallel in eviscerated tomizzd
ammals that forced vigorous contraction of large masses of sheletal musde
would effect intracellutar distnbution of the same nonmetabolized sugars 2
ase acted upon by msuhn*  We proposed that the glucooe transport systen
was actvated not only by insuhn but by some humoral factor that was It
leased from strenuously contracting skeletal mucelee  Thi demonctation
could be achieved

tion of severe nsuhn

firmed by others, but

humoral effect of worhing musculature 1=
indeed, to be a local effect with mild an,
With severe contraction the effect becomes generalized, manifesting 1tself not
only 1 the working muscle bl.l! 10 the resting tiswyes of the animal. More
strikingly, demonstration of this humoral effect of working sheletal muscle ca#
be achieved with the use of cross-transfuson techmques  Employing either
an mtact or an eviscerated-nephrectomized animal 15 the working partner,
restng, euscerated-nephrectomized dog recerves an exchange of venous blood
Dby matched pumps 1 the order of 50 cc /min ang is dnconnerta o the
vascular connection at the end of a L-hour expasure tg he airculation of the
worhing animal  The resting animal, now free of any further contact with

. o g e rvaan e -
The action of sKeletal muscle seem
d moderate degrees of contraction
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Lresawnue  30E 3mmount of sugar requred to

inassean the normal Baod fevel must now be doubled ar even tipled  Fure
thermore, "nsul P ? spgors sucht as p-galasione of Daylose will ex-
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figuration required by the transport system can be viewed as an intrnsic prop-
erty of the speafic tissue of a grven animal.  The actwation or rehef of in-
hibition of the system would be the area of concern of such things as msufin
or the humoral factor of muscular work.

Such a normally inhibited state of the transport system would be consistent
with the phenomona descnbed by Randle and Smith®» # concerning the relz-
tion of adequate oxidative bolism of the diaph to a dimushed rate
of glucose entry A variety of anoaic and chemical influences that will depres
the generation of adequate igh-energy-bond phosphates will lead to a freer
rate of entry of glucose. This observation has been interpreted in terms of 2

or teleological terms, the extremely high capacﬁy for E;luco.sc uptake thata
completely msulmzed sheletal muscle and adipose cell can exhibat is meaning
ful only
amounts «
to catastr _ . .
storage are faced with a dual functional problem, expression of rapid rates of
glucose uptake 1 the brief postprandial period and severe wnhibition of thi
Tugh glucose-uptake capacity 1n the much longer fasting penod. It would not
be nconsistent with the physiological role of the sites of carbohydrate storsge
for wtubition of the transport system to be a major normal function of the
biosynthetic activity of the cell

Dissocrating msulin action m our thinking from the intimate opcratwﬂol
sugar transport and seeking 1ts influence upon relieving a normal mhibition o
such a bwlt-in a?paralus‘m|gllt lend some resolution to a variety of growing

§ . .
I

1

independently of any action on glucose These are, indeed; independent dats
and have no direct beanng upon the data obtained with the carbohydeates
These are not alternative demonstrations, and they do not reveal some mdi-
cnounate action of msulin 1 allowang alt manner of materials to flush into the
eell  Only certain amino acids share in this demonstration

. Their quantitd”
tive aspects, including their relations to protein W

and to growth, remain to b
examined
1 wolated ¢
eral confirme
action of msuln
They could agun be fitted 1nio a scheme whereby invulin and such facto®



Goldstein: Glucose Transport Theory 385

2s muscle work, which parenthetically is atself a stimulus to protein synthesis,
do not directly interact with transport systems themselves, but operate in
some fashion to “uncover,” or ‘reveal,” or “allow” systems built mnto the sur-
face of these cells to express themselves For glucose, the secondary conse-
quences of insulin’s presence or absence are extremely apparent, leading to the
syndrome of diabetes. The uptake of certain amua actds could very well be
involsed in a simular parallel fashion, but be obscured by both the relatively
slow rate of amino acid turnoser as compared with carbohydrates on the one
hand and the very profound effects upon protein synthesis that are attendant
to the metabohic consequences of tmpaired uptake of carbohydrate in chabetes
mellitus

The conviction that a cell surface site would explamn the regulatory action
of insulin on carbobydrate metabolism was derived from the behavior of a
vanety of sugars that served as models for glucose 1n response to insulin -~ The
work of many others in these last few years has served only to strengthen the
Jecling that there s validity n constructing a picture of regulated rates of
entry of matenals at the surface of the cell as the site of action of insuln~ There
15 5o Justification at this time, however, for any degree of ngdity in thinking
about the detauls of such a system  Just as a glucose transport system 1s viewed
s regulating the flow of substrate to the intracellular enzymes, the actiity of
the transport system 1n turn can be regulated by wsulin by affording 1t access
to the extraceflular flud that bathes it The precise nature of the transport
system atself may be a function of the particular tissue and the particular ani-
mal species, as indeed 1t ts for analogous transport system m other tissues,
where insulin 15 not involved  In sumilar fashion, if msulin serves to allow a
transport system to express 1ts innate properties by “uncoverng” 1t in some
fashion, 1t could afford the same opporturuty to adjacent transport systems
for such things as certan amino acds
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REGULATION OF GLUCOSE UPTAKE IN HEART MUSCLE FROM
NORMAL AND ALLOXAN-DIABETIC RATS THE EFFECTS OF
INSULIN, GROWTH HORMONE, CORTISONE, AND ANOXIA*

H. E Morgan,t M J Henderson, D M Regen, C. R Park
Department of Phystology, Vanderbis Unuersuty Medical School, Naslle, Tenn

Introduction

The regulation of glucose uptake in muscle tissue 15 recognized to be of great
importance for the mawntenance of a narmal blood glucose concentration A
number of hormones, including 1suhin and secretions of the anterior pituitary
and adrena) cortex, are hnown to be mvolved 1n this control  In addition,
some nonendocrne factors such as muscular exerase and anoama also play a
role  In the present study we have attempted to mahe a detailed analysis of
the process of glucose uptake with the object of obtaining a better understand-
g of how and at what pomnt the above factors exert their effects  The vari-

hypophysectomized diabetic animals

T PO 1 wl LU R TR . .
transport of glucose through the cell nall, and third, the phosphotylation of
glucose inside the cell The rate of uptahe depends upon the resistance to the
flow of glucose offered by each of these steps mdvidually, but the step having
the greatest resistance will be predominantly rate hmiting

In order to obtain satisfactery control of the expenmental conditions we
used an 1 viro muscle preparation  The test object chosen was the 1solated
perfused rat heart A techmque was developed by which a small volume of
bicarbonate-buffered medum at 37° C containing glucose could be recircu-
fated through the tissue by the normal vascutar bed  The muscle has no cut
edges, 50 all substances entenng the cell must pass through the membrane
The viabthty of the preparation was excellent, as judged by its contractile
actiaty and stable perfusion pressure  Details of the procedure will be pre-
sented elsew here !
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bitol, which 15 the nonmetabolized alcohol analogue of glucose and which can-
not penetrate the celt  FIGURE 1 shows that sorbitol added to the medimm

by msulin, alloxan diabetes, or h;'-];c.;‘)-l\_).'“s.cclom}.
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The rate of sorbto! distibution . tns space 1s indicated jn s16yze 2. The

curve (open arcles) shows that sorbutol left {he capullary so rapidly that about
80 per cent of the extracellular water was camilhrsind - et ENT)
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Tated that the rate of transfer into the extracellular water was about 60 mg /

on glucose uptake m this muscle under ordimary conditions

Transport and Phosphorylation 1n Normal Heart Muscle
The control of uptake by steps Z and 3, the transport and phosphorylation
of glucose, was next considered  Earher studies, rev1ew ed elsewhere,? indicated
that transport and phosphorylation were distinct from each other  Transport

500*
400
3001

2004

SPACE uL/GM

1004

T ——
12 3 4 5 15
MINUTES

Ficixz 2 Time course of the equilibration of sorbitol and glucose between the perfusate
and ssue water  Hearts were perfused with 50 mg. per cent sorbato] 1 C# and 100 mg per
cent p-glucose Insulin was added, as indicated, 10 a concentration of 3 ug /mb

appeared 10 involve a specific, reversible chemical reaction of the sugar with a
membrane component  This was shown by competition between glucose and
avanety of sugars, including the common pentoses  The product of transport
across the membrane was the free sugar, which was then phosphorylated by
the hexohinase system 1nside the cell

The rates of uptake and phosphorylation i hearts perfused at vanous con-
centrations of plucose with and without added insul are shown 1n FIGURE 3,
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Uplake 11 the Absence of Added Insulin

The “no msulin line 1 the upper graph of FIGUKE 3 shows the values for
glucose uptake and glucose phosphorylation, which were virtually identical in
the absence of added mnsulin' It can'be seen that the curse rose with increas
ing concentration and <howed an obvious tendency to plateau at the tugher
concentrations  The corresponding curve i the lower graph for the free gh-
cose space rose slightly, but then lexeled off at a value not significantly duffer-
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of glucose nto the cell was accelerated The transport, however, never be-
came sufficiently rapid to exceed the capacity for wtracellular phosphoryla-
tion, since no free glucose accumulated inside the cell, as shown by the fact
that the glucose space did not exceed sigmificantly the eatracellular volume
Thus, phosphory lation could proceed only as fast as substrale was transported,
that 15 to say, transport was the predommantly rate-hmiting step over the
entire range of glucose concentration

Uptake s the Presence of Tnsulin

As shown by the uppermost lines of the upper graph, glucose uptahe (solid
tine) and phophorylation (dashed line) 10se more rapidly with msubm, and
phospharylation reached a plateau at about 12 mg /gm /hr  Corresponding
to this platean, free glucose accumulated 1n large amounts mside the cell, as
shonn 1 the lower graph by the nse 1n glucose «pace far above the extracellu-
larvolume The mterpretation was as follows

The uptake of glucose and consequently the transport of sugar nto the cell
were accelerated by msulin -~ The acceleration of transport was so great that,
above 50 mg per cent, the capacity for phosphorylation was exceeded, and free
sugar accumulated inside the cell  The curves show that the insulin effect on
uptahe consisted of 2 components, both of which were secondary to transport
acceleration  In the physiological range of glucose concentration the accelera-
tion of transport led to a substanual increase i phosphorylation At high
glucose concentratians however, phosphory lation was alrcady near capacity 1n

ER . . oo 0 - H . '
« . ' .
' - v ‘
stmulation It 15 also cléas that, once the cell was saturated with free sugar,
the rate of uptake was imited by the phosphorylation step

Kinelscs of Trauspor!
Since uptake 1n the absence of insulin was hmited by transport, the curve of

uptake provided a picture of the hinetics of inward transport as a function of

nated &, or'| -lhe g;;ph, was about 110 mg per cent glucose, that 1» t; X 10-3
M, and the transport maximum was 12 mg /gm /hr.



392 Annals New York Academy of Sciences

Lffect of Anoxia 1n Normal Uearls
Glucose uptake  Randle and Smith®: ® have shown recently that glucose up-
take 1 muscle 15 accelerated by anova  This important observation has been
studied further by Morgan ¢f al7 Some representative data obtained with
the perfused rat heart arc shown in riGurr 5

stimulated glucose uptake in the absence of insulin,  Since transport was rate-
Limiting for uptake, 1t may be concluded that anovia stimulated the transport
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cose suggested an increase in phosphorylation capacity induced by the anox¢
state. This increase could be shown 1n the presence of msulin. Despite very
Iugh rates of uptake (hence rapid tran<port), no free sugar accumulated 1 the
cell, and the imit of phosphorylation capacity was not reached Under cor-
responding aerobic conditions, phosphorylation became hmiting at a much
lower level of uptahe

L-Arabinose transport  The effect of anoaia on transport was also studied,
ustng the glucose analogue L-arabinose This pentose crosses the cell men-

(he same mechanism as glucese, as shown by competitive inhibition
brane by the same MEE, © P 2E 00 9 S00Wn by competitive inhibition
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measure {ransport by determining the eflux of L-arabinose from the intracellu-
lar fluid of hearts that had accumnlated a large amount of sugar duning a pre-
liminary perfusion  As shown in FIGURE 6, the rate of outward transport was
a hnear function of under all d tested  In comp

to the control, anoxia caused approxumately a twofold acceleration of trans-
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port. In the heart already treated with insulin, 1n which transport was s
celerated about fourfold, anoxia had no additional effect, These data shos
that the transport effcct of anoxia was much smaller than that of insuhn  The

insubin on transport under anacrobic condition.,

Effect of Alloaan Diabetes on Glucose Uplake

Reduced rate of transport  'The next scries of experiments was concerned with
the effect of alloxan diabetes on glucose uptahe. The upper panel of FIGURET
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and alloxan diabictes on the transport of
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shows that allosan diabetes greatly reduced glucose uptahe  Uptahe was oo
olightly accelerated with the addition of insuhn 1 the short time of these €
periments. The glucose spaces are shown in the lower panel of ricuxe: 7. 11
glucose space was less than eatracellular 1n the diabetic, indicating that no fr
sugar was present mside the cell - Tt could be concluded, therefore, that tran
port was rate limiting for uptake in the diabetic and was much reduced. Th
confirmed our earher ob<er\ulmns‘ in the whole animal®. ¢ and could also !
demonstrated 1 €xp )t g the J glucose analog!
s-arabinose, the transport rate of which was found to be v ery Jow (see FICUF

é)bzpnmnu of phosphorylation. The addition of insulin to the digbetic hes
otimulated transpost mio the cell, as shown by the accumulation of 1ntracell
lr free glucose. Despite the abundance of sugar, however, the uptake '
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glucose rose very hittle  Since phosphorylation was learly rate limting under
these conditions, it could be concluded that phosphorylation 1n the diabetic
muscle was also impazred.
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It was alo clear that msubn bhad no immediate major effect on the phos-
phorylation rate 1n diabetic muscle, 1n line with the resuit obtained with nor-
mal ussue

Effect of anoxta  The effect of anacrobiosis on glucose uptake by dubetic
hearts 1s shown 1n Fiouse 8  Glucese yptake was accelerated 1n the absence
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of wsulin.  Since transport was rate Lmiting, as shown by the absence of in-
tracellular free su vt
the presence of in

tion very greatly, - .~ -, .

free sugar in the cell. This increase was so great in fact that trapsport 1
mained the rate-limiting step
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In other esperiments it was found that a return to aerobic condutions ol
a periodl of anoxia resulted in the prompt reappearance of a depressed phos”
phoryl:niun rate.

Effect of the Pitwlary and Adrenal Secretion on Uplake by the Diabetsc Musclt
The effect '
tion in dhabe

Hypophyse
absence of insunn
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1t appeared that pitwitary secretions did not have any strihing effect on the
transport rate.  When msulin was added, the glucose uptake rose appreciably
above that in the stmple diabetic  Since phospharylation was the hmiting
step, 11 could be concluded that removal of the pituitary resuited in an m-
creased phospharylation capacity  In other wosds, the pituttary sccretion was
1 part responstble for the depressed phosphorylation of the diabetic muscle
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The effect of hy pophy sectomy on the glucose uptahe by the heart of normal
Tats was abo wvestgated 1o some detad, and the results wall be published
shortly. It may be noted here that glucose uptake was appreciably lower than
norma}, and that this depression was due to a dimiushed rate of transport
Phosphary lation capacity 1n the presence of 1nsulin was about the same as
the normal tissue

The effect of adrenalectomy on the glucose uptake by the diabetic heart was
not stihang (see Ficore 9)  There was no nse i uptake in the absence of
nsulis and only a ~mall nse m s presence  The-e data suggested that the
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adrenal secretions did not have any effect on transport, and that thew mhibi-
tory effect on phosphorylation was smailer under these conditions.

Grawth Hormone and Corlisone

Since removal of the piuttary or adrenal appeared to improve the phos
phorylation capacity m the diabetic muscle, the effect of growth hormone
and/or cortisone readmimstration was studied, using hypophysectomized -
abetic rats  These ammals were treated either with growth hormone alone
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cortisone alone, or with both hormones together twenty-four hours before
sacnfice  In all cases the hearts were perfused n the presence of msulin m
order to establish a sufficiently rapid transport rate to accumulate intracellu-
lar free sugar and to make phosphorylation rate imiting for uptake

The results are shown in FIGuRe. 10 Treatment with grow th hormone alone
ted to a small depression of phosphorylation, as seen by the reduced uptahe
n the presence of abundant wtracellular free glucose  Sumilarly, cortisone
alope had a distinct nhibitory action  Both agents together were much more
effective than exther alone, and they depressed phosphorylation to the level of
the simple diabetic

Discussion

It was concluded from the present analysis of glucose uptake that the extra-
cellular transfer of glucose from withn the capillary to the cell was so raprd
that the process did not have an important controlling influence on the over-
all rate of uptake  Some caution 1s necessary, however, m extending this con-
clusion, obtained with cardiac tissue, to other muscles, particularly resting
sheletal muscle, where the circulatory system 1s largely shut down and ts tn-
tnnsically sparser than n the heart  In fact, 1t would appear likely, as sug-
gested earlier;® that accelerated transfer due to opening of the capullary bed
may contribute to the increased glucose uptake by skeletal muscle with muscu-
lar exeraise, It 15 also not clear at present whether or not extracellular trans-
fer is affected by hormonal factors Any such effects, if present, would be
particularly important physiologically at low blood sugar concentrations, where
the possibility 15 greatest that Tular diffusion could become a rate-lmit
ng step

The studies with the heast preparation presumably reflect qualitatnvely the
basic acceleratory action of 1nsulin on the sugar transport process 1 muscle
tissue 1n general, as first described by Levine and her associates!® ™ QOur
present work also shows the lack of any large, direct effect of msuhin on phos-
phorylation  From a quantitative pomnt of view, however, the msubn effect
may be somewhat different 1n other muscles, particularly resting sheletal mus-
e Tor example, 1t has been difficult to show accumulation of free sugar 1n
the resting gastrocnemius with unsulin® * ¥ % under conditions 1n which 1t
accumulates readily i the heart and diaphragm  This fact presumably re-
flects 2 dufferent balance in the rates of eatracellular transfer, membrane trans-
port, and phosphorylation such that the transport rate, although accelerated
by insulin, does not readily eaceed the phosphory lation capatty

The obsery ation that glucase transport as a function of concentration folloxs
Michachs-Menten hinetics fits well wath the concept that transport involes
a chemical veaction between glucose and a membrane constituent, as reviewed
ehewhere? It 15 of interest that the Kw for trancport 1 muscle 1 of simlar
magnitude (o that found i the erythrocyte by LeFeyre!® The A value 15
such that uptake s pastrculacly <eosiine o changes w hlood glucose concen-

trations m the phy siological range
With regard to anoxia, the que-tion of whether transport acceleration 1s due
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to a nonspecific loss of membrane integnty has been examined  The following
four pomnts, presented elsewhere in detail,* ? suggest that this is not the as.
first, 1t has been shown that competition between sugars 1s presersed under
anaerobic conditions, second, phloridzin strongly depresses transport andisas
effective anaerobically as aerobically, tlird, anoxia does not accelerate tranv
port 1n the insulimzed muscle, as shown in FIGURE 6 (an effect would be e
pected 1f pores were created for diffusion); and fourth, the anoxia effect o0
transport and phosphorylation is promptly reversed with a return to aerobic
conditions  In this connection we also found that the increase in sorbitol spact
with anoxm, seen 1 FIGURE 5, was returned promptly to normal by seston
tion of an oxygen atmosphere. This result indicated that the merease 1n sorbi
tol space was due to expansion of the extracellular volume and not to a leaky
membrane

The effects of anoxia are important 1n at Jeast three respects: first, the ?ﬁecb

- LML UL LI IR L stisae s e
exerase.  Second, the anoaa effect :ontnbules to our understanding of ¢
Pasteur effect, as pownted out by Randle and Smith.5* The acceleration &
transport 1s particularly important 1n the case of muscle, since transport the
rate-mating step for uptake in ths tissue, as contrasted with most other &
Lo . ' | . .
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of course, that insulin itself may act primanly within the cell, and that 10
rapid transport 1s secondary to intraceflular metabolic changes, but whether
or not this is the case has not been estabhshed. While mnsulin and 2098
both accelerate transport, 1t 1s clear that they differ i their actions in (w018
portant regards  The insulin effect on transport 1s much greater than that o
anoxa (see FIGURE 6) and, conversely, anoxia strongly stimulates gluco*
phosphorylation, whereas insulin has Lttle or no such immediate action.

The analysis of glucose uptake in the dubetic muscle shows that the fint
physiological defect 1s a reduced rate of transport, this result s i agreement
with earher studies i the whole animal® The second defect, a depresed
phosphorylation, was not appreciated 1n our earher work, but has been sUg
gested by the studues of Kipnis ef al ¥ and 15 apparent 1n the present exper
ments The relative mportance of the transport and phosphorylation 1

zssed transport 15 most important, SNt
tispuas w0 mes = » sence of insulin, how ever, when transport
1s accelerated the phosphorylation defect 15 maost umportant, smee pho-phory
ation becomes rate hmniting under these conditions The fact that msub®
admimstration causes no acceleration of phosphorylation, at least in the short
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penod of the present expeniments, may account for some of the insensitivity
to wnsuln observed frequently in severe diabetes with the wutiation of treat-
ment with the hormone  Presumably, the phosphorylation defect disappears
with prolonged :nsulin treatment, but this has not been tested expenumentally
as yet i muscle
The marked accelerating effect of anoxia, particulatly m the presence of 1n-
sulin, further h the of the d d phosphorylation i
diabetic muscle. In view of the high rates obtaned with anoxia, 1t 1s clear
that the phosphorylation impairment is not due to a deficiency of enzyme
This ts 1 contrast to stucies 1n diabetic liver, where marked alterations in
enzyme Jevels have been found.
The contnbution of the pitwitary and adrenal glands to the metabolic defect
' [ . oo ‘ 14 '
. o [N H

Ut b g Y - [P .
factors affect the phosphorylation step, and 1sulin effects are confined to trans-
port  In agreement with this view, hypophysectomy or adrenalectomy does
not improve the depressed transport m the diabetic, suggesting that the black
at this pont 1s due sumply to the absence of insulip  This block remains rate
hmiting for uptake untdl msulin 1s grven  Transport acceleration then shifts
the rate-lmiting step to the phosphorylation level Adrenalectomy of the
diabetic raises phosphorylation capacity shghtly, and hypophysectomy has a
marked effect on 1t This increase mn capacity makes room for a much larger
effect of msulin on the glucose uptahe Injection of grawth hormone and/
or cortisone wn the hypophysectomuzed diabetic depresses phosphorylation.
Either hormone alone has some effect, but the largest response rs obtained with
both together This observation 1s 11 accord with many studies showing a
synergism of these hormones 1n inducing a diabetic state

Summary

The process of glucose uptahe has been analyzed in the perfused tsolated rat
heart  The extracellular transfer of glucose 15 very rapid and does not lumt
glucose uptake in the normal or diabenic tissue  The transport of sugar through
the membrane 15 the rate-limiting step m normal and diabetic hearts The
rate is reduccd m the diabetic and 1s not accelerated by hypophysectomy or
adre Transport 1s d, on the other hand, by anoxa 1 both
the normal and diabetic muscle, At the same time anoxis marxedly ncreases
the phosphorylation capacity  Insulin stmulates transport to a much greater
extent than anexa. but does nat immediatelv increase hosbhor Jation cavacity
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port appear (o be msulin and the level of aerobic metabolism. Factors rege
lating phosphorylation are pituitary (growth hormone) and adrenal {hydro
cortisone) secretions and the presence or absence of acrobic metabolsm.
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EFFECTS OF INSULIN ON ADIPOSE TISSUE*

George F Cahill, Jr, Bernard Jeanrenaud,t Bernard Leboeuf,}
Albert E Renold

Depariment of Medscine, Harvard Medical School, Department of Medscane, Peter
Bens Brughom Hospulal, ond the Baker Climic Research Laboratory,
New England Deaconess Hosgatal, Boston, Alass

The purpose of this report 15 to summarize observations made 1n the Baker
Chric Research Laboratory on the action of nsulin on adipose tissue  We
bave become impressed by the sensitnaty of this tissue to msulm, as well as
by the magnitude of the response obtammed Indeed, 1t appears to us that
adipose tissue may well represent the major site of insulin action 1n the mtact
orgamsm  This reappraisal of the bol of adipose tissue 1s
also 1n heeping with the extensive studies carned out 1n other laboratories,
notably those of Werthermer and Shapiro,’ Hausberger,? Favarger,® and Stet-
ten Ingeneral, it may be stated that the role assigned to this tissue 1s rapidly
changing from that of an mert storage site to that of an extremely active and
labile system itimately concerned with the synthests, storage, oxidation, and
release of body fats,

In the early studies, adipose tissue was shown to respond to sulin by an
atcelerated glucose uptake,® by increased glycogen synthesis both 1 ot 7
and invairot by a marked elevation of the respiratory quotient to values greater
than unity® and, 1n the hands of some vestigators, by an tncreased oxygen
consumption.’® More recently the use of carbon-14 and deuterium-labeled com-
pounds has provided a more quantitative appreciztion of the wnsulin effect
FIGURE 1 summanzes the average of several experiments with glucose ran-
domly labeled with carbon-14  The marked tnsulin effect is easily seen, namely,
a sixfold increase 1n the oxidation of glucose to COx and an approximately
tenfold increase n fatty acid synthesis  Glycerol synthesis 1s doubled and
glycogen synthesis 15 increased almost twentyfold, although these metabohc
fates are ly less in the total di of glucose car-

n

Since added insulin produces such a marked stimulatory effect, adipose tissue
from animals that are presumably msulm deficient should extibit a decreased
metabolism of glucose. FIGURE 2 compares the disposition of labeled glucose
1 normal and alloxan-diabetic rats, with and without sulin added to the
meubation flask  The failure of insulin s titro to elevate the decreased metab-
olism of adipose tissue from he diabetic antmal to that of the normal one
treated with msulin may be due to other sccondary or adaptive phenomena,
however, the markedly decreased basal level of glucose metabolism in adipose
tissue from the diabetic orgamusm is evident

Milstewn® first reported a much greater increase i the oxdation of the first
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carbon (carbon-1) of glucose when compared to the last carbon (carbon4)
after msubin stimulation It was therefore postulated that insulin selectisely
stimulated the pathway ble for the pref ial oxidation of glucot

carbon-1, namely, the phosphogluconate-oxidative pathway. However, sib
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data 1t would appear that glucose 15 metabolized equally by two pathways,
and that nsulin stimulates both pathways to the same extent or, more prob-
ably, that insulin stimulates the conx ersion of medium glucose to intracellular
glucose-6-phosphate, the metabolic precursor from which both the glycalytic
{or Emden-Meyerhof) and the phosphogl dative pathways dn erge

Acetate s also utihized by acipose tissue far fatty acid synthesis, as are many
other substrates In FIGURE 4 further evidence 1s presented to indicate that
the wsuhn effect appears to be mediated primanly by mncreased availabihty
of glucose to mtracellular metabolism *  Adipose tissue was incubated with
acetate-1-C%, and the incorporation of Jabel into Iipd and CO; was measured

€0, FATTY ACIDS
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FiGuRe 3 Effects of nsubin on tbe metabohsm of ghicose-1-C ¥ and ghucose-6-C¢ by rat
adipose Ussue e tiiro  Bicarbonate buffcr, 3 hour incubation, 20 mM /) glucose, 0t U in-
suln Reproduced by permission from The Jeurnal of Brologacal Chemistry

with and without added insuln and with and without added glucese No
effect 15 observed with msulin alone  Glucose alone doubles acetate mcorpora-

an mcreased conyersion of médmm or circulating glucose into tissue glucose-
6 phosphate (note that our system does not dufferentiate betneen a process
mvolving ncreased permeabihity or translocation and one involving phos-
phorylation), a sumilar pattem of glucose metabohsm should be obtamed
Whether the increase 1» secondary to msubn or secondary to mcreased glucose
Concentration in the medum  Recent expenments were performed whereby
the concentration of glucose and the concentration of imsulin were vaned -
dependently® Figure 5 demonstrates the relation of gl 1-C* and glu-
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carbon (carbon-1) of glucose when compared to the last carbon {carbos)
after msulin sumulation It was thercfore postulated that insulia selecinely
sumulated the pathway responsible for the preferential oxidation of ghiot
carbon-1, namely, the phosphogluconatc-oxidative pathway. Howeret sk
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cove-6-C metabolism to varymg concentrations of glucose mn the medium
Again, the C~1/C-6 ratio m fatty acds remained constant at about 0 5. Com-

- . o ir n e -
tained constant at 20 mM/1 (360 mg per cent), whereas msuhn concentration
was vaned from 0 to 100,000 0U /m).  The symilanty of the two pattems shown
1 FIGURES 5 and 6 clearly suggests that the increased metabolism induced by
ncreasing concentrations of glucose 1» identical 1o that induced by insulin
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cose-6-C* metabolism to varying concentrations of glucose n the medium
Again, the C-1/C-6 ratio in fatty acids remained constant at about 05 Com-
panson of the omdation of glucose-catbon-1 with that of carbon-6 reveals that
the increment 1s mainly from carbon-1. FIGURE 6 reveals an entirely similar
pattern, although m these experiments the concentration of glucose was mam-
tained constant at 20 mM/I (360 mg per cent), whereas msulin concentration
wasvaned from 0 to 100,000sU /ml  The ssmilanty of the two patterns shown
in FIGURES § and 6 clearly suggests that the mereased metabolism induced by
ncreasing concentrations of glucese 15 1dentical to that induced by wsulin

o, ’
5
|
|
de L kK
o
4. FATTY ACDS 5
£ PR
& PR
EN will ‘
3
£, GLYCEROL
8 | £ 3 ) 6
= -t =
1 GLYCOGEN
le L& L& gma
o 104 5x07 10" unitssml
INSULIN
lm]hcnuo Difect of varying of isubin on the bolism of glucose 1

ghucose-6-CW by adipose tesue  The concentration of glucose ts 20 m/I throughout

senstive Mannove was metabolized as actnely as glucose, fructose and
alactose less <o (approvimately one fifth and one twentcth the rate of glucose,
Tespectively).
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Recent and prehminary experiments by Y. Dagenais and G Zahnd in our
laboratory suggest an Interesting effect of potassium on glucose metabolen
by adipose tissue  In the total ubsence of this cation (FIGURE 7} elucowe ou
datien,

cance of these findings

The synthesized fatty acids are deposited in the tissue; only a trace e
leased 1nto the medium even i the presence of albumun as an acceptor  Pattr
tion of the hipids 1n the tissue itself shows that 98 per cent or more of the labeled
fatty acids are present as esters Howey er, incubation with labeled fatty aud:
such as palmitate reveals the process of rapid eschange of tissue faity aad
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Fioure 7 Lifects of varying concentrations f pot Tism of ghicoe
1-Ci by adipose Ussue with and without added sman e iy 1T Yo ;he metabolism of §

with those in the medum * I additron, if the medium fatty acid concentt®”
tion is rsed above 07 mEq /I, the tssue shows g et fatty acd uptake 8
addution to still greater exchange of ssue fatty aads with those in the me
dum

The glycerol used to esterify the fatty acids js synthesized de novo from g
cose Other experiments have shown, 1n confirmation of those of Shapi®
¢ ab.,1® that added labeled glycerol 1s utilized to 5 very limited degree  In 1Bt
control tissue, the synthess of glycerol 1s 17 times gregier mole for mole, thi?
15 the rate of synthesis of labflcd fatty acds. I the pn‘:scnce of nsulin, tH
relative tunover of glycerol is less, but sull 3 ymeg that of the fatty acd™
This turnover is more evidence for the great metabolic activity of what bs
Jong been considered an men‘}lss,uc.

Recently, growth hormone™ ' and cpinephnnet® hay e g1eo peen shown ¢
increase glucose uptake by normal adipose tissue i razyg, The patterns
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metabolism resulting from the presence of these two hormones and also that
resulting from the addition of ACTH" dnﬁer markedly from that due to -

— el —
epmephnne, asm I.he casc of msulm szudxes \mh glucase Iabeled in cither the
. 1,2, or 6 positions have pernitted an evaluation of the relative activities of
sevcxal metabolic pathways. Schematically (FIGURE 8), when one compares
the metabolism of insulin-stumulated tssues to that of control tissues, there 1s
a simultaneous increase mn both the g[ycolyuc and the phusphogluconate-
oxdative pathways, as stated p with of
' glucose carbon to fatty acids and to CO,, the latter being denved from the
phosphogluconate-oxidative pathway, as well as from the decarboxylation of

EPINEPHRINE CONTROL INSULIN
mum. mum anm

QuCOrE a— cw

g‘mm Em\v; &

rat adipose tissue 1n-

e thot B sddtion of bormones o ey presence of iy 010 /ml)

or ‘Pln%hxme (01 mM/1)  The thickpess of the bars indicates the relatve rates of metabo-
e data upon whuch this diagram 15 based were densed from several studies

Pyruvate to acetate The wcreased uptake after epinephrine, on the other
hand, 1s associated pimanly with wncreased glycolytic actvity and glycende-
dycerol synthesis  Fatty acd synthesis 1s much less and, of the small quan-
tity synthestzed, much s released into the medium along w:th active release of
un]abelcd unestenficd fatty mds Recent expeniments have also shown a si-

of dogeme bly glycerol}
from the tissue  Insulin and epinephnne added together increase the glucose
uplake to an extent greater than that resulting from either alone, but the re-
sulling metabolic pattern 1s 1dentical to that produced by epinephnne alone.
That epinephrine leads to marhed glycogenolysis 1n adipose Ussue obtawned
from fasted-refed anmals has recently been established both #1t tiro and
uiro and by chemical as well as by lustochemical techniques®  In the case of
grawth hommone, a speafic simulation of the urome aad pathway has been
suggested as the best explanation for the specilic 1ncrease 1n the oxidation of
¢arbon-6 by adipose issue ¥ On the other hanad, the 11 titro addition of hy-
drocortisone (25 kg /ml ) to adipose tsue?t does not alter either its basehine
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metabolism or the effect of insulin on lipogenesis from glucose labeled in car
bon-6, as shown 1n FIGURE 9

Fially, 1t should be stressed that the effect of insulin on adipose tssue s
obtamed with concentrations well within the physiological range. In fact, i
one accepts present estimates of the concentration of msulin in normal huma
serum as approxumately 100 gU./ml,, it is noteworthy that alterations in the
metabolism of glucose by adipose tissue 11 tifro arc obtained with one tentho
this physiological concentration of the hormone. This sensitivity has led us
to employ adipose tissue wcubated in the presence of glucose-1-C4 for the
purpose of measunng nsulinhke activity in serum.2

INSULIN 0 o + +
HYDROCORTISONE © 0 + ° ¥
4
z
S
Zox 3
323
3=t
3Z.
©
=2x L]
izﬁ
w
&
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x 1

o
Fioure 9 The effect of hydrocors < fon
glucoss 6.CH by rat adipose tisae ¢ 24ded o iiro (25 ug /m1) on hpogenes

organism.
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EFFECTS OF INSULIN AND TOLBUTAMIDE ON BLOOD
GLUCOSE ENTRY AND REMOVAL RATES*

George A. Reichard, A Gerson Jacobs, Bernice Friedmann, Philp
Kunbel, Norman J. Hochella, Sidney Weinhouse
The Inststule for Cancer Research, The Albert Einstein Medwal Cenier and The
Lome for the Jeussh Aged, Phiadelpha, Pa.

Dunng the past several years we have been conducting expenments, wg
C'-labeled glucose, with the object of obtaining tnformation concerning tht
factors volved m the regulation of entry and removal of the blood ghicet
As 2 esult of these studies! 2 we were led to the conclusion that insubn ests
its hypoglycemic action not only by accelerating the removal of glucose froa
the blood, but also by suppressing hepatic glucose output.  These studies e
n doubt the guantitative importance of this hepatic action of insulm, bt
Indicated that under certatn circumstances it might be of major significanct
blood sugar regulation  We shall describe briefly the prnciples of our p
cedures and present certan expenments that lead us to beheve that w2
suppresses the hepatic output of glucose.

The procedure used represents an extension of a familiar 1sotope-tra
technique employ ed previously for a study of glucose turnoyer in rats, dogs, ut
man?* A trace dose of glucose uniformly abeled with G4 1 injected, 38
blood samples are removed at frequent 1ntervals for determination of bl
sugar content and specific activity.

No attempt is made 1n this bnef Teport to descnbe the details of our method>
of determination of spearfic activities and of calculations; all of these have bt
published  An expenment llustrative of many thus far conducted m no
postabsorptive human subjects 1s shown 1 Froure 1, shich tllustrates

typical behavior of the blood glucose level and i tivily mn a RO
16-hour-fasted human specific activily

There 15 thus a rather
blood glucose, the rates of
reaction-rate expression

When wsukn 15 wjected, the blood sugar falls, then returns to nomd
This hypoglyc;mxc effect must be due either to a suppression of entry or o3
enhancement in removal, or to both  If the hypoglycemia 15 due to an &
celeration of removal, the specific actvity will confinge to fall at least as rzpidy
as before, since the mcoming glucose molecules are diluting a pool that
tinuously becomes smaller, however, 1f the drop is due 1n some part to an i
hubition of entry, the specific actvity will fal] less rapidly, since the bl
glucose will be more slowly diluted by new, unlabeled mo]ccule’s. The behav
of the specific activity curve when hepatic glucose output ceases may be &
in riure 2 In this expeniment a normal dog was submitted to hepatectorf
after a portal caval anastomosis. Dunng the period of the operation 1%
speaific acuvity of the blood glucase dropped exponentially but “pIateaqu

. ork reported 1n this paper was supported 1n part b, Heslh
Servt putbesds, Md, The Amenican Cancer Socuty hor , Ko Vorrrsghe Pubbe okl
Sermice e Fnergy Commssion, Washington, 1 °C: NV,

419

prease balance between entry and removal of the
f which can easily be estimatéd from the first-0rdd
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when the hepatic circulation was occluded and remained constant untl the dog
died wath a blood sugar level of 30 mg /100 ml.

The type of evidence that points to an hepatic action of insulin is showa e
FIGURE 3 This eapenment was conducted with a fasted, normal humat, i
resident of a local home for the aged  Exactly similar results were chtass

at the time ndicated by the arrow, msulin was njected mtravenously
dosage of 1 u /kg At short mtervals thereafter, samples of blood were agh

-

Il
S

SPEC ACT sIGCPM
1
pe)
S ©
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1
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1
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i1 1 1
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TIME, MIN

Fierre 3 Hepatic action of insulin 1n a fasted norma) human  See text
removed for determmation of the level and specific radioactivity In!
espeniment, nhich 1s illustratwe of many thus far carned out, there ¥
esnonential drop m the blood sugar speaific activity preceding the wmsubn
3

a

ACUVILY , Uuss p = === L3 TTIETR sevan U U su . subuTee
venous

maxim

At the v - .~ B -

{he specific activity again Tesumes s downward trend  We interpret tf
findings as indicating that, during this immediate postinsulin penod,
labeled glucose molecules c;ase llu enter the blood stream. Since the Ine
generally recogmzcd to be the only organ contnbuting glucose to the bloods
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assume that this effect is brought about by a suppression of hepatic glucose
output. However, the method 15 not designed to locate the source of the 1n-
flow1ng glucose, but only 1ts occurrence.

From the data thus obtamned we can estimate rough approuumations of
inflow 2nd outflow rates durning these vanous mtervals preceding and follawing
msulin admimstrauon,!

FIGURE 3, where the so
moval of the blood gluce.. .o
esumations, In view of the large number of assumptions required 1n such

ml /mun,, second, immediately after msuln 1njection the rate of entry arops
essentially to zero, while the removal rate increases about threefold, and, in the
third phage, entry recammences and the removal rate drops, each to approach

the preisulin values
These results, which pownt to an immediate action of msulin 1 suppressing
PR

groups did not regard this effect as important 1n its hypoglycemic acion  On
the other hand, Ashmore ¢t af * failed to observe plateaus in simular expenuments
m zats, and though they did abserve such plateaus w expenments with dogs,
they were unable to confirm a suppression of hepatic glucose output by porml-
hepatic sampling (personal from J
Tarding and Schambye,'® using both tracer methods and portal-hepatic sam-
pling, found a suppressi e action of tolbutamide, but not of insulin, on hepatic
glucose output

It 15 now appropnate to discuss our studies with the oral hypoglycemic

agent, tolbutanude  There 1s alrcady much evidence to show that this, as
. e an

msulm, there was a plateawng n speaific actvity following its intravenous
injection, which comaded with the induction of hypogly cerma and termnated
at the low pount  blood glucose level  This finding is readily explamable 1n
terms of an \l action of with a co

of hepatic glucose output  However, when estimations are made of glucose
entry and removal rates from these data we find, as shown 1n the nsert, that
there i suppression of entry, but essentially no mcreased removal

These findings, which

amide on hepatic ghicose
an nsuhnogenic action of
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otherwise, the expeniments were conducted cxactly as were the previous o
Under these conditions two features are noteworthy, as shown in FicLees
First, we observed an eatremely long platean in <pecific activity, lasting s
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TIGURE 4 I fTcct of tolbutamide in the normal homan  Sce test
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FiouaE S, Actuon of subeutancous Insuli on the rclease of hepati glucose  See fex
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long as 1 hour, in contrast to 10 to 20 min when 1njected intravenously i a
single dose  Second, as shown in the 1nset, the suppression of hepatic glucose
output occurs apparently without an increased penpheral utilization  Other
1nvestigators also have observed recently that the slow introduction of insulin
may result in hepatic effects without penipheral effects, these muestigators
inciude, notably, Craig e al 17 Dulin and Johnston,® and Madson and
Unger !

In a very recent paper Berson ¢f al ** pointed out that our values for imitial
glucose turnover may be too high, owing to ncomplete miaing of the labeled
glucose with the body pool during the prewmsulin equilibration penod  For
this reason the lack of a peripheral effect may be fortuitous  We ourselves
have to recognize the justice of this cnticaism  In long-term turnover expen-
ments we avoided the uncertainty of incomplete mixing and have indeed ob-
tained “omewhat lower iitial fasting turnover rates n humans  The results
of 7 such recent expersments are shown in TaBLt 1 Pransulin turnover rates

Tasie 1

EFFECT oF SLBCUTANFOUS InsTLIN INJECTION 0n Broop Grocose
LTy AND REMOVAL IN Mav

{Values are in mg /100 ml blood/min

Conditon \\ fontadose | Timale | oo, cotry | @ hour semonat

Nonduabeue | el | owm ] ’ 0o
o | 1o a [}

‘ 015 0% | 03 i 09

010 095 07 12

| on 05 0z 09

IDiabeuc o1z | 13 [t 09
010 07 o 06

are shown 1n column 2, and in columns 3 and 4 are gven the rates of inflow and
outflow calculated over the penod, usually about 1 hour, dunng which the
blood sugar fell to 1ts lowest point  The values for turnover ranged from 05
10 14 mg /100 ml /min 1n the weries of expeniments carried out 1n 5 normal
and 1n 2 mildly disbetic humans 10 which at least 80 min were alloned for
equibbration before insulin injection  In the first 3 experiments there was no
apprectable change 1n glucose removal rate, while entry rate dunng the peniod
of insulin injection dropped 1o zero i 2, and to 03 i the third  In 2 expen-
menty the removal rate increased somewhat, and 1 one of these the entry
dropped, but did not stop entirely  In the 2 diabetics, who were very mild
ases, the blood gluco~e removal rate did not increase, and the the entry dropped
10 zero

We wish to emphasize something that we have repeatedly stressed 1n the
past  We do not regard these replacement rates as anything but rough ap-
Proxmations  \ihat we regard as of significance 15 the plateauing of the
“pecific activity curves, which tell us that glucose 1s not entenng the blood
and, in turn, allow u~ to esimate that the blood wugar drop 15 not due to a
marhedly increased removal rate



418 Annals New York Academy of Sciences

Without deny ng an important role (o insulin in promoting the utrhzationd
Y Veomemnhenil ncaies we frel that the data here presented, \oguhz{

3
B
¢
« .

[ - .

some hepatic action of nsuhin It happens that our experments iunad we
that the hepatic effect 15 conststent and that, under certain circumstanses,
may have been donunant in the resulung hypoglycemia, The same st

. R I Yenn ading portal o

of the others, Under the carcumstances it 1» probably overapummu s ¢
better agreement m dealing wih the action of a substance such a8 s
whose actton on the hver has been controversial ever snce its discovery.
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INFLUENCES OF GLUCOSE LOADING AND OF INJECTED
INSULIN ON HEPATIC GLUCOSE OUTPUT®

Robert Steele
Buglogy Department, Breokhasen Nutional Laborstory, Uplon, X' Y

W hether insulin acts immediately on the liver o reduce its rate of gl
output is a matter of great current interest  From the theoretieal aspect, the
answer given to this question has serous implications with respect to bypoth-
eses concerming the mechanism of msulin action,  In pasticular, an increase
permeabifity to glucose of the hepatic cell membrane should wncrease rather

flow and not to decrease 1t

© ey e
other hand, to differeates m nterpretation and calculation.

The Body Glucose Pool
1f the glucose pool were as we should like to define 1t rather than as 3¢
tually is, 1t Would consist of glucose m aqueous solution 1n a wrll-stirsed \pac

n
ade
bei
ber
so
ret g -
who have studied the influence of insulin on lu:p.\u'c g]ucgo..e loulput
1n FIGURE 1 the letter ¥ represents

. o1 toena Amde that ones

l‘he unchanging volume of plasmd, ?Wd

1k
of g
Wre
* The work reperted in this paper was catried oul

v out at the Broohha. N boratony
under the auspices of the Unuted States Atomic Tncrgy Commlmwn‘,t\'\,'t}\sl:‘u‘rla:?;,!‘;) <
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cose, have concluded that the value of ¥ does not change to an1mportant extent
dunng insulin action  Of the other letters appeanng n FIGURE 1, A, repre-
sents the total number of microcuries of C** glucose m the pool at tme 4, R,,
and R, the amount (grams) of gluco-e carbon per minute entenng and leaving
the pool at tume ¢, and F the amount of C* glucose (**weightless” amount) tn
microcuries per muute beng gien by constant infusion (F 15 zero 1 those
expeniments called “single mjection” expenments) The specific activity of
the glucose 1n the compartment may be desighated 1, and 1s equal to the ratio

—
¥ (m] 11OY '
Lfue €19

Ryfgm Cfmin} Rilgm C/min)

Fuc CH4/min)

F1GuRE 1 A diagram represcnting the conventional model for the dog body glucose pool
For explanaion of the s mbols see text

Bigm glucose C)

1/B, when the speaific actiaty 1s expressed as uc €Y per gram of glucose car-
o,

Since .1, = Ba.

di _ ,, di , | dB,
g =Bty [§9]

Alo, 1t can be seen by in~pection that the rate of change of the total glucose
present in the compartment depends on the two tlow rates Ry and Rx
4B,
71‘ =Ri- R 2)
Similarly, 1t can be scen by inspection that the rate of change of the total
C* present 1n the pool depends on F (the rate of C** infusion) and on the prod-
uct of Ry (outflow rate} and 1n (the speafic activity of the gluicose tn the
compartment)
duly

o = R Q)

RCombmmg EQUATIONS 1, 2, and 3, there are obtained equations for Ry and
3

dr,

F-Boy 4
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d .
Ry= R — % @

these equations can be used in the forms.”

- (B(n + Buun) (ﬂnun - fu))
R F3 i
3

(%)

i) + fuyan

Ri=R - 13u+.u:“— B (54

When F 15 zero as in the “smgle-injection” procedure, integrating EQUATION
5 then combimng 1t with xQuation 4 and again integrating gives:

(B, - B) lnf—'

R = (#)

B
B

[E)]

u
cal with the differential equations used by these authors 1n evaluating from
* nflow and outtlow (before aad
which injected glucose M
-meee , namelys

Ry=-Ndv (1)
¥ di

Rp =R, = 9¥ (5¢)
dt

When F 1s not zero, as in the priming doye-
integration of TQUATIONS + and 5 gives the exp:
our own work? except for the differences in the
EQUATION 4

constant tnfusion expetiments
ressions originally employed
symbols employed, that 15, ff

_)T @
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or when Ry 1s zero {endogenous inflow stops)*

K i =1+

(4e)

and for EQuATION 3

B.— B,
Ri= R+ = (5)

Equation (de) 1s used as an 1dentity that must be satisfied if Ry 1s to be
zero, whereas 1f Ry 1s not zero equation (44} grves 1ts value

1t 15 scen from the above thatin those expeniments with CY glucose 1n which
calculations have been made of glucese production {Ry) and utilization (Rs)
after insuln mjection that the same basic model and assumptions have been
adopted by all mvestigators  However, all of them have not used the same
method for determining the size of the glucose pool ta be used n calculation

Dunn ¢f ¢/3 bave adopted the usual tacit assumption that 1ntravenously
mjected glicose mixes rapidly with the whole of the glucase pool  On this
basis they calculate pool size by extrapolating the curve of dimmishing blood
glucose-specific actnvity back to the time at which a single injection of C**
glucose of hnown total activity was given intravenously  Subsequent to the
mjection of tnsulin they use the whole of this pool 1 therr calculations  Wren-
shall et al4 do the same thung, although they speak of using a “‘central com-
partment” in which injected glucose mixes rapdly relative to 1ts rate of wflow
and outflow  In our own work® we have calculated the magmitude of the error
in evaluating pool size that 15 incurred by extrapolating back to zero time the
specific activity values obsersed between 60 and 180 min on the assumption
that these observed values refer to a well-mied pool  We have demonstrated

determined in this way by the “priming dose-constant wfusion” technique be-
cavee only about one half of the pool responds rapidly to changes in the rate
at which C* glucose enters from the hver

The Influence of Injected Insudin

are simifar  The same proportionate difference 10 obverved <pmfic actisity
v predicted for exther techmque when a reduction oceurs in the rate of CH-
glucose output by the hver It should be noted that m calculating the expected

1mto cells of the glucose 1n the slowly muuing half of the poal, this higher spe-
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cific-actnity glucoe <hould as time goes on mix with the fast half of the po
and raive the obsen od spectfic actvily above the curves shown in pand
It was felt to be more suitable for the Dpresent purpose of companng the sex
twities of the (wo methods 1o accept the tenet under which the single mects
calculations have been made, that is, instantancous mixing lhmug}mﬂ“ﬁ
glucoe pool, whatever value may be taken for its size. However, it shal

nelgme

pesgme

R INSULIN
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be noted that the magnitude of the change that would be brought about by
the entrv of igher spearfic-activity glucose from the slow half of the pool 15

for which thers is no experimental evidence, these thoughts were not mcluded

wstantaneous muung 1s assumed to occur 1n the whole glucose pool, Duan and

on the basis of whole-poo! rather than half-pool size, they would represent a
somewhat larger influence of wsuln on hepatic glucose output than was re-
ported

However, this difference 1n emphasis brought about by the methods of cal-
culation dogs not represent the entire dufference between the results by the two
meLhods of using C# gluco;e In this connection 1t should be nu\cd Lhal the

under hat different phystol

dccs not always give the above result  Thus, Tarding and Schambye’ and
we,} using anesthetized normal dogs, have not obtamed the long plateau in

unanesthetized normal rabbits, at first reported® findings ndicating cessation of

v . - .
1a the hepatic vetn blood  Dunag the perod of falling blood glucose concen-
tration they observed a gendler Lll ta hepatic vew blood glucosespecific ac-
of Tomhis possilty was expressed to me by G 1 Searle and M S Goblstcin w the spring
1 Crpublished performed 1 coll with J S Bishop and R Levine
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. . . . .

BV -~ 1y . LU
trvaties of the two methads to accept the tenet under which the single ey
calculations have been made, that 1s, instantancous mixing throughout !
glucose pool, whatever value may be taken for 1ts size. Howerer, it sho
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The Influence of Endogenous Insulin Etoked by Ingection of Glucose

It has been mentioned abeve that w calculation from the plasma glucose-
specific acinnties and concentrations after insulin we have adopted the use of
. L « t10180-
i . o M e . . segimning
Loty o W L asits Lhe woual plusmng ayeeuut o0 O paucese 15 that
prior to that ume the complete muung of the injected glucose with the whole
of the body glucose pool has not been approached closely enough  This phe-
nomenon has been submitted* to mathematical analysis, using a modef of the
body glucose pool consisting of a central plasma compartment and two phenph-
eral tissue flud compartments
On this basis 1t was concluded that one of the compartments, the glucose of
which, together with the glucose of plasma, makes up about ane half the total
Tool, mises quite rapidly with plasma glucose, whereas the other peripheral
compariment mixes slowly

continues to produce C* glucose so as {o balance the C4 glucose of higher
“peafic activity entening dunng equihbration from the slower mixing part of the
glucose pool ~ An obvious way to test this was to give a glucose load tagged

«ent t mamntain a steady plasma glucose concentration A typical result,
obtained 1n cach of four such expenments arned out 1 collaboration with

with the 1dea that there 15 a slowly mung part of the body glucose pool as
¢oncluded earlier* from our experence with mjected C glucose

Plshed  Consequently 1n FIGURE 4, in which the sensitnites of the tno tech-

i rate of Cghicose production by liver 1s more dufficult to detect than in the
insulin expenments bucause the glucose pool whose speafic actvaty must be
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tity (the “platean” effect), but alve found that during this penod the speax
actwity of the portat vein blood showed an even more marked devation v
Uts premsulin coure  Since tn their experiment there was no infusion of ¥
glucose after the fint ungle injection, such an effect on portal phiense<nex

eral was that insulin facibtates re-entry into the blood of glucose sequesteredby
the cells of the ntestinal mucosa.  For. the model expenment shown in FIor
2A it can be calculated* that the amount of sequestered glicose required ot
returned to the crculating blood to give the 20-min. plateay after insuln on
assumphion that hepatic Cglucose outnar enntiniee nndiminished 1 7t st

it we group associated with W
parent action of msuhin on hepatic
seemed to be suflictent to accoun;
actton, leaving essentially no resd
our own results waing (he primun,
this respect stmular to those obtm
consistently indicate a Jesser app:
put.

cinhouse also obtained an accentuated 3
glucose output!? 4 that in their expenmel®
t for the whale of the blood sugar-redsc®
lue for penpheral action of insulin T
G dose-continuous infusion technique s
ned with the single-injection techmques, b
arent effect of insuhin on hepatic glucose 0

—— - e alla Ing 2-|
one third as much as n the single-injection Drocedure (see rreure 2 and 1ts 16
end, which guses the amounts of C injected mtially in the two cases).

In summary, the factors contributing to the changes in speaific actiyity 4
insulin njection that scem to indicate an immediate dinunution of hepst
glucose output are not yet fully understood, Further clucidation of thet
factors is required before the Clglucone technique can be stated to providt
positive evidence for an action of insulin to by hepatic glucose output

* The mabung of this calculation was suggested by con ersations wyup Arnold Dunn

. . . t
hour \pecific activinies is only 2bo¥
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ment demonstrates that one should expect a lack of action of injected mnsuln on
hepatic glucose output  The reason for this 15 that, although there 15 very

insulin preparations,

F et
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affected is larger, but agan it is scen that there is no difference between thetn
methods as regards their sensitivity for detection of such a change. Furthe
more, since the actual expenment using the priming dose-continuous ifec
techmique results 1n very little change 1n speafic activity, the importance &

b T T T T T T
EVISCERATED 9.8 kg. O DOG
g 50/
o 40 C'2-GLUCOSE
3 L0AD
2 30f
T o
5
Z 20
S
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I
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8
& "-\\‘
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2
2 300
g
E 200 ‘
£ oo C'2GLUCOSE INFUSION
g
8 100 =3
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e,

ConStant IDIUSON was AL 1 MG 7hg fhr  Re e The Amerkt
Journal of Phsswology €/br Reproduced by permission from T

whether the whole-pool size or the half-poot size is nsed in ealesltion 15 B

[RORISH “u =2 prucusc vulpul. L~
there 35 some doubt about the converse conclusion, namely, that this exper



LIFECTS OF EXOGENOUS AND ENDOGENOUS INSULIN ON
GLUCOSE UTILIZATION AND PRODUCTION*

R C.deBodo, N, Aliszuler, A. Dunn, R Steele, D T Armstrong, J $ Bishop
Department of Plarmocology, New York Uniersily College of Mediine, New York, ¥ ¥,
and The Departmicnt of Biology, Brookhaten National Loborators, Uptor, N ¥

Recent findings reported in the hicrature concermng the mechamsm of
insulin action are in some respects contradictory  The observations onginally
made by Gemmull'™' that the addition of nsubin to the mcubation medwm
enhances the glucose uptake and glycogen formation by the solated duphragm

(L L. Madison, B Combes, W Strickland, R Unger, and R Adams, Unpub-
lhed data) It was postutated further that endogenous insulin secreted under
Phystological conditions exerts 3 sumlar effect on hepatic glucose release *
The studses reported here represent a continuation of earlier work? under-
lﬂk_m to determine whether 1nsubin exerts its action on the penpheral tissues

and without any opcratne procedure, under truly phywological conditions,
using Cit glucowe

PRELIUNARY CONSIDERATIONS
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Summary

Dufferences 1n the observed results as well as differences in interpretationof
results of the vanous C-glucose methods seem to be responsible for the difer

It is probable that differences in the physiological states of the experimentsl
ammals are involv ed 1n other instances of varying results

The weight of the evidence bears out the view that inhibition of hepaticgly
cose output 1s not the most 1mportant factor in the immediate blood sugat

- o T e i ACLLLAIILY W3 W Lt st e -

wsuln actually secreted renders this an unsatisfactory indication that ot

should expect a complete absence of any direct hepatic inhibtory effect o
) v
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as the amount of glucose that dilutes the administered C* glucose, the turnover
rate of the glucose pool as the rate of removal of plasma glucose by the tisues
(glucose utilization) and the rate of replacement of plasma glucose (ghoe
production by the Iiver) In the resting postabsorptive state, when the phs-
ma-glucose concentration rematns constant and no glucose 15 excreted m the
urine, glucose utihzation and production are equal

In the expenments reported here, the body glucose pool was labeled by m
Intravenous priming njection of a trace amount of uniformly labeled C* g
cose. The established radioacuvity of the pool was then maintauned by 3

the size and turnover rate of the bady glucose ‘pool were determined

n a number of expeniments nsulin was injected dunng the course of con
stant infusion of C glucose 7 If the resulting decrease in the size of the body
glucose pool and plasma-glucose concentration were due to an increased ghicos
utilization by the tissues without affecting the release of glucose from the
hver, the specific activity would remain unchanged durng the fall of the
plasma-glucose concentration (FIGURE 1, upper right). Since wn this case the
glucose inflow from the hver does not change, the C glucose infused by on
stant 1nfusion still balances the endogenous C*? glucose released by the hvef
If, however, the fall in plasma-glucose concentration were due to a decreastil
glucose production, then the mfused CH glucose would no longer be balan
by the endogenous C*? glucose inflow from the Ity er, and the speetfic activity of
the plasma glucose would nse during the period of development of the hjp>
glycemia (FIGURE 1, lower left) A fall in specific activity indicates that thert
is an mcreased C** glucose nflow from the hyer (F1GURE 1, lower right)
is shown very marhedly when the plasma-glucose concentration returns from
the insulin-induced hypoglycemic level 1o xts premsulin level, sigmiying that
this process 1s due to an mncreased glucose release from the hiver,

The method just described, consisting of priming 1njection followed b,
constant 1nfusion of a trace amount of C1t glucose, gives more accurate resul
for glucose pool size and turnover rate1n the premsulin period than either th
single-njection technique or a technique Iving conti 1nfusion Wil
outa priming dose  Ina cntical analysis® the magmtude of the exrors fncurt®
1n using these various procedures of admmstenn, g the CM glucose was evaluat
Dunng the penod followng the admmistration of either insulim or a gl
load, the only C“":“msmnc“; under which perfectly accurate calculated glucov

inflows that, first, the whot
glucose ¥, and second, that
plasma-, time, In the period 0
falimg L. - s aus Letier sabisfied, by the cob

finuous nfusion techmques than by th
recovery from hypoglycemia (in the case of the insuliy expenments) takes plac
and the plasma-glucose specific activity does falf markedly as a result of
creased hepatic glucose OBLPUL, our practice of using the half.pool rather thet
the whole-pool size 1 making calculations of glucose inflow mmmuzes t¢

e single-injection procedure  Whe!



de Bodo ¢f al.: Insulin and Glucose Turnover 435

denvative was converted to the glucosotnazole denvatne, and the glucose-
specific acuivity was di iced by the liquid santillation counting method of
Steele ef al'® The method for calculation of the glucose pool size and the
tates of plasma glucose production and utilization m the steady state* and
dunng periods of changing plasma-glucose concentration” are gnen elsewhere

Resurts

Effect of Insulin Adminstered by a Sugle Ingectton
nio @ Perspheral Vein of the Normal Dog
After a 2-hour preliminary period, dusing which C* glucose was administered
as described above to determuwne the control size and turnover rate of the

t;lr‘ﬁv T T T

100,

@ ©
XS
MuCC /Mg GLUCOSE CARBON

80, e
kY —o— PLASMA GLUCDSE o
%L{N"mnﬂoﬂ €0
= PLASMA GLUCOSE
RADIDACTIVITY
= ~—a— GLUCOSE OUTFLOW
g0 \ &~ GLUCOSE INFLOW
T TR S
4 f
8
S
ES
€ AT L 3 s
© -0 0100 40 0 30 20 0
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Blucose pool, insulin (low 1n glucagon content) was admemstered as 4 single
Mjection inte exther the saphenous or femoral vemn  FIGURE 2 shows the data

of the plasma-glucose xpecific actnity  The calculated rate of glacose uptake
y l.he tissues shows a murhed snerease, while the calculated rate of glucose
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crrors caused by the fact that new glucose introduced 1nto the blood mss
rapidly with only about one half of the total glucose pool! With regard o
recycling, by which 15 meant the reincorporation into glucase of fragmests
containing tagged glucosc carbon remov ed catlicr from the blood by the st
{he continuous-infusion methods minimize the disturbing effect of this pt
nomenon, tnasmuch as the returning tagged fragments are entenng apu
maintained at a higher level of specific activity than in the single-njectae

————— s e b I vo
experiment will have a lesser disturbing effect on calculated inflow 1n oo
tinuous-infuston expenments than 1n single-injection experiments.

MATERIALS AND MLTHODS
The expenments were performed on trained adult normal and h)‘P"P“?'

into the eaternal jugular vein of the same CH glucose at'a rate that mate®
the inflow rate of C' glucose from the liver into the plasma, pro\'ndcd the wio
remained unchanged® The C-glucose infusion was also continued umpler

of C glucose continued throughout the entire expenmcr;t.
In the '
glucose
infusion
glucose.
in 10 m1
At various intervals samples of blood were drawn from an exposed femo

veln, delivered ““°| hfrl;faﬂmzed tubes and centnfuged, and the plasmd w
4 e pl |

usi se concentration of each sample ™
determined, using alquots of Somogyi zine-banum filtrate® by two method
those of Hagedorn and Jensen and Nelson A sample of glucose from &%
filtrate was lsolz.\ted as the phenylosazone derivative and the glucose sPemﬁC
actwity determined by eiher of two methods In carhier eapenments,
denvative was burned to COz by wet combustion, and the CHO; counted bY
\be method of Yan Siyke ef al™* In later epenments, the pheny 0w
*\\e are indebted to 0 K Bchrens, El Lilly and Company,
donation of the snsultn

Indianapols, Ind. for b

. &
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It can also be seen in FicURE 2 that during the recovery period the retu
of the plasma glucose concentration to its preinsulin level is accompaned bya
considerable decrease i the plasma-glucose speafic activity, The glios
production by the lner 15 greatly increased during ths period and, sice tit
glucose utthization does not decrease below the prewmsutin level, the retum o
the plasma-glucose concentration 1o control level is due entirely to the incread
glucose production

With larger doses of msulin the resulting hypoglycemia was more marked,
and the glucose utihization was mereased to a greater extent and for a longr
period than following smaller doscs of insulin, The rate of enhancemestd

the increased glucose release by the liver was evohed. Thus, there dd
appear to be a critical level of hypoglycemia at which the liver started tow
lease increased amounts of glucose

Effect of Insulin Admumstered by a Prolonged Constant Infusion
o @ Perspheral Vein of the Normal Dog

tion fell dunng the wnsuln imfusion and that ‘the il}:};;gﬁil—c-er;ia P”‘“smi
throughout the period of wsulin infusion The corresponding plasma-gHe?®
speaific actvity remained remarkably umf Toe

orm at the preinsulin level. ;
rate of glucose uptake by the tissues was greatly increased dnrine the wstl?

s e v e

by the lver.
Upon the ternunation of the wmnsulin infusion the mlarme o1 warn concentld
tion
comp
s rd avepn
othe premnsuhin value s1¢
>ntrol value and indeed %

Suass wemrens -
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FIGures 4 and 5 show the results of 2 experiments in both of which 03
U /kg ol insulin was infused intravenously in 90 min. As expected, n bad
cases the plasma-glucose concentrations fell morc rapidly and to lower neb
than n FIGURE 3, where a smaller dose of insulin (0.1 U/hg) waswed. The
plasma-glucose concentrations remained at the low levels dunng the inule
infusions. In both evpnments during the development of hypoglycera
there was a transient rise 1n the plasma-glucose specific activity. The rated
glucose utilization were marhedly tncreased. The rates of glucose productun
shortly after the start of insulin nfusion decreased, to a greater extent m the
expenment shown in FIGURE § than in that shown in FIGURE 4, indcatig
that, at least i these expeniments, the imtial fall in plasma-glucose conceatre-
tion was due to both an increased glucose utilization and diminished gl
production.

During the course of the isulin infusson, when the plasma-glucose coned
trations remained at the low levels, the glucose utilization continued at 1»
creased rates. At the same time the rates of glucose production were abe
;ncreased, but not adequately enough to clevate the plasma-glucose concents
1018

As In FIGURE 3, 1n these experiments the termunation of nsuhn infusion 53
followed by a rapid rse of the plasma-glucose concentration to control levchy
and this was accompanied by a considerable reduction of the plasma-gluc
specific activity valuae  Tha o 1 1 b v G e

- .. ey e st
After the mitial 20 muin the rate of ianlin infircion = 1 reduced to 0005

U /kg/n shown 1n FIGUES §
:m'd S i infusion was mait
tained fo o -« .. .15 min, in addition

to the higher rate duning the initial 20 min,

‘The marked mcrease m glucose production appeared as 1 pres lous exper
ments only after the tnsultn nfusion had becn termmated (135 min.) and agu?
was responsible for the return of the plasma-glucose concentration to cont”
levels.

In one dog, msulin was tnjected subcutaneously (0 15 U./kg). The bypo
glycemia developed slowly, reached the lowest concentration gt 80 min AN
continued at this level until the termmation of the experiment at 120 mt
The attending changes in glucose utihzation and production were similar
1hose observed when insulin was administered by intravenous infusion, Thu
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T ] f . PR hurn e

Effect of a Glucose Load Admnistercd into a
Perspheral Vein of the Normal Dog ,

Endogenous insulin released under physiological conditions travenes the
liver before reaching the penipheral circulation.  In view of this, it was des
ble to compare the effects on glucose production and utilization ob:em{

dunng the penod of hyperglycemia, It 1s readily apparent from ‘provse |
that the return of the plasma-glucose concentration from the hyperglyem?
to control levels was accomplhshed entirely by an increased removal of the
glucose from the plasma  Some of this glucose was excreted in the urng, but
this accounted for only 8 per cent of the glucose load,

In other experiments glycosuna was avoided by administening the glucs
load over a prolonged period  In the experiment shown in FIGURE 8, the gt
< .

n
n
g
e oo
an ncrea
from the *
that the ¢
tpvel was www - - . - o mesevas Yy LT LISBUCY.
evoles the secretion of
16URES 7 and § that the
—— e - . tibzation and productio®
are simlar 10 the effects produced by administration of 1nst * ~ i
’ o
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Effect of Insulin Adminstered by o Single Ingection tito ¢
Penpheral Ve of the Hypophysectomized Dog

The preceding observations show that during the course of infusion of insulin
1n the normal dog there 15 2 hmitation 1n the increase in glucose production 1n
‘ > of insulin infusion

' 3, and 6), although

A ~ A more marked

increase 1n glucose production occurs follow ing termination of msuln infusion
Earlier studies have shown that several hormones mfluence glucose produc-
tion* I order to throw hght on the mterplay of the vanous hormones on
glucose production, the effects of msulin on glucose production and utihzation
were studied 1n hypophy sectomized dogs  The hypophysectomized ammal 15
extremely sensitive 10 the action of nsulin, as evidenced by the obwervation
l}‘m injection of small doses of msulin results in a severe and prolonged hypo-

the nonmal animal (f1cure 2) and explamns the greatly delayed return of the
Plasma-glycose concentration following nsulin injection to the control level
in the hypophy sectomized dog  Stnce the well-nourished hypophy sectomzed

Discussioy

Trom the data pre-ented 1n this paper it 1~ evident that in every expenment,
Tegardless of whether msubn was admumstered by a ngle intrayenocus injec-
tion, by continuous tntravengus tfusion, or by subcutancous wmjection, the
Tate of glycose utilization was consistentlv ncrersed durme the deselonment

Towered av a result of an mercased utilization of glicose  Thus, it may be

during the insutin infuston, despite the severe hy pogly cemia, the glucose prxduc-
ez ~tayed at the pran-uhn level o, if 1t did incrae above the pre-
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Effect of Insulins Admunsstered by a Single Ingectson into a
Perpheral Ve of the Hypophysectomized Dog

The preceding obsers ations show that dunng the course of infusion of insulin
in the normal dog there 1s a imitation 1n the ncrease n gluco-e production 1n

L . N Lo e s
of the hypoglycemws ®  As can be seen m FIGURE 9, the glucose production
in the hypophy sectomized dog dud pot increase despite the severe by pogly cema
produced by msuln.  This 15 tn marhed contrast to the changes occurnng m

the normal ammal (F1eURE 2) and explains the greatly delayed return of the

Discrssion

From the data presented n this paper it ts evtdent that in every expenment,
regardiess of whether insulin was administered by a “ingle intravenous njec-
tion, by continuous intravenous wnfusion, or by subcutancous injection, the

The effects of endogenaus wsulin, the <eretion of which was cvohed by the
adminsration of an intravenous glucose load, are abo 10 omplete hammony

S s s S ws e e s o
glucoe by the tissues,

Of the changes obrerved 10 glucoe production during and following invahin
administration, the most outstanding and conustent obervation was the
“reviraning offect” of wulin on the mercase i ghicose production This
effect was noted in cvery expenment and manifested itelf in the following way
dunng the 1nsulin 1nfuston, despite the «evere hy pogly cema, the glucone produce
ton enher tayed at the preansulia leved oz, 1f 1t did increase above the pre-
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nsulin level, the increase was not sufficient to elevate the plasma-gl
concentration to control levels A marked and adequate increase in gl
production occurred only after the insulin infusion was terminated, at1
time the enhanced glucose production restored the plasma-glucose conce
tion to control levels

Whether the restraning effect of nsulin is a direct action of insulin o
liver or 1s brought about wndirectly, or whether insulin interferes witl
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action of the blood & ing h cannot be established at present.
Recent blish ! \ulh lort have shed some light on thus
problem  The administration of phlorhizin to dogs 1 which the glucose pool
was Labeled as descnbed above rcsu]lcd 1 excretion of glucos¢ 1n amounts
. " of the ammal The
- 2 plasma-glucose con-
while both phlarhizin
and msulin brng about an ncrensed removal of glucose from the plasma, the
glucose production 15 restraned only in the case of nsulin It would appear
then that insulin or changes atiended with the mcreased glucese utiization
brought about by nsulin are instrumental 1n the restraint of glucose produc-
tion.

As has Leen shown, the ability to release glucose 1n response to hypoglycemia
is influenced by vanous hormones # 25 This 15 evident from the observa-
tions that, 1n the hypophysectomized (FIGUXE 9) or adrenalectomized dog.®
the increase 1n ghicose production following nsulin-mduced hypogly cenia

nals were

= " and

“or 1117

uX) curllcmlclmd;-‘ to the hypophy\e(mmued dog restores the ability to in-

¢crease glucose production In response to insuhn-induced hypoglycem:a  In

addition, the sterouds,* but not growth hormone (unpubliched data), restore

the seasitivity of the ammal to the hyperglycemic action of adrenaline or

glucagon  Thus, it 15 concenvable that the “restraming action” of insulin on

glucose production may mvolve with the secretion or action of
these Llood sugar-ruising hormones

In some expenments immediately following the injection of nsulin or at the
Leginmag of the infusion of wmsulin, 2 transient nse in speific aclvity was
noted,  Thas effect was not prc~enl in exery expertment and, when 1t did occur,
s showed ¢ d uons.  As stated above, this observa-
tion would indicate a decrease in glucose production that would Le a contribut-
ing factor, 1n these expenments, to the deselopment of the insulin hypogly cemia
lowever, 1n view of some recent findings of Shoemaker ef of 7 and nl \Iahltr
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SuMMARY AND CONCLUSIONS

The efiects of exogenous and endogenous insulin on glucose production az
uulization were studied in unanesthetized normal and hypophysectomized dog
using C" glucose

Insulin, admnstered intravenously by single injection or continuous i
fusion, conststently increased the utilization of plasma glucose. The ncrezt
glucose utilization observed in the course of the insulin infusion was evider
throughout the perod of devel and mai ¢ of the hypoglycens:
as well as duning the return of the plasma glucose to control levels.

Similarly, plasma-glucose utiltzation was increased as a result of the intn
venous admnistration of a glucose load, which presumably provoked i3
secretion of insubn

Therestorationof the plasma glucose concentration from the insulin-induce
hypoglycemua to the premnsulin levels was invanably due to an increase !
glucose inflow from the hver mto the plasma. During the infusion of sl
an increase in glucose production was observed in some expenments, but
was of a lunited nature and did not restore the plasma-glucose concentratio
to control levels  Upon termination of the insulin infusion the glucose fio
increased markedly and rapuly restored the control plasma-glucose level
Tt thus appears that the mcreased glucose production in response to hypogh

' stion was obsen;d sﬁ
Y and contributed to
development of hypoglycemia ’

The deficient response of the hypophysectomized dog to the insulin-induce
hypoglycemia throws some Lght on the involvement of the pitmtary 3%
adrenal gland hormones 1n this phenomenon
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SUMMARY AND CONCLUSIONS

The efiects of exogenous and endogenous insulin on glucose production
utihzation were studied in unanesthetized normal and hypophysectomized d
using CX glucose

Insulin, admunistered intravenously by single injection or continuous
fuston, consstently mcreased the utilization of plasma glucose  Thencre:
glucoxe utllizaton observed m the course of the insulin infusion was ev
th hout the period of devel and mai of the hypoglycer
as well as dunng the return of the plasma glucose to control levels.

Similarly, plasma-glucose utilization was increased as a result of the m
venous admimistration of a glucose load, which presumably provobed
secretion of msuhn

Therestoration of the plasma glucose concentration from the insulin-indv

ulin infusion
shed glucose production was observed s

cenna 1s restrained dunng the 1
In some expenments a dimi.
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support this finding At 45 mun. after the ntras enous mjection of tolbutamide
(60 mg /hg ) the glucose space wasreduced to one third of 1ts premnjection value
1 a normat dog
‘The mass of glucose with which labeled glucose added to the blood intermunes
rapudly and 1ts changes with time are essential for the calculation of ratesof
B H . S e T men wad
- - " 'y
To sum up, a tracer-determined glucose space mn the dog appears to be sub-
Ject to marked changes following the intravenous injection of either msuhn or
tolbutanude  Thus rates of glucose mflow and outflow, calculated on the
assumption that this space rematns constant afier injection of these substances,
are of uncertamn rehabibty

Rejerence
1 WaessmaLL, G A &G HeremsnJR 1959 Metabohsm In press
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to remain constant thereafter where estimations of ghuose inflow and autflr
rates were made
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Ficore 1 Blood plasma glucase concentration {C), glucose mass (M), and ghucos? space
V= “.CI) 1n an snesthetized, depancreatized dog 48 to 52 hours after msaln  The veried!
asrous mdicate the times of antzavenous ijection of € glucose

dogby & H
1). Theset
space may ¢
ucose cont
state.  1u - »
fsle;?;c than doubled at 1 hour after the intravenous injection "of msubm (1
U fig), Thewmerease?n the %X‘fcose space of the isolated perfused rat heatt
cauged by wsthm, and reported in this monagraph by C. R. Park, appears 10

Lutan e
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Krahl*® has demonstrated that insulin will accelerate the synthesis of glu-
tathione 1n hver shices from diabetic rats  Glucose must be present in the
systemn order to demonstrate an msulin effect It was also observed that this
effect could be obtained only within a few days aiter the mjection of alloxan
Since the Liver can produce as well as utilize glucose, 1t 1s dufficult to demon-
strate a net glucose uptake by this tissue  However, a decreased splanchnic-
glucose output has been observed following msulin admumstration 71® As-
suming that the nonhepatic contribution to the metabohsm of splanchnic area
sulin to
Using
. L. - - » Jer cent
glucose, Haft and Miller!® found that the glucose concentration of the perfusing
medum increased to 600 mg per cent within 1 hour of perfusion, and that this
increase was unaffected by msulin - However, with hvers from alloxan-diabetic
Tats, insulin produced an increased removal of glucose at these concentrations
and after 115 to 4 hours of perfusion It was noted further that hiver of ketotic
ammals did not respond.,
In any consideration of a hepatic action of nsultn one rust take mto ac-

L ' N | Cohe ey
formed \\l‘lh the ntact ammal, one must also take mto account the fact that
any rapid fall sn blood glucose mduced by wsulin may cause mereased hepatic
glycogenolysis  Whether this 1s due to a release of endogenous glucagon or
epmephnine 1s not clear, hownever, the possibibity does exist that such factors
mught be released and would tend to overnde any direct effect of 1nsulin on
hepatic tissue. These and other factors that might be mvolsed i attempts to
demonstrate a hepatic action of isultn have been more extensively reviewed
by deDuve® and by Levine and Fritz ®

In Vo Studies

by the fact that under
The nesitable result 15
n attempt to crrcumnent
{ different methods have
T ' - i
. , “ .

L [P LY o oo o

. SN o . 1
area, with obvious contributions of extrahepatic tissue  Following msuln
admunistration, a decrcase in the splanchnic glucose gradient has been observed,
however, 1t 15 not possible to attribute such efiects to the action of tmsulin on
hepatic tissue

Hepalic portal senaucs glucose gradients *Lhe hepatic contribution to splanch-
mic-glucose output can be deris ed from measurements of ghicose concentrations
in portal venous and hepatic venous blood  Glucose gradients across the hver
have been reported by Ashmore ef ol # using dogs with indwelling plastic



HEPATIC ACTION OF INSULIN

Robert Mahler
. Department of Therapeutscs, St Andrews Unisersity, Dundee, Scoland

W. C. Shoemaher
Mchael Reese Hospitad, Chicage, I,

James Ashmore
Department of Biochemsiry, Indiona Unisersity, Indsanapolis, Ind.

The role of msulin n regulaling slucose metabolism by extrahepatic tissue
15 well recogmzed Tt 1s generally accepted that the action of msulin oa

with both normal and diabetic preparations.  With respect to the lver, bow-
ever, there 13 at the present time considerable doubt as to the exact mechanism
of insulin actien on this tissue  In contrast to muscle, liver cells are freely
permeated by glucose,? therefore, any action of isulin to facthtate transfer of
glucose must be upon some 1ntracellular compartment. It has also been fm{ﬂd
that, while muscle from dubetic animals responds immediately to the addition
of insukin, the diabetic liver 1s not restored to normal glucose metabolism upo?
the immediate admistration of wnsulin 19 Treatment of the animal wth

insulin over a penod of several days s required to return glucose metabolismof
the duabetic hiver to normal

In Vitro Studics

Chernick and Chaihoff’? have studied the metabolism of C\ glucose by lver
stices from normal and alloxan-diabetic rats and have concluded from the
data that the 1mpairment 1 glucose metabolism in the diabetic antmal 1s due
in part to an mabihity to phosphorylate glucose, Utilizing a similar techniqué,
Renold ¢t al ! were able to devise a means of calculating glucose phosphory 13-
tion by liner tissue w4 titro It was found that glucose phosphorylation by
hepatic tissue from diabetic rats was only one fourth to one sixth as much
glucose as tissue from normal rats It was subsequently shown' that 12 0
21 hours of insulin action 14 v were required to restore glucose phosphoryld-
tion of the diabetic liver to normal

These observations would lead one to belie

ve that perhaps insulin has 50
carect action on the liver  However,

there have heen a numher nf instances 18
w

F
—~— - ¢ s v geusG L L
Srisgen It basalso been demonstrated that the addiion of s bl
issue i satro will accelerate the synthesis of long-chain fatty aads #0¢ In-
creased lipogenesis and El)’c‘)g;n synthesis have been demonstrated only with
tissue from normal animals, and neither effect has been uniformly repmduable
452
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travenous mjection of a tracer dose of highly active labeled glucose, the dilu-
tion of the plasma glucose can be estimated from the exponential decay of

e ot o revearnny aren s s o frome ot e .

the specific activity of the plasma glucose  This effect has been attnbuted to

a direct action of insulin on the hver and has been mterpreted to mean that,

dunng the observed plateau, hepatic glucose production has completely stopped

Under essentially the same conditions, except that an anesthetized dog was
raa E B

' PN A . . .
ms\'xlm 15 not as sumple as 1t might at first appear  Measurements of specific
activity and concentratian of ghucose 1n portal and hepatic venous blood clearly

dog was 18 -rr;g /mx: W—E:;lcu]aut;\- of he;;mc glu}ose production from portal-
hepatic glucose gradients and plasma flow dunng the same penod gives values

T Lapseomb and Crandall® have used the London cannula to sample portal and
7 *paticblood indogs  From their studies they have calculated a mean hepatic
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catheters. No decrease 1n the portal-hepatic glucose gradient was found in
such ammals following njection of insulin, In an extension of these studies
by Shoemaker ¢! al  hepatic plasma flow was estimated by a modification of
the Bromsulphalemn clearance method of Bradley?#®  Plasma-glucose con-
centrations for a typual dog studied are shown in FIGURE 1. Hepatic glucoe
production calculated from portal-hepatic glucose gradients and plasma flov
for the preinsulin period was 48 mg./min. No change was observed dunsg
the 10 min immediately following insulin; howerer, a sharp increase in be-
patic glucese production was obsersed with the onset of hypoglycemia.
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2.1 £ 065 (SE) mg /min.  The hepatic-glucose output during the contiol
period was 2 0 == 033 mg./kg /min, and this mereased to a mean of 39 £
039 (SE) mg/he /min_for the postinsulin period. Although an effect of
Jnsulin to decrcase §P‘3“Ch"‘0 glucose production was observed, no evidence of
a decrease in hepatic g.lucose production was obtained,

Estimation of hepatic glucose production by sotope dilution, Following 10
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tory. ™ Henderson ¢f al , using the 1sotope dilution method 1n diabetic
dogs, have calculated glucose praduction to be of the order of 0 29 gm /kg /hr
Steele et 4% hav e measured glucose production i dogs by isotope dilution,
but have employed the technique of constant infusion of the labeled glucose
Under these conditions a mean ghucose production of 0 15 gm /kg /hr has been

obtamed from 10 experiments on 7 dogs
Tardmg and Schambye have also reported determmations of hepatic glucose
production, using both the isotope-dilution and hepatic-cathetenzation tech-
mques®  The values obtained by these authors are summarized in TABLE 2,
the values from our own series are in parentheses The data of Tarding and
Schamby e are reported 1 mg /min , and our own values have been computed
on the same basis for comparison  In both the premsulin and postinsulin
ot con-

TABLE 2
Tue EFFEcrs or INsULIN oN Hepamic GLucose ProDUCTION IN Dogcs*

Method used to estumate hepatic glucase production

Tsotope dilution Luer cathetenzation
Premsulin 80 mg /min 30 mg /mn
(118 mg /min )} (44 mg /min }
Postinsubn 60 mg /min 40 mg /mun
(61 mg fmun }

* From the data of Tarding and Schambye
1 .
gy vt vvar a3 s e oo - - P - §
an exchange could be medited by glucose-6-phosphatase or amylo-1, 6-
glucomdase 3
Conclusions

There 15 little doubt that nsulin has an important role n the regulation of
hiver metabolism since, 1n the absence of the hormone, profound changes in
bepatic metabohism occur  Indeed, many of the difficulties 1 the treatment

Under certain conditions it 15 possible to demonstrate effects of msulin
oo hepatic metabolisma  However, the circumstances under which such effects
3
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glucose production of 0 121 & 012 (S.E.) gm /hg./hr. This result agrees with
values that we obtamned using the liver-catheterization technique, Using the
1sotope-dilution method, Dunn ef al.2* report values for hepatic glucose produc-
tion 1n dogs ranging from 0 12 to 030 gm./hg /hr., which agan would tendto
be shghtly higher than that obsers ed by hepatic cathetenzation, Values rang-
ng from 018 10 029 gm /hg /br have bicen reported from Chaikoff’s labora-

DOGNo 33 Wt 31 ke
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1) BGR = 119 mg/mia

) B-P) x 7LOW = 104138 n/rmim,
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R T I D
TIME IN MiNvrEs
Fieure 2 Estimation of hepatic glucose productio
concentration 1 mg /100 ml s mven i the upper
hepatic plasma ghucose 15 plotted m lower curves

n by isotope dilution.  Plasma-ghicoX
eurve, Speafic activaty of portal and

Tasie {
LstiMaTiON OF HEPATIC GLucose Provuctioy 18 Docs
fut Liser catheter
Teotone dion e rathetenzaton Reference
i Y
035 016 Present study
012 Lipscomb and Crandal!
(0.12 to 0 30} Dunn et ol %
034 Teller ey al 2
018 Searle and Chathof?*
029* Henderson ef al 3

* Diabetic dogs
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are obtained are such that at the present time no uniform theory of action of
wnsuhin on hepatic tissue can be formulated.

There 1s some question as to the validity of the estimation of hepatic glucose
production by the 1otope-dilution method. A plateau of plasma-ghicos-
speaific activity after insulin administration cannot be attnbuted to an w-
tibition of hepatic glucose production 1n the light of direct measure of glucoe
production by hepatic cathetenization.
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ave obtained are such that at the prexent time no uniform theory of action of
wsulin on hepatic tinsue can be formulated.

‘There 1s some question as to the validity of the estimation of hepatic glucoe
production by the 1sotope-difution method. A plateau of plasma-glucost-
specific activity after insuln admimstration cannot be attnbuted to an i
tibition of hepatic glucose production in the light of dircct measure of gluco®
production by hepatic catheterization
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tissues to the liver. None of the available data on sulfonylurea hypoglycemia
are mconsistent with this hypothesis, and many of the hitherto wexphcable
actions of the sulfonylureas might be resobved if they were assumed to tnduce

support to the essential part played by the pancreas n arylsulfonylurea hypo-
ghcemia and suggest that the raajor site of action of the increased nsuhn
actinty 1s on the lner  The removal of the Iner, howeser, results in an n-
creased wsufin action 1n the penipheral tissues

Intraportal and Perspheral Insubin on -X3lose Disappearance

(FlovRe 1) Tolbutamide (25 mg /kg ), however, had no such effect, whuch

Vo et
blood glucase was measured.

Methods

intravenously 1nto an arm vemn over a umin peniod  Twenty min later a
biood sample was drawn from a separate forearm vem, and further samples

free) (01 U /hg§ was ijected over a 2min_period into the exposed portal
‘e The same procedure was employed alter the postoperative recovery



FURTHER STUDIES ON THE SIGNIFICANT ROLE OF THE
LIVER IN SULFONYLUREA HYPOGLYCEMIA*
Thomas F Frawley, Thomas F. Shelley,} John W. Runyan, Jr.
Sub. of Ende gy and Metabolism, Albany Medscal College, Albany, ¥ T

Edward J Margulies,
Department of Surgers, Albany Medscal College, Albany, N Y.

John J. Cincotti
Deportment of Sugery, Albany Veterans Admimistratson Hospital, Albany, K. ¥

The most disturbing i y between sulfonyl induced and -
suln-induced hypoglycema has been the repeated failure to demonstrate that
the sulfonylureas induce hypoglycemia by either a direct or insulin-medited
action on glucose metabohsm 1n the penpheral tissues. There now appears
to be hittle question that the presence of the pancreas is an essential pre-
requisite for the hypoglycemic action of a sulfonylurea,’? and some studes
indicate that part of the action of the sulfonylureas may depend on the pres-
ence of insulin % The degree of granulation of the beta cells appears to be
related to the msulin content of the pancreas,’” and the sulfonylureas have
been shown to increase the quantity of 1slet fissueS and to decrense beta cel

support. the’ wsulinggenic action of the sulfonylureas. There are, however,
only a few studies that actually show an increased msulin secretion when the
wnsulin output 13 measured directly ¥ The nature of the continuous or mler
mittent stimulation of the pancreatic beta cells remams unkpowa Other
evidence has been cited to show that the sulfonylureas inhibrt*glucose-6-phos-
phatase activity,’® T4nd that they inhibit insulimase activity. ) Other studes
m depancreatized anumals bave demonstrated a. epatotoxic effect. 9?0 Some
or all of these actions may contribute to the hypoglycemyc action of the sulfon -
ureas m the absence of the pancreas, Nevertheless, The presence of the par-
creas has proven vital to the action of the sulfony lureas; this being true, the
absence of an increased penpheral “insulmnlike action” following sulfony lurea
adminsstration Temains a perplexing phenomenon 2!

m
de

su . e v arvw e
existence of 2 pancreatotropic action of tolbutamide, but merely transfers the
emphasis on the major site of endogenous insulin action from the peniphera!
. seported an this paper was supported i past by th ; Founds
b ok, N. Y , and The Upjohn Comapany, K umaago, Nogn A Hartford
0 eatch Fellow of the John A Hartiord Foundation
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Results  In the 4 subjects studied postoperatively, msulin mjected 1nto a
penipheral vemn marhedly increased the disappearance rate of the mfused

< prasprcans

- oy mrvvs gy e e sy aee
ven injection of wsulin and 50 per cent after the intraportal injection of

20 s repacrn bmin
0= Puitaal e

cup sz u
Sorun ‘et

BLOOD XYLOSE mg /100 ml

TIME - MINUTES.

Ficure 2 Totrapartal and penpheral msulin action on pentoses  Intraportally ad-
minustered msubin bad Lttle of no efect on p-xylose usappearance  Perpheral msulin con-
sistently increased the disappearance rate of {ius pentose

also showed that operation alone had no effect on D«x)lo::‘ hnsappeamnce
(FIGURE 3).  For comparison, this figure also shows the results obtained duning
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period in 4 of these patients, except that the insulin in the latter studies was
injected into a perpheral vein Control studies were performed in 2 subjects

IGURE 1

1¢ effect of operation alone o
of operation on the D-xylow
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the next study penpheral glucose uptake after tolbutarmide admunistration was
measured 1 dogs with porta caval shunts In these amumals, endogenous
wnsulin 1s secreted directly mto the general venous airculation, and tolbutamide
admumstration m them would be expected to result 1n an ncreased peripheral
wsulmithe action simlar to that seen following an intravenous wsulin infusion
ot mjection

Methods Four healthy mongrel dogs weighing from 20 to 40 Ib were sub-
Jected to operation at which a side-to-side anastomosis was made between the
portal vemn and the inferior \ena cava, and the portal vemn ligatured between
thus anastomosis and the lver  Thus, the normal flow of endogenous nsulin
from the pancreas to the liver was diverted to the general systemic venous
crculation At least 2 weeks were allowed 1o elapse postoperatnely before
performng studies on these ammals Each experment was preceded by
an overmght fast and, on the following day, the dogs were anesthetized with
sodm pentobarbital, and the femoral artery and vem of a hind Lmb were
exposed on one side At 60 or more mun after the completion of these pre-
hmunaries simultaneous arterial and venous blood samples were withdrawn by
needle and syringe from the exposed femoral artery and ven  Artenal and
venous blood samples were taken n this manner at 10-min ntervals for the
next 20 minutes, and then tolbutamde 50 mg /kg m 20 cc of normal saline
was mjected 1nfo a separate perpheral vem over 2 4-min_period  Artenal and
venous blood samples were then drawn at 5, 10, 20, 30, 45, 60, 90, and 120
min after the mjection of de Identical were p d
in these same dogs, using crystaliine zinc msuhn (HGF-free, 02 U /hg) m
place of tolbutamude The msubn was admunistered 1 20 cc normal saline
over a 3min peniod 1nto erther a penpheral vein or a mesentenc \ein In
other experiments 1n these same dogs a constant infusion of the same msuhn
preparation 05 U /kg 1 70 cc normal saline was admumstered over a 90 min
period into erther a peripheral vemn or a mesentenc vei A Harvard pump
was used to mantain 2 constant mfuston rate  During one expertment of each
of the above procedures blood samples were also drawn for serum inorganic

below the venous values FIGURE 5 compares the effects of tolbutamide,
1nsultn infusion, or nsulin 1njection on arteral and venous blood glucose  The
changes 1n serum phosphate and blood pyruvic acd are also shown  The
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operation with an intraportal mjection of insulin and the results obtained with
an intravenous mjection of sl after operation  The implied hepatic retea-
tion of msulin could be due to either a marked and immediate hepatic retention
of a considerable portion of the intraportally mjected insulinortoa tcmpom‘f)'
hepatic retention followed by a slow hepatic release of insulin in amounts in-
sufficient profoundly to affect D-vylose disappearance. That the latter by-
pothesss s probably the operative one js suggested by the slight cffect of
tolbutamide or wtraportally injected insulin on p-xylose disappearance that
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was observed 1n some experiments and may be n part due to the sinusod

character of the liver which, by the Pooling of insulin in the liver, may fesyl
n a later, more gradual release of the unbound inclm

carant
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Tolb ide Effects in Porta Caual.s)

hunt Dogs

These results Jed us to dclc‘rmu:e whether an ] transhepatic circulatior
of insulin could account ¢ iy for the diff iously observed be
teen tolbutamide hypoglycemia and intravenous iy hypoglycemia, It




Frawley ¢t al.: Liver in Sulfonylurea Hypoglycemia 467

effects of tolbutamide and nsulin :nfusion on artenal and venous blood glucose
concentrations are identical to those shown 1n FIGURE 4 The hypoglycemia
accompanying insulin mjection differed from that due to either tolbutamide
or insulin infusion 1n that the artenal and venous glucose concentrations mtially
fell at the same rate, and no alteration of the usual arterial-venous glucose
relationship occurred

The Effects of Tolbutamude on Perspheral Glucose Uplake (4 — V)/A
 Porta Caral-Shunt Dogs

Penpheral glucose uptake can be expressed as the fraction of the artenal
concentration that 15 removed by the limb, and thi s represented by the

o0
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B % change 5
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45 found to contain this period of a rapid fall 1 glucose concentration, the
changes m (4 — ¥)/.1 obtained dunng this period are shown in FIGURF 6
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Methods. Hepatectomized dogs recened an wtravenous mjection of tol-
butamide (30 or 100 mg /kg) dunng a glucose fusion administered sato a
Jugular vein at a rate of 250 mg /kg /hour. This 1nfusion rate was selected
because these ammals did not develop hypoglycemia at this rate and, by sup-

artery and \em by sy ringe and needle at 15-min ntenals startimg one hali-
hour after the completion of the hepatectomy ~Venous blood samples were
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FIGORE 7. Lfects of intras enous tolbutaimde 1n blood sugar In the hepatectomized dog
A prompt fall 1n blood sugar followed tolbutamide admimistration in the v erless dog

4nalyzed duately for glucose and, when a static blaod ghucose
level had been present for 1 or more hours, tolbutamide (50 or 100 mg /hg 10
2 ml of normal saline) was injected over a +-min period 1010 a penpheral
den. Simultaneous artenal and venous blood samples weré then drawn at
15-mn intervals for an additional 4 to 6 hours  1n 2 such experiments samples
vere also drawn from an indwelling catheter i a jugular ven for serum
Potassium and inorganic phosphate determinations

Resulls. The offect of wtravenous tolbutamde {50 mg /Ag ) on the venous
blood glucose concentrations of a hepatectomized dog ts shown 1n FIGURE T
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This figure summanzes the results of all our studies on the effects of tolbutam-
ide, insulin infuston, and nsulin njection on peripheral glucose uptahe 10
porta caval-shunt dogs The vertical ams represents the percentage increas
or decrease 0 glucose uptake from the fasting control value, and any value
below the 0 per cent Jine represents an arterial glucose concentration less that
the venous glucose concentration. Intrarenous sodum tolbutamide (30
mg /kg) resulted 1 a hypoglycemia and a progressive and regular decrease
1n the per cent uptahe of glucose until the (.{ — V)/.1 values became negatné
due to a drop 1n artenal glucose concentration to below the venous glicost
concentration.  Crystalline zinc insulin (HGF-free) 0.2 U./kg. injected it
either a peripheral or & mesentenic ven in these porta caval-shunt dogs resulted
imtially 1n no sigmficant change 1 glucose uptake despite a concomitant
hypoglycenua  This was scon followed by an increased glucose uptabe
Insulin (033 U /kg) admmstered by constant infusion into a penpheral ot
mesentenic vein resulted 10 an initial decrease in gluco-e uptake, later followed
by an increased glucose uptake greater than that obtained with wsilin -
jection, even though the total amount of insulin infused at the end of 30 m
was still less than that given by injection

It has been frequently noted that decreased or negative {1 — /4 -
ferences following tolbutamde administration occur,?®  and no entirely satis
¥ . .

resulting 1n an eventual lonenng of the arterial ghicose concentration. If th¢
resulting rate of fall 1n arterial blood glucose concentration was 1n excess of

ey e e

flwd, and . S LTS T A decseased of
negatwe ('} . . . ... . developmg bypo
glycemia ¢ . 3 G an mcteasea glucase uptake bY

the lunb, but merely states that therate of glucose uptahe by the limb wasless
than the rate of giucose uptake at sites other than a limb  All the forego
ing cotsiderations are true only for (4 —~ V)/d values obtained dung the
period of rapidly falling blood glucose concentrations

Studses 11 Hepatectomized Dogs

The next step taken was to ascertain whether the liver was causing the
narrowing and reversal of the (4 — V}/A values by the mechanisms previously
discussed, that 15, by & decrease n hepatic glucose output and/or an ncrease 1n
hepatic glucose uptake. A modified form of hepatectomy was devised and
dexeloped by o8¢ ofus(E J. 1\{.) The techmcal detauls of this operation will
be the subject of a separate article
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the 6 hepatectomized dogs that have been studied so far ~ The accompany ing
changes 1n serum potassium and serum inorgamic phosphate are shown
FIGURE §, the fall 1n serum potassium seems to indicate an increased insulinlihe
actndly followng tolbutaomde admimstration This did not occur m the
porta caval-shunt dogs ~ These results demonstrate that, in the absence of the
Iner, tolbutamide admimistration results in a hypoglycerma with essentually
the same charactenstics as that obtamed with msulin n porta caval-shunt and
normal dogs These results are therefore consistent with the suggested in-
sulinogenic action of the sulfonylureas and conclusively proved that the sul-
fonylureas are active hypoglycemic agents even 1n the absence of the ner

Serum Amno Nutrogen Studies tn Man

Evidence 15 accumulating that msulin plays a role mn the metabolism of
amino acids  The plasma level of amino acids 15 elevated n patients in dia-
betic acidosis® Luck and Morse® have shown that the admimistration of
wmsuhn causes a decrease n plasma amino acids n normal ammals It has
been suggested that the decrease in amino nutrogen 1s medated through epineph-
nine for, ;n the adrenal demedullated rabbuts, this fall in amino mtrogen with
isulin was not observed® However, Frame and Russell were unable to
confirm these observations, 2 and they also noted that the admnwtration of
wsulin 1n eviscerated rats depresses the rate of increase of plasma amino nitro-
gen that consistently occurs following this operative procedure  Ths observa-
tion suggests a peripheral effiect of msulin on amwo acd metabolism, but it 1s
mot known whether 1nsulin promotes the synthesis of tissue protewn from

tion of Cl-glycine into protein n hiver shees®  DeMeutter ef al * have recently
found that tolbutamide 1njected travenously into human subjects causes a
decrease 1n serum alpha-amino acids, and that this decrease was similar to that
produced by 1nsulin 1n normal human subjects and diabetics  Our obsersa-

Venous blood <peclmcn: were taken at 15., 30-, or 60-min ntervals for 3 to 4

ours  Serum amino nitrogen determinations were performed by the Albanese
method 3

Resulls Fioure 9 shows that insulin produced a sigmficant decrease 1n
Serum amino nitrogen tn both the normal velunteers and dubetics. In the
normals there wasa 17 per cent decrease from the imtial lev el and, in the dra-
betics, a fall of 21 per cent at 3 hours Insulin and tolbutamide produced a
falt 1 Blood sugar that was prompt and sigmficant (FIGURE 10). This fall
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tually dropped to less than 50 per cent of the control values, FIGURE 8 shons

the artenal and venous blood glucose responses to tolbutamide. Serum po-

tassium and serum inorgamic phosphate concentrations are alse shows i the

same figure. Note that the blood glucose concentrations were agamn stble
ide. Tolk
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Fieure 8  Effects of ma d dog  The hepatet
tomuzed dog showed an mncreased A — 17 difference after tolbutamide Ssaniar to that of 1
sulin giten to normal or hepatectomized ammals

during the period of stable blood glucose concentrations resulted in a definite
hypoglycemna. The developing hypoglycemia was not accompanied by the
reversal m arterial and venous blood glucose concentrations that was seeft
following tolbutamide 1mjection in porta caval-shunt dogs, Determations of
the changes in (4 = ¥)/4 durng the penod of developing hypoglycemit
vevealed an increased glucose uptake comparable to that obtaned with 3%
\neuln 1njection 1n @ port cavatshunt dog Simlar results were obtamed i



Frawley ef al, Liver in Sulfonylurea Hypoglycemia 473
Drscussion

The results presented in the foregamng studies were designed to determine
further whether the hepatic action of the sulfonylurea compounds proposed in
previous publications could be substantiated 2 While the results are con-
sistent with such a hy pothesss, they do not eaplain as y et the precise mechanism
whereby this hepatic result 1s effected However, from our results certain
possible mechamsms are suggested

I {ation of results of wntraportal wusulur studres It has been shown
that, unlike mnsubm, tolbutamide does not increase the disappearance rate of
nfused pxylose® Since the premuse that tolbutammde affects pancreatic
wsulin output 1, 1n our judgment, well established, and since this msulin trav-
erses the liver before reaching the peripheral circulation, the question arises
as to whether the reason for the lack of effect of tolbutumide on D-xy lose might
be due to an meffective amount of msulin reaching the peripheral circulation

in amounts wnsufficient to produce a marked effect on D-axylose  The posaibility
that msulin 15 altered by the liver and 15 thereby no longer effective m the
penphery seems most unlikely Kaplan and Madison®® have made observa-
tio0s on the hepatic binding of msulin-I* injected mto the portal vein of
human subjects undergoing abdomnal operation When the subjects nere
g1ven no glucose prior to the mtrapertal tnjection of insulin, 54 per cent of the
mjected tagged snsulin was bound to the liver 1n a single transhepatic arcula-
tion  With increasing loads of glucose the binding dechined progressively from
38 per cent to 78 per cent Thus, hepatic bindmg of msulin does occur and

.
Dexylose diappearance, and the studies of Skinner and Madison™ sn rats indy-
cate that dunng operative stress the hepatic binding of wmsuhn s actually
lessened
\ .

by tolbutamde, although there 1 indirect esidence mdicatig that this may
be the case

Interpretation of results of porta caral-shunt studies The use of the artenal-

venous glucose difference as a measure of peripheral glucose utihzation was

suggested by Somogyr® Einch®® has advocated the use o_f the ratio (a‘mnal

: toe ' ‘

PR ' -

L. . ! .
indwelling catheter, this rate can be presumed to be constant under stable
conditions, and the use of the fraction (4 — ¥)/4 can be used as a measure
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amounted to 71 per cent with insulin and 38 per cent with tolbutamide in the
normals  The diabetis were less responsive for, with insulin, there was only
a 28 per cent decrease even with a larger dose of msulin; with tolbutamide,
the maximum fall of 32 per cent occurred at 3 hours.
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appearance of an increased peripheral glucose uptake, an effect that could not
be obtaned when the liver was present  The demonstration of an increased
peripheral glucose uptake i the hepatectormzed ammal and the lack of an
wcreased peripheral glucose uptake 1n the face of hypoglycemia in the porta
cavalshunt ammal points to the liver as being the preferential site of glucose
uptake followng tolb le ad sjon  Furl the d -
tion of an tncreased peripheral insulinlike action following tolbutamide 1n the
hepatectomized animal supports the view held by many mvestigators that
- o . ' .

P N et tr I .
decreasing or increasing the rate of msulin adminmstration, a high rate resulting
na combined hepatic-penpheral insulin eftect with the penpheral insulin effect
dominant, and a low rate of nsulin administration resulung 1n a decrease n
the penpheral msulin effect so that the hepatic insulin effect becomes dominant

Inlerpretation of serum amno-milrogen studies It has been shown that
msulin daes reduce serum amino-nitrogen, and that this effect 1s Loth hepatic
aod penipheral  The results presented i this paper ndicate that both nsulin
and tolbutamude lower the serum amino mitrogen Bornsten® has shawn
that there 1s di of with fe, and this 1~ affered
as one explanation for the reduction mn blood sugar Recant and 1 ischer®™
showed that pretreatment of rats with tolbutamde caused a greater INcorpora-

Ines may be the primary site of ammno acid uplake following tolbutamude
adminstration  Further studies are mdicated m order to eluaidate whether
the fiver 1s the only site of this effect

Conclusions

wth httle of no peripheral participation  In the present studies, howerer, we
were concerned only with the role of the ner in the imitiation of the hypogly-

fonglurea admmstration  The uneapected lach of an increased penpheral
mwuln action and the subscquent d tration of a pred hepatic
1msulin action following sulfonyturca admmstration i these ammals led us to
conclude that the mitial hepatte arculation of end Iy «ccreted
nsuha was not the only factor responsible for the oca f the predomi

-
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of glucose uptahe  Bell and Burns?® have shown that the intea-arterial injec-
tion of insubin results in a wider .1 — V difference in the limb under study than
m the contralateral imb  Craig ef ol have shown that the intra-artenal
jection of tolbutanide has no insulinlike action. Employing the arterio-
venous glucose difference as an index of insulin activity in acute studics, Pur-
nell ef af 2% using direct artenal and s cnous blood glucose determination, have
shown that tolbutamide does not affect the penpheral utilization of glucose,
Lut Goetz ef af A uing capillary instead of arterial blood, obtained an increased
glucose uptake with tolbwlanude. This finding was later supported by the
studies of Madison and Unger, who used direct arterial-yvenous sampling
However, these acute studies, for the most part, measured penpheral glucose
utilization over the whole evperimental penod. We have, howeser, lmated
the nterpretation of our (.1 ~ V)/.1 data in porta caval-shunt dogs 102 perk

of 30 min following tolbutamde, as this knut was found to contain the period
of most rapid fall in blood glucese and, we feel, represents the mitial 11)'1‘031)'
cemic action of the sulfonylureas without the modifying intluence of any sig:

it
u

S w0 - . ST [

the initial hypoglycemia after tolbutamude admimstration That the hypo-
glycerme mechanism nvolves the liver has been shown in the subsequent
cxpenments in hepatectomized dogs and is supported by the work of other
investigators using different techniques ¥ Madison ¢ ., using insulim
infusions 1n porta caval-shunt and normat dogs, have demonstrated that the
resulting hypoglycemia 1s due to a decreased glucose output from the lner
that was also associated with an increased glucose uptake by the liver. In
our present studies, using higher rates of insulin infusion than those used by
Madison and lis co-worhers, we demonstrated an imtial hepatic effect s000
foliowed by a marked penpheral action This difference was presumably
due to an overloading of the hepatic msulin-retaining mechanism with 1e=
sulting increased peripheral effects  Our studies also demonstrated the fact
that the reduction in glucose output fram the hier 15 not due to the normal
physiol al route taken by end msulin, but 1s presumably dependent
on a slow release of insulin only.

Interprelation of results on hepateclomized dogs  There are now many studie>
Jemonstrating that the hylwglyfemlc‘ action of the sulfonylureas i independ-
ent of the presence of !he"h\ er ‘40 None of these studics, howev er, determined
whether sulfonyl ed hypoglycemia 1n hep: d ammals had
features different from the sulfonylurea-induced hypogly cenna in intact ani-
mals  As previously noted in these and other studies, sulfonylurea hypogly*
cema has features diffierent frﬂl}\'lniu:;{lﬂllylmgl}'ccmln when insulin 15 gnen
Ly 1mjection mto 4 pe{lphem[ vein ® I It 15 thercfore of interest to note
that tolbutamide admintration 1n the absence of the liver resulted 1n the R
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liver we were able to demonstrate o penpheral initiation of the hypoglycemic
responses to sulfonylurea adminstration,

No conclusions can be drawn from these studies on the degree of peripheral
partiapation In the imtiation of sulfonylurea hypoglycemia in the intact of
porta caval preparations except to state that, if the periphery does partiapate
in the imtial hypoglycemic phase, then this participation must be less in extent
than in the lner The maintenance of the hypoglycemic levels after sul-
fonylurea administration was due to an mcreased penipheral participation, but
the degree to which the ner participated i this later phase could not be deter-
mined from these results  These results also suggest that the rate of secretion
of endogenous nsulin controls the relatiye contnibutions of the liver or the
penphery to the maintenance of hypogly cemia, but that the initiation of the
hypoglycema 1 due to the predominant but not exclusive participation of the
hver  Indirect evidence has been presented to indicate that the nature of the
hepatic participation 1s a net increase 1n glucose uptake by the liver and 15,
therefore, not due soley to an inhibition of glucose release from the lver cells.

As yet unanswered by these studies are the following possibilities among
others Is the hepatic effect due solely to the rate of endogenous insuhn
secretion after sulfonylurea sumulation? Is there an mcreased hepatic binding
of insulin?  Is the marked hepatic effect due to a direct action of the sulfonyl
ureas on the Inver cells, making them hyperresponsive to nsulin?  Has endog-
enous nsulin been altered 1n some way so that it has an ncreased hepatic
cffect? These studies, therefore, reveal the need for further inyestigations
into the factors responsible for the predominant participation of the livern
the imtiation of the hypoglycemic response 1o sulfonylurea administration.
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CLINICAL AND EXPERIMENTAL STUDIES OF INSULIN
SECRETION FOLLOWING TOLBUTAMIDE AND
METAHEXAMIDE ADMINISTRATION

Erpst F. Pfeiffer, Margret Pfeiffer, Hans Ditschunett, Chang-Su Ahn
Deporiment of Medicine, Johann Wolfgong Gocthe Universsls, Frankpurt am Marn, Gerniany
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and Related Compounds n Expertmental Drabetes m 1957 by The New York
Academy of Sciences !
As 15 apparent from the topics of a number of the papers nciuded 1 the

v soneiva e s srmaees vo -

the fatlure of ncreases in penpheral insulin levels 1n man on this basts?  How-
ever, even in those expenments performed 1n dogs 1 which the plasma msulm
levels were determined n the portal and the femoral venous blood smuhiane-
ously after a single dose of tolbutamide, the increases in plasma wnsutin 1 the

gated  In view of the fact that a very low dose of this drug 1s encane
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studies carried out in rats, special consideration was given to the expected dufer-
ences i wsulin levels in portal and peripheral venous blood before and after 3
single dose of the blood sugar-low ering drugs had been administered and to the
determination of pancreatic insulin at the nd of the experiments,  In both
studies the effect of tolbutamide 1n respect to insulin stimulation was come
parcd with that of metahexamide, cach human subjict serving as his own
control

Studies e Men

and 2 patients had been treated with tolbutamide tablets successfully for 1 and
2 months, respectively, prior 1o the present investigation, This therapy had
heen stopped sn each case 21 hours before carrying out the sulfonylurea-respone
test

In the 4 juvemle diabeucs, 1 male and 3 fcmales, the metabolic disordet,
diagnosed within the first 2 decades of Life 1n each case, had eaisted at the me
of the study for an average period of 13 ycars. The mean requrement of
exogenous insuhin amounted to 60 units of a long-acting pruparation, the last
wnjection of which was given 24 hours before the administration of the single
dose of the antidiabetic drug

In addition to these studies on groups of patients, an indidual subject,
a 32-year-old female suffering from a pancreatic islet-cell tumor that was proved
later at operation, was subjected to the <ame mvestigative procedure,

All studies were carried out after an overmght fast. After venous blood
samples for determimations of fasting blood sugar and insulin had been ob-
tawned at zero time, 25 mg. of tolbutamide/hy. hadv weieht were sven in &

.o -

kg, body weight

Blood glucose was measured according to the method of Hagedorn :m'd
Jensen.® The insulin was assayed by using the method of Martin ¢t alt This
Iioassay 1s based, as mentioned above, upon the oxdation of glucose-1-CH to
C40; by the rat epdidymal adipose tissue It has been slightly modified in
the present studies by using diluted serum (1:2) instead of undiluted plasma,
ance (1) no significant difference 1 msulinhihe activity was found between
plasma and serwm, zmd_(Z) dulution of serum yielded higher and more constant
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epididymal adipose tissue of 3 rats  Eight aliquots of 1 serum of a normal
subject measured in 1 procedure showed varations m insulmlike activity of &
40 per cent. The index of precision {lambda) for dose response curses from
62 to 1000 uU./ml. has been 029 (FiGuRE 1). Normal fasting fevels ranged
from 135 wU /enl to 680 uU./ml 1n 15 subjects

2
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FIGURE 2. The response of normal subyeets to & single dose (25 mg /kg , intravenously}
of tollutamude (Orinase).

Resulls
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In 4 of the 3 subjects tncreases in serum insufinlike activity were observed
30 min after tolbutamide, that 15, apprommately at of <honly before the
maximum decrease n blood sugar concentration  One hour after injection
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1n 3 of the 4 subjects and 180 mun. following the tolbutamide in all cases, the
wsulinhike activity in the serum as well as the blood sugar had returned within
range of the imtial values. .,

It thus appears that a correlation exists between the increase 1n serum insu
fnlike activity and the fall in blood sugar, eapressed as a per cent decreast
However, this correlation does not appear to depend upen the absolute rise 1n
insulin activity in the serum, since approximately the same fall in blood sugar
has been observed in subjects in whom the msulin levels increased to more
than 2000 U (Case Nos 3 and 4) as in others where only 700 xU /ml serum
have been measured as 2 maximum (Case No. 2). .

The changes in serum msuhinlike activity and blood sugar concentration
mduced by the injection of 2.5 mg. metahexamide/kg. of body weight i the
same 5 subjects arc demonsirated in k1GURE 3. These results were sumilat o,
although less marked than, those obtained with tolbutamide.

=
X

tnsulinlike Activity
&
=

1RBna pooiq ja aseaizag

@

@2 034 arri rr ERXET] “w
TimalMin}
n Insulinlike Actimty
~— Blood Sugar
Ficore 3 The response of normal subjects toa single dose (25 mg /hg , mtrascnousls)
of metahesamde
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This effect is 1llustrated further in rFrourr, 4 which camnares anlv the serum

nduced changes i serum insulin
Serum wnsulsnlike actnaly 1n 5 elderly diabetses before and after the admxm:l!w
tion of de and metah de, resp FIaumr § iy ec information

normal subjects, agamn mcr;ased In correspondence to the fall in blood sugar
within 30 min after injecting 25 mg tolbutamide/kg. hody weight, Thest
increases amounted to 2600 and to 4300 uU /ml scrum 1n the third and fourth
paticats of this group, respectively, the fasting blood samples of which had
rclded the higheﬁt insubnlike actwity levels in scrum at the start of the re-
e e well
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Inview of the postulated correlation between wmcreases 1n serum insulinhike
activaty and decreases in blood sugar it should be noted that the absolute and
the relative nises in msulmlxke activity again sccmed to be of minor importance
This may be luded from the responses of the second and
fourth patients i this group Inthe farmcr lhe blood glucose levels decreased
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more intensively and rapudly than in all diabetics tested, whereas the insulin-
like activity ro-c only from 470 to 1000 xU./ml. serum; that is, by about 100
percent  In the latter, a slightly <maller and only slowly progressive decrease
in blood glucose resulting in but a pnmary rise one half hour after the injection
of tolbutamide was accompanicd by the increase in insulinlihe activity from
680 to 4300 uU /m! (about 600 per cent) within the same interval.

FI1GURT 6 shows the results obiained in the 3 diabetics before and after the
wjection of 23 mg of metahexamide/hg. body weight. They are the ame
as those observed following the tenfold larger dose of tolbutamide. It may
be «een from this figure that 3 hours after the injection of the drug the serum
isulinlihe activity levels have, in general, returned to the nital ranges, 28
has been observed 1 the studies carried out 1in normal mdivaduals, - Contrary
to the situation n nandiabetic subjects, however, the hypoglycemu stall per-

sisted
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Ficuae 6 The rusponse of clderly diabetics to a single duse of metahexamide (2 5 w5 /481
wtravenously).

Samething of a conwstency in the resbonses of the ndividuat subjects to the

SLUKITS, 45 rvss 2+ v vm = e e

bet

ho

o o
duabetics before and after tolbutamide and metaheaamide, respectively. 10€
4 patients previously were shawn 1o be noaresponsive to sulfony lurea therapy
In accord with this finding, no intreascs in msulin levels and decreases 1
Dlood sugar were obsery ed following the adminstration of a single dosc of the
.lfonylureas T he nsulin levels nearly i the range of the normals and of
elderly diabetics are explaned by the comparatsely shart interval of only 2
Tours betseen the last mjection of exogenous insulin and the institution of the
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esponse test  When the insubin administration was discontinued for 48 hours,

he serum msulinlihe activity was found to be significantly below the \.alucs

letermined 10 the nondubetics. However, hypergly cemia and acidosis oc-
h . IR
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Ficure 9 Mean of serum insulinlike activity levels m different groups of human sub-
Jects before and after (Orinase) and i de, respectively.

In the nondiabetic subjects, on the ather hand, the nises in serum insulinhke
activity were, in particular following metahexamude, less pronounced, In the
elderlv diabetics, however, metaheramide has been found to be equivalent 1B
its in
notev
e emle diabetis farled to demonstrate increased fnsulin actity levels 8
serum following both tolbutamide and metahexamide,

Serum sulwltke acliily ass'ocmttd ,‘isllll an ’xslrt-u[l adenoma of the pancreds
before and ofter the gdmuny of de and melahe de, respectitely-
Ao far as uming of the increases in serum insuhn aclivity and the relation —
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belwsen the dosages and effects of both drugs are concerned, the same results
as in normal subjects and elderly dsabetic subjects were obtained 1n a female
patient suffening from an islet-cell tumer of the pancreas, TABLE { gives
information as to the fasting blood sugar and serum tsuhinhke activity values
m this patient, which were determined on 13 occasions The insulmlihe
actwvity levels 1n serum exceeded the normal range 11 in 13 times  Following
1h and h de int ly (FigurE 10), the same rapid
and marked ¢levation of serum 1nsulm eccurred within 30 mm - aftef injection,
as has been descnbed above in the normals and elderly diabetics  Apparently
because of the height of the initial levels, the insulinlike activity increased
CLL) . dinanly large

) d throughout

TABLE 1
Broop Srcar aND Spxux INSULIN VALDES IV A Femare Pamient Wirm an
Isier-Cert TUMOR OF THE I'ANCREAS

Blood fugar hnlike activit)
ot teslia ‘ Date
48 2t00
5 1700
8% 940
81 210
66 4900
1050
0 1500
67 2
48 2200
5 170
3
43 2500
62

Studies an Ammals

Valerrals and Methods 1hese expenments were designed (o study differ-
eices between penpheral and portal venaus imsulin lesels before and after the

fed ad lbitum unti] the start of the expenments  They were divided mto
groups of 4 The femoral and portal veins were cannulsted by small plastic

:Im wjection.  Their pancreas were removed immeduately after death for
1
gical and histoch 1
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Diluted «erum (1:3) was used m triplicate for measuring insulinhke acuvity,
as 1 the studics i humans, according to the method of Martin ¢/ o ¢ In the
cytoplasm of the gcells the content of 85 and SH groups was determined
w0 collabaration with Sandntter and Becher according to the method of Bamett
and Seligman * ' The modification of Bahr* was used since it 1> swtable for
evaluating photometncally the statmng reactions. s has been shown pres
viously m studies carnied out on the pancreas of calves? in which the amount
of extractable mauln was € i with the cytoph i
figures (Sandnitter ¢ al 1), this method allows us to estimate roughly thein-
traceflular content of insuln and msulin precunsors in the gcells.

ric tion

0 880 1 v (25mg/Kg Body Wt ly MetahexamidetV
(25mglKg Body Wt )

SerumL2)-Inswlin
ity e/l

———— Blood sugar [mgok]
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Tictre 10 Roponse of a patient wath msulnom to a single dose of tolbutamide
and metabevamide, Fespectisely

Resulls
e
insuln
and §
and alus we e e -,
in the former experinents i dogs, the normal serum n-ulin levels were much
Digher m portal than in peripheral blood m the rats. Thirty minutes after
mijection uf the sulfony tureas, the decreases m blood sugar and n the content
of dinulide groups 1n the pancreas voincided with remarkable tncreases in serum
{nsulin in the portal venous blood, whereas only a small ri-e 1 insulin levels
s observed n genetal arcutation. .
“{i\‘l\uS, the ob~cnvation made previously in only two dog~ * b eren
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1n blood msuhin induced by tolbutaride may be found 1o the circutation matnly

VAL Ui i i s T s s s e

‘“n:fx.s 11 Top, an eatraordmanly large sobd msulinoma {see test) Uottom, tumor
ne
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ureas 1s based here upon repeated determinations i a total of 12 rats i the
tolbutamide and the metahexamide groups, respectively

As regards the rather moderate decreases 1n blood glucose observed at the
30-min period, it should be understood that ether anesthesia was used through-
out the present expenments  In unanesthesized rats the blood sugar underwent
an average decrease within the same interval to about 50 per cent of the iitial
value,

With respect to the comparison between the actions of both drugs on the
pancreas, it should be noted that the varations induced by the metahexamide
were nearly equivalent to those obtamed with the tenfold higher dove of
tolbutanude.

Discussion

Our zesults clearly indicate once agam that endogenous uuhn s released
from the pancreas following the administration of tolbutamide and metahes-
amude

Asfar as the studies 1n man are concerned this conclusion may be reached
from the increase in the levels of serum insulin activity estabhshed m the
penipherat i of d of toll d ponsive elderly dia-
Letics, and of one patient with a pancreatc islet-cell tumor 30 mm after the
iat ly admni Ifony} Comersely, no elesations of serum
insuhin activity were found in the juvenile diabetics not swtable for sulfonyl
urea theranv

groupt%  Thetr experiments were done blind, w 5 normal subjects and 17
diabetics both before and after tolbutamide by mouth, and the rat hemidi-

tration, A fough calculation shows that the amount of endogenous insulin
released 1nto general circulztion after sulfony Jureas 15 1n the range ug €X0genous
tnsulin administered penpherally 1 a dose of about 005 to 01 U bg body
“oight

s3¢’dubetics This prolongation of the by poglycemia thus hould Lé at-
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tnbuted to an additional mechanism different from that implied in the increased
insulin levels 1 general circulation

Attention should thercfore be directed toward the differences between insulin
activity levds in the portal and penpheral venous blood (that is, proumal to
and distal to the Jrver) cstablished both before and after administration of
tolbutarude  This difference was obscryed only occasionally in our earlier
experiments 1n dogs to such an extent that considerable tolbutamide-induced
increases 1n msulin actvaty i the portal vein contrasted with the failure of
increases in general arculation® It was found in a simlar way in the present
I v -

. T i
less quantitatively pronounced in the differcnt specices, permitting only small
amounts of wmsulin to pass into general circulation, as occurred in the rats, for
cxample, whereas considerable concuntrations of pancreatic insulin iniually
reach the circulation after the hver in the human beines  1f this hynathess

i tne aizpencs, be explained by concomitant increases i insulin levels 1
peripheral arculation  Hence, one may be inclied to believe that only the
primary phase of the hypoglycemia after tolbutamide is due to the release of
endogenous nsulin nto peripheral arrculation, whereas the prolongation of the
hypoglycemia is caused by some other, presumably liver-connected, mechanism

Although 1t would be uawarranted to draw very far-reaching conclusions
from these studies performed in only 2 small number of eases it should be

1516 that onle i o mvamiuy SPLARD dRALiIBL LG Upsiny
suggested elsewhere,!* 1 that only minor stores of pancreatic insulin are avail-
able for immediate release in the pancreas of elderly diabetics who are suit-
able for sulfonylurea therapy ~The problem of the pathogeness of diabeles
occurning after the age of 40 (matunity-onset type) becomes even more puzzling,
however, when we consider this observation  Adding to it the essentially
normal or even siightly elevated fasting levels i insulin activity that were
found in the elderly diabetics by a number of authors previously™ and agam
in the studies reported, one may be led to inqure why these patients have been
classified as diabetics

- . - e S v WL LGS 1L SER U
insulinhike actvity and the decreases in the msulin content of the rat pancreas,
metahesamide appears, under the present eapenimental conditions, to be
roughly equivalent to the tenfold larger amount of lo}bumm:de with respect
to stmulation of pancreatic insulin sccretion, ecept in the case of the non-
diabetic subjects.  No reasonable solution can be offered at (hus yime for the
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wealer response that has been noticed in normal human subjects  The tenfold
greater effect 1n the elderly diabetics, however, comports with the chnical
I ' LR PR . ey Y oy
U T U
the fact, mentioned before by Martin ef al ,* that this bioassay based upon the
metabolic acitivity of the rat adipose tissue daes not measure nsulin acuvity,
but enly insubniike activity. The second powmt conwists of the problem of
msulm whilntors present in each serum. These factors may also disturb the
measurements of tnsulinlihe activity in our studies to a considerable extent
This particular lack of speaficity, howeser, 15 shared by all bioassays for
wsuln  As to the nsulin-nhibiting substances, 1 <hould be re-emphasized
that the dilution of the sera in our assays resulted in diminebing the activiy
of the mhibitors,  Eventually, they were involved n all determimations of the
Present imvestigation, thus f wih all t
Hence, 1t scems reasonable to assume that the differences established between
the nsulinhike activity levels measured before and ufter tolbutamide, on the
une hand, and 1n portal and penpheral arculation, on the other, are real dit-
ferences.  Moreoner, the elevated fasting levels in w~ulin actis ity measured
1n the patient suffering from a pancreatic S-cel} tumor, and the decreased values
 serum msulin found i the juemle diabetics after a prolonged penod of
discontinuation of exogenous sulin further support this conclusiun
In our opinion, therefore, the fact that the tolbutamide and metabevamide
fesponse lests were performed following a wingle dose of the sulfonilureas
deenves more attention  In twa clderly duabetics only oral treatment wa~
Eneo beforchand. s 1t may be inferred from studies previously pertormed
1n this laboratory on intact calves' in whick the content of extractable pan-
€reatic nsulin was used as an index for esimating wsuln release from the

Tl ittt by

Cotrectly,

Suptmary



494 Annals New York Academy of Sciences

fonylureas is due to the relcase of endogenous insulin into the peripheral circu-
lation, whereas the prolongation of the hypoglycemia is caused by some other
mechanism, presumably liver-connected.

This view 1s supported by the demonstration of differences between insulin
activaty levels tn portal and penpheral vcnous blood established both before
and after one ad ion of tolk de and ) ide an intact rats.
Remarkable sulfonylurca-induced rises in serum msulin in the portal vem
contrasted with only small increases in general circulation.  With regard to
imilar observations made previously in other animal species, the concept of
<ome hind of a hepatic binding of endogenous insulin discharged from the pan-
creas after tolbutamde s supported by these findings and needs further clanfi-
cation.

On the basis of the increases 1n scrum msulinlihe activity established in the
elderly diabetics, the patient with an insulinoma, and the rats, as well as the
decreases 1n the insulin (for example, the disulfide group) content of the “5
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DETERMINATION OF METAHEXAMIDE IN HUMAN PLASMA

Arlington A. Forist
The Upyohn Company, Kalamazoo, Mich

Metal
potent,
ureas _
sugar concenirations requires a suitable analytic procedure,

Several methods have been reported previously for the determination of
anudiabetic arylsulfonylureas  Spingler and Kauser,! Forist ¢f af 2 and Bladh
and Nordén® have descnibed methods for the determination of tolbutamide
(1-buty!-3-p-tolylsulfonylurea) based on the intense absorption by this com-
pound at 228 mu  The procedure of Toolan and Wagner! for chlorpropamde
[1-(p-chlorot lfonyl)-3-propylurea] sumilarly is based on ultraviolet
spectroscopy. Visible spectrophotometric methods for tolbutamde determina-

of diazotization and coupling  However, n this case the amino group 15 1
the smefa position relative to the sulfonamide group nstead of the pare position
as 1s true 1n carbutamde and 1 the sulfa drugs. Moreover, in metabexamde
a methyl group 1s also present ortho to the ammo group  Because of these
structural differences, the behavior of metahexamide 1n a modification of the
Bratton-Marshall procedure® has been critically examined and 1s reported
herein

Maltenals and Methods

The four following reagents were used (1) perchlonc acid, 10 per cent @
sample of 31 3ml of 70 per cent perchlonc acid is mised with 300 mt of wates),
(2) sodwm nitrite, 01 per cent, (3) ammonum sulfamate, 05 per cent, and
(4) N-(1-naphthyl)-cthylenediamne dihy drochloride (NED), 0 1 per cent (pre-
pared fresh daily)

Apparatus A Bechman Model B spectrophotometer cquipped with 1-cm
cells was employed for absorbance

Procedure One ml of plasma (or serum) 15 mixed with 3 ml. of water, and
4 ml. of 10 per cent perchlonc acid 1s added <lowly, with gentle agitation
The miature 15 swirled occasionally duning 15 min and then filtered through
\hatman No 40 filter paper (a 2an funnel with 9 0-cm paper permits &
covery of sufficient filtrate for the next step)

On:. m1 . !

m. s i . .o -

mt - . e

mate  The solution 1s thoroughly mixed and, after 3 min, 1 ml of 01 per
cent NED 15 added  The resulting solution 1s mised by swirling several times

496
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and then rapudly d to the spectropk cell, which should be
filled as completely as possible, .Absorbance of this solution s determined at
535 mu versus a reagent blank between 5 and 30 min after the addition of the
NED tothesample A plasma blank (contaming no metahexamide) 1s carried
through the same procedure.

The plasma metaheaamide concentration (mg 100 ml) 1s calculated from
the equation:

M = (ds — ds)/ass
where

As = observed absorbance for the sample at 535 mu
A = obsen ed absorbance for the plasma blank at §35 my

By = er il of mctak de per 100 ml of plasma for
metahexamide added to plasma and carned through the standard proce-
dure (about 0,097),
TaaLe 1
DiAZ0T1ZATION OF METAHENAMIDE AT 25°C _ _
am
Tine (mun) - —
Preudofltrate | Plasma filtzate
_— - e
1 0070 —
g Q101 -
0 105 =
8 i s
] o1 o 0%
10 0102 -
o 0 100 -
Results and Discussion
- )
tplcation of (he msiod 1 netahenamide, a careul of expert:
mental variables has been made  This has been accomplished by the use of
veudofiltrates (5 per cent perchl acid)_contauning and, n

1 rma cantainme
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tion have been renarted by Cronctoa b1 w8 o

e uiugs.  SIOTCOVET, IN MEIAntAdtiie
a methyl group 1s also present orfho to the amino group. Because of these
structural differences, the behavior of metahesamide 1 a modification of the
Bratton-Marshall procedure® has been entically examined and is reported
berein,

Matersals and Methods

The

sample "

(2) sod C e

(4) N-(1-napntny1)-cthylencdiamine dihydrochlonide (NED), 01 per cent (pre-
pared fresh daily)

-Apparaius A Beckman Model B spectrophotometer equipped with 1-cm
cells was employed for absorbance measurements

Procedure. One ml of plasma (or serum) 1s mied with 3 ml, of water, and
4 ml of 10 per cent perchlonic acid 15 added <lowly, with gentle agitation
The mixture 1s swirled occasionally dunng 15 mun and then filtered through
\Whatman No 40 filter paper (2 2-in, funnel with 90-cm paper permits re-
covery of sufficient filtrate for the next step)

Five ml of the protemniree fltrate 1s added to a 25.m] Erlenmeyer flask.
One ml. of 01 per cent soditm nitrite 15 added and the solution thoroughly
mued Diazotization 1s allowed to proceed for 10 mm » after which the excess

1nl of 05 per cent ammonium sulfa-

ced and, after 3 min > 1ml of 01 per
tion 1s mixed by swirling several times
496
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absorbance, This has been traced to an oxdative process  For this reason
1t 1s recommended that the solution be transferred to the <pectropt
<ell rapidly following addition of the NED to the ~ample This procedure
produces a situation where the surface-to-y olume ratis 1s Jow and therefore less
favarable 1o air oudation

Included 1n TABLE 3 are the results obtamned when a sample of metahexamude
i a tnchloroacetic aad pseudofiltrate, prepared according to Bratton and
Manhall,? 15 examined for color production and stability The response 15
about 90 per cent of that obtaned with the perchlonic acid sy<tem, and the
colur is considerably less stable. For thewe reasons, perchlon( acid has been
employed as protewn precipitant

TaBLE 4
LPEECT OF AGING OF THE PROTEIN PRECIITATF ON Ricoviry oF
METAHENAMIDE FROM HUuMan Prassa

Age of Suspension {mun ) ae

TasLE §
STARLITY 0F METARENMAMIDE N A § Prz Cent Preauionc A
PSEUDOFILTRATE AT 25° C

Age of wlution Eey
T s
2 0105
9 0105

25 0 105

The effect on the recosery of metahexamide of the exposure of precipitated
vhsma protems to perchloric acid has been studicd TaBLE 4 shows that
fecorery 15 constant over a period of an hour  Stability of metahexamde in
2 pseudofiftrate 15 shown 1 TABLE 5 No Joss 15 observed over a penod of 25
hours, ndicating that the protemnfree filtrates need not be analyzed immediately
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for at least an additional 23 mun, A 10-mun. reaction peniod has been adopted
for routine use It can be scen that the response obtained with metahexamide
n the plasma filtrate 1s highly reproduable and is about 91 per cent of the
response obtamed with standards in the pscudofiltrate

To avoud reaction with the coupling reagent (NED), excess nitrite 1 de-
stroyed by the addition of f: To define allowable vana-
tions 1 fime at this step, stability of the diazonium salt in the reaction mixture

TABLE 2
STABILITY OF Di1azoTizED METAHENAMIDE IN TIF PRESENCE OF LACE:S
AMMONIUM SULFANATE AT 25°C.

Age of solution
{mua )

aan
1 0 105
3 0 105
5 014
10 0105
20 0.104
30 0'103
60 0 10¢

* Fave per cent HCIO, pseudofiltrate

TABLE 3
STABILITY OF THE \z0 COMPOUAD FROM METANENAMIDE
Time afeg NED atduson st
iy .
i Pscudofiltrate Plasma Lltzate TCA pscudofiltrate
3 0102 0 0939 0 0940
s 0 104 0 0958 Q0937
7 0104 0 0960 —
10 0 104 0 0962 0 0925
15 0 104 0 0962 0 913
20 0 10} 0 0964 -
25 0 103 0 0964 —
30 0 103 0 0964 —
45 0103 0 0966 0 0893
60 0 101 0 096¢ 0 0893
* Sample held 1n t-cm spectraphotometer cell
Ccontauning excess 1 has been 1 TaBLEL 2 shows

that destruction of nitrite 1s complete within 1 mmn , and that the diazonum
salt 1s stable for at least 1 hour A 3- to Semin reaction period has been em-
ployed for routine use, but considerable flexibility 15 possible,

Rate of formation and stability of the azo compound following addition of
the NED has been determmed. TABLE 3 shows that 5 mun, are required for
maximum color formation 10 both the pseudofiltrate and the plasma filtrate
Some loss occurs 1n the pseudofiltrate after about 30 mun 1 the spectropho-
tometer cell. Color stability 1s somewhat greater for the plasma filtrate, with
no loss occurnng over & period of an hour However, solutions left m the
reaction vessel (2 25-ml Erlenmeyer flask) <how considerable run down 1
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Stummary
A modification of the Brxltom\[;mhall’ procedure for the dclermm:mon oi
aromatic amines has been developed for the ion t2h

human plasma  Greater color stability and somew hat higher senatis ity ha\e
resulted from the substitutton of perchloric acid for trichioroacetic acid as the
protein precipitant,  Esperimental vanables have been thoroughly evaluated
Under the conditions described, recovery of added metzhevamide trom human
plasma over the range 1 to 5 mg./100 ml has been 100 4 & 19 per cent (mean
& standard deviation).
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dicated an apparent metahesamide concentration of 0.1 to 0.2 mg./100 ml,
Thercfure, for masimum aceuracy, especially at low levels, a plasma blank
should be run and the appropriate correction apphed as described above.
Apphuation of the methad o the determination of metahevamule added to
human plasma has given the results <hown in Tamn 6, “The mean recovery

Aunals New York Academy of Scicnces

Tavir 6
Rrcovery o METAREMAMIDE ADDFD T0 HUMAN PLASMA

Found (g /60 ral ) Rewovery (73)

Adlded img /100 mb )

Tlasma t
094 095 1011
096 102.1
189 195 103.2
196 1037
238 273 96 5
28 9.6
318 3n 98,1
378 100 0
473 464 98.1
Ilasma 2
094 093 93.9
189 194 102.6
18 1000
283 287 101.4
2,84 004
378 382 10t.1
381 100.8
323 40 9 2
471 99.6

Muan & standard deviation 100 4 &=

plus or minus standard deviation of 1004 £ 19 per cent mdicates eacellent
accuracy and preusion

“The procedure as presented 1s useful over the range 0 2 to 8 mg. metahexam-
1de/100 ml. plasma Greater ,\mzquv.uly, i x.\ccdcd, should lie possible lu:
cemploying a_larger plasma sam
prmcm(rcc filtrate, pr;xv:ic;ll‘,clh.

i ate, and 3

- mpu]li\:r“"::(:l‘:.‘\uc :ulmno compounds interfere.  Direut etension of the
anly 0‘ to the analysis of unne is possible, recognizing that metabolites 48
mcclll]‘:): intact metaheramide are determined,
w o i
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DETERMINATION OF THE HALF LIFE OF METAHEXAMIDE
IN NORMAL HUMANS

Lea L. Morgenstern
The Metabolic Clinic, White Plains Hosputal, White Plasns, ¥, ¥

Edwatd R Garrett
Research Dissson, The Upyolin Company, Kalamazoo, Msch

Metahexamide [l-(S-amino-p-lolylsulfonyl)-s-cyclohcxylun;a] 15 4 new ex-
perimental antidiabetic sulfonylurea  Before extensive clinical evalyation of
tins new compound on diabetics, the time for halving blood lev els of metahex-
amde (that 15, the effective half hfe) was determined. This Daper summarnzes
the ehmcal investigation (L L M.) and the data analysis (ER G ).

Procedure

Fuelre normal nonfasting subjects were used; 9 were males and 3 were fe-
males  All cases but patient Wa, were white, all but one were ambulatory
volunteers who carried on their normal daily activities except for the times at
which specimens were taken The eaception was patient Wa , hospitalized
with bilateral tibaal fractures and, at that tume, at bed rest.  The subjectswere
all seen * ~ o0 oo

by the method descnbed by Forist, elsewhere 1n this monogram, This method
1s 2 modification of the Bratton-Marshall procedure,! the nonfasting blood
sugar level was determined by the method of Folin and Wu

Results and Discussion

Typical plots of the log metahexanude blood concentration versus time 1n
hours are shown 1n FIGURE 1 The rates of elimination from the blood are
summarized 1n TABLE 2 as based on the data in TABLE 1 corrected for the zero-
hour value  Included in TABLE 2 are the slopes of the semifoganithmic plots,
the derived rate constants, k; the half hives, fys, of metahexamde elimination
from the blood, the number of points serving as a basis for a rate cstimate, the
hour of maximum value attamment from the 1-, 2-, and 6-hour values, and
the maximum value in milligrams per cent.

The Lasic equation for first-order elimination from the blood 1s.

log .1 = —(&/2303)¢ + log Ao )
where 1o is the amount of drug at zero time (extrapolated) and the first-order
rate constant, k, is 1 units of reciprocal time, that 13, hour-1, The slope, S
= k/2 303, can be transformed to the half Iife #y,, the tyme at which half the
drug 1> eliminated, by the eapression

- 05 _ 6.
__E&;L = 0 _ s (2)

502



Morgenstern & Garrett. Half Life of Metahesamide 505

by subtraction of the “zero™ value, as the “mean” value for all patients at the
time of oral admmstration  The vertical lines 1n FIGURE 2 represent the
standard deviation of the mean.

The large standard destations at the 0 5-, 1-, and 2-hour values are due to

Tapie 3
StaTisTIcS OF METAUEXAMIDE BLooD Li\ELS*
(Based on the Mean Value of All 12 Nonfasting Patients at a Given Time After Oral
Administration of 200 mg )

Mean Standard devialion

Time 1n bours g’ per cent deviation of meant
H . '

05 0206 0329 0095

1 0142 047 0129

2 0 856 0 859 0 248
¢ 13 047 014

12 108 0 36 012

4 0 658 0245 0 071
48 0225 0175 0 051

- e st 21z a9 s
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1t 1s our opinion that, although a rate constant or half life derived from the
pooling of individual’s data obtained at the same time after administration
may serve as a value useful in comparison with another drug, yet it has little
significance 1 estimating human variabity in maintenance of drug blood
levels A better choice of data treatment 15 to determune half-Ife values of
the individuals

Such data are given 1n Tantr 2 The mean half life 1s 18.2 hours, the stand-
ard deviauion ¢ of an individual being 5.7 hours. The estimated tolerance

TABLE 2
SUMMARY OF RATES OF METANEAAMIDE BLoop LEvEL Loss 1N PATIERTS®
- - !
Fstimated rate|
1 Slape of log | oo It o of pomts. Ur of
Paent | SRR | Somattier | UALNE ) Ternran”) e vae |t
versas me | o biool | rin bours) | ! SN

Du 0 0158 0 0564 190 [} 2 160
Wa 0 78 0110 63 3tt 6 120
Sh 0 0188 0 0433 159 [34 2 272
Du 00153 196 3 1t 095
Mu 0 0220 0 0507 136 1% 2 18
Ja 0 0146 0 0337 20 6 41 6 208
Br 00132 0 0304 226 4 6 120
Do 0 0241 0 0556 12 4 3 13 105
S 0 0145 0 0533 207 2 6 104

2 0106 Q¢ 0248 28 3 2§ 6 1.8
Pe Q0137 0 0316 219 5 6 158
Ha 0 7S 0 0404 171 4; 2 155
mrs Faur first-order fit

§§ Quality of fit unknown, 2 points can only esimate 1 straight hne

Jumits? withia which 95 per cent of the population of half Jives wall fall is 182
+ 13.1
TapLs 2 sh
hours, but n}
mg per cent { - R

cent
An estreme value 1n TABLE 215 that of patient Wa., the only possible excep-

{ion to the cnitenion of “healthy” adults, a Negro hospitalized with bilateral
tibial fracture, but no other pathology R

The other method for treatment of the data is shown in TapLz 3 and plotted
in rigusE 2 This treats the blood Jevel data, after correction for bachground

-e-- o
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average half ife of 18 2 hours, with the standard deviation among individuals
of plus or mmus (%) 5 7 hours and with a standard deviation of the mean of 16
hours It can be concluded that metaheaamide has, within biological vana-
tions, 4 ta 5 tunes the half lfe of tolbutamide 1n the blood and approaumately
one half the half hie of chlorpropamde
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the different absorption rates among the individuals (see TABLE 1), Absorption
has been virtually completed by 6 hours; actually, only 3 pants (6, 12, and 24
hours) are valid for the estimation of the half hife of metahesamude in the
plasma  The 48-hour value 15 stgnificantly greater than zero, but it must be
realized that an absorbance of 0020 indicates an 0 2 mg. per cent of metahex-
amide, since Forist’s method was designed for the range 0 to 5 mg. per cent of
metahexanude in the blood

Tn<pection of the clinical data at the “zero” hour clearly shows an “apparent”
metahexamide concentration of 0 1 ta 0.2 mg. per cent in plasma contatning no
metahexamide  This blank value is consistent with Forist’s estimate,

An important item to remember 15 that any aromatic amine will provide a
positive assay artifact, since 1t will react in the Bratton-Marshall test.! For
cxample, the oral administration of phenacetin (acetophenetidine), C:HiO-
CeHi-NHCOCH;, a component of phenacetin, asmrin. and caffene {PAC),

some factor other than gastric 15 rate- 1 ing in the apr e
of metahexamde m the blood At a gastric pH of 2 or 3, the solubilty of
metahexamide 15 about 20 to 10 mg /100 cc.” At a 200-mg. dose, the total
water content of the stomach would have to be 1 to 21 for the matenal to be
totally dissolved, on the assumption of instantaneous dissolution.
Tt thus follows that complete dissolution will probably not occur until the
pH 6 or 7 of the intestine 1s teached, where the solubility 1s 60 to 500 mg /100
+ 1 pH of nunimum
2 mg./100 cc.
, but the greater
. e peee = o scrancnide  In general,
charged compounds are absorbed with difficulty by the gastromntestinal mucos3
The point of mimmum solubility (probably mn the duodenum) s the pH of
maxinum concentration of noncharged molecules and the point of marximum
abe :
tio '

that 15, & relam'elir p;élongcd absorption time attributable to the umque mtcr‘-
ac
[i<4

ot of motahexamide at 200 me oral dose 1 16 1o 20 hours, Thus it may be
concluded that metahexamide has 4 10 5 times the duration of tolbutamde 1
(he blood on oral administrition ‘The half ime of chlorpropamide 15 appros:
mately 32 hours;! thus the half hfe of metahexanude is about one half that of
chlorpropamide.
Summary

Pscudo first-order rate plots of metahesanude elimination from human blood

o 42 nondiabetic, nonfasting, adult humans guen 200 mg. orally shoned an
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wirtually free of toxicity as is tolbutamide
the halogen denvatives of sulfonylureas p-chloropropvl- and p-chlorobuty I-
sulfony lurea, sespectnv ely, are more potent than tolbutamide hut a1 the comn

509

Several years ago I investigated

nng
Taste {
TOLBUTAMIDE 1§ RaTs, § MonTins, n =
Dose -
250 ® 1o 200
Liver no. no light tatts hver
Sndings findings findings |
hdsey | nopathological | no pathelogical | no pathological | o puathelogieal
dings findings inding s
Heart 0 no no | no pathelogial
findings findings findings ndings
Otker o- |
sans no no path no hy perplasia of the
findings findings findings | thyrod
Tasts 2
ToLSLTAMIDE IN Rats, 9 Movus, n
ma A, oratiyd
Dose. ‘ Lonlrol
7% ’ 50 ‘ 1000 [ wo
Hemoglobn normal | normal | normal | vormal | —
Erythrocy tes normal | normal | normal | normal ’ —
Leuhocy tes normal | normal | nocmal | normal -
Dilt count normal | normal | normal | normal J -
tine
Sugar ~——wythout pathological findings—-—— -
Protun +——avithout pathological findings——s -
Sediment +——wthout pathological findings—— -
le ——without piathological findings——» A
Liver gl cogen (percentages) 43 29 27 3

Glucose tolerance

25

Tasie 3
Torsuramios 1% Docs, 9 MovTiis, n = §

Dose

(g Aig, orally) 100




Part IV. The Status of Oral Agents in the Therapy of Diabetes
PHARMACOLOGICAL STUDIES OF THE SULFONYLUREAS

Alfred Bander
Farbwerke-ll

focchst . G , T ranbfurt
(A1) Hocchst, Germany

A good basis for further development of oral antidiabetics 15 found in toxico-
logical experiences gained with the preparations tolbutanude and carbutamide,
already on the market I am reporung results of long-term expenments
with huigh dosages of tolbutamide  These results were obtained n cooperation
with Scholz et al % Four yearsof clinical experiences have proved theaccuracy
of our previous toicological prognosis based on results of studies on animals,
namely, the absence of toxicity in these preparations. Rules regarding dura-
tion, 1ntensity, and vanation of toxicological tests with animals have been
postulated recently also by Lehman.#  These rules must be recogntzed, as they
are based on experience These criteria should be applied when new oral
antidiabetics are to be developed

After the mtroduction of insulin, death in the majonty of diabetics is not the
direct of the di bed boll but 15 the result of the late
complications, particularly of the vascular system. In addition to possessing
therapeutic effectiveness, modern antidiabetics should not augment complica
tions or provoke new ones A prognosis regarding possible side effects can
be made only when the drug in question has been administered overa prolonged

logical changes This Lt dose should be far higher than the therapeutic
dose because very strict measures must be applhed 1 drugs intended for ad-
numstration over a period of decades as compared to those designed for short-
term treatment
The therapeutic dose of tolbutamide for human Leings is approximately 25
mg./kg when given orally  Therefore I have given rats 250, 500, 1000, and
even 2000 mg /kg orally over a period of 9 months. Mis-bred ammals were
used 1n air-conditioned rooms and received 4 standard diet.  The drug was fed
only by stomach tube Dogs recerved 100 mg /hg orally over a period of 9
months  Higher dosages cannot be given to dogs for this length of time, smce
the antmals would die of acute hypoglycemia, The results are shown In
TABLES 1, 2, and 3 We have done conmderably more studies in general
pharmacology, but the results ate of minor importance in the present contet.
For us these studies are the standard against which all other hypoglycemic
drugs are to be tested  In Hoechst, Germany, more than 1000 hypogly cemic
ubstances have been synthesized thus far. A few of these substances are
; ¢ potent than totbutamide, but up to now not one was found to be as
moT: 08
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this case, also, increased potency is connected with decreased chromic tolera-
bility despute the fact that the acute toucty of metahexamide 15 within the
range of tolbutamide. The results obtained from my standard tests are shown
inTABLES 7, 8, and 9

TABLE 7
METAHEXAMIDE IN RATS, # = 10

@z fug , oraly)
Dose.
0 250 50 1o 2000
Cwersbtel. | after 214 | after 2wechs,) within 1o 2 | within 7 to 10 after 2to 3
trance months, 2/10sacri- | wechs, days, 5/5 ‘ ays, 5,5
1/10dwed, | fices 10/10'diedl  died, resp | chicd, resp
aftér 3 resp dalled | killed be ‘ Ailed  be
months, Lelore fore spon | orc spon-
5/10satn- spontane- | tameous | tancous
Sced ausdeath | death | deal
Lier fatty degen- | fatty degen- | fatty degen | fattv degen | fatly degen
eration eration eration eration eration
) +, + o B g
necrosss 4 | necross+ | necross necrosis necrosis
++ ++
Rudney fatty + fatty + fatty +4 | nephross nephross
nephrosis | nepbrosis | nephross
Heart wathout 1110 aiff 455 B 275 fl Sathout
patholog fattynfil- | fatlyinfil- | fatty infil patholog
ical find- | tration + | tration+ | tratien weal find-
ngs privy ings
Taste
METAREAAMIDE 1N RATS _
Dase (g /he) Control
Hemoglolun normal
Ensthioytes normal -
Leidhocyten 9100 12200
Diff count normal =
Uige
ugar negative
Protei negative 5*
Ly bment negative negative
1t glycogen (percentages) 1 . 67 o
Clucos tolerance diabetc » nondiabetic

Uatil now I have obsery ed that metahexanude 1s tolerated over a sufficiently
Prolonged pened, but not without damage, m doses as low as 100 mg /kg 1
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Another product 15
jont research program

Annals New York Academy of Sciences

metahexamide.

This compound was developed in
together with

C. I, Boehringer, Mannheim, German

In human bangs the potency of this drug is as much as 10 times that of tol
t the therapeutic e dose is ly 2.5 mg /kg. I
Tasre 4
CHLORPROPAMIDE 1N RATS, # w §
(mg g, onally)
Dose
2% 500 2000

General tolerance

Liver

Kidney 1/s

Heart

duration 4 weeks, | duration 4 wecks,
0/5 died 3/5 died

fatts +degenerative | fatty 4+ degenera-
proc i proc,

after 2 days 5/5 diec

no lustology because
of decay

ncphrosts fatty tubul

without pathological findings

Tasiz §
CHLORPROPAMIDE 1N RATS, 11 = 5

(mg kg, onally)

Dose
100 Contral
Hemoglobin normal -
Ery throcytes normal —
Leuhocy tes normal -
Diff count normal -
Urine
Sugar without pathological findings —
Protein without pathological findings —
Sediment wathout pathological fndings -
Bile without pathological findings —
Luver gly cogen (percentages) 48
Glucose tolerance diabetic diabetic nondiabetic
TABLE 6

CHLORPROPAMIDE 1IN Dogs, 1 = 3

General tolerance
ver

Kudney

Heart

Blood

Unne
Glucose tolerance  «

(wg Ag, orally)

10 50
2/3 died 2/3 died
fatty + fatty ++
nephrosis nephrosis
fatty + fatty 4+
normal normal

without pathological findings
diabetc atbetic




ROLE OF ORAL BLOOD SUGAR-LOWERING AGENTS
IN THE MANAGEMENT OF DIABLTES

Robert F. Bradley
The Josin Clinsc and New England Deaconess Hosputal, Boston, Mass

Four short years span the introduction and extensne chmal tnal of sul-
. ' v -
d ' .
the alt:nnment of hlood sugar levels that ate \mhm the normal range (notmo-
r ). Since the sulfonyl and b de~ are not in~ulin and do
oot directly produce metabohic eﬁ’ccls compatable to those that follow insuhn
admmistration, the climcian may sunply look upon their actins a those by
which a certain minimum of insulin, avalable endogenously or exogenously,
appears 1o be more effective.
The steady stream of pills avalable to thousands of diabctics has been
mmposcd oN lfony and 3 ds  With the possibabty
v

Kl 4 b cnma cneramt

L et '
[T . . -

~3 r St LUAALY y Wa vt v

or Sm\bler manasement withont eopardizing the many Victanes won for the
eservng

' 2 that of
1t must

be at a level of 1ncidence and” severity much lower than if there were nu other

means of treatment,

Sulfornylurea Compounds
The sulfonyl ds have und sufficient chaical trial to

h . e

. )
. . : butarmde (Oninase}) has guned
« . 1, o 1) Cusrently the newer agents,
S . 2), because of enhanced potency
i fo e I the £eld of sulfony} lness 1n resp
dizbetic pabients

bt s most Tapid for metahexamidet Delayed excretion and durations of
.

¥Chas Pfizer & Co | Tne, Brooklyn, N Y
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TaBLE 9
METAREMAMIDE In Docs

(mg /g , orally)
Dose
10 25 50
Duration 2 months 3 weehs 1 week
General tolerance 0/5 died, 1 ammal | 2/5 died, anorena after 7 days, 5/5 m
sacnificcd, anorexia poor_general con-
dition, 1 prumal
sacnficed
Liver Jt fatty -+ fatty +++
{retention of bile as in ascending cholangstis)
rrhosis arrhosis
Kidney ephrosis nephrosis nephrosis
Heart without pathological | dilf fatty + dul. fatty +
findings filtration mbltration
Blood Ery, Leuk, Hb, | normal -
Duff count normall
Unne — rotein 4 rotun 44
bile = ile + Bie &
Glucose tolerance diabetic diabetic -

dosages in rats and dogs are under way, but are not yet finished Therefore,
a final evaluation from the tosicological point of view cannot be made at the
moment

Findings observed in animals thus far, however, indicate that clinical tnals
should be performed with particufar caution and criticism, and over a suf-
fiuently extended penod of time  All possible advantages of a drug should
be regarded as secondary lo the patient’s safety, Increased toxaity should
never be the price paid for a reduced dose

References

t Sciotz, ] & A BAMbER 1956 Deut med Wochschs 81: 825-826

2 Banpes,A &J ScnoLz 1956 Deut med Wochschr 81+886-801

3 Bawpew, A, A HaUsSIER & J ScmoLz 1957 Deut med Wochschr 82¢ 1557-1564
% Lemuan A'J 1959 Drug Trade News No 4



Bradley: Oral Blood Sugar-Lowering Agents and Diabetes 513

continue ta be those with matunty-onset, stable, so-called “mild” thabetes.
In general, “seventy” of diabetes 15 greater the earlier the age of onset,’® so
that selection of diabetics according to onset later in Lfe (age 40 and older),
as nell as upon 1nsuln requirement (40 U. and pretcrahly 20 U per dav or
less) becomes a guide to “maldness™ that has far greater acuuracy than attempt-
ing to substitute a sulfonylurea for a given number of umt of w~uhn - By
downg so, many physicians would avoid the trap of treating the carly Juvende
€3¢ 10 partial chnical remission only to se¢ the apparenthy benencial effects
swept asde in the ensuing weehs and months as the juvemle pattern contnues

< under age
wter muy
months of inadequate tolbutamude response  Several were m hetoatidoss, 1
withcoma  Two young men, ages 21 and 23 at onset of diabctes hue come
for treatment in the past 2 months after ineffectve diet and wolbut imule
therapy, Each had hipemua retinalis, and 1 came for diagnost- ot 1vpical

Tamee 1
Apuissiow Fispinos iy Two Dianemics noT Restospise 10 Tou
e —
[Duration of] Rlond Blwd
Ase at estment iBlood sugar' cholesteral  ch e terus
Peat s | gupter | M [Pl R £, e R
Gears)  |'oibutam t !
ve " 5 s w0 | 16 s |
Wit M| B s | 28 a6, Mot
*Onewerk,
tSiewechs

xanthomatosis  Until shortly before admission both stated they felt well and
derued diabetsc symptoms of sufficient seventy (o cause undue concern  Serum
fom each young man was creamy Laboratory findings confirmed uncon-
fralled diabetes. muld to maderate hetoacidows. and severe disturbances ta

OF fetmopathy are present 1 an acuve phae  Where these complications
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action for chlorpropamide (balf life, 35 to 40 hours$) and metahexamide (half
Iife, =30 hours*7) that are longer than those noted for tolbutamide (half hfe,
=6 hours) further increase the potency of the former when used in maintenance
studies

Mechanism of Acion Luttle or no evidence suggests that the sulfonylureas
lower blaod sugar by a direct, mnsulinhihe action. However, ample data support
the concept that they act on the pancreas to stimulate the production ot release
of insulin ®* and on the liner to mhibit glucose formation or release.!®#  The
continuing controversy concerning the relative contnbutions of these two
effects of the sulfonylureas indicates that much has yet to be learned concern-
1ng thewr mechanism of action  However, 1n terms of their clinical apphcation
the demonstration of pancreatic islet stimulation®# and of prometion of

HaN= 50— NH~CO =NH ={CHz)3 —CH3

CARBUTAMIDE

¢

HyC-! ~$0,—~NH=CO~NH—(CH,)3 —CH3

TOLBUTAMIDE
Ficuge 1

g

Cl- — 50~ NH=CO~NH—{CHz), —CH3

CHLORPROPAMIDE

g

HaC- —~$02~NH=CO—~NH~-

METAREXAMIDE

J

vl
Ficure 2

endogenous insulin secretion by sul Is has given c

impetus to their extensive trial i many thousands of diabetics,
Although some effects of tolbutamide on protein and Iipid metabolism are
smular to these produced by insuhn, such as decrease i blood nonestenfied
fatty acids' and serum amino acids!® in humans who show a fall m blood sugar
after drug administration, more study 1s necded to determine the extent to
to

which response of total diabetic bolsm to sulfonyl, 1s comparab
that obtainable with msulin.
furea Comporsds 1 the 3. of Diabetes

Successful management of duabetes with any sulfonylurea compound will
depend 1n large measure upon proper selection of patients for tral, and on
education of the selected individuals concerning the importance of diet and
\ong-range aums 1 total treatment.

Selection of patrents. Patients responding adequately to a sulfonylurea
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TABLE 2
Crireria oF CoxTrROL®

Degree of controlt
Relation 1o food Good Yau
Blood supatf ‘Blaod sugart Pror
R /00 cE mE
Fasting. 110 130 ,
Lhour, pe . 150 180 | Al others
2hours, pe 130 130
3 hous, 110 130
Unoe sugar 1n 24 hours 2gm orless Sgm orless
- ' ' values
TasLe 3
Resvrts or LonG-Tzrx Use 0F TOLSUTAMIDE
o ‘ -
patients o ot
=
Good control of hyperg] 1 191 550
lycerma and gly cosuna. '
l{zu control of hypergly cemia and gly cosuria l 121 1o
nmary falures (within fiest month of treatment) w23
Secondary Failures [XE il
Other 18 } 70
obet © e
Total 1 592 100

Long-Term Use of Sulfonylurea Conspounds

Tolbuamde. Since tolbutamide (Oninase) 15 the only sulfonylurea having
etensve chmcal tnal for more than one year in the Umted States, current
* T r sulfonylureas wall

3, and now 1ncludes

& total of 1500 diabetic paticnts, of whom an cstimated 1000 hase been on
Mintenance studies for longer than 1 month to more than 3 years  Although
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have been present for some time and are stable, their presence in the responsive
patient has not been a contraindication. In that age group of diabetics who
tespond best to sulfonylureas, atherosclerotic occlusive disease of coronary,
peripheral, and cerebral artenes is far more common, For indriduals with
such conditions these agents have scemed desirable because the blood sugar
often can be kept normal or nearly so without the concern felt by many that
msulinanduced hypoglycemia would produce myocardial infarction or ag-

responded well  No speaific duration can be used reltably to demarcate the
successes and failures.

Certamn patients selected by the above cnteria are not controlled by sul-
fonylureas  The safest means of eliminating all “immediate fatures” (those
dabetics rapudly developing uncontrolled diabetes and hetoacidosss when
insulin 1s omtted for more than 24 hours®¥) and most. “primary faslures” (those
occurnng in the first month of treatment) 1s to measure the blood sugar response
at =4 hours following a single, adequate loading dose of sulfonylurea!*

The “sulfonylurea response” test 1s by no means infallble. About one
fourth of the diabetics having madequate drop in blood sugar will be found,
many days or weehs later, to be dotng well on maintenance therapy. On the
other hand, later “fax” results or *secondary” failures (after one month of
sulfony lurea treatment) occur more often in patients with borderhine responses
to the test

Chlorpropamide does not yield consistent reductions in blood sugar level
within the number of hours considered reasonable for testing  Therefore,
tnal with this agent s based on day-1o-day maintenance treatment. Metas
hexarude thus far has yidded surprisingly consistent blood sugar reductions
wn the responsive patient 4 (o 6 hours after administration of the loading dose

Exaluation of irealment  Standards used 1n evaluating degree of control
obtained with any sulfonylurea will influence significantly the degree of success
reported. The seemingly ngid cnitena ongnally adopted for study of Joshn
Chm patients taking carbutarmde® are equally worthwhile in evaluating
tolbutarude (TaBLr 2)  Although arbutranly chosen, these strict standards
are not meant to create an insurmountable path 1o success for the sulfonylureas
‘There are three unportant reasons for their use

(1) Early m the course of sulfonylurea trrals 1t was found that the responsize
diabetic would have blood sugar and urine values consistently m or near the
normal range, this has continued to be true

(2) Patients not quahiying by these cniena often profess subjective well-
beng, yet mcreasing tolbutamude dosage, or omrtting it entirely, frequently
produce no change m blood sugar levels; this suggests that tolbutamide has
no significant effect 1n these indiiduals

(3) In the absence of other means of demonstrating anudiabetre action—
that is, prevention of late complications—standards of metabolic contral

should be strict.
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Senous toxicity possibly related to tolbutamide has eccurred 1n 4 patients
In 1 woman with pre-existing cirrhosis and esophageal vances, jaundicg last-
1ng 2 weehs appeared 3 months after tolbutamide was begun A second

P P ' D RN
e Mt 1 H " .
o —penemn o P
bepatitis, suggesting infectious ongin  These changes were interpreted® as
being not comparable to those seen in a case of hver dsmaye apparently due
1o carbutamide

With far better documentation of 1its relation to tolbutamide, an allerc
type of purpura occurred 1 a 63-year-old man and 4 36-ycar old woman
After taling the drug for 1 and 6 months, respectively, they deselopud lassi-

tude, petechial eruptions of the fever, and hep. galy
Areduction m platclets, elevated Bromsulphalein retention and athale phos-
' ue ob-
nee of

The

results, to be reported by MirsLy and Krall# ndicated that antiplatele( anti-
body formed 1 the presence of tolbutamide produced the chmcal picture
Adoumstration of hydrocostisone and omission of tolbutamude produced rapid
recorery in the male patient and subsequently 1t became possible gradually to
omit by drocortisone without recurrence ‘The woman’s symptoms and signs
d‘s\avppf“cd gradually after omission of tolbutamude.

Lom e

suficently long to warrant considerably inereased confidence 1 the drug’s

£ spwmaat Ochivus O PLOIBLEG 1) puay ~

n..;g," Ahllam Meissner, Dupartment of Pathology, New Fngland Deaconess 1ospital,
, Mass

By James Tulls and Hugh Pyle, Protin Toundation, Boston, Mass,
$Detartment of Climycal 1oy esigation, ‘The Upjoh Co » Kalamazoo, Mich-
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patients studied by Hadley ef a? 2 the same or a shghtly higher percentage of
the maturity onset type of dubetic patients achicved adequate diabetic control
Their prehminary report demonstrated good control in 68 per cent and fur
control 1n 15 per cent of the patients so selected.

The current status of chlorpropamide indicates some decrease 1n favorable
tesults since these earlier observations (rabLe 4). Good or fair control 1
being obtawned m 55 per cent, but some of the patients were those who falled
to respond to tolbutamide. A few have improved following administration
of chlorpropanude, but the majority fail (o improve sufficiently to be class-
ified as successful

TabLE 4
RESULTs OF MAINTENANCL STUDIES wimit CurorrkorAmior® 1N 122 DiaBsTics

l No of paticnts ' Percentages of total

Good contral and fair conteol | 55
Insufficient tnal 28 23
Prmary failures 14
Secondary failures 3
Side effects 5

Total

122 100

* April, 1958, to Apnil 1, 1959

TanLe §
RESULTS 0¢ MAINTENANCE STUDIES WiTt MATAUENAMIDE®
No of patients Per cent of total

—_—
Good control and fair controlf 55 &
Prmary falure 15 s
Discontinued—side effects 7 ]
Insuffcient trial I 8
Total & 0

* August, 1958, to March 25, 1959
t After 1'10 8 months

Melaheaamde  Results obtained with metahesamide from August, 1958,
to March, 1959, mn 85 diabetics show success comparable Lo that found with
tolbutamide and chlorpropamide (TABLE 5), The rate of primary falure was
about 25 per cent, but a number of the patients treated were chosen becaust
of failure to respond to lolbutamude. Of 26 such individuals, 8 promptly
failed 10 respond to metahenamide and 18 were under adequate control A
few diabetics responding well to tolbutamide were transferred to metahexamide
and obtained equally good blood sugar results with much smallcr doses tahen

once daily.

Toatcrly of Sulfouylurca Compounds

1 ide. T ide admini has been awociated with re-
marhably few untoward effects,  Although treatment was discontinued 1n 9
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of the 892 patients reported by Marble because of allerzi <hin rashes 1 6 and
of these upsets

+ questionable

m 4 patients

-« <we Jaundice Jast-
wa- begun A second
12 months developed a

.. . Postmortem examina-

tton showed mild portal cirrhosts of some duration and a superimposed acute
bepatins, suggesting infectious origm  These changes were miterpreted® as

103 not comparable to those seen i a case of Iner damage apparently due
to carbutamide,

With far better documentation of 1ts relation to tolbutemide, an allgrmc
1¢ of purpura occurred n a 63-year-old man and a 36-year-ohl wom
After takung the drug for 1 and 6 months, respectivelv, they dex eloped lasst
s regaly

hos-

ue ob-

nee of

The

o e < - -lanu-

Lt L L WA,
No instances of granulocytopema have heen demonstrated Results of

furation of tolbutade admmistration i a large number of patients 15 now
Sufiaently long to warrant considerably increased confidence i the drug's
$ety, since untoward effects requining cessation of the drug are antiaipated
M Our experience in 1 per cent of the cases or less € J O'Donovant has
Stated that 1n more than 9000 diabetucs treated with tolbutamde for 6 to maore
1han 28 months, only 153 per cent expenienced untoward effects requiring
e+ 100 :

f -pemwr  SLTIOUS OF PrOIONgEq MyPOGYLtilis tan ve asutss vy
Bogel, shillam Messsner, Depastment of Pathology, New Fagland Diaconss Hosptal,
, Mass
| B James Tuit Boston, Mass.
and Hugh Pyle, Protein Foundation, Boston, 3
: rtment of Cliical !ﬁusﬁgauon, The Upyoha Co, Ralamazon, Mich.
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proper dosage  Occasional nausea, vomiting, epigastric distress, generalized
weakness, and dizziness occurring singly or together are uncommon since doses
of chlorpropamide exceeding 500 mg daily have been discontinued.

Allergic shin reactions have been seen in at Jeast 2 patients, but they were
not severe and disappeared promptly on discontinuance of the drug. One man
developed Jaundice 3 weeks after treatment was started. Tissue removed by
needle biopsy of the lner revealed intracanalicular bile stasis and minmal
hepatc cellular damage  Gradual recovery took place after cessation of drug
therapy

No 1nstance of leuhopema, granulocytopenia, or decrease in platelets has
been noted to date  Liver function tests have yielded results comparable to
those found with tolbutamde

Although no cumulative report of chlorpropamide toaicity based on com-
bined experiences 15 currently available, there were at least 5 nstances of
Jaundice reported at a conference on chlorpropamide and diabetes mellitus m
Scptember, 1958 * Some of the cases of toaxcity appeared to be related to
adminstration of chlorpropamide in dosages that now seem excessive.

Metalexamde  Metahexamide 1 dosage of 300 mg. per day or higher
frequently produces epigastric distress that is usually relicved by reduction
in dose  However, persistence of these symploms forced discontinuance of
the drug 1n 4 patients

Three additional diabetics were noted to have abnormal hver function tests
while taking metahexamude  One woman developed epigastric distress and
jaundice during the second week after treatment was started. She received
200 mg daily for 1 week, at which time liver function tests were entirely

deseloped mintmal jaundice and abnormal Inver function tests after metahet-
amide. A third diabetic was found 1o have abnormal liver function at the
time metahexamide was started, but the tests have shown an 1mprosement
despute continued admimistration of the drug

Kirtley reportedf that of 1646 diabelics recciving metaheaamide as of

Brguanide Compounds

acl
id ) B .
:xcular, with respect to their possible value in replacing insulin in younger and
The New York Acadetny of Sciences and Chas Plizer & Co, Inc.
‘At the Conference on Insulin and the Oral Hypoglycemic Agents, Indiana University
Medical Center, Indsanapolis, Ind , sponsored by Lii Llly and Company, February 27 to 28,
1959
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more severe cases. ‘The brief presentation below of the Jo-lin Clinic expenence
with the biguanides when supplemented by the wore detatled account by
Krall¢ will 1ndicate the extent to which such optimism necessaniy must be
loited
In the United States chnical tnals with the biguanides, now conducted more
than 2y ears, are second 1n duration only to tolbutamide among the vral agents
nalable  Although they have now been given to approum tely 000 dia-
betucs, therr chnical use has been 1 the hands of relatnely fow investigators
and there has not occurred a rapid extension of thetr adanmi~tration v pus
thousands of patients such as that following the mtroduction ot th
sulfony lureas
Since both laboratory and chnical data concerntny Irguamde «smpounids
are based primanly upon the use of the phenethylbiguande (phenetin torm
* 1 PLBG R ke
sctions of amy 1
nalogues e the

{DB1) PHENETHYL-FORMAMIDINYLIMINCUREA  HCI
{GHy) NH-CNH-NH- CNH:NH, ~HCH

4 BIGUANIDE DERIVED FROM FORMAMIDINE

{SYNTHALIN) GUANIDINE DECA-METHYLENE GUANIDINE
NH,~CNH-NH-(CHy) 0" NH-GNH=NHz

A DIGUANIDINE
FiGUre 3

normat amy] {DBMY® or normal butvl (DBV)® biguamdes  The 3 preparations

bumans® s unexplained o

In addition to lowenng blood sugar m nommal, allogn dibetic depun-
Lk S e et

Iner, (3) abscnce of hypergiycomic Fesponse 1o (PIMCPRINL ANG GULLEU,
) devation 1n the blood of the disbetic of the lactate, pyrusate, and arate
lesls, (5) a fall or no change 1n hepatic s cun-glucoe output, and (6) the occurs
Tence of gautromtestnal ade effects, dosagesrelated and apparenly not of
ocal orrgan, with anqrexiz, nausea, vorung, and diarrhea.

M 0
U'S Vitamua Corporation, New York, N ¥/
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The mechanism by which these metabolic effects are produced and blood
sugar lowered appears to be that of increased anaerobic glycolysis, occurmng
as a result of decreased glycolysis via the oaidative pathway of the tricarboxy e
aad (Krebs) ¢ycle.  Evidence of nterference with energy transfer due to a
block or partial block i the oadatine pathway has been reported by Wick
o al® and by Stemer and Williams However, the site of action of the
biguanides 15 still controverwal, particularly with regard to (1) the relative
contnbutions of peripheral tissues and liver to the gly colysis induced and (2)
the possibihity that in diabetic humans, glycolysis via the hexose monophosphate
shunt may be increased 3

Pharmacology  Chnical obsen ations suggest that biguamdes are rapidly

] e e e n s
No other pharmacodynamic effects of DBI have I:eren observed.

Biguasdes tn the Management of Diabeles

Joshin Chinte patients were first given clinical trals with DBI in December
of 1956 The current senes, carefully followed and studied under the super-
vision of Krall, now totals more than 350 individuals, However, such numbers
of diabetics do not represent wholesale selection for trial, since they have been
carefully culled from approxmately 10,000 diabetic admissions to the New
England Deaconess Hospatal

Blood sugar lowering Early in the clinical trls with DBI 1t was eatremely
dufficult to demonstrate sigmificant reduction of hyperglycemia comparable to
that produced by imsulin or, 1n the responsiz e patient, by a sulfonylurea. This
15 accounted for by two observations .

(1) The effect on blood sugar 1s in most instances gradual as dosage is in-
creased, and attempts to give a large loading dosc of a biguamde is frequently
followed by gastrointestinal side effects.

(2) All patients appear to need some msuln, cither endogenous or exogenous
1 ongin, 1n order to obtam continuing regulation with biguanide compounds

‘Therefore, when insulin is omutted or significantly reduced in the more severe
cases & number of hours before admimistration of 2 biguanide, the momentum
of the uncontrolled diabetes 15 sufficient to make the compound ineffectual.
In such mstances insulin must be given promptly to prevent serious heto-
acidosts

Selection of patrents  Short of clinical trial, no definite clue is available to
determune which diabetic patients wall dowell  Diabetics of all ages, durations
of dabetes, and previous insulin dosages have been studied. Howey er, during
ketoacidosss, infections, surgery, and periods of seere stress, the biguanides
almost mvanably have bee.n replaced by insulin,

Results.  Results with biguanudes given for penods as long as 26 months, n
studies heavily weighted with severe cases, continue much the same as those
in 173 patients previously reported by Krall and Bradley Blood sugaf
lowering 1n the carler st
sigmficant side effects ar
tinal symptoms of suffic
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12 pescentof the patients the side effects ocourred so early that dosage sufficient
1o produce adequate ceduction of byperglycemua could ot be tolerated  Nine-
tee of 33 diabetses classed as fashuses with sulfonyluress responded without
agmficant side effects,

Marntenance studies  In the 107 diabetics ubtamng adequate response 10
tigeamdes without side effetts, bt {60 per cent) were ated ac taving good
contral by the strct metabolic critena oied abone ITABIE 6} An additional
31 patients {20 per cent) had fasy control and the rest rated as poot

The stnking feature m diabetics (reated with DBI phis sl has heen
«abstization of the diabetes in eany s 1tk of benetit partiubarly m the
extremcly unstable, often long-duration case havng ~evere treshinc rRACHONS
and th & w11h foss of erapl t - App tely #of thewe unususily
severe cases have been dramatically waproy ed  Desprie the mamtensnce of
rematkally govd blood and usne sugat Values, ~ereze hy poghy Lemic reavaony
bave been virtyally ehmanated w the-e patents

With iguanides, many patwents are managed on by dowes that are 20

TABLE G
Sstrts oF MAINTENAMCE STOPIES €T

26T ANIDES

f Pecceatrze
Fumber of PHCHE abal
Patents | foceeas , vl

JRUUUTIS
Good contral of byperehy cema and gl casuna

Far contrat of by perghy cemsa and ghytosuna

Poor contsol of hyperghy cerna wpit ghsosusa i

Poor contsel of By perghy cer X0 O e

Tl 107

1
1
e r»

10 30 per cent lower than those used before thews administration In a ten
Instances patients on bigeamdes atone of wiih msulin will, after days of werhs
ot months, dey elop lethargy, weight lass, and lack of nellbeing  Addition of
wnsulm oF & shght mosease wa dose sapidly s festored these mdi sduals t@
normal

Stde effets, Anorexia, nausen, gas, metatlic taste m mouth, vomLing and
durrhea always ovcur when dosage of tagnanide 15 rared far above hypo-
Hyvomis Yerels, They are chssed as nde effects because they afe alnays
napadly and completely reversible within 21 houts after omussion of DBY
Side effects, of severe, <an contnbute to the nsk of hetozadoas, s0 Ahat & sup-
ementary dose of crystalline insulin may be weded  In most snstances DBI
an be resamed at the moeat follow tng mantfestation of the sde effect of the
one follonsng, but 1n seduced dosage.

Toxsiity of the biguamdes  In strihing contrast ta the toxic effects reported
to accur 1 1he hver and Midneys fatlomng adminstration of Synthabin s the

sence of demonstrable mjury to the hematopowtic system, hyer, of Ldueys
of ammal? ar humans @ # {oltowing Liguamde adminstsatt However,
Crest2fldt and Moench?? after 1nirienaus administration of phencthyl
brguanide to guinea pigs w much Jasger doses than those used orally in carhe
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The mechanism by which these metabolic effects are produced and blood
sugar lowered appears to be that of increased anaerobic glycolysis, occurring
as a result of decreased glycolyss via the oxidative pathway of the tricarbosyhc
acad (Krebs) cycle  Evidence of interference with energy transfer due toa
bloch or partial block 1n the oxidative pathway has been reported by Wick
¢ al® and by Stemer and Willlams#  However, the site of action of the
Diguanides 15 still controvensial,
contnibutions of peripheral tissue
the possibihity that in diabetic hum
shunt may be increased 3

Pharmacology  Chmcal observations suggest that biguanides are rapdly
absorbed, but no data are lable giving me. of these compound:
In tissues or blood  Measurable blood sugar lowering occurs within 2 to 3

j hours 1n many mstances, but duration of action appears to be 8 hours or less.
No other pharmacodynamic effects of DBI have been observed.

Biguamdes wn the Management of Diabetes

Joshn Clintc patients were first given clinical trials with DBI in December
of 1956, ‘The current senes, carefully followed and studied under the super-
vision of Krall, now totals more than 350 individuals. However, such numbers
of diabetics do not represent wholesale sclection for trial, since they have been
carefully culled from approximately 10,000 diabetic admssions to the New
England Deaconess Hospital.

Blood sugar lowering  Early m the chmcal trials with DBI it was extremely
dufficult to demonstrate significant reduction of hyperglycemia comparable to
that produced by insulin or, 1n the responsive patient, by a sulfonylurea. This
15 accounted for by two observations- 5

{1) The effect on Dlood sugar is in most nstances gradual as dosage 15 11°
creased, and atiempts to give a large loading dose of a biguanide 15 frequently
followed by gastromtestinal side cffects,

e . : FECUE I
me [ . . ' -

. b g s
cases a number of hours before administration of ; biguamde, the momentum
of the uncontrolled diabetes 1 sufficient to make the compound meffectual
In such nstances insuln must be given promptly to prevent scrious heto-
acidosts.

Selection of pattents  Short of chmcal trial, no defintte clue is available to
determine which diabetic patients will dowell  Diabetics of all ages, durations
of diabetes, and previous msulin dosages have been studied. However, dunng
Jetoacidosis, 1fections, surgery, and periods of severe stress, the biguandes
almost mvanably have Leen replaced by insulin

Results, Results with biguamdes given for periods as long as 26 months, 1
studies heavily weighted with severe cases, continue much the same as thos¢
i 173 patients previously reported by Krall and Bradley® Blood sugar
lowering in the earher seres was demonstrated 1 62 per cent (107) without

. ficant side cffects and m 26 per cent with dosages producing gastrointes-
f‘,g:i lsymptoms of sufficient severity to warrant discontinuing the drug  In
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selected patients both and b de do quahfy to these
cntena 15 the pnncipal reason for their currently expanding role tm diahetic
treatment,

After having accepted continuing and adequate blood sugar-loweriag action
as 2 temporary standard that indicates that oral agents may be antidiabetic
1 selected patients, the physiian should be guided further by the principles
outhined below

pathy, 1nf hepat ly, and vascular lesions Al dubetics

should be trained in the prnciples of diet and the general measures needed to
protect them from acute emergencies

Insulin must be started or dosage ncreased promptly 1f blood and unne

. . .. - .

. - FE e T
an oral agent was added. As time passes and sizable reductions m weight oe-
cur, some of these individuals can be tahen off the oral agent without a recur-
rence of hyperglycerna and glycosunia  In others, the oral compound must
be resumed, usually followed Ly prompt return to normal of blood and urme
sugar values

tamed, This has not been our experience
, The sulfonylurea response test will eliminate all immediate and most pamary

of duabetes. 5
The incidence of prmary fulures nses rapidly i those indis iduals requinmg
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toxiaity studies, have observed certain changes in the liver and Lidneys re-
sembling m mild form those found after administration of Synthalin,

Combunattons of Blood Sugar-Lowering Agents

Combmations of msulin and tolbutamide hay ¢ been reported by Fabryhant®
to be effective 1n 9 labile and 28 stable but tnsulin-dependent diabetics  Imo
proved stability was noted 1n the unstable cases and improved regulation with
lowered insulin dosage 1n those who were stable,

Our expenience with ather of these techniques 15 eatremely Iimited.  As to

Le sumulated  On the other hand a few patients with maturity-onset, stable
dabetes responding madequately to tolbutamide hasve obtaned better blood
sugar control when a reduced dose of insulin was added than was produced by
nsuhin alone

Beaser! ad tered toll de or chlorpropamide with a & de to
diabetics responding madequately to a sulfonylurea or biguanide alone. He
obtained an additive effect i three and complete replacement of insulin in two
patients. A similar technique has been treed in nine of our patients with
good control resulting in four, control comparable to that with insulin alone n
three, and failure in two

Discussion

What benefits should oral agents pronde? Oral blood sugar-lowertng com-
pounds arc here to stay for at least the next few years  Not yet available are
the truly long-term studies of 10 10 15 years or more needed to evaluate the
effects of sulfony and 1 les upon late logical or vascular
complications  Acceptance and use of these agents 1n diabetics indicates a
willingness to undertake the calculated nish that they will nat affect victones
won for the diabetic® through the judicious use of insulin during the past 37
years  Therefore, clearly demonstrable benefits jn day to day management
of drabetic metabolism tn the absence of sigmficant toxicity should offer. (1)
better management of dibetes than has leen obtainable with diet or with
diet and msuhin, and (2) demonstrable reduction of hyperglycemra and gly-
cosuria of sufficient degree and duration that control of the diabetes 1s com-
parable, and preferably superior, to that obiamable with diet, insuli, or
bng\:.ch stringent cnteria are warranted today’s new cra of dabetic treate

DA ng agents

sopulation

G g et . e svus o ucauncat, Only by
ognizing these himitations and wsisting upen good metabolic standards will
ji gl sician fulfill bus role in protecting his patient from the acute emergencics
:,l;cJ.’a‘l):’elcs and, n the long run, from late comphcations. The fact that 1
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LI T R . L A . 1
in such matters as diet adherence, adjustment of ansulm, and unne tests by all
patients  Under these conditions, then, blood sugar lowenng can be assisted
5, the

et e e = o DBI
and 1nsulin s justifiable, but such regulation 1s best carried out mn the hospital

Benefits for young diabetics g:ven DBI alone are hmited to those n remussion
where an effort is bewng made to sustain (he remussion beyond the wual 3- to
12-month period, and to pattents in partial remission 1n whom 20 U of msulin

L s o uivou sagul swaviang wpe < = o .
msu],ln appear worthy of jurther tnal in the stable, matunty-onset diabeue,
Provided that the blood sugar results obtamed are superior to those with esther

completely responsive to the sulfonylureas
Concusion

Curtently available oral blood sugar-lowerng agents are valuable tools
pable of supplementing diet and insulm 1n the total treatment of carcully
selicted dabetsc paticnts
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30 10 40 U. of msulin or more per day.  Secondary failures will vary from 5 to
8 per cent and are not clearly related to Pprevious insulin dose.  About half are
explamnable by diet excess or a variety of stressfull situations, and the remainder
are idiopathic.  The delayed fatlures are of spectal importance because of the
possible 1mphication that tslet-cell exhausiion may be produced through con-
tmuing sulfonylurea sumulation  This potential disadvantage of these oral
agents has no

In the Josln 1

required larger i e evens a emsgy s s s s
was resumed  There 15, however, a bref period during which higher dosage
may be nceded to overcome the uncontrolled diabetes,

The roles of chlorpropamide and i ide will be d ined by the
same general principles governing the use of tolbutamide, but are currently
modified as follows

(1) Since they are more potent, chlor ide and \; ide wall elicit
adequate response 1n a few of the diabetics inadequately controlled with tol-
butamude, however, 1t 15 to be expected that some of these patients will be-
come secondary failures

(2) Longer duration of action allows chlorprog and hexamide to
be effecuve when given n a single dose daily or once in two days.

(3) Oflsetting the above two advantages is the question of safety. Although
no deaths based on tdiosyncratic reaction to these drugs have been proved,
their administration has been associated with disturbing incidence of jaundice,
which thus far has been reversible on cessation of chlorpropamide or meta-
hesamide  Concern over the ulimate toxicity of chlorpropamide and meta-
hexamide is not fully eased by the observation that jaundice and other less

der ! 1 and gast 1 T have occurred
pumanly when dosage of these agents 1s excessive.

All sulfonylureas have a maximally effective dosage level beyond which
further significant blood sugar-lonening action cannot be obtamed.

Despite the hmited apphication of sulfonylureas to selected diabetic patients
and the precautions necded to ensure their safety, their blood sugar-lowering
action has grven the diabetic several stnking benefits: (1) reduction of hyper-
glycema and glycosuria, apparently attnbutable in large measure to increased
endogenous insulin production and secretion, (2) regulation of carbohydrate
metabohsm 1 the fully responsive patient by strict chnical standards, com-
parable or supenior to that obtanable by diet or insulin; (3) control that is
often smoother than with insulin and 1that 15 associated with a sense of well-
bemg, lessened hunger, and wncreased incentive to diet adherence, (4) attain
ment of precise metabolic control with a much reduced nsk of serious hypo-
¢lycemia in responsive diabetics with occlusive atherosclerotic lesions; and (5)

* wha are blind or with handi-

R " . Zand DBB, either alone or in

e insulin, will lower blood sugar in a laxy jority (approsi-
nation with insulin, 0 g arge majority (appro)

cuﬂllz‘ 50 per cent) of diabetic patients ~However, gastromtestinal side

ety occus with these compounds in one-third of the caces, leaving 50 o 60

epe ic:ent " whom they may be considered to be effective  Of this group about
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Sulfonylurea compounds are effective in the majorily of stable diabetics who
have an enset age of 40 and over and take 40 U. of insulin or less per day.

Relatively long-term studies with tolbutamide indicate sufficient safety from
taxtaty and abihty to maintain chinical control in responsive diabetics to
warrant confidence 1 i1s continuing role in management of the disease.

Chlorpropamude and metahexamide are more potent than tolbutamide.
They may adenuately control some of those patients incompletely controlied
by tolbutamide, but their effcctiveness in single daily dosage offers an ad-
vantage offsct by the mcompletely resolved “quesfion of Toxicity. Turther
cauttous linical tnal appears justified,

DBI and its biguanide analogues are capable of lowering blood sugar in
many dubeues of all types, but dosage lumtations impased by reversible
gastrointestinal sule effects restrict therr clinical value primanly to stabihza-
tion of the extremely scvere and labile diabetic,  In such patients administra-
tion of DBI plus mouln 15 a panticularly refined technique requiring skillfal
handling

Our expenence with biguanides in milder, matunty-onset diabetics s imited,
For patients of thes group, who are responsive 1o & sulfonylurea, it hus been the
preferred oral agent, In those not responsive to a sulfonylurca the possible
role of iguanides appears to wareant fuether trial,

At present no oral agent 18 preferred for well-controlled, insulin-dependent
diabetics free of severe hypoglycemie reactions



AN ASSESSMENT OF ORAL ANTIDIABETIC THERAPY

Henry Dolger
The Mount Swnar Hospital, New York, ¥ ¥

When tolbutanude became an estabhshed form of oral diabetic therapy, 1t
had to measure up to tnsulin as a standard for therapeutic companson  The
generally f: 'y with de now mahes this drug the
standard by which all other modifications of the ofniginal wulfonylurca formula
and unrelated compounds must be measured  This paper answers tho ques-
tions: Do these modifications represent 2 contribution, and are they safe? In
addition an attempt will be made to describe vanalile responses to the same
drug by the same patient.

Varsable Drug Responses by the Same Patient

As with insulin, diabetic patients exlubut altering and 1arable respanses to
the oral agents according to altenng physical stress  Primary and <econdary
tolbutamide failures have becn dismissed dogmatscally as being isulin deficient
 the physiological sense  That certain emotional and psy chologreal factors
in these paticnts may alter (heir responsiveness to these drugy 1 illustrated by
the followng cases

FIGURE 1 demonstrates the pnmary faure of tolbutamide therapy in a
52-ycar-old woman 1n whom the duily requirement for 100 U of insuhin could
not be influenced in the shghtest by maximum amounts of tolbutamide while
she was followed carefully in the hospital It will be noted that several weeks
after the smcide of her husband, when the patient cagerly sought a tran~fer
to tolbutamide and overcame all medical resstance to her request, <he was able
to effect a successful change from her large insulin dove to 1 gm of tolbuta-
mide, a dose that bas been mamtamed for almost 2 years  No attempt has
been made as y et to probe into the psychodynamics of this bizarre phenomenon,
the only comment the patient has expressed when questioncd a« to an explana-
ton for the dramatic success has been “God probably taok pity an me ”

Fiure 2allustrates a cyclical vanation of responsiveness i a woman whose
miroduction to dabetes occurred durng a severcly agitated deprisson ac-
companied by Letosis  Following a period of msuln therapy an cflectne
change 10 tolbutamude was accomphshed Without explanation a steadily

depresions the oy chiatrst had nstituted an alarm system whereby any -
crense of tolbutamude requirement would be Teported to hum as the wgn of
oncoming melarichoha.

55
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each injection of msulin produced a huge hematoma ~ An attempt to achiere
replacement of the insuln with tolbutamide failed at the time  With some
reluctance DBI was started and doses of 50 mg /day efiected a reduction and,
finally, abolition of the need for 1suln, with excellent control of glycosuna
and normal blood sugar lesels  Soon after he required 100 mg of DBI, then
150 mg , and finally 200 mg. which could not control glycosura or hetonuria
without severe nausea and diarrhea At this tume a few days of insulin therapy
were effective 1n obtaming control of the diabetes and a second trial with
tolbutarmde proved successful ~Since that time he has been managed with
05 gm. of tolbutamide daily.

Such dramatic mnstances make 1t evident that considerable fuzzmess and
overlapping will characterize any attempt to delineate sharply the areas of
action and superionty of one drug over another

SuLFONYLUREAS. el
(ToLavTaiBE, tricRRGrRIEEs (e
rniam ot

Ficure 3 Percentage of ali diabetics tesponsive to oral agents

Contributon or Duplication?

T R ' L “ wmde (Onnase®),
- | 1 + " exd, Euglyan®)
[ , are dentical, as

. [ N

l“uslmlcd m rmmu: 3 "The only therapeutic differentes lie m the relatve
increased potency of the newer compounds with eflectise dosage 1n ihe range
f one tenth de} to one third (¢l de} that of tolbuta-

HIGURE 3, It iy apparent that only a fnnge of a few per cont may reveal

* Product of The U hnCm , Kalamazoo, A
1 Produd ol(.h:s ma X m;'x)nc TBrool u,n.x \'
h-mdm of Eht L.uy and Com[un), Todianapolis, Ind
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The first pattent represents a primary falure and secondary success, The
second patient was a primary success and secondary failure on a ¢ychaal pat-
tern One wonders whether some of the other primary or secondary failures
with oral diabetic therapy may be due to a basic emotional dependency upon

g
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Fioure 1  Secondary successful response after pnmary fulure, Patient RF , female
52 years, D M, 5 ycars dusation
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Tioure 2 Mental depression and the cyclical response to Onnase Patient SWi
fernale, 62 years, D M onset 1n 1952, hetosis and severe depression

1nsulin, injections, and the obvious associated implications of a masochstic

eed. .
e Varations by the same patient 1n response to different agents 1s illustrated
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Furthermore, the contrast between the safety of tolbutamide therapv and the

tety-producing for both patients and [.;hysmans

Side Effects and Toxicsty

In May 1957, at a meeting of the Food 2nd Drug Administration at which
the public release of tolbutaride was bemng considered with some hesitancy,
Pemn H Long stated that hus vast exp with th ds of anal of
sulfonamude type led him to expect no toxic effects when the compound con-
tained a metbyl graup wm the para position of the henzene nng  This prediction

Tasik |
Courarison or St EFfects axp Toxicirs or ais OZAL AGENTS
T ) |
Do, G1 Loer  Severe bypo | Accto | neurlogial
Drug Ravge g | ntoletance | domage | Eiveemis °) e e
Tolbutamde 500-3000 0 [} o , 0 4
Chlompropamude 250-1000 + + + J o 4+
Metahexamide 50-250 + + o 0 +
DBI {Phenformin) 100-150 | ++++ 0 ] |+ ' o
.
ates
aw

- v AVE AUIUMLLIGS 13 U gl e e sutsspritiv
ceilng of 3.gm. maximum can be exceeded mamifold witbout distress In
slnkmg contrast every one of the other three agents has a distinct maximal

succurabing to diabelic hetosts Anorexia, loss of weight, hstlessoess, and
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superior results from one of the newer modifications. Limitations in juventle
diabetes, unstable diabetes, and ketosis that have characterized the carly
experience of tolbutanude therapy hold true in identical fashion for chlor-
propramude and metahexamide  Where the former fails the latter two drugs
will not succeed wo that these newer agents wall not reduce the hard core of
insulin-deficient patients to any degree.

On the other hand, my own ¢ indi that Ph 15 hmuted in
usefulness to less than 20 per cent of the diabetic population. This figure 1a-
cludes a number of mild diabetic patients not requinng insulin m whom asymp-
tomatic glycosuna can respond to a therapeutic, but minimal dosage of DBI.
Linutations of therapeutic range will be described in the section of this paper
devoted to side effects I have not been able to duplicate the purported clam
that DBI will abohsh, reduce, or stabilize the insulin requirements in a single
wmsuhn-treated patient  The most encouraging results with DBI have ac-
companied 1ts use as a ) to existing tolt ide therapy in some
primary and most secondary failures. Totally depancreatized humans on DBI
require biweekly doses of insulin along with DBI. Keepng this in mind and
recogmzing the possible synergistic tnsubnlike effect of tolbutamide in such
cases of DBI intolerance, 1t became apparent that 1t could be useful generally
to employ suboptimal doses of DBI, 50 mg /day for example, with accompany-
ing amounts of tolbutamide of between 1 to 2 gm./day  Tius was begun first
with secondary fuilures on tolbutamide therapy. Sccondary failures have been
presumed to represent some block by an adaptive mechanism to the action of
this sulfonylurea It has been possible in such instances to regain therapeutic
success after a temporary period of msulin therapy, or by replacing the tol-
butamide with another sulfonylurea derivative. However, with small doses
of DBI 1t was possible to overcome ihe failure of tolbutamide in about 150
patients who were able to continue with total oral therapy without any side
reactions from DBI  More recently I have employed the same technique in
some primary whom
the 3-gm mav 4 days
in controling - e
tion of S0 mg of DBI 1o the tolbutamude dose very often effectively restored
satisfactory control At this point the tolbutamude could be reduced and the
DBI discontinued  Whenever the tolbutamide was discontinued 1 this com-
bined therapeutic approach, glycosuna recurred.

Since all side reactions can be avorded, this technique of combunation therapy
offers the safest method of DBI admimstration, in addition to providing a
solution for tolbutamide-resistant patients.

Of about 1000 diabetic patients attending the outpatient clinic of the Mount
Sinm Hospital, about 200 are lxcalz.:d by mild dietary restrction alone, about
300 requure insulin, and the remaming 400 use the_ oral agents In the la}(er
groun, 329 patients are well controlled by tolbutamide alone, 50 use a combina-

"

ceosian 2y was svunu e we adde-

tiot
on
ont. -
physicx
satisfactory theral

a‘ns to resort to these more tl?XlC drugs 1n the face of such overwhelming
peatic success with tolbutamide in the bulk of patients.

. e



CORRELATION OF PLASMA LEVELS OF ORAL ANTIDIABETIC
AGENTS WITH BLOOD SUGAR RESPONSES

W, Creutzfeldt, ¥ Andreu-Kern,* R Ducher
Medical Hospulal of the Unsiersity of Fresburg, Fresburg 1 Br , Germanv

With the introduction of sulfonylureas into diabetes therapy 31, years
ago, 1t could be expected that the substances used m the beginning would not
be the most effective  In acute expenments upon human beings as well as
upon animals, tolbutamide was found to be more effective than carbutamide

only 1 Therefore, 1n long-term therapy carbutamide produces a somewhat

better effect. The better effect of chlorpropamide observed by some authors

. 100 (36 to 40 hours

o, ’ f . . Iy effective plasma
S, Saluea. b - i, percent)

Occurring for the first hime 1n metahexamde, the relation between plasma
level and therapeutic effect seems to be different from that of the sulfony tureas
Anown ugul the present  The necessary therapeutic doses of metahexarmde,
as wel as 115 plasma les els, are much lower than those of the other ~ulfony lurea
drugs  In 10 duabetic persons treated with metahexamude, we found plasma
Jevels of 1 t0 4 mg percent Theloner values were found 1n the morning, the
higher salues, at noon time.

For an exact companson of the different efficacies of tolbutamide and of
metahexamide, both substances were given orally and imiras enously to healthy
fasting adults and blood sugars and sulfony hirea plasma levels were determned

addition, some ammal experiments were carried out to test whether there
Isany sign for a different mode of action of the two substances

Matersal and Methods
Every 4 to 5 days, 10 healthy, fasting adults were grven tolbutamide and
metahexamide respectively, in different oral doses (rabLe I) at 8 Aaf under
testing conditions,  The blood sugars were determuned 1 the capillary blood

e et the
medicsment, In these cases yenous blood was taken for the plasma level
elerminations before the apphcation of the medicaments, and 3, 30, 60, and
0 min and 24 hour~, thereafter Ater oral and ntravenous application

 ellow of the Juan March Foundatjon, Madnd, Span
tSupplied by Q4 ‘Bochringe and Sons, Manahei 1 aldbof, Germany
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termittent acetonuria without glycosuria are further indications of over-
dosage with DBI

Both metah de and chl de hae produced bizarre
phenomenon such as asthenta, al:ma, and vertigo 1n the absence of hypo-
glycema. A purporlcd advantage of more prolongcd hypogl)ccmm effects
from chlorg de has been a disad in my opinion h as the
eldcrly, senile, arteriosclerotic diabetic puucnt may suffer irreversible brain
wjury from such a “benefictal” effect.

No hepatic dysfunction or hustological evidence of liver tnjury has been
reported thus far in the 400,000 patients using tolbutamide in the United
States  On the other hand, & number of cases of Iner injury from the other
sulfonylurea compounds Ins been observed. In fact, I learned that of 1800

- W sy uaiy, wad 1sULULLG 10T APplutsusty
3 weeks, on the mcmy fourlh day mild definte jaundice developed with
chemncnl confirmauion of obstructive icterus Liver function studies were
otherwise normal, and a biopsy of the liver revealed central lobular necrosts
with focal necrosts and mononuclear cell infiltration. This pathological finding
resembles the hiver injury observed with sulfanilamide in the early days of
expenience with that drug  In contrast to this type of liver damage I have
obscrved two pauents with jsundice due to chlorpropamide in which the pic-
ture resembles that of cholestasis. Such a case was a 67-year-old woman who
had diabetes mellitus for 15 years, requiring about 100 U. of wmsulin daily
Three weehs after she had recerved chlorpropamide, 250 mg. daiy, she de-
veloped obstructive jaundice which lasted almost 3 months  The biopsy re-
vealed hyperergic cholangiolitis, severe cholestasis (ihary calculy) and focal Iiv cl.'

Pﬂ"“ms recetving metahexamide. It seems that carbutamide was withdrawn
for even less frequent toxicity.

In comparing the side effects and toxicity for the newer oral agents (TABLE 1)
with the area of population covered by the therapeutc spectrum of FIGURE 3,
1t should become apparent that the manmum |hcmpeu[1c effectiveness m[h
maximum safety 1s to be found 1n toll Iipity be
for the enture field of oral agents in duabetic lrentmcnt the same happy acadent
has given us the most widely applicable and safest of these agents n the form

of tolbutamide.

Acknowledgment
I am indebted to Hans Papper and Fenton Schaffner for interpretation of
the biopsy matenal.



Creutzfeldt ef al.: Oral Antidiabetic Agents 539

3as 28 per cent.  An adequate effect could be reached only alter 20 g /kg
tolbutarmide  Four mg /hg metahexamde had a better blood sugar decreas-
ing effect than did 20 me /kg. of tolbutamide

'

Brosdsuger
(changes in % 30
of fasting vaturs oy

70

30 80 137 180 4cd rmeimns 3060 140 A0 200
Plagma revels 5 s omg g, _e0mghs
)t . -
3 2 S esma
2 2 -
: ;
S
s 260 timetmnt 50 240

Hean bloadsugar vatues and piasma consentrations of metaheramdé and of
totsutamide n 10 healthy adults each given three ditferent doses olally,

Fiouzs 1

are 5 times hugher than in metshexamide  ‘The correlation 1s not very gond
1 the lower metshexamde do-es, it tesults from the dufficulty of an exact
Aofprinatian ~f wlacman oy al- helow | myr per cent

bt 30 min. alter application of metahexamule the DIOOG-SUEAT UCLTLaNE
smounts 1o 35 per cent. The plasma levcls of the two substances, howeser,
fer by 20 et cent only It 1> difficult to say whether thus s due 1o the
method o to a larger distnbution <pace of lo a Jdifferent hind of protun bind-
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of 4 mg /hg metahexamde, urine was collected from § persons for a deter-
nunation of the amount of metahevamide at the same time when blood
was tahen for the determination of the plasma levels, TFinally, 5 persons
were given 6 mg /kg metahexamide intravenously, and the plasma levels of
metahexamide were determuned 30 mus , and 3, 7, 10, ard 24 hours thereafter,
Tolbutamide nlasma levels were deternuned by the method of Spingler®
The determ '
out by the ' .
p-amnohipy
duable Tesuns wul 1w e o g - . .
of metahexanude was in aqueous solution 96 == 3 per ceat, in plasma 33 = 1.8
per cent.  As in different metahexamide concentrations, the same plasma re-
covery percentage was found, afl measured plasma values were doubled. Al
plasma lexcl figures were determined by this ty pe of calculation,

TasLE 1

Blood sugar decrease 1o percentages

(g Mty Metubexamide Tolbutamide
After 60 min Maximum Alter 60 muo, Manmum
1 12+136 Bl
2 164 13 5 28BL83
i 24+£92 0x87
162 15458
10 8% 130 18 & 42
20 15 & 5.5 22 % 3.4
Fasting controls 6% 68 10+ 38

(Mcan values 1n 10 healthy adults)

Antmal expersments  Erghty albmo rats from an inbred stock with a body
weight of 250 to 300 gm were given a standard cake diet, 22 of these animals
served as controls  Fifty-eight animals were given 50 mg /hg. metahexamide
by an esophagus tube for different periods of time  On 14 rats, blood was tahen
from the tal vemn before the ad 1on of the med. and 3 hours
thereafter. The ammals were sacrificed by a blow on the neck 3 and 24 hours,
respectively, after @ single applcation of mctahexamide, or on the fifth and
Gifteenth day, respectively, if metahexamide was given daily.  The pancreas of
cach ammal was fixed 1n Bouwn's solution, and paraflin sections staned with
Azan w the modification of Gomon™ and with aldehyde-fuchsin phlosin by
Mashe? From 53 animals a prece of the right median liver lobe was removet
mmediately after the hitling, weighed on the torsion balance, and the hver
glycogen determined by the anthrone method of Seifter of af 1*

Results
(1) Blood sugar decreases, plasma levels, and half-lifetime in healthy adulls
TapiE 1 shows that the maximum blood sugar decrease in the control test
was 10 per cent The oral of 1 mg /kg. 1 de and of §
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(2} Beta-cell degranudation end ner glycogen tn rols afier admusiration of
i de. As metah 1 ding to these results, 15 considerably

more effective than the sulfony lureas used until now, the question may be ashed

i<
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' thiy substance has the same mode of action us the others  Among other
things, after apphication of <ulfomlureas an mptessive degranulation of the
2
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g On performing dualysis experiments, we found a firm protein binding of
metahexamide  Paper electrophoretic investigations that have not been
fimshed as yet show no self-movement of tolbutamide in sodium dethyl bar-
bituric acd but an elective movement with the albumin, sn contrast 1o meta-
heasmuide and cark de that show scli-movement. Furth on the
clution after serum clectrophoresis larger amounts of metahevamide and of
carbutamide are found 1n the albumn band.

F1GURE 3 shows electropl strips of tolk e, of cart de, and
of metaheaande for comparson. At the bottom of each pattern there 1s &

Gioodsugar 100
tchangss i e
of fasting varue ) gp

~*Totbutamide

Metanexamide

30 60 120 180 240 timetminy

Prasma fevels 7
(mg o)

Ahne o

30 60 120 180 248 bumetmin)

Figere 2 Mean blood sugar v alues and plasma concentrations of metahexamde and of
tolbutamide 1n 10 and S healthy adults respectively, each given 4 mg /hg wntrasenously

stnp with sulfonylurea only, beyond this another one wiih sulfonylurea in

serum, and on the top the same stoip as m the middle after protein staining
Within 24 hours after intravenous application of 280 mg , about 70 per cent

of the admnistered metahexamide was found n the urine (5 nersons exereted

tton the half-bfetime of metahexamide 15, based on our own ahservations only

ml plasma/min
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s sta amwnbu 33 WL UUL PHEELL CALTRL

TanLE 3

Vaciations of Lves glycogen m rats

Tolbutamude 11956) Metaheamide (19591
(250 m& /kg , orally) (50 rag /kg , orally}
(perceatage) (percentage)

3 lus. after one dose {starved for 24
houts)

]
4400 (p < 0 001) +230 4p < 0 001)
Treated $ days, last dose 3 hrs before ® 1

death (starved for 12 hours) +250(p <002) | -—i8(ns)
Treated 14 days, last dose 24 brs before

death (starved for 12 hours) +630 (p < 0 001) =Tsy

Fictze 5. Pancreatic islet of a normal rat (fasting control) Bown's, pasaffin section
staned with adichy de fuchsa phlozin
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FiGure 4 shows 1 the left part that there is a sigmificant increase of the liver
glycogen i fasting rats 3 hours after application of metahexamide. At the
same time, the blood sugar decrease caused by the dose of 50 mg /hg is 57 3

TapLe 2
RexAL CACRETION ap METAHEMAMIDE A¥TER A SINGLE ORAL APTLICATION 0F 300 Mo
(HEALTHY ADULTS)

g M;
Case No P (21008 bis)

1 233 15

z 217

3 218 2

4 164 88

s 191 7

6 266 30

7 204 53

8 181

9 279 23
Average (mg ) 217 54
Percentages of intake 72 18

Liver Glycogen after Oral Application
alSOmg/kgof Metahexamide (Rats)

P =000 | contrors
‘metaheramige
during

z 20 3 Ars after “@.
S e s dtter Sdays tdars
a6
$e
s 4,2
210
208
508
fo4
202
Numper of 11 i0 N
anmals Starved Starved
for 26 hes far 42 hes
Frouze 4

3.2 per cent  Thus far there is no difference betwcen this action and that
of the other 1 In addition, d liver-glycogen values had
becn found after 2 2 applic of tol de af the dose was not

e than 250 mg /kg body weightt?® This effcct 15 not demonsirable
Eﬁ:: prlica(ion of metabeaamide, as follows from the right part of FiGurs 4
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some time there 15 an adaptation to the treatment with suifany lureas, <o that
amoderate regranulation begins despite the continued mediation ¥ Froure
8§ shows a pancreatic islet of a rat after {4 days of uninterrupted metahexamide
medication  The beta cells contain some granules agamn

In the alpha cells no changes were noticed

Sunmary

Our investigations showed that metahexamude 15 at least 5 times more effec-
e in bealthy adults than is tolbutamide The therapeutically effectne
plasma level of metahexamide 1s accordingly only 20 per cent of that needed
by tolbutamde  This stronger effect of metuhexamide 1~ not due to 2 pro-

i

/ _&/)q\,r‘ e

1512 8 Pancreatic 1slet of a rat after oral application of 50 myg /\g onctahezamide
o days  Shght regranulation of the beta cells (staincd as 1o HIGT BE S|
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hexamide applcation 3 beginning degranulation of the beta cells becomes
After 24 hours 1t already is very pronounced FI1GURE § shows the
FiGuRrE 6 demon-

visible
normal beta-cell granulation of a pancreatic islet in the rat.
strates the heavy degranulation of beta cells 24 hours after oral application of
50 mg /hg metahexamide, and Fiuxe 7 the typical picture of completely

Annals New York Academy of Sciences

degranulated beta cells in the pancreatic islets of rats treated for 5 days

amde

FIGURE
for § days

& "" E 5 c’e‘h,' :—f?"

e

Froure 6 _Pancreatic sslet of a rat, 24 hours alter one oral dose of Sg)mg /hg. metabes-

Sigmficant degranulation of the beta cells {stained as 1n FIGURE

S ey

PRERY R\
£l \ivg‘
s P oy 'v:

o ) u,‘
v“fx‘i A;’ “
N‘Z,ﬁ

t

9
"‘ ze_g \}z ::'

LA RE
e %
R

7C0mpl=l= degranulation of the beta cells (stained as n FIGURE

Pancreatic 1slet of a rat after oral apphcaton of 50 myg /kg metahexamide



COMPARATIVE PHARMACOLOGY AND CLINICAL RESPONSES
TO METAHEXAMIDE*

George ] Hamw), Thomas G Skillman, Fred A Kruger, Willam H Roush,
Lucy R Freedyt
Department of Medicsne, The Olto Stale Unscersity, Columbus, Olao

Metah (N-(3 amino~+-methy] by tony1)-Nl-cy clohexy lurea)
was studied for the purpose of companng its hypogls cermc potency, toucity,
and pharmacology with the currently existing compounds used for oral therapy
of diabetes

\amide was
' y-onet dia-
L . . «a hypogly-
v . . d tw.ce that

Py e s, avaugiyacilile m ODLAIGG  TESPOTSIV G

Fatients with serum concentrations of metahexamide th ut range from one fifth

~ulfonylureas  Early

1hexamide indicate an

- = wswwvue sy el el guis Icldence 1s comparable to that of chlor-

bropamide,  Howeer, preliminary data suggest thit alterations of lnver func-
t1on are more frequent with metah de than with other s

MEeT10DS

mude were chosen deliberately All patients were matunty-onset dubetics

™8 per cent were regarded as responsive while thowe display ng alues above
s entical level were considered unresponsive  Contral values of hyer func-
ton, renal function, and hematopoetic function were established by measure-
ment of cephahn floccutation, serum bihrubin, thymol turbiudity, albumin,
Elobulin, cholesterol, alkaline phosphatase, strum glutamic ovaloacctic trans-
Ammnase (SGO-T), Bromeulphalem {BSP) retention, hematont, white ol

1 473ince of the Natwnal Institute of Arthntis and Metalntic Disases, Betbesds, Md
. - o7
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COMPARATIVE PHARMACOLOGY AND CLINICAL RESPONSES
TO METAHEXAMIDE*

Gearge J. Mamwy, Thomas G Skiltman, Fred A Kruger, Willizm I Roush,
Lucy R Freed:
Degortment of Medicine, The Oluo Siale Unizersity, Columbus, Qlao

Metahexamde (N3 anuno-d-methy} benzine-sulfony!)-Ni-cyclobexy lurea}
was studid for the purpose of companing sts hypoglycems potency, tomiaty,
and pharmacology with the cutreatly existiag compouads used for oral therapy
of diabetes

Observations made during & 6-menth period 1y which metahevamide was
given 1n daily doew ranging from 31} te S00 mg /day to 73 maturity-onset dia-
beue patients permit the conclusion that this compound rmbodies a hy pogly-
crmit potency that 1s approxunately ¥ times that of totbutamide and twice that
of chlorpropamide  In addition, normoglycerma i abtammed i respansne
peticnts with cerum concentratsons of metabexamde that range from one fifth
to une thard as high as the fevels needed with the other sylianyluteas  Early
studses of the madencs of untonard reactions to melahevamule ndu ate an
incidence af about 10 per cept This meadence 15 comparable 1o that of chlore
prepamude  However, profiminary duta suggest that 2berations of tver funce
tion are more frequent with metahesamide than »ith other compounds

Meriops

mude were chosen deliberately  All patients were maturty-onwet dusbetns

b glucane walues

Metabexamde

R . - penods of 15 to

o0t days  Inwhn “was drcontinued at the onset of therapy m putiems who

weze ustng , anvd w all cases the usual diet was mnlmucd In the pancm-
who had been managed with chlory fe, met e wis

m the same datly dosage where frasilile, and dxc sverage blood Quiow leveds

vbtained dunng therapy with cach agent were compared  Paticats wha con-

usteatly masntamned fasting and postprandial blood gluio-e Tevdds bedow 150

S PR cent were regarded ds responstie whie thowe di-pleying tatues above

this enticat leved were ronsidered unpesponsne  Control vafues of Iner func

om, Tenal function, and bematopotetic function sere established by measure-
rent of cephodmn focculation, erum bihratan, thymol tucbidiny, slbumin,
globubn, cholesteal, athatine phosphatase, sorumt glutamu oxalatti (rans-

aminase (SGO-T), Bromsulphaton (BSP) reteation, Rematocar, whin ool
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counts, dufferential counts, prothrombin times, blood urea nitrogen (BUN),
creatinine, and uric acid concentrations, Other studics included protein-bound
1odine, thyrowdal radicactive iodine uptahe, and urinary excretion of 17-heto-
steroids and 17-hydrovycorticoids.  In most patients blood glucose and scrum
metahexamide levels' ? were obtained at wechly intervals, and the other
indices were obtaind frequently during the period of therapy with meta-
hexamde

RisuLts \ap Discussion

Pharmacological Studies

Dosage  Favorable hypoglycemic effects were ~cen with daily doses ranging
from as low as 50 mg /day 1o as high as 250 mg /day. The average dose of

%
PATIENTS ] 42 METAHEXAMIDE {mean 149 mg/day)
FZ) 62 CHLORPROPAMIDE (meon 282 mgsday)
0.
20
/
o /
S0 100 150 200 250 300+
DOSE  (mg/day)
Ficure 1 Daily doses of 8 with chl m responsi e
patients

metahexamide on the day that normogly cemic levels were achieved in the first
30 responsive patients was 235 mg./day. The dose needed tn nrecerve such
. tanance
. ‘ntenance
. . ¢ --- - Inthe
42 patients responsive to metahexamide 1t was necessary to emnlov 5 different

- 1 vy
77 per cent of the 62 chlorpropamide-responsive Ppatients required daily main-
tenance doses of 200 mg or more and averaged 282 mg /day, which 1s approai-

tely twice the amount needed with metahexamude, A similar decrease
mal e req wath chl ide was observed as the dosage fell
from 435 mg /day at the time of initial response to 282 mg /day  This tend-
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ency for the magnitude of dosage to decrease during maintenance 1s of chnical

Strking vanations of levels were found i individuals recening the same daily
does of metahexamde, but in gencral a rough corrclation between the dady
dose and the serum Ievels was noted (F1Gure 2)  For enample, paticnts tabing

50 100 150 200 250 300 350 400 450 500
DAILY DOSE  (mq)
Fiouee 2 Plasma metahexamide levels (mlligrams per cont).

averaged
o plateau
» mg daily

b0 be noted that masimum <erum levels are achieved only after 6 to 8 days
of adminitranion of & constant daly dose  The obenved inarement in drug
ncentration during mitial therapy 1s probably best explained by the relatively
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long half lives of these compounds. It has been shown previously that the
biological half Life for chlorpropamide averages 34 hours.»4  Qur studies indi-
cate that serum concentrations of metahexamide fell 50 per cent within 17.5 to
22 hours (average 19 hours) following the oral ingestion of this compound
(FIGURE 4) Tt 1s of further interest that, in the 4 individuals mn whom the
half-lfe study was done, calculations of a theoretical “metahexamide space”
averaged 121, and in no patient was this thought to be in excess of extracellu-
lar fud volume

To demonstrate the differences 1n serum levels attained i the same patient
on the same dosage of
was followed for 2 mont
mide and the others re

20
CHLORPROPAMIDE,
05 gm dady
(4 patients)

mg %

METAHEXAMIDE
025 gm. daily

/(Io patients)

5 13
DAYS
Ficure 3 Blood levels schieved with maximum daily maintenance doses

drugs were alternated, so that each patient who had recewved memhexnmidf
was placed on chlorpropamide in the same dose, and vice versa. FIGURE 5
demonstrates that on the same dose the metahexamide serum levels are dis-
tinctly lower than the serum levels obtained on chlorpropamude  The explana-
tion for this dufference 1 serum levels of these 2 compounds 1s still doubtiul.
It 1s clear, however, that the effective serum levels of metahexamide are one
fifth to one half of the serum levels obtained with chlorpropamide
Hypoglycemic effect. Forty-four of the 73 patients (60 per cent) responded
to metahexamide 1 a 'ialls[‘:xctory fashion In each instance blood glucose
values fell from hyperglycemic levels to fasting and postprandial levels which
remaned below 150 mg per cent during the entire period of therapy The

mean ¢
150 me
Torel ol wer =0
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ranging from 14 to 5 8 mg. per cent were obsened  Some of the charactens-
tics of the responsive and nonresponsive patients are listed 1 Taste 1 It
may be noted that the responsie patients as a group had been tahing less

PLASMA DRUG LEVEL img %)
®

s PE—
6 12 24 36 48
HOURS AFTER ORAL 0QSE OF 500mg.
Ficvse 4 Plasma half Lfe of metahexamude

10,
i
%
£
o
o
S
H
Y
g [@ [%
S o
S 50 100 150 200 250 DOSE (mg./day)

4 3 2 3 3 PATIENTS

] METAHEXAMIDE
ZZZ CHLORPROPAMIDE

FIGLRE 5 Duffercnces in Llood lexels at vanous dusages.

Il and reported a shorter duration of diabetes than did the nonre-ponsine
ialents,
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Standard oral glucose tolerance tests were performed before and after 1
week of metahexamide therapy 1 8 responsive patients. As demonstrated in
FIGURE 7, no cssential change s the configuration of the cunve occurred.

TabLE 1
CHARACTERISTICS OF PATIENTS®
Factor Responsie {14) Nonresponsive ()

Age (ycars) 61 61
Per cent, women 55 &3
Daily msulin (U ) 11 22
Years of duabetes 46 7
Hustory of acidosis (%) 0 130
Dose (mg /day) 150 250
Mean blood level . 304 548
Per cent fall in blood sugar 530 13.7

* Figurcs given as mean

100,

80

o
o

RESPONSE, %
H
o

20]

[¢)
[} 4 8 12 18 20
DURATION OF THERAPY, DAYS
Ficoxe 6 Frequency of delay sn sesponse to metabexamide i 25 patients

Although the mechanism of this effect 1s not clear, this 15 not the response that
one would predict from the adnunistration of insulin, .
Comparalite hypoglycemic effect There were 53 instances i which the
response to metahexammde could be compared to that with tolbutamide and
chlorpropamide m the same patients. Metahexamide was given to 20 wdi-
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viduals who previously had been treated with tolbutamide Seventeen of
thee subjects were deliberately selected because they had been shown to be
uarexponsive to tolbutamide. Six of the 17 were found to respond to meta-
hexamide  All of the tolb ide-resp: palients responded to h
mide. This finding sndicates that metahexamide may prove useful in tolbuta-
mide-resistant patients

Comparatise observations were made 1n 33 patients who had undergone trals
with both chlorpropamide and metahexamide  On the basis of response, these
yatients could be dnsded into 3 groups (TanLe 2)

confrol

—eoweafter 250 mg. daily

mse 14
ABOVE
FASTING gg)
(mg. %)

120 180 240 300
MINUTES
Bietgr 7. The influence of metabezanude on oral glucose wlcrance (means of 8 patients)

Seventeen indisiduals (51 per cent) were responsive to both compounds
(Group 1), and 3 patients (9 per cent) proved sensitne (o chlorpropamide but
10l metahexarmde, Group 2 Thirteen indivaduals (0 per ceat) faled to
pond to exther compound  No patient was found 1o be responsin € Lo meta-

examide bt festant to chlorpropamude  From these olhenations one
Might postulate that chlompropamide may occavonally be effectne w the
metahexamude-reastant mtient It may be of interest to note that m § of

. enformun®
. . wrtalal

*Product of U'S Vitanun and 'barmaceutical Corporatin, New York, ¥ ¥
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Standard oral glucose tolerance tests were performed before and after 1
week of metahexamide therapy in 8 responsive patients, As demonstrated 1
FIGURE 7, no essential change in the configuration of the cune occurred,

Tavte 1
CIARACTERISTICS OF PATIEATS*
Factor Responsive (44) | Nonswsponsnne (5)
Age (years) 61 6t
Per cent, women 33 83
Daly snsulin (U) 1n 22
Years of dabetes 4.6 7
Ilistory of acidosis {T5) 0 Ho
Dase {mg /day) 150 5
Mean blood level 304 548
Per cent fall i blood sugar 53.0 13,7

* Figures given as mean,

100,

80

23
o

RESPONSE, %
»
o

20}

o
o 4 8 2 18 20
DURATION OF THERAPY, DAYS
Ficure 6 Frequency of dilay in reqonse to metahexanude in 25 paticnts,

Although the mechanism of this effect is not clear, this is not the response that

. ne would predict from the administration of insulin

¢ Comparatise hypoglycemic. effect. There were 53 instances in which the

response to metahexamide could be compared to that with tolbutamide nénl
- tients. Metaheramide was given © 20 mdi-

chlorpropamiide 1 the same patieats. de was given © 20
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Other Effects
Eudocrine effects. Studies of patients with acute and chronic condstions sug-
gest that metahcxamide has no important effect on thyroid or adrena! function

TasLg 3
Expocaine Fuaerion Smupirs

Test Control* Therapy* | Days interval

uptake (17 20 . 18 | s6 4 2
(11037) | (Gw3n (7 10 105

! 52 64 34

(295108 72:\ @ 9107 T8 | (7 19 120)

Thyrod 4 hr‘!I
Scmm Pul 3508

Seram cholesterol 5 0 | } 43
(13010 280mg %) | (113 10 400 ] (150 ta 3951 | (7 to 120) }
Adsenal | 17 OH/24 br (S to { | 3 I a2
15 mg o smzs gia llu N 9 (e
17 hefosteronds/24 s o
Br (3 to 20) I Soson [atienn ! aes |
*Mean and range - T
TaniE 4

Hazuataroizmie asp Renan Fovesion Team

Tests Control® Theiepy® ‘ tars ‘D.n\mlnvzl'
Hb 132 gm o 12 4 [7 o T
(10 S 10 15°) ®01s® T
Ret 42 59, % j o2 n-
{35 10 51%) (30 10 5355) | (710 135)
WBC 8,382/mm 1 4 s4 | 63
(3500 10 22,300y (4500 (0 12,850) 7 10 120)
Platelet count 213,124/mm? 214,933 \ "o
X (34,006 10 7zs ,000) | (116,000 13 424,000) | 613
Bleeding tjme ) 9
us"=2'0" (55" 10 6°0") (40150
Clatting time 0% 10" 7 73
plap) (325" to 77357} (14" 10 7'157) g 150
UN 18 mg 7, 18 a8 3
o3l (10 (0 45) (7 to 135)
Creatinine mg % 18 14 1
. (| 0|oZ 7 (10103 4} (7 10 135)
Uncaad 32 13 1
»se 275D Lgwrn LA
15 rin_30% min
Ih G 2ireinsg” 2| Gowo

* Mean and range 19 each instance

Values of these mdices of endocrine function obtained before and during treat-
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mstance of hemolytic anemia believed to be induced by metahexamide was
obsenned and 1s discussed below.

Effects on Iner function. Values pertaining to several liver functions were
determined over peniods of observation ranging from 14 to 180 days (TABLE 5),
Sporadic elevations of thymol turbidity (2 patients) serum alkaline phosphatase
(2 patients), and SGO-T (1 patient), usually of mmnor proportion, were ob-
served In these patients such deviations were transient and were seen m
patients with a definite history of alcoholism or cholelithiasis. In one instance,
a causal relationship of derangement of Inver function scemed clearly related to

treated with metahexamide 250 mg. daily for 13 days, she was admitted to
the hospital with jaundice and dia
mussion showed chemcal evidence o
rose from normal values to 16 mg
phosphatase rose from 3.5 10 36 8 SI [ P .
and the SGO-T rose to 263 unus, Durning the period of jaundice the hemo-
globin fell from 118 gm per cent to 73 gm per cent and the reticulocyte
count rose to as high as 92 per cent. A study of RBC survival using Cr*-
tagged cells indicated a shght decrease in RBC survival time, Four scrial
punch biopsies of the liver showed transient changes characterized by mild focal
hepatocellular necrosis, mintmal peniportal round cell snfiltration, and inspissa-
tion of bile 1 the bihary canalicull  The red blood ccll content of glucose-6-
phosphate dehydrogenase was found (o be reduced. These findings are inter-
preted as with h ide-tnduced cholestasis with jaundice and
metahexamde-induced hemolytic anemia in a patient with a congenital defi-
crency 1n glucose-6-phosphate dchydrogenase.  Continued observatton of this
patient dunng the 3 months since the onset of her jaundice indicates that there
is no residual evidence of hepatic damage

Side reactions  Untoward effects believed attributable to metahexarude
were observed 1t 7 of the 73 patients (10 per cent)

Four individuals developed epigastric distress that occurred after ingestion

;f the up’per gastromtestinal tract in 2 of these patients sl‘m\\ ed no evidence of
ulcer, gastns, or abnormal perstalsis.

One patient developed a generalized pular skin eruption on the
thurty-first day of therapy on a 250 mg /day dose. The rash was quite ex-
tensive but cleared completely within 7 days after the drug was discontinued.
A second patient developed rather severe generalized pruntis that was not
associated with an el:PUU" This symptom also regressed promptly after

‘minated.

lhf{a‘;\};\:‘gz‘;xiianons 1n liver function studies occurred in 6‘pnuen:s,‘m on!)' 1
1netance could such changes be clearly related to metahexamide admnistration,
:x}:sls instance of jaundice with hemolytic anemia is descnibed above. It might
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1939 Metabolic tate of chlorproparmde 1n
Acad Sa T4(3): 4
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4 R RE, 33 Tagans, L Ao & I W Cown 1959 Metabobe studues of
gluar?mp.m.de 1 normal men and diabetic subects  Ann N Y Acad Sa 74(3):

3 Jowson, B, & lienazs & K. M Wosr
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be postulated that in some nstances metahexamide may induce changes in
liser function that are transent and do not necessanly indicate important
tome mamfestations It will be necessary Lo observe a large numbee of pa-
tients treated for chronic conditions in order to be able to interpret the signifi-
cance of such transient clevations of serum alkaline phosphatase, thymol
turbidity, or SGO-T, particularly in a group of patients with a potentially high
incidence of nondrug-relatcd iver damage.

SumyAary anp Concrustons

[N, LRSS - - .

respectivefy.

(3) Normoglycemia was achieved with metahexamide in responsive patients
with blood $evels ranging from 14 to 58 mg, and averaged 3.9 mg per tent.
This level is 20 to 33 per cent as high as levels reported as needed with all other
sulfonylureas.

(4) The biclogical half Lfe of \; de avcraged 19 hours as
with the a1 erage half lives of 34 houts and 4 hours reported for chlorpropamide
and tofbutarmide, respectively

(5) Although serum levels within the therapeutic range may be achieved
within 4 hours, normogycemia still had not been achieved after 7 days m 0
per cent of the patients who ultimately responded

(6) Metahexamuide was effective in 6 of 17 tolbutamide-resistant patients
and w all of 3 tolt de-responsive patients, Metab ide was efiective
n 17 of 20 patients who were responsine to chlorpropamide. In no patient
resistant to chlorproparmde was @ favorable response obtained with meta-
hexannde.

{7) This compound produced no changes in thyroid, adrenal, cardiac, ot
renal function

(8} In a total of 73 patients expo»td Lo metahexamide there were 4 mstances
of ga:lmml:stmal wtolerance, 1 mstance of generalized maculopapular erup-
tion of the skan, 1 1pstance of generalized pruntis without eruption, and 1 -
stance of combined tosic hepatitis and hemolytic anemia  In addition, there
were 5 mstances of sporadic transient abnormalities 1n liver function tests, the
sigmficance of which is dbscure,
o

Mg ey B
sistant patient.
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AMATERIALS AND METHODS

Amimal Eaperiments
Expenments were performed upon 7 mongrel dogs weighing between 15 and
20Lg each  Ammals were mamtained on routine laboratory diets and fasted
otermght prior to study. The experimental procedure was performed under
Pentothal anesthesia, The abdomen was vpened and splenectomy was per-
formed ~ Follow1ng this, a No. 60 poly ethylene catheter was mserted retrograde
mto the pancreatic vew. Blood was collected in heparimzed tubes at ap-

I.V Tolbutamide Response Curve
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Bemidiaphragms obtaimed from 3 rats were pooled, weighed, and placed m
Paited Dubnoff flashs  One flask contained 2 m! of the control plasma-buffer



TOLBUTAMIDE STUDIES IN PREDIABETES*

Hennique Paule Barros Barretot and Latlian Recant
Washington University School of Medicine, St. Louss, Mo.

InTrODUCTION

It has been shown that the oral hypoglycemic agents of the sulfonylurea type
produce hypoglycemia by a mechanm that requires the presence of the beta
cells of the pancreas® Evidence of many types has accumulated confirming
thus observation, indicating that insulin is released from the pancreas as a result
of the action of these drugs. The evidence for insulin release includes the

o . s oo s ..
responsiveness ta the drugs to the adult rather than the juvemsle onset type of
diabetes

If, indeed, this 1s the mechanism of action of these agents, it scems reasonable
to conclude that the magnitude and type of blood-sugar response to these agents
must be dependent upon the quantity of araslable snsulin in the pancreas. 1a
this connection, Unger and Madison recently published observations 'of 75
ruld diabetics and 100 normal subjects studied after the admmistration of
10gm of tolt ide it ly A stoking d was noted i the
response of the diabetic  Not only was the 30-mun, fall in blood sugar reduced,
namely 82 per cent of cases showed a blood sugar fall of Jess than 23 per cent
of the 1mual blood sugar as contrasted with 99 per cent of the normals who
showed a fall greater than 23 per cent, but the shape of the curve was quite
dificrent  The diabietic response was charactenized by a gradual but continu-
ously falling blood-sugar curve even at 90 min., while the normal response was
a raptd fall within 30 mm and a rapid return toward the starting value (FIGURE

1t 15 not surpnsing that in the diabetic the decline n blood sugar 1s of qamaller
ragnitude.  The continuous fall in sugar, on the other hand, suggests that in
Ihe diabetic, differences may exist that relate not only to the msulin content
of the pancreas but also to the rate of wsulin release  In an effort to gan
some understanding of the nature of the normal and diabetic curve, studies
were made of the tolbutamide response of normal dogs and normal human
subjects to intravenous tolbutamude  The latter was ms estigated under conds-
tions eapected 1o influence the state of carbohydrate tolesance. During the
course of these studies 1t was noted that certain subjects could be. converted
Som & normal response to that entirely charactenistic of the diabetic, These
subjects, wing the terminology of Conn,® have been designated as prediabetics.

R ‘,’S‘&?ﬁfh‘?a‘-’x‘ﬁsx{'l“c‘r'&'c‘%Ei?;'“}}%’:ﬂ,,‘,‘;_l’\{.’e‘s}’;,glr:::ll-, Srom The Upsohn Com-
Lad ‘ochefeller Joundation Fellow.
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1 t2lro, using zero-time pancreatic plasma as a vehicle had no effect on glucose
selease from liver shces, 1t seemed likely that this effect of pancreanie plasma
following tolbutamide was not due to the increased nsuhin actvity but to o
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olution, while the second flask contained the 10-, 20-, or 30-min samples
Plasma samples were run in triplicate.  In this way data could be expressed as
the change n glucose uptake of the diaphragm incubated in the 10, 20, and 30-
min samples fol g tolb ide as 1 with the O-mun. sample.
Insubin activaty was then eapressed as the change i micrograms of glucose
taken up per 100 mg duphragm per hour.  These values were not calculated
back to the undiluted plasma  The pancreatic samples were alvo tested for
hyperglycemic acvity  Plasma <amples were diluted 1:3 in Ringer-phos-
phate solution without added glucose Liver shices weighing approvimately
200 mg were obtained from fed rats and were incubated in 2 ml of diluted
plasma at 37° C 1n the presence of oxygen for 1 hour. At the completion of the
experiment, measurements of glucose appearing i the medum were made
The glucose release (ug glucose/100 mg. liver/hour) of the zero time sample
was compared with quadruplicate samples obtained at 10, 20 and 30 nun.
after tolbutamde, the activity was eapressed as this change.  Ina few instances
penpheral samples of plasma were assayed for both insuln and hyperglycemic
activity

Human Experiments
A group

studied
The group - - -
history of diabetes
mght prior to testing .
administered intraver | .
conditions  Blood samples were obtained every 15 num. for 1 hour and then
at 90 min. Sugars were done 1n duplicate. The nonestenfied fatty acids were
measured by the method of Dole® Steroids, when used, were Decadron m
total dosage of 6 mg taken oraily 815 and 2 hours prior to testing and, 1 a
few cases, 40 mg of Prednisone was used

N .

Rrsurrs

Asimal Experuments

Insulin actiaty following LV, tolbutammde, The mean value of glucose up-
take by duphragm mcubated 10 zero-time pancreatic plasma was 320 sg
giucose/100 mg wet diaphragm/hour The mean changes observed 1n pan-
creatic plasma compared with the zero-time plasma value in the 7 dogs tested
may be seen 1n FIGURE 2 Correlation with the changes in blood sugar also
may be seen It may be noted that the maaimal change was an increment in
the 10 to 20 mn sample following tolbutamide, with a fall noted thereafter
"These changes are significant by analysis of paired data (p = 001)  No change

1o changes were noted 1n pempheral biood. - since glucagon-tree insuitn tested
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5o change in the curve can be seen  Samplerly, performame of the test after
24hours of excessive carbohydrate intake and 2 hours after a high carbohydrate
meal produced no alteration in the response. However, m 2 subjects 1 whom
carbohy drate was eliminated for a period of 3 to 7 days and nho were maimn-
tamed on 1socaloric diets, hugh in protemn and fat, 2 different re-ponses were
noted (FGURE 5).  Subject HB showed a response which was entirely normal,
Catbohydrate depnivation produced a change i response in subject MK,
who, inadentally, has a very eatensive family hitory of diabetes Prior to
carbohydrate deprvation, the time of maxmal blood sugar tall followng
tolbutamide was 45 min with a fall at 30 min of 31 3 por cent  Following
depm ation, the time of maximal fall was 60 mu , and the fall at 30 minutes
®as255per cent  This delay 1n time of maximal fall in blood ~ugar following
catbohy drate restriction, approaches the dibetic curve in which the time of
maximal fail s delayed beyond 90 min

EFFECT OF STEROID QN IV TOLBUTAMIDE RESPONSE
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there is a rapid increase in insulin activity in pancreatic ven blood. This
activity does not appear 10 be sustained, although obervations were not made
over longer periods than 30 min.  In addition, as insulin is «ecreted, there ap-
pears to be a decrease in ~ecretion of hyperglycemic factar,

LY TOLBUTAMIDE RESPONSE CURVES
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Human Experiments

Efect of dict on LV tolbitamude sesponse.  In 11 notmal subjects ona stand-
:“d'diel contaimng liberal amounts of carbohydrate, the blood sugar respon=¢

o tolbutamide was I8 'J‘ ‘l‘)‘i
one of his cnitena ' may
noted that all but 1 ¥ greater

- ew e
han 23 per ceat of the nitial value. In addution, the m.:uinnl fall in blood

. ‘t n\>iou~\)"“5‘“‘ while on a normal diet. It is of interest to note that
Ject p N



Barros Barreto & Recant® Tolbutamide in Prediabetes 565

change in the curve can be seen.  Simularly, performance of the test after
1ours of excessive catbohydrate intake and 2 hours after a high carbohydrate
H produced no alteration in the response  However, in 2 subjects 1n whom
bohydrate was eliminated for a period of 3 to 7 days and who were main-
red on 1socalonic diets, high i protein and fat, 2 different responses were
ed (FIGURE S)  Subject HB showed 2 response which was entirely normal.
bohydrate deprivation produced a change 1n response i subject M K,
» madentally, has a very extensive family history of diabetes Prior to
ohydrate deprvation, the tune of maximal blood sugar fall following
sutamide was 45 min with a {all at 30 min of 315 per cent  Following
rivation, the ime of maximal fall was 60 mun , and the fal] at 30 minutes

EFFECT OF STEROID ON 1V TOLAUTSMIDE RESPONSE
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cates the 23 per cent level of blood sugar fall

Effect of Sterords on 1V Tolbutamsde Response

3lood sugars In these experiments 26 subjects were maintained on stand-
diets and then were pretreated with Decadron  In some cases the same
yect was retested with Prednisone tn order to determine whether the tuo
roids were comparably diabetogenic  The effect of steraids on the tolbuta-
4 response may be seen 1n FIGURE 6 Two types of response were noted
€ cunve, which was shown by 18 subjects, was termed normgl since it most
sely resembled the shape of the origmal or nonsteroid tolbutymide response
e second type of response, termed abnormal, was shown by 8 subjects, it
thfully reproduced the curve seen 1 diabetics, It is noteworthy that the
ponse to slerards 1s manifested 1n all subjects by a delay in the tme of
ximal blood sugar depression  In the normal cunve the delay 15 from 30
2 10 45 to 00 min, while in the abnormal curve, even at 90 yun. the blood
wrisstll fallng  In addition to the tune delay and change 1n shape of the
‘ve, absolute changes 1n blood sugar level were noted following admmistra-
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'
subjects showing a fall at 30 min. which was less than 23 per cent.

FiGure 7 shows the ab-olute blood sugar levels and the ranges observed
in all the subjects studied. Secveral points may be noted. First, there 1>
a stepwise Increase in the imtial blood sugar level as seen by comparing the
three curves. Second, the actual fall in blood sugar in the normal steroid
curve 1s as great, or greater than that noted in the imtial tolbutamide curve.
This 1s not true in the case of the abnormal curve, Examination of FIGURE 8
shows the distnbution of blood sugar values and indicates that a dibetic
curve 15 fo be expected following sterouds if the imtial blood sugar is above

Telbutrmide TolutomarsSiernd  Tolbuisnde $Stamid

8LOOD SUGAR mg

9304560 S0 15304560 | 0 5 04360 %0

TIME = Minutes.

Ficure 7 Mean and range of blood sugar values following tolbutamide with and without
steroid pretreatment

1150 mg per cent or if the 30- and 43-min. samples are above 960 and 8§60
mg per cent, respectively In view of the overlap of blood sugar levels 1
the two curves, the combined observations of the shape of the curve and the
Jevel of blood sugar are required 1o call a response abnormal. In 3 subjects
tested with Prednisone and Decadron, both steroids produced comparable
changes. It 1s important to note that all subjects who gave an abnormal
test with steroids showed a normal test with tolbutamide alone.

Nonestentfied fotty acids (VEFA) of blood  Ficure 9 shows the nonesteri-
fied fatty acid changes, subsequently referred to as NEFA, observed during
1hecourse of the blood sugar responses previously noted, Aside from the higher
1tial level of NEFA in both groups treated with steroids, there 1s a remarkable
sizlanty in the shape and magmitude of response in all three curves  The fact
that the abnormal sugar curve was associated with a normal NEFA response

seemed unusual in view of the demonstrated relationship to NEFA of blood

Sugar responses.
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Relationslup to famly lustory of diabetes. The abnormal blood Sugar curve
in response to steroids was observed in 8 subjects.  Of this group 6 gave a
positive family tstory of diabetes.

Discussion

The immediate response to intravenous tolbutamide appears to depend upon
the release of nsulin from the pancreas. The data obtained from studies
using dogs also suggest that a sumultaneous decrease in hypergly cemic factor
may occur and contnbute to this effect. It is of interest to note that the
response appears to be short-lived and declining by the 30 min. pomt. How-
ever, since no observations were made after 30 nun,, it is not possible to state
whether insulin secretion is sustained or reactivated therafier.

On the basis of these data obtaied from animal studies, one can attempt to

It scems lihely that

sod sugar represents

,,,,,,,,,, ,-«— The simultancous

fall in NEFA noted 1s similar to the one produced by insulin and suggests a
T .

PR PE

an epmephrine effect Holzbauer and Vogt® have shown in the dog gnen
wnsulin that epinephnine in peripheral blood 1s released almost as soon as the
blood sugar starts to fall and continues to be released throughout the fall,
gradually decreasing in quantity as the blood sugar nses It is interesting
that their data show that there 1s a less pronounced, but definite rise in epineph-
rine with as small a blood sugar fall as 15 mg. per cent. An additional pownt
of interest relates to the demonstration that cpinephrine causes a rise'® 12
NEFA  These observations appear to explain the charactenstics of the
normal blood sugar and NEFA response to tolbutamide,

It 15 interesting that 24-hour starvation or eacessive carbohydrate intahe
resulted 1n no changes 1n tolbutamide response.  On the other hand, restric-
tion of carbohydrate, known to induce a decrease in pancreatic insulint! among

When steroid pretreatment was given, the tolbutamide response was Sig-
nificantly modified  Since the major effect of these steroids (Decadron, Pred-
misone) is to mcrease gluconcogenesis and raise the blood sugar level, 1t is not
surprising that elevated blood sugars were observed in all patients. It scems
Likely that this nise in blood sugar occurring over an 8}3-hour period prior 1o
the tolt ide injection 1s accomp y an d release of the stored
wmsulin of the pancreas  Injection of tolb de at this time pi 1
tests the pancreatic reserve and the individual with diminished reserse shows a
sigmficantly smaller fnll.m blood sugar. This was apparent 1 the 2 types of
curves noted and one might use the term prediabetic for the curve suggesting

i tores.
decreas@e;nﬁzg lshe decreased reserve of insulin adequately explain the differ-
ni{:):‘a;‘e of the curve, namely the continual decline of blood sugar 1n the pre-
e
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duabetic and diabetic? Since the NEFA curves were similar 1 the normal
and prediabetic groups, showing a secondary rnise, it seems probable that
epepheine was hiberated 1 both groups  If the level of epinephrine required
to1nctease NEFA 1s less than that required to restore the blood sugar to normal
levels, 1t could be assumed reasonably that more epinephrine was released 1n.
the narmal than i the prediabetic or diabetic  Thus could explamn the failure

to see a secondary nise in the abnormal sugar curves
On the other hand, progression from the mtial tolbutamide cunve to the
steroid-normal curve and, ultimately, to the steroid-prediabetic curve (FIGURE
6}, is manifested by a delay n the time of maximal blood sugar fall This
defay could represent the conversion of premsulin to ansulm, when the stores
o Lo by

These chal[engmg questions are una.ns“crnd and re\ olve about pancreatic
metabolism and the mechanism by which tolbutamide effects a release of
pancreatic insuhn

The data obtained relative to prediabetics 1s based on numbers too small,
and follow-ups too short to be cenclusne However, the family history of
diabetes appears to ncrease the probability of an abnormal tolbutamide re-
sponse followng steroids

Surarary

Studies have been presented that were designed to esplain the nature of the
normal, prediabetic, and diabetic blood sugar response to intravenous tolbuta-
mide,
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RELATIVE EFFECTIVENESS OF NEWER ORAL AGENTS IN THE
REGULATION OF DIABETIC PATIENTS IMPERFECTLY
CONTROLLED BY TOLBUTAMIDE STUDIED WITHIN
THE FRAMEWORK OF A TENTATIVE
SUBCLASSIFICATION OF THE
DISEASE

Roger H Unger, Leonard L. Madison, Norman W. Carter
Depatiment of Medicine, {nniersily of Texas Southuestern Sedicol School, Dalfus, Tesas

Specific correction of the underlying physiological derangement or deficit 1s

lected

Tn the present study, we have attempted to evaluate, within the framework
of a tentatne chimcophysiological subclassification of diabetes, the relative
effectis cness in this discase of the presently available oral blood glucose-lowering
agents, both singly and in combination.

Subclassification of Diabetes Melliins

It 1s generally agreed that diabetes can be divided info at least 2 major
groups {TaBLE 1) The first group, designated as Type 1, is perhaps best de-

chimical type 1s charactenzed physiologically by the presence of msulin in the
beta cells? and by wsulinhike activity of endogenous origmn? 4 1n the plasma.

Type 2 diabetes, more commonly referred to as juvemle, growth-onet,
unstable, or labile diabetes, 15 perhaps more aptly described as hetoacidosis
P
o«

o P
and might, therefore, be descnibed as “abinsulinogenic.”

No further conaideration will he made in this report of tins latter group nor
of those transitional cases that are difficult to fit into either of these two cate-
gones

Subdlassification of Type 1 Diabetes

In order to provide a bass for clinical compansen, Type 1 thabetics have been

: o 3 - P ness of
1. The

a sub-

T oy ! CC P e

¢ .
H ser Pt
Z{nsslﬁcauon will be distussed below.
Patients m whom mean fasting normoglycemia 1s wmaintained with tolbu-
iy proposed by Vuilder,) seems preferable to the more commonly ustd
e Y atanty-onset diabetes
570

* Ths term,
terms, stable, adult, or
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tamde are ds d as the tolb d bgroup, those i whom
a Blood-glucese response to maximal dases o( totbutamide takes place but falls
short of fasting are d d as the

sponspve subgroup  In lbxs category blood sugar control ranges from near-
norma} to entiely unacceptable levels Finally, ithose Typc x dmbenm m
whom no sigmificant blood sugar- g cﬂul

therapy can be discerned, are d t

Selection of Patients

The tolbutamsde-responsive subgroup, as defined above, 15 1deally controfied
according 1o usual chmucal crtenta  Mean fastng nermoglycemma has been
achieved without any penalty n the form of senovus hypoglyienia or drug
tomaty  Furthermore, as will be pointed aut later, it 15 possible to defend this
therapy on physiological grounds  Stace the need for additional methods of
blood sugar contral eems least i thus tolbutamide-responsne subgroup, the
patsents selected for this study were drawn prmanly from the ranhs of the

Fap
CLASSIFICATION 0F THABETES

Tyoed
Reroacidosivrenstant

Tolb\zllmult respunmz Tolbutarmde by porespon | Tolbutamide anrespon
wmal on i sne gmmf response | wne  (no detectabie |
tasmde saminateation] rangang {rom near nor | S respanse o tolb
roal FBS 10 unacespt | tarmde)
ably high Tevels) H

i b 2nd tolbutamude-unsesponsine subgroups (93 pee
cent)

The patients were members of the Parkiand Memorn! Hospital Metabolie
Clinse or the Veterans Hoepital Diabetes Study Chint and consetquently were
observed at weekly intervals as onipatients

Methads

Weekly fusting blood glucese tevels were determined i Pashland Hospuital
Patients by a modification of the fcmcynmde methed of Hoffman,* uung the
Techmcon Carpocatian Autzmna]) zer

Therapy with chl de, and T (DBI} nas
begun at muumal dosage levels and the dme was raiced progressuely each week
untdd a response in fasting blood glucose lesel {FBS), the appearance of drug
toxiaty, o an unsatisfactory Tesponse to the drug was obsenved  Perseiente
of FBS lerels at or abiore the lolbutamide haseline yalues despiie $ to 6 weeks
of a drug 1 manimal doses was considered 1o warrant change to another agent,
The order of agents used followng ducontmuation of tofbutamde therapy was

* Kundly performed by the labaratory of Morton ¥ Mason
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not randormized and was, in general, as follows. metahexamide, chlorpropamde,
DBI, and tolbutanude plus DBI.

The mean FBS level of cach patient while on tolbutamide therapy was com-
pared with the mean FBS level while on the various newer therapeutic regi-
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mens, Percentage of change in mean FBS level following converston from tol-
putamde to a newer oral drug was then calculated
Results
Metaheramide. rity-six patients were thanged from tolbutamide to meta-
he;amide therapy. Metahexamide therapy was begun at dosage levels of
00 o 150 mg,/day, admnstered in divided doses before breakfast and dinner
}1‘he dose was rased each weeh by 50mg until exther a decline i FBS to pormal
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or near-normal levels was noted, drug toxicity appeared, or 4 to 6 weeks of
therapy at a dosage level of 300 to 400 mg /day had proved to be meffectine.

In FIGURE 1, on the honzontal axis, the range of mean FBS level during
prior tolbutamide therapy 1s indicated for each of these patients, the per cent
change from these levels during metahesamide therapy is shown on the vertical
aus A change in mean FBS level of less than 20 per cent was regarded as of
doubtful climcal sigmficance  Thurty-nine patients (70 per cent of this seres)

‘TaeLE 2
MEAN AND RANGE o7 FBS LEVELS IN PATIENTS IN WHOM CONYERSION FROM TOLBUTAMIDE
10 METAHEXAMIDE WAS ASSOCIATED wITH A DECLINE IN MEax FBS or 20
£r CENT OR MORE

Patient ‘Tolbulamide Metahexamide
10 145
(110 to 150) 188
(175 ta 213)
(2200 335)
2 194
(238 to 282) {101 to 280)
3 179 138
(160 to 190) 123 10.152)
4 293
s (263 t0 203) (194 10 264)
(284 to 222) 153 to 189)
6
(150 to 253) (129 o 186)
7 140
{15210 249) (114 to 166)

*This patient had had 2 separate courses of tolbutamude therapy, the first of which was
satisfactory, the sccond unsatisfactory  Conversion to metahexamide was preceded by an
anterval of nsuln therapy

The blood sugar range of the 7 patients who showed a sigmficant reduction
inmean FBS level while on metahexamide 1s exammed more closely tn TABLE 2
TIn all but the first patient, 1n whom interpretation 1s difficult because of a long
hiatus between tolbutamde and metahexarmide courses, the improvement over

control following conversion to metahexamide therapy was most prevalent
among patients in whom the mean FBS level while recenving tolbutanude had

wr’l"\\'e’n_ly-four patients were converted from tolbutamide to
The drug was ad din a simgle dady dose begmning

Chlorpropanrde
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at 500 mg /day. The dose was increased by 125 to 250 mg /uk, un'lil a
dechine in FBS to normal or near-normal levels, the appeatance of drug tosiaty,
or 4 to 6 wecks of unsatisfactory FBS response at dosage levels of up to 10
gm /day had been noted  FIGURE 2 indicates the per cent change in mean
FBS from tolbutammde bascline levels noted during therapy with chlorpro-
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pamide. Improvement was noted in 3 patients (12.5 per cent), detenoration
in 5 patients (20 per cent), and 1 16 p:“ienls (67 5 per cent) no significant
change was observed. The range of faslmg.blood glucose levels of the 3 cases
1n whom 1mprov ement was noted is sho'\vn in TABLE 3. The improyvement :ﬂ
these 3 cases, 2 of whom had been uately controlled by I
aswellasby tolbutamide, was strihing, and in each case the FBS level was main-
tamed within & clinically acceptable range .
Phenformin. Twenty-seven patients were converted from tolbutarmde to
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FBS level after 3 weeks of therapy at maximal subtoaic levels was considered
evidence of drug failure

Seven patients (26 per cent) showed significant 1mprovement i mean FBS
control after conversion from tolbutamide to DBI, 8 patents (30 per cent) ap-
Peared to deteriorate 1n this respect, while 12 subjects (44 per cent) were con-
sudered to be unchanged (F1GURE 3) The magnitude of mmprovement ex-
ceeded 30 per cent in 6 of the 7 improsved cases

* Product of United States Vitanun and Pharmacentical Corporation, New York, N Y.
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TasLE 3
MgAN AND RANGE OF FBS LEVELS 1N PATIENTS IN Wioat CONVERSION FROM TOLBUTAMIDE
HILORPROPAMIDE WAS ASSOCIATED witH DECLINE 1N MEAN FHS of
20 PER CENT OR MoORE

Pauent c d
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~Sunce the preparation of this 12ble tha patient has become unresponsis @ Phenformn

mun was added dyrectly to an un-
utamde was considered the basic
-~ -~ wuDDlementary agent to be given In
i or optimal FBS control  The
' 1

Y
- wwn> duration revealed substantial
-« or aueant £ B level over that of pror telbutagude therapy w 60
Pex cent of these patients, no change 1n 33 per cent, and detenioration in only
7per cent {(116URE 4} The means and xanges of FBS levels in 1he wnprored
Cases are shown in TABLE §
Toricity  The toscity data are summarteed i TABLE 6 and require httle
amplification *
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The side effects of DBI, which are confined to the gastromiestinal tract, are
not included in TABLE 6 since these symptoms will invariably appear when the
lints of individual tolerance are exceeded.  These vary widely from patient to
patient (75 to 400 mg in our experience). In this respect the drug 1s stmilar to
digitahs

It should be stressed that in TABLE 6 the term hypoglycemic symptoms refers
to symptoms compatible with hypoglycemua that were relieved by food and
does not 1mply laboratory documentation. Although the danger of hypo-

T4BLE §
MEAN AND RANGE of FBS LEVELS 1N PATIENTS i \\ ou CONVERSION FROM TOLBUTAMIDE
T0 ToLBUTAMIDF PHENFORMIN COMBINATION TIERAPY WAS .\SSOCIATED SHITI
A DecLise 1N Mean FBS or 20 PeEr CeNT oR Moke

fua f Fhestoemn | RS
12* 294 - — 189 125
(184 10 200) | (97 to 156)
13* 185 193 170 220 133
(13610 210) | (16310245) | (135to 180) | (14410 250)
1n* 293 — 249 130
(263 10 308) | (144 to 270) (242 to 256)
* 284 119
o | @orieson | asswoon | @St | (tons) | @0 139)
(95 1o 250) - (116 to 135)
6 233 300 — 259
: (14610 421) | (164 t0 396) (1900 318) | (140 to 158)
189
g | (829 | (B410225) | (241020) | (031020 | 9k 140)
(17710 300) - - - (140 to 168)
9 171 250 -
(199 to 215) {111 10 202) (224 10 275) (115 to 186}
3 — 1 —
(181 to 222) {100 to 172) (117 to 177)
1 219 220 277
{209 to 283} {151 to 300} (195 to 217) (216 to 280) {140 to 188}
2 - _ —_—
(148 to 261) (144 10 178)
10 272 — - -
(267 10 278) (114 to 158)

* Not included 1 FIGORE 4 because of inadequate bascline obsersation periods

glycemia duning therapy with tolbutarmde alone 1s shght, and with Phenformmn
alone probably absent, 1ts incidence when these 2 agents are used in combina-
ti0n 15 as yet uncertain
During both metaheramide and P therapy, senal determina-
tions of alkalne phosphatase levels revealed n 24 and 25 per cent, respectively,
of patients followed, a level of 7 Bodansky units (B U ) or above on at Jeast 1
occasion  The peak value occurnng in each such patient 1s recorded 1n FIGURE
5 Inmany of these cases the elevation in alkaline phosphatase level was trans-
t, returmng to normal despite continued therapy, often to recur  In some,
by cer, @ PIOGESSIVE Tise, at times to alarming levels, was observed As a
h}?‘e"ci‘ on’ mf technical accuracy of the clinical laboratory a blood specimen was
¢l
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s 6
Inermence or Sipe Lxreets Duanve THERAPY WiTH TRE LONe- WrTinG SULFOVALLREAS
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|
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B i
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aundice 10 3% 0
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¥ Sre GLRE S
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38 Cozes 24 Coses
247 257
25k
.
204 N
15 *
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The side effects of DBI, which are confined to the gastrointestinal tract, are
not included 1n TABLE 6 since these symptoms will invariably appear when the
Timits of indvidual tolerance are exceeded,  These vary widely from patient to
patient (73 to 400 mg 1n our experience)  In this respect the drug is simular to
digitalis

1t should be stressed that in TABLE 6 the term hypoglycemic symptoms refers
to symptoms compatible with hypoglycemia that were relieved by food and
does not 1mply laboratory documentation Although the danger of hypo-

TaBLe 5
MEAN AND RANGE 0F FBS Lrvess 1n PaTiz 75 IN Waroat CONVFRSION FROM TOLBUTAMIDE
70 TOLBYTAMIDE-PHESFORMIN COMBINATION THERAPY WAS AS\OCIATED WiTH
A DEcLINE 1% MEAN FIIS oF 20 Per Cent or Moge

Paueat o Phenformea T;f.'.“,'.ﬁ',".,'.?;
.
120 294 - — 189 125
(184 10 200) | (97 10156)
13+ 185 193 170 133
(13610210} | (163t0245) | (13510160) | {134 to 250)
11 9 - 130
(263 10 308) | (144 to 270) (242 1o 256)
4 284 19
5 (20110300} | (25510 291) | (25110 300) | (14410192) | (80 mgsv)
(95 10 250) - - - (116 10 135)
[ 300 — 259 149
; (146 10 421) | (163 10 396) (190 to 348) | (14010158
189
s (13710 238) | (12410225) | (12410220} [ (103 ta 240) | (12910 140)
Q77 10 300) - - - (140 10 168)
9 17 250 —
5 (19910 215) | (11110202) | (224 to 275) (115 10 156)
- 132 -
(181 10 222) {100 to 172) (117 10 177)
1 219 217
) (26910 288) | (15110300) | (19510 217) | (21610 28D) | {13010 188)
(148 10 261) - - (144 10 178)
10 - - —
{267 to 278) (114 to 158)

* Not included 1 FIGURE 4 lecause of tnadequate bascline observation periods

The peak value occurning in each such patient is recorded 1n FIGURE
any of these cases the ElEVﬂllO.n 1 alkaline phosphatase lev el was trans-
to normal despite continued therapy, often to recur. 1In some,
gressive rise, at times to alarming levels, was observed. Asa
hnical accuracy of the chinical laboratory a blood specimen was
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TaBLE 6
DemeV(E oF Sie Exrects DURING THERAPY WITH THE LONG 4CTINC SULFONYLUREAS

[ e ——
W pwaents 1 e
Hypogly cemuc sy mptoms 155 5 s
Dausea 7 (058) ;o 25%)
Vomting 2(2'5) 0
Abdominal pan 212 %) 102 3%)
Diarrhea H 2 5%
Weakness H 2035
Rash 10135 215%)
Drug ferer 1304 3% 0
Jaundice 101 3%) 0
Elevation in alkaline phosphatase > 7 B U @5+ 25074

*See FIGURE §
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obtamed from each of 40 patients receiving Phenformin and tolbutamide. The
highest alkaline phosphatase level in this group was 4 8 B.U.

In 1 patient, a 52-year-old Negro female recerving metahexamide in doses of
100 to 350 mg over a 10-week period, evidence of clinical hver disease was

puclears, “vweos -
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noted, This patient was hospitalized because of anorema, malaise, abdorinal
pain, and jaundice, Seral hver biopsies, kindly studied by Charles T. Ash-
worth, were considered 10 show postnecrotic cuthosis of probable recent onset
{FIGURE 6}, attnbutable exther to viral hepatitis or to a drug reaction  This
patient’s recovery has been uneventful

Duscussson
the
ddi-
. R the
possibility of 1 m diet, of d nfection, and of

psychic factors, is most difficult to evaluate i outpatients and must be con-
sidered in the interpretation of these results Furthermore, the anorexigenic
' t ! E . . : 1 .

of conclusions

Substantial improvement i conteol of mean FBS level occurred in only 12
per cent of patients imperfectly regulated by tolbutamide following cons ersion
to \ i h de therapy, an salvage rate
The possibility of acute or chromic cholangiolar and hepatic mjury by these
agents seemns to preclude, at least for the present, their use for routine control
of blood sugar, savc in the exceptional case 1n which no other regumen, oral
or parentenal, 1s effective

DBl alone appeared to have a higher salvage rate of (26 per cent-—7 patients)
among tolbutamide-hyporesponsive patients  The magmtude of the improve-

wecks on combimation therapy  Because of the small size of this series and
the short period of observation any final conclusion 1n respect to this group
must be deferred  The mitial results, however, are most encouraging {Fic-
VRE 4),

Mot reasonable The functional lesion in tolbutamde-tesponsive diabetics
may well consist of a hyporesponsiveness m terms of insulin release per umt of
time toa gven level of betacytotropsm  Thus, 1 order for sucha beta cell to
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mamtain a normal insulin output, an clevated blood sugar level 1s required
(ricure 7)*  Tolbutamide, in some way, may diminish this reluctance of the
beta cell to refease its insuln, thereby permitting a normal insulin output ata
DIABETES
NORMAL TYPE ¢

@Y e BTy

Py
TANTAMA 1\”

(' g
@ % e @»ﬂ

Glugose

4

o
w
. “

A Ins.ulln

DBl .‘/

Tolbutemide

Tolbutamde plus DBI

+ Snce preparation of ths manuscript, 1 S Seltzer and W. St have reported evidence

{0 support this hypothesis!
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both clinical and, tentatnely, on physiological grounds and may well be the
uealment of choice for this category of dlabe(es

duffe between the tolb subgroup and the
tolbutamide-responsiv e group may be putely quanmame or additional defects
may be present  In any case a more potent sulfonylurea or betacytotropin of
established safety and supenor effectiveness would seem appropriate  Until
such an agent 1s available, the use of tolbutamide as the basic therapy with

HILAPAUIC VL 1wt it aasvaninsn
this group exogenous insulin must, of course, conunue to be the mainstay of
therapy, although supplementation with one or mare of the oral agents may be
helpful

Summary and Conclusions

Only 12 per cent of patients controlled w1th undergo
substantial inpros ement in mean FBS levels when converted to metahexamde
or to chlorpropamude  Increase in the level of alkaline phosphatase was noted
1n 25 per cent of the patients recewving these agents  Postnecrotic cirrhosis
developed m 1 metahexamde-treated patient  Unti) the nisk of cholangiolar
and hepatic damage by these agents has been finally clanified, their routine
wse would seem to be precluded

per cent of a small senes a
An attempt has been made to develop a tlinicophy siological subclassification
of diabetes based on r::pcnswene:s to tolbummldc This may facihtate clim-
“ [ B 1 . - ot A
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COMBINED INSULIN-TOLBUTAMIDE THERAPY IN THE
MANAGEMENT OF INSULIN-DEPENDENT
DIABETES

Maaumihan Fabrykant and Benjammn T Ashe
Department of Medcine, New York vmrmuy, Post Graduate Medical
School, New York, )

Early observations on the sulfonylurea compounds made by German clint-
cuns mdicated that these substances may be successfully used 1n the manage-«
ment of mld diabetes of the matunity-onset type, but are of no benefit in more
severe forms of the disease and in patients who acquired 1t at an early age
Sice the compounds were found to be ineffective 1n depancreatized and al-
loxan-diabetic animals tt was concluded that for ther antidiabetic activity
they need an adequate 1slet reserve and that, therefore, their use 1 contraind:
cated 1a the growth-onset type of diabetes and 1n patients who require large
doses of insulin At the same time, however, 1t was also noted that about one
third of patients with the matunty-onset diabetes who were considered to be
good candidates for the use of falled 1o respond to these com-
pounds  The question of why these patients were refractory to sulfonylurea
preparations remained unanswered

From unpubhshed experimental work with 2254 R P, the compound used by
the French 1avestigators n their onginal studies of hypogly cemic thiodiazols,
we have gamed the impression that the presence of an intact pancteas does not
msure a hypogly cemic response to the employed thiodiazo] and that some extra-
pancreatic factors may be iovolved 1n the mechamism by which this thiodiazol
exerts its influence on the bload sugar content  With these thoughts in mind
we assumed that failure of diabetic patients to respond to the newer sulfonyl-
ureas may be related to extrapancreatic factors and have decided to use these
compounds 1n conjunction with msulin 1n patients whose diabetes cannot be
conuolled without lhe employment of this hormone  Because these studies

ly after the comp ds became available in the United States,'
weate able to present observations that extend over a period of more than three
years and nclude a large senes of patients in whom the use of these compounds
1s generally thought to be contramndicated.

Clinical Matertal and Resulls
, TaBLE 1 presents the cimcal data on our group of 131 patients with wsulin-

with the most mg:mous and meticulous schemes of wmsubn admimstration
F1GURE 1 illustrates our tnbulstions during early phases of such therapy, and
n particular the failure of Onnase to prevent rapid detenoration of metabolic
contro} in these patients when their insulin dosage is reduced by as little as 2
or4 U day

Since diabetes 15 a chronic discase, long-term effects of an antidiabetic medi-
cation seemed to us more important than the immediate effects noted 1n acute

585
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experiments  Furthermore, we thought it more profitable to study an anti-
duabetic medication not only as a substitute for insulin, but on its own ments.
For these reasons we have continued the use of Orinase in our labile diabetics
in spite of the discouraging outcome of short-term observations  In subsequent
patients the admimstration of the drug was imtiated without a change in insulin
dosage, but even with this regimen it took from 2 to 8 weeks Licfore an tmprove-
ment from the combined therapy became clearly noticeable. A favorable re-
sponse was obtained wn 35 patients who, thus far, have been continued on the
combined therapy for periods of 12 to 40 months.  All 33 experienced stabiliza-
tion of their diabetic control together with a fechng of general stability and
well-bemng  In 21 of them there was also 4 substantial saving in insulin dosage
that 1s reflected 1n gradual reduction by 27 to 50 per cent of the pretreatment

Tasie 1
Cuinica DATA oN 131 InsULIN-DEPENDENT DIABETICS GivEN COMBINED INSTLIN-ORINASE
Tuzaars (CI-OT)

Diabetes Response o CT-OT,
Insubin prior to
No of cases] Clinical type rinase
A‘:):“ ?-h)m DE‘«‘-‘:?)" Qamtaperdas) | go0q Poor
46 labile 6 t040 [4mo to34| 28to 132 | 35* 11y
ar (65 | ¥R
27 stable 39 @75 [8Smoto2i] 10 to 40 22+ s
wld 3 (81 556 (18.5%)
58 stable 1135 to 56 [ Sto29 52t0 156 | St 7%
severe 88%) | 2%}

dose. The remauung 11 patients with labile diabetes were not improsed by
adjunctive adaunstration of Orinase,  In 9 of them the drug was discontinued

three widely separated trial perods of 14 to 18 days, the use of the drug was
abandoned after the short-term expeniments,

In the group of stable diabetics given combined insulin-Onmnase therapy,
there were 27 with mld diabetes who required from 10 to 40 U. of nsulin
dailly. Tt o '
but after
an
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dosage, and 1n consequence were not taken off msulin entirely at any time
Five of these mild diabetics densed no benefit from the combined therapy and,
m consequerice, the administration of Oninase mn these patients was discontin.
ued

Blood [5__PO 0097 & 120 |

Glucosel 370 373 LS50 W5 105]
3
g;;cngo [ Katonuria ]
. R R R
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expeniments  Furthermore, we thought it more profitable to study an anti-
diabetic medication not only as a substitute for insulin, but on its own ments.
For these reasons we have continued the use of Orinase in our labile diabetics
1n spite of the discouraging outcome of short-term observations. In subsequent
patients the admimstration of the drug was wnitiated without a change 1 insulin
dosage, but even with this regimen 1t took from 2 to 8 weeks before an improve-

S ey g s se e ee eeooogo- -

tion of their diabetic control together with a feeling of general stabity and
well-being  In 21 of them there was also a substantial saving in msulin dosage
that 1s reflected 1n gradual reduction by 27 to 50 per cent of the pretreatment

TaBLE 1
Cuinicar Data 09 131 InsuniN-DEPENDENT DIABETICS GIVEN CousINED INSTLIN ORINASE
Treraps (C1-0.T)

Duabetes Lasal Response o CT-OT
No of cases] Clhmeal type " Oriove. "

Al ‘f)':‘. :,‘,;.d n(.;,t...’,‘o),. (umta per das) | goog Poor

46 labile 6 to40 4moto3d| 2810132 | 35% 1t
3r. G | %

27 stable 39 to75 [8moto2s| 10ted0 | 22* 3
mld 3 (81.553)] (18 5%)

58 stable 1134 to 56 | 51029 5210 156 [ 51t 7
severe 88%) | (1250

dose. The remaining 11 patients with labile diabetes were not improved by
adjunctiv ¢ administration of Orinase.  In 9 of them the drug was discontimued
.

L1 htan ssews o o .

three widely separated trial persods of 14 1o 18 days, the use of the drug was
abandoned after the short-term eapeniments.

In the group of stable diabetics given combined nsulin-Orinase therapy,
there were 27 with mild diabetes who required from 10 to 40 U of insulin
daily. Ten of these patients were imitally well controlled on Onnase alone,
1 o nfter % 1o 4 months broke out of control and uere compelled to add sm:‘nll
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Beneficial results were obtained 1n 76 per cent of 46 patients with Jabile and
86 per cent of 85 patients with stable diabetes Outstanding among such

T - e - - -
patients, but the described general beneficial effects were not related to changes
1 wsulin dosage

Observations herein reported and the fact that one third of patients regarded
as good cand:dates for therapy with sulfonylureas are refractory ro these com-
pounds are taken to ndicate (1) that responsieness to sulfony lureas does not
seem to depend exclusively on the pancreatic islets and (2) that extrapancreatic
factors are operatne in bringing about the clinical ymprovement in patients
treated by the combination of tnsulin and Ornase
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Among the 38 patients with severe diabetes, 7 with onset of the disease be-
tween 7 and 11 years of age showed minimal or no response to Orinase. Even
after 8 to 12 weeks on Orinase therapy, they still reacted with disruption of
metabolism when their usual insulin dosage wasdecreased but slightly. By con-
trast, patients with a high isulin requirement who acquired the disease after

stability and well-being.

Discussion

In our senes of 131 msulin-d dent diabetics L jal effects from long-
term combined insulin-Orinase therapy were obtained in 35 patients (76 per
cent) with labile and 74 patients (86 per cent) with stable diabetes. The
benefits consisted of (1) a sense of general stability and an enhanced feeling of
well-being, (2) stabilization of diabetes 1n labile patients and ease and greater
unmformty tn diabetic control in both groups; (3) a decrease 1n insulin require-
ment of up to 50 per cent of the pretreatment dose in the labile and of up to
70 per cent n the stable group; and (4) a decrease in frequency and seventy
of hypoglycemic reactions 1n all patients including those whose insulin dosage
rematned unchanged

Tt 15 tmportant to point out that greater uniformity 1n diabetic control and
the general feelng of stability and well-being were not related to changes 1o
msulin dosage. Such benefits were seen in patients who achieved 2 mark
reduction 1n their insuhn requirement as well as 1n those with Lttle or no de-
crease 1n their pretreatment insulin dosage These facts indicate that the
beneficial effects from adjunctave Orinase therapy are not confined to the hypo-
glycemic action of this substance and that the use of Ornase in combination
with insulin provides benefits that cannot be attained with nsulin alone

By what mechanism Orinase achieves the stabilizing and mood-raising effects
is at present unknown It 1s, of course, tempting ta postulate that the com-
pound stimulates the production or release of endogenous insulin and in this
way makes it possible to reduce or even to elminate the admunistration of
exogenous wsuln and in so doing to obtain a smoother metabolic control,
However we must keep in mind the fact that the feeling of stability and well-
being associated with the use of Orinase 1s also scen 1n patients who have never
peen treated with insulin, and thercfore it cannot be ascribed to cessation of
insulin therapy in these patients  As mentioned carher, such general benefits
are also seen in patients on combmgd msuln-Orinase therapy whose m§u1m
requirement was not lowered by lal.mg' this sulfonylurea, that 1s, in patients
\who show no evidence of st‘nmulanon of islets by the compound ~ We mnterpret

these observations as deCaln‘c‘of K bs tc effects of
particulatly 1n relation to ¢ ydrate t; m extrap 1c

body tissues

Summary and Conclusions

flects of Onnase as an adjunct to insulin therapy were studied

Long-term 1 msulin-dependent diabetics for perods of 12 to 40 months.

m a group of 13
e
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PHYSIOLOGICAL BASIS OF THE EFFECTIVENESS OF COMBINED
INSULIN-TOLBUTAMIDE THERAPY IN STABLE DIABETES*

Sydney S. Lazarus and Bruno W, Volk
Isaac Albert Research Instiiute of the Jewssk Chronic Disease Hosputal, Brooklyn, X Y. and
Department of Pathlogy, Albert Eanstesn Collece of Medicune, ¥ eshva Uneersity,
New York, N. T

Considerable physwlogical evidence has accumulated suggesting that the
pancreatic beta cells are the main target for the hypoglycemic action of the
sulfonylurea drugs  Loubatitres originally demonstrated that these com-
pounds lower the blood sugar in the normal and 1n the partially pancreatec-
tomized dog but not 1 the completely depancreatized nor n the «everely
alloxan-diabetic animal!  Tncreased nsulm output from the beta cells under
the 1nfluence of these drugs is suggested also by eapeniments in which systemi-
cally meffective dosages perfused drrectly through the pancreatic artery caused
sigmficant peripheral hypoglycemia2 F urthermore, 1 cross-circulation ex-
penments hypoglycemia was noted in recipient animals after perfusion of the
pancreatic artertes of donor dogs with the sulfa drugs?  Moreoyer, an mereased
insubin content of the pancreatic vein in the dog has been reported following
acute ad tion of the sulfony .4 In more recent expenments it
was shown electrophoretically that there 1s an increase of insulin in the pan-
creatic vem blood of calves after the administration® of D 860.

There 15 also, however, evidence that there may be extrapancreatic actions
of these drugs which affect the blood sugar level. Thus chronic admmnstra-
tion of tolbutanude ts reported by some to reduce the degree of duabetes of
completely depancreatized dogs maintained on small dosages of nsulin®
Others could not demonstrate a significant action of these compounds on the
rate of blood glucose removal, while the rate of cony ersion of lactose to glucose
was dimimshed? Furthermore, the rate of disappearance of intrasenously
infused pentose was shown to be increased threefold after insulin, but was not
affected by the sulfonylureas® Several worhers have found a decrease of
pyruvate and lactate after carbutamude, compared with an increase after m-
sulm ***  Stll other investigators utilzing Ch-tagged glucose observed that
after wnsulin admunistration in the rat there is a rapid fall in specific activity
in the blood while, after tolbutamude, the fall in specific activity is no greater
than m control anir
a marhed increase
1njection of tolbutar . © -+ merees e ae v
pancreatic mechamusms that have been suggested to account for these ﬂndmgi
include, particularly, enhancement of msulin action by inhibition of insulinase®
and nhibition of hepatic glycogenelytic systems, %1% as well as some action
on the central nervous system 12

Morphologically 1t has been shown, unequivocally, that when admimistered
over prol d periods the sulf produce d lation of the pan-
creatic beta cells of rats, rabbits, and dogs (FIGURE 1).11# The Iuncuon:l
sigmificance of beta-cell degranulation might be twofold. Theoretically the

« The work reparted 1n this paper was supported in part by a grant from The Upjoha Com-
fich

Kalamazoo, M
panys 590
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admimstration of exogenous tnsulin caused beta-cell degranulation and reduced
pancreatic insulin content 2*2  In these instances it is assumed that the beta-
cell degranulation is indicative of suppression of insulin formation. On the
other hand, hypergly cemia due to glucose admimstration tn the rat alo causes
beta-cell degranulation and diminished pancreatic insulin content 22 Under
the latter crcumstances 1t is believed that although insulin synthesis is in-
creased, the rate of hiberation of sulin from the pancreas 1s so high that the
amount of stored insulin, as represented by the granules, 1s reduced.

The degranulation of beta cells after sulfonylureas has been interpreted by
some as indicative of suppression of insulinogencsis simlar to that observed
dunng chrome hypoglycemia induced by mnsulin administration* The maw
argument advanced 1 favor of this theory was that beta-cell degranulation
1s ot observed after vety short-term admunistration of these drugs. However,
n both the cortione-treated rabt®? and the growth hormone-treated dog*
degranulation of beta cells which in both mstances 1s due to increased insuln
output alsa 1s not observed within the first 48 hours  An additional argument
advanced to support the view that tolbutamide degranulation s due to de-
pressed msulinogenesis 15 that it causes no histochemically demonstrable de-
pletion of pancreatic wlet zine content,?® However, this conclusion is not
warranted since hittle 15 known as to the actual relationship between msulin,
zinc, beta-cell granules, and alpha cells. Furthermore, this finding could be
interpreted as disproof either of the suppression or the stimulation hypothesis.

Relation Betueen Tolbutamide-Induced Bela-Cell
Degranulation and Hypoglycemia

In order to d whether tolbutamide-induced d lation of pan-
creatic beta cells was a pnmary effect of the drug or whether 1t was secondary
10 the
ducted
standa
by adt
aANUMAS Hvav mweveeeeme = -
was compared Tt was found that although tolbutamide produced varymng
degrees and frequently complete degranulation of the pancreas, msulin pro-
duced no chanres in the beta cells in the rabbit. In the second type of ex-
penment, tal '
3 successive ¢
or o similar [

had been aduws > o~ - ;
s alues below the normal fasting level {(F1GURL: ) The anmals which recerved

and the drug simultaneously shawed, i most instances, complete loss
Elfucl'f:::\.cell granules (FIGURE 4). “The rabbits that receved glucose alone
0ha\u:d 5o beta-cell changes (FIGURE 5). "
R The results of these two experiments indicate that the hypoglycemia is not




Lazarus & Volk Insulin-Tolbutamide Therapy 593

@« =
S S

BLOOD SUGAR (mg%}
pel
o

»=~ NSULIN \
~— ORINASE \

-
1 2 3 4 6 7

DAYS
Ficrae 2 Representative blood sugar curves of 2 sabbuts, ) treated with 05 mg Ag of

tolbutamide wtras enously twice datly, the other with 3 U of NPI wsuln subcutaneatsly
once daily  Reproduced by petmission from Diabeles

[PREFY
©
]

BLOCD SUGAR, mg %/

==~ UPPER LiMiT
OF NORMAL,

200 /\/“ A .,......N:

O 1y FTTTTTY (T
HORS| 2345671234567 1234567
ist DAY 2nd DAY 3re pay

w & oo
o ©
a ¢

BLOOD SUGAR, mq%
=3
4



394 Annals New York Academy of Sciences

the cause of the beta-cell degranulation and, furthermore, that the drugs pro-
duce degranulation even though hy poglycemia 15 prevented by simultaneous
glucose admimistration.  These findings are interpreted to mean that the sul-
fonylureas have a primary action on beta cells that increases the mnsulin out-

Figurs 4 _Tslet of pancreas of rablat safused with glucose alone showing normal beta-cell
granulation (B} Alpha cells (arrous) are at the penphery, Aldehyde-fuchsin-trichrome
stam X

e L)
I
AR L
. f pancreas of rabbit wfused with glucose and metahexamide showing
de f:i‘éﬁ,i;, e Xdls (B Alpha cells (arrous) are darl. Aldehy de-fuchsin-tnchsome
an . X380
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put and, thereby, causes degranulation This increased insubn output then
nould account for the drug-induced hypoglycemia

Relation Betueeen Hypoglycemic Effectueness of Tolbutamsde
ond Panereatic Insulinogenic Reserie
It was hypothesized that since the beta cell 13 the pnmary tasget of the
sutfonylureas if these cells are functioning at maximum capacity, adminstra-
ton of the drug should cause no further increase in msulin output # This
o [ . te ” b T
' N .

. [ A e e .- R
duced by reducing the pancreatic mass and by admmistration of cortisone or
growth hormone It has been shown that 1 certan phases of these hyper-
glycemic states the functional reserve of the pancreas 1s exhausted * # ¥  For
this purpose rabbits were treated with large dosages of cortisone and 80 per
“ e e v .

e

. - ' .
f

. " ’ . ey o ' - .
beta cells were iy d lated; ad: of a single dose of the
drug did not cause hypoglycemia (FIGURE 6) Furthermore, 1 metahypo-
physeal duabetic dogs, 10 which the pancreatic beta cefls had been destroyed,
daily admunistration of tolbutamide caused no improvement of the dibetic
state These expeniments support the view that the hypogly cemic action of
the sulfonylureas 1s mediated by stimulation of beta cells to wcreased msulin
output and that with foss of pancreatic functional reserve the drugs become
ineffective

Chinical Considerations

The relative effectiveness of sulfonylureas 1n various ty pes of human diabetes
supports the 1dea that the pancreas is the primary target of these drugs  Hu-
man diabetes mellitus 1s thought of as sometimes being due 10 lack of insulin
and also frequently as being due to estrapancreatic factors that increase the
demand for insulin or interfere with its action ®*  Juvemle diabetes, which
15 frequently of the wsubm-deficiency type usually does not respond to the
sulfonylureas, and often the pancreas shows lass of islet tissue (FIGURE 7)
Patients with matunty-onset diabetes may have considerable msulinogenic
reserve with adequate, or only moderately diminished 1slet tissue (FIGURES 8
and 9) and do respond to the drug 7 Furthermore, 1t has been shown that

hy pergly cerma 1ncreases the wnsulm output.,
With this hypothewss 1 nund, a study was conducted on the cffect of tol
butamde alone or adminsstered together with insulin 1n a group of patients
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with maturity-onset diabetes  Those selected usually had fasting blood sugars
above 200 mg per cent, despite the administration of at least 30 U. of insulin
It was found, m general, that they fcll into 1wo categorics. In one group,
after gradual reduction and eventual omission of insulin, the blood sugar re-
mamned within the normal range on 1 gm. of tolbutamide daily alone (FIGURE
10) In the other type of patient, normoglycenuc levels were mamntasned on
1gm of tolbutamide together with approximately one half of the original dose

FASTING BLCCD SUGAR LEVELS OF HOURLY BLOCD SUGAR LEVELS AFTER
PAATIALLY DEPANCREATIZID DOG L UNT k.
RECEVING @ mg/kg, CORT/SONE. 300mq/ig. FREE
ACETATE DAILY AFTER THE 8 PO DAY SR v QuicAsa
= on 184 PO. DAY — on 20M PO DAY
== on 2idt PO DAY e on 2204 PQ DAY
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Y360y
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of msulin (F16URE 11) In the latter group the blood sugar rose to much
higher values when insulin was omitted completely i

These studies demonstrate that tolbutamide admunsstered together \m'h
Jasulin frequently has a synergistic effect in dibetic patients This is i
keeping with the reports of others wha noticed heneficial effects of the supple-
mentol use of these drugs in stable, as well as i labile diabetics with ligh -
sulin sequirement.f*¢ .

The clinical da(al ash\wgll‘?s l(he e\pcrlmenl:x]l ﬁm’hngs. alloull l]hls s;;ncrg:sm

e on the basis tha iy msulin alone dep

::;sb:“fl’;‘:::gu, <ccretion, whercas when tolbutumide is administered together
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with :nsulin, endogenous production of the hormone 1s maintained  This ap-
patently allows for smoather and better metabolic control of the diabetes than
when insulin is given alone  The findings rmply that the sulfonylureas appar-
ently act as a more effective insubnogenic stimulus than does hypergly cemia
and that i some mstances diabetes may result from a loss of responsaivity of
the pancreas to increase 1n the blaod sugar level  The gradual loss of effective-
ness of the sulfonylureas reported in some diabetics'® may be explained as due

72-YR-OLD WOMAN WITH DIABETES OF 16 YRS DURATION
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Ficvre 11 Blood sugar curve of diabetic showing better control with combined tol-
butamide-tnsulin treatment than with either alone

to maximal utihization 1n these individuals of the insulimogentc reserve which
15, however, madequate to maintain metabolic normality

Summary

It has been demonstrated that the sulfonylureas cause degranulation of
pancreatic beta cells Furthermore, 1t has been shown that this pancreatic
beta-cell degranulation 15 not due to the hypoglycemia which accompamies
administration of the drug but 1s rather a primary effect of the drug on the
beta cells Thiv degranulation 1s, therefore, considered to reflect increased
wsulm output from the beta cells under the influence of the drug It was
demonstrated furthermore that when the pancreas 1s functioning at maximal
apacity and there 1 no isulinogemc reserve, as indicated by complete de-
granuiation of the beta cells, the sulfonylureas do not canse hy poglycemia.
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This finding 15 interpreted to mean that in order for the sulfony tureas to be
cffective, some pancreatic insulinogenic reserve must be present.  With these
ideas in mind a study was undertahen of the effectis eness of tolbutamide either
alone or in combination with insulin in a group of selected diabetic patients
with matunty-onset diabetes who were poorly controlled despite the fact that
they recerved at least 30 U. of insulin daily, It was found that frequently
good control could be obtamned with a reduced amount of insultn together with
a standard dose of 1 gm of tolbutamide daily. On the other hand, occasional
patents responded to the drug alone. The tolbutamide-insubin synergism in
these patients 1s considered as signifying (hat tolbutamide stimulates endoge-
nous pancreatic function despite the depressing effect of concomitant exogenous
msulin  These findings suggest that most matunty-onset diabetics have vary-
Ing amounts of residual pancreatic insulinogenic abitity which 1s not utilized
when they are treated with insulin alone. Furthermore, 1t 15 suggested that
diabetic patients who respoud to tolbutamide alone probably have adequate
tnsulinogenic reserve but a defect in the normal mechanism for controlling the
blood sugar by increasing the insulin output.
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THE BIGUANIDES THEIR ROLE IN THIS ERA
F THE PRECISE TOOL

Leo P Krall
Joshn Climic and New England Deaconess Hospilal, Bosion, Mass

‘This “brave new world” of oral hypoglycemuc agents 15 not of contemporary
or even recent ongin (FIGURE 1) In 1918 \\'alzmabe‘ reported a correlation
between the effect of dine on and decreased
blood glucose levels The wmtervening four decades have seen the nse and fall
of many compounds At present, there 15 interest in a freshet of oral agents
whose common denominator 15 the ability to assist n lo“ ering blood sugar
levels. The sulf and
metahexamude) have been and are bemng explored and delme:ued The ex-

n

" 1

e e s geaes v e e Ui S Sy R L SuLT
nylurea compounds undemably lowered blood sugar levels 1n many patients,
their scope of action was clearly hmited and offered no succor to the severe
and bnitle diabetic, our study seres with iguanides started in December

1956

The Biguanides

The biguamdes u
{DBV) biguanide
of hypogly cemue act
450 mg /day 1n divided doses, with an average effective dose of 130 mg ‘day
Certain patients also required a supplementary dose of msulin  The area be-
tneen the effective dose and the level at which side effects occur proved to be
a relatively narrow one n the more severe cases with unstable diabetes

Matertal
In the past 28 months (December 1956 to April 1939) more than 330 patients

to have diabetes 2 years or longer Duraiion of diabetes was 1 to 37 years,
while the average hnown duration was 94 years

(3) Age of the 244 cases studied was 2 to 50 years (average 37 § years, see
TABLE 2),

(4) Thirty-two paticnts ad never taken moulin previously  The other 212
averaged 32 units daily with a range of 4 to 136 unuis

Methods

The routine of study and cntena used hasve been previously published,? and
AN extensive use was made of placebos to demonstrate the activity of dbetes.

- 603
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The cnitena used were adequate but not perfect, since many factors may con-
trbute to lowening of blood sugar levels, and diabetes 15 a disease of occasional
remissions  The report of Balodimos® of 100 diabetic patients 1s a remunder
of the long-hnown fact that hospitalization and stnct diet can lower msulin
dosage by more than 50 per cent Remforcement with placebo studies has
made the entena mote acceptable

Results
According to the classification tn TABLE 3, the results are as shown in TABLE
4 Combiming groups A and B shows that 88 per cent of the total of these

TabLe 3
CLASStrIcaTIoN OF CASES ACCORDING TO THE BLoun
SUGAR-LOWERING RESPONSE TO THE BIGUANIDES

the study  These paticnts are not sncluded tn results unless the had ndé effects

TaBLE 4
Resurts with 300 Cases RECEWVING BIGUARIDES
o Per ceat
Group A (Successful) 137 56
Group B Epumzj.m.n 7 32
Group C (Fasure) 28 12
24 100
Group 1D (Deleted from siudy) 56%
300

Total

* Includes 8 dropped from Group A because of no evidence of actve dialetes

selected difficult patients demonstrated blood sugar lowenng, while adding
groups B and C shows that 44 per cent of the 2H caves esther did not tolerate
the drug or failed to show success i the dose used

Group D Thus group consists of the 56 patients who were deleted from the

stuldy group of 300 (TABLE 1)
Group € ‘The 28 faures showed no pronounced characterstics They
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FiguRe 1 The nse and fall of the hypogly cemmc agent d nastis.

Tasle 1
Crass D 56 Cases DELETED FROM STUDY

28 Eye study only (subhypogly cemic doses)

17 Inconclusine

Inactive diabetes (shown by placebo studies)
Uncooperative

56 TotaL

woo

Tanik 2
DISTRIBUTION OF AGES AT ONSLT OF STUDY
(244 Coses (Groups A, B, and C))

Ages Cases
009 26
10 to 19 41
20 to 29 28
30 to 39 77
40 to 49 28
50 to 59 3
 to 6 33
70 to 80 2
80+ 2
Total w
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wsubin daily with an average of 150 mg. of biguamde among total doses of 50
10 430 mg. daily. Seventy-five of these cases required no exogenous msulin
supplement

Long-term studies.  One hundred and seven of the 137 successful cases {group

A) continue with biguanudes, Forty-nine are tahing supplemental, although
. lone  The

Seventy-~
tih a range
of 12 10 28 months (average of this group, 22 months)

Toxicily studwes. In the entire group at this ume no toviaty has been man-
fested 10 lner function tests including Bromsulphalein retention, cephalin
flocculation, thymol turbidity, alkaline phosphatase, or in the nenprotein
mitrogen, white and red cell counts, hemoglobin, differential count, or com-
plete urne analysis.

TABLE 6

COMPARISON AGE AT ONSET OF ST{DY
(Total Study Versus Successful Group)

Ages Groups A, B,and C Group A ! et loss
® 26 18 -8
101019 i 16 Y
D029 28 12 -6
30 10 39 7 13 e
81040 28 2 6
50 to 59 is 3 i
@ to 60 35 21 -n
0 to 79 12 4 -8
2 0 -2
244 cascs Tass | 107wl B+C)

Expersmental Cousiderations
and ubig contrasts  They lower
depancreatized ammals as well as 1 dia-

The biguanides offer
blood sugar levels in alloxamized and

€ogen 15 not stored by the action of these compounds  Despite these random
observations, the mechamsm of action is not yet known.
Recently Steiner and Williaros? summanzed their belief that DBI action 1s
sed on increaced anaerobic gly colysis and suggested that this cffect 15 due
to inhibition of certain omdative enzymes, namely, oy tochrome oxdase and
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complained of a “metallic taste” but not severely enough to discontinue the
drug. The side effects were all gastrointestinal and were readily reversed by
lowening the dosage or discontinuing the drug. Except for temporary dis-
comfort, no other consequence resulted from these side effects. The best pre-
vention was and still 1s to give the pills with meals and to use perceptive clini-
cal acumen, adjusting the dose prophylactically when needed. The problem

Taste §
DoRATION OF DIABETES AT ONSET OF Sttoy*

137 cases—~Class A

successful
-_—

U 1T I (1 ]
2222222222 2222
33333 3
?H%m Range 11037 8

H ange 1 to 37 years, average 8 ycars
66666666 d 3
7777 L
8883 8
999 9
10
11-11 u
12-12-12-12 12-12
131313 13-13
1141414 b4
15-15-15 15
16-16 18
1717 18
9 19

20

21-21 2
2
23-23
25-25 Compared with* 2§
6 28 cases—class B
21-27 failures 2
28-28-28 —_— 8

29 Range 11033 years 30
33 Average 136years 32
35 3
37

* Each number represents a separate cas and indicates the actual duration in years of
Lnown diabetes

of side effects may be the greatest deterrent to widespread use of these drugs
»f not judiciously prescribed )
Group A. According to previously cited cnitena, 137 cases were classified
as “successful ?  Companng the ages of this successful group (A) with the
total study group (A + B + C) 1n TanLr 6 shows that the atintton from the
study in each age
the age 10 t0 19°E
revious insulin.  ——- . . .
zilh doses of 4 to 100 uaits. X
After therapy was imtiated, 62 patients used a daily average of 21 umts of
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ssubin daly with an average of 150 mg of bignanide among 101al doses of 50
o 430 mg daly Seventy-fise of these cases requred no exagenouy insuba
supplement

Long-term studres  Ope hundred and seven of the 137 successful cases (group
A) contmue wnh biguarudes  Foriy-nme are tahing supplemental, ahbough
seduced, doses of snsubn, nhle 53 are treated wuh the tablets alone The
Queation of therapy ts 3 to 28 months, suth an average of 16 months  Seventy-
five cases have continted DBI or DUB for 12 or more months, with a range
of 12 to 28 months {aserage of this group, 22 months)

Tawcily studies  In the entise group at this tume no toswity has been mant
fested 10 Uver function tests weluding Bromsulphalem retention, cephabin
flacenlayion, thymol tusbiduy, alkaline phosphatase, or in the nenproen
mitrogen, whnte and red cell counts, hemoglobin, differentzal caunt, or com-
plete urme analy.s

Tawss &

Courarisos  4GE AT ONSET 0¥ Stimn
(Total Stady Versus Successfub Graup)

Ages Gronpa 4,8, 0888 Croup A { et s
09 2 z 18 -8
0wle | n ! 16 R X
MWW | 2 ' iz i -6
Dted % ) 13 13
Vwd % | 1 ~6
050 | k] i u -

@ | 35 2 .-
0 to 79 { 2 ¢ 4 | -8
+ 2 ) v ~2

Y 234 cases B 137 cases 107 patal B + €3

Experumentsf Consrderations

The b des offer Ung and ub contrasts  They lower
blood sugar levels w alloxanized and depancreatized animals o well as 1n dha-
betic humans  There 15 considerahle doubt that the depancreatized animats
could exsst for any length of time with DBI alare, and Fajans® abeerved that
DRIanduced hypeglycema w disbetics but not 1 notmal human wbjects
Blood glucese feveh are lowesed wnd the glucose apparentdy wtlued, bt ghy -
cogen s nat stored Ly ahe action of these compounds  Despite these zandom
olrenations, the mechantsm of achion 1 not yet Lnown

Recently Steiner and Wiihamy? summanzed therr belhef thar DBT action
based on increased anaerobic ghcoly s and suggesied that this effect s due
tor mlutktion of certam osidatne eazymes, namely, < tochzome oxsdase and
sucanic deby drogenase

Tranquada f 2§ * found no decreast i 03y gen COBUMPLIDN it the fiver dur-
g the hypogly cenue action of DBY, and no dewreaze wa axygen wnsumption
ur “avadabudity " has been demonstrated 1 2y tiaue snoove Balinger of of ®
reported that DBI did ot inhibit the deposinion of glycogen by insabin m the
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presence of adequate glucose.  Fajans ¢ al® have shown that thereis no change
in the unnary excretion of amino acids (urinary mtrogen) when DB s given
to fasted diabetic patients  Forbath and Clarke" stated that DBI does not
ncrease ntracellular glucose or glucose phosphorylation. These are essential
steps n the mitiation of anaerobic glycolysis. Even the relative blockade of
Krebs cycle enzymes should induce hyperglycemia and not hypoglycemia.
The cvidence for any definitive theory is yct not well delineated. The
results thus far have been chietly on animals, with dosage concentrations tre-
mendously greater than those used in humans. Furthermore, they do not
exclude other possible systems or mechanisms  Stemner and Willams? best
stated the need for more houghtful and objective evaluation us follows: “...
the chimcal trial is equally as important as the laboratory, so long as the over-
all benefits to the patient are objectively assessed in as many ways as possible.”

Cluucal Obsertations

1t is evident that the biguanides are capable of lowering blood sugar levels
m a wide range of diabetics including patients 1n whom other oral agents are
meffective  However, aside from the obvious gambit of “dong more than
the other pills and doing 1t better,” DBI shows umque ability to cooperate
with insulm, and n a number of patients this drug has provided better regula~
tion with fewer severe reacttons and a subsequent more normal Wfe. These
were of that important minority, the unstable diabetic who 1s not doing well
with even large doses of insulin, often given by multiple injection (TABLES 7
and 8

DBI and 1ts analogues are not effective in the successful management of
human patients in the absence of exogenous or endogenous insulin. The
juvemle-onset diabetics, with few exceptions, requre supplemental, often
smaller, amounts of wsulin  Some cases were regulated with biguanide and
diet alone for long periods but invariably required some insulin when thewr
dibetes pernos Many adult: t type dubetics can
be regulated with dict and biguanide alone, but 1t is likely that some endogenous
msulm 1s ntact and in action.

Tart of our carher high side-eflect incidence was due to the fact that the first
attempts were to replace insulin completely. In the past year the goal has
been to stabilize and regulate without primary regard for the size of the nsulin
dose However, a high incidence of side effects 1s sull possible, and until
stabilization of dose 1s achieved in the more dafficult diabetics, these patients
must be carefully observed. In such cases the biguamdes are a tactical rather
than an operational weapon in the diabetic armamentanum.

In spite of the problems with the techmque of regulation, no evidence of
toxicity has y et been shown by liver, hidney, or hematological studies 1n several
thousand patients Some of these have Leen under observation for almost
lh?‘;g’ ic:gdence of severe hypoglycemic reactions in the well-regulated patient
has marhedly diminished with no hypoglycemic unconsciousness nor convulsive
serzure in the entire study series (300 patients),  There were many minor warn-

ing hypoglycenic cpisodes, however.
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Further extensive expenimental and chinical studies are needed  The ana-
ogue guamdes such as w-amyl (DBB) and s-butyl (DBV) appear to be
setter tolerated and are appareatly supernior 10 the phenexhy! biguanide
(DB} in many patients  Jont of and sutfony fures
recently reported by Beaser'® and Daolger” 1 based on the rahonaln that snce
the sulfonny lurea drugs may stimulate the pancreas to produce wsuhn, and the
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biguamdes appear to enhance or amplify insulin action, the combined action
should be synergistic with smaller ts of each In our own series this
effect has been demonstrated in several cases (TABLE 9).

There has been considerable statistical attrition in this combined senes of
adults and juveniles, as shown in FIGURE 2. Although 137 cases were classt-

TanLE 9
Case No 221 AGE, 48 YEARs InsuLin 30 U, DuraTion 8 YEARS WEIGHED DiEr*

Blood sugar
Uospatal days Insulin units | DBE gm DBl gm
Tau Max Iru ~
Insulin A -
1 — — 96 m,
2 137 16 8% | 36
3 B | 19 |10 30
3 = 301 - 30
DBE
H 62 — - 10
6 76 | 100 - 10
o5k 4+ D s | 200 | 200 0.75
126 | 207 | 108 10 + 150
114 = | os 0.5 + 130
10 91 = | 0's + 150
1 71 no | 12 05 T 2
12 94 —_ 107 025 4 .200
13 102 a1 | 103 025 + 150

*1In this case all blood sugar determinations are with the Somogyi-Nelson method  The
7 an blood samples are venous, while the 11 A x and 3 Py samplesare capillary  The DBI
used was z-amy DIE t (Dialbnese)

KOY (N STLDY BECAUSE INSUFFICIENT
0OSE, INCONCLUSIVE OR LNCOOPERATIVE

NO PROCP OF ACTIVE DIABETES (PLACEBO)

LATER DISCONTINUED

DRUG TOLERATED

B g e R
- GRS CONTINVE
T —

Fiours 2 Statistical attrition 1n 300 diabetucs recersng biguanides Gncluding severe aad

Juvenile onset cases)
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fied as “successful,” 30 of these were later discontinued from therapy for the
following reasans , 12, unrelated It 6 (arterial graft,
1, chromue lymphocytic leuhewua, 1, pregnancy, 1; coronary occluston, 2, dead
from myocardial wnfarction, 1) There were 12 other cases that were well
regulated for varying penads of tume but that were then discontinued because
of later failure or because of a loss of well-being 2nd tiredness that sometimes
persisted 1n the face of narmal blood sugar values.

Fuity-nine of the 300 study cases failed to respond to one of the sulfonylurea
group esther by tnal or test Vhen given DBI or DBB, their response was.
(A) successful, 34, (B) discontinued, H, (C) failure, 5, and (D)} deleted, 6

Desessesion

None of the presently available oral hypoglycemic agents 15 completely
adequate, and all seem to nibble at the penphery of laner blood sugar values
rather than strike at the basic aspects of diabetes, There is even some ques-
ton as to whether or not the diabetes or the blood sugar level 1s being treated,
Un the other hand, contemporary forms of tsulin sometimes have shortcom-
ngs, particularly tn the therapy of the bntile, Jong-term diabetic  Many
patients alternately fluctuate between quastactdosis and com ulsive hypogly-
cemiz  Present types of msulin force the phy sician to commit himself 23 hours
n advance, estimatng the dietary intake and phy <ical and metabolic activity
as well as sudden onset of dliness or aciident  Insulin, bowever, 15 more phys-
iological, and this fact has been proved over the years  Here, problems anve
not <o much from 1asuhn per se as from the present forms of msubin

Thete s na roy al saad to diabetes regulation and treatment and oo shubboleth
(hat 1s an eavy pass-word to succesful therapy  Diabetes 15 an indin sdualistic
problem, and no mase-produced treatment to date can ~olve all the facets
Each of the present components, diet, insuhin, sulfony lureas and biguanides, ts
a tool to be used, singly or 1w combination, for a specific situstion (FIGURF 3}
These tools are of different weight and varying importance  The present age
15 one of pecralization n al} fields of endeavor  This 15 the era of the precive
toof, th which careful techmques and speaial tools are used to achieve deured
results  In chabetes these tools should be aimed at a more careful and precive
rgulation  As understanding increases and more tools are avalable, econd-
best and compromise therapy should be less tolerated than ever before  The
era of the precise tool must not, for phy~iians, degencrate mte an age of con-
Temence, with an scceptance of leser standards of treatment becawse of the
convemence of oral therapy

Summary

(1) A elected group of 244 patients including many dufficelt, unstable dia-
beies was treated for periods up 1o 28 months with the phenethy) (DBI) and
#amyl (DBB) tuguanides

{2} Eghty-eight per cent of this group responded with significant blood
sugar lowering, while 43 per cent {32 per cent side effects, 12 per cent faiure)
of the total dinvontinued treatment because of side effects or falure to demyon-
strate bluod sugar lowenng i the doses wved
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(3) While gastrointestinal side effects were present in a significant number
of patients, they were reversed by Jowering the dosage or discontinuing the
dru

(3) No evidence of toxicity occurred with serial tests of hepatic, renal and
hematological function.

MILDEST OEGREE OF DIASETES SEVERITY SEVEREST
CASES 20 CASES
< — 00
< —
OIEY MAY "BRITTLE"
SUFFICE SEVERE REACTIONS

INSULIN
EXOGENOUS

SULFONYLUREAS e . BIGUANIDES
POSSIBLE_SYNERGISTIC

SULFONYLUREA + BIGUANIDE 272

k__,-\,___)b*r___ag__‘,__)

DIET, INSULIN DIET AND INSULIN DIET AND INSULIN
OR PREFERRED AIDED AND ABETTEQ
SULFONYLUREAS &Y BIGUANIDES

(6) Sigmficant convulsive hypoglycemic reactions or resulting unconscious
ness were not found.

(7) The exact mechamsm of action 15 still o moot point, but probably the
Inguanides depend on or end insulin for their effectiveness.
No total jusentle-onset or severe, brttle diabetic has been successfully regu-
Jated without supplemental insulin for any considerable length of time

) The biguanides, when carefully employed, in this series have been useful
adjuncts 1 the stabihization of unstable and bnttle diabetes.

{9) None of the oral agents is completely adequate However, diet, the
prosent forms of insulin, the sulfonylureas, and the biguanides are to be con-

sider
varit
PreCiov svpme"
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METAHEXAMIDE IN DIABETES THERAPY

James M Moss and DeiVitt DeLawter
Diabetic Climie, Georgetoun Unsersity Medscal Center, Washington, D, C.

The search for the most potent and safest drug to be used in the oral treat-
ment of diabetes has been continuous since the sulfonylurea drugs were first
found to have hypoglycemic properties in 1942, Tolbutamide 15 the most
widely used drug and its efficiency and safety has been attested by many re-
ports' It has been used in more than 300,000 patients with a prolonged
satisfactory therapeutic response 1 more than one half of the cases and with
minimal toxcity, In our own series of 200 patients, we obtained imtial im-
provement 1 84 per cent? After 1 year of treatment this was reduced to
515 per cent,? and after 2 yearsof treatment, to 46 3 percentt This gnesan
over-all secondary failure rate of 385 per cent or about 3 per cent of those
under treatment each month. This high rate of secondary failure is offset
by a lower rate of primary failure than has been reported by others? This
difference is due to the fact that we continued to use the drug 1n 67 patients
with mitial poor or faur results. Our 46.5 per cent successful patients at the
end of 2 years is comparable with the 53 4 per cent reported by Mehnert et al.*
at the end of 20 months if all of their unselected patients are included as ours
were

Chlorpropamide was introduced because the same hypoglycemic cffect can
be obtained with a smaller dosage.® In our experience with 46 patients the
comparable dose is about one third to one fourth that of tolbutamde, appar-
ently due to a higher blood level resulting from the slower excretion  In gen-
eral there 1s no significant difference n the results obtamned with the two
drugs. A few patients did show better results, but this can often be explained
by the fact that 1t was easier for the patient to remember 10 take 2 or 3 tablets
of chlorpropamude each morning than to try to remember to take 1 o 2 tablets
of tolbutarmde 2 to 4 times each day When the drug is given in adequate
doses any paticnt who docs not respond well to one compound will not do well
on the other  Smce the dosage we used did not exceed 1 gm /day we did not
encounter any patients with jaundice or other evidence of liver damage  There
was one patient who had an aggravation of her anginal syndrome after being
changed from tolbutamide 1o chlofproparmide, but this improved aiter the
dose was reduced and the blood sugar allowed to rise,

Metahexamide has been used 70 patients with excellent results in 31,
good results in 14, fair results in 2, and poor results 1n 23 (only 51 patients ate
shown in FIGURE 1) There were 32 patients who had bLeen treated with

or chlorp de p: ly Of the 14 with satisfactory re-
sults in the past there were 9 excellent, 4 good, and 1 fair response, Of the
18 with unsatisfactory results in the past, there were 14 failures, 2 poor, and
2 fait response  These last four patients erther had been secondary failures
o p previously, They have not been followed long enough for
o on It can be seen that these results are simular to those
other sulfonylurea drugs and that metahexammde will do

rude witl not do 1if an adequate dose 15 given
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We found that the pnivate patients usually did better than the chinic pa-
tients.  Much of this difference can be explaned by the fact that the prvate
patients were more careful about dietary control and the avoidance of obesity
. N e e . 1
. .. . L. . o

: - . P ot . PR

o =% N s " o . - L . . I
response the dose was raised to 400 and occasionally to 600 mg before the drug
was discontinued  In 21 patients who took 400 mg or more for 1 to 30 days,
there were 4 patients with features of acute gastntis charactenized by epigastric
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MONTHS OF TREATMENT
Ficere 1 Results of motahexamide treatment in 51 patients

hunger pains, nausea, and vomuting  These symptoms cleared promptly after
the drug was discontinued  No liver function tests were conducted on the
patients taking high doses  Alkaline phosphatase determination made on 20
patients on the usual maintenance dosage have shown no sigmficant elevation

One patient developed massive gastrowntestinal hemorrhage after taking
200 mg for a period of 2 weeks with excellent diabetic control  Complete
gastrointestinal X-ray examinations were normal  Prothrombin time and
blood clotting were normal  She had a similar episode 3 yeans ago with no
apparent cause and there never have been any symptoms of gastrointestinal
diease  Six pints of blood were required to rawse the hematocnt from 22 to
42 She s now well contrulled on 1 gm of tolbutamide each day.

Another patient died of myocandial tnfarction after taking 100 mg /day for
2days  There 1s no evidence that the drug was a factor 1n hus death.



METAHEXAMIDE IN DIABETES THERAPY

James JM. Moss and DeWitt DeLawter
Diabetsc Clinse, Geargelouwn Unsiersity Medical Center, Washangion, D C.

The search for the most potent and safest drug to be used in the oral treat-
ment of dibetes has been continuous since the sulfonylurea drugs were first
found to have hypoglycemic properties in 1942, Tolbutamide is the most
widely used drug and ts efficiency and safety has been attested by many re-
ports ' It has been used on more than 400,000 patients with a prolonged
satisfactory therapeutic response in more than one half of the cases and with
mimmal toaiaaty  In our own senes of 200 patients, we obtained imtial 1m-
provement in 84 per cent? After 1 year of treatment this was reduced to
515 per cent,’ and after 2 yearsof treatment, to 46 5 percent.! This givesan
over-all secondary failure rate of 38 5 per cent or about 3 per cent of those
under treatment each month. This high rate of secondary failure 15 offset
by a lower rate of prmary failure than has been reported by others® This
difference 1s due to the fact that we continued to use the drug in 67 patients
with 1mtial poor or fair results. Our 46 5 per cent successful patients at the
end of 2 years 15 comparable with the 53,4 per cent reported by Mehnert et af ®
at the end of 20 months if all of their unselected patients are included as ours
were

Chlorpropamide was introduced because the same hypoglycemuc effect can
be obtained with a smaller dosage.f In our expenence with 46 patients the
comparable dose is about one third to one fourth that of tolbutamide, appar-
ently due to a higher blood level resulting from the slower excretion. In gen-
eral there is no significant difference m the results obtamned with the two
drugs A few patients did show better results, but this can often be explained
by the fact that 1t was easier for the patient to remember to take 2 or 3 tablets
of chlorpropamide each morning than to try to remember to take 1 or 2 tablets
of tolbutanude 2 to 4 times each day  When the drug 1s given 1 adequate
doses any patient who does not respond well to one compound will not do well
on the other  Since the dosage we used did not eaceed 1 gm /day we did not
encounter any patients with jaundice or other evidence of liver damage ~ There
was one patient who had an aggravation of her anginal syndrome after bewg
changed from de to chlor de, but this improved after the
dose was reduced and the blood sugar allowed to nse.

Metahexamide has been used in 70 patients with excellent resuits in 31,
good results m 14, fair results 1n 2, and poor results 1n 23 (only 51 patients are
chown 1n FIGURE 1) There were 32 patients who had been treated with

1 de or chlorp de p; ly  Of the 14 with satisfactory re-
sults 1n the past there were 9 excellent, 4 good, and 1 far response Of the
18 with unsatisfactory results in the past, there were 14 failures, 2 poor, and
2 fair response  These last four patients either had been secondary failures
or poor results previously They have not been followed long enough for

complete evaluation It can be seen that these results are sumilar to those
obtamed with the other sulfonylurea drugs and that metahexamide will do
nothing that tolbutamide will not do :f an adequate dose 1s given

614




Moss & DeLawter: Metahexamide 617

‘Twenty-0ne patients wese gwen placeho tablets for 1 10 4 neeks before be-
ing placed on metahexamide  Almost all of these pauents showed a fall in
Wood sugar dunng the first week or two of treatment followed Ly a tie as the
noselty effect of the new medication wore off. This placeho effect explains
some of the secondary fatlures that had been reported from othes sulfonylurea
drugs. Fioores 2 and 3 show that the patiends wha obtained the bet ve-
sponse 10 the placebo also obtuned the best tesponse to metahesumde  This
can be explained by the fact that ihe patients with the more wevere diabetes
&id not respond well to either  There were tva patients who had been on 10
10 13 U, of msulin each day who were better controlled by the placebo than
by metahesamude or tolutamude  There have been others i1 whom the dia-
betes went out of control when the placebo was used, but who responded well
to a sulfonylurea drug  Placcbo studies are essenral far the proper evaluation
of any osal hypoglytemic drug and such studies should be done by the double-
blind method ?

Summary aud Conclusians
{1) The results obianed from metahexamde in a senes of 70 patients are
simular to those obtaned from tolbutamude or chiorproparude
(2) Touc efects of nausea, voruung and epgastrec Paifl were seen 1 one

studies essential for 1he proper esaluation of any hypegly cemic drug
{5) The only apparent adsantage of metahexamude 1 the smalt size of the
pil.

Addendum

o Y « P -
P o .
18 ous opasuon that further use of this drug should be discontanyed
Referenees

¥ O'Porasax, © ] 1059  Analyss of long term expericacs with dolbutamide (Orinase}
in the management of diabetes  The Upjohn (o Kalamazon, Wi

2 Delawrar, Dk 4] M Moss 1955 Tolbtutamude, orally ellestne drog fus diabetes
melldon. : 1

3 Moss, J M &DE DeLawzes 1959 Treatment of 200 diahclis paucats wath tod

tiade  Amn Intern Med 60 1307-1417

& Belawny, D L & J M Moss $959  Secondans fadure 10 weibutamide treatment
Med e Tn uress
s . e L [ '
. . B s . - .
ss . - a Lo .- :

7 Rewarm, D & A C \KCustos, 1957 Tollutamde & double bind study o i
ellect 1n cabetes. New tng) J e 25¥: 931933
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Twenty-one palients were given placebo tablets for 1 to 4 neeks before be-
ng placed on metahexamude  Almost 2l of theve patients showed a falt ;n
Hloud sugar duning the first week of too of treatment folloned by a rse as the
novelty effect of the new medication wore off  This placebo effect explains
some of the secondary fmlures that had been reported from other salfons lurea
drugs, Ficures 2 and 3 show that the patients who obtained the best re-
sponse to the placebo also obtamed the best response to metahexamude  This
can be explained by the fact that the patients with the mose severe diabetes
did not respond well to either  There were tuo patients who had Leen on 10
to 15 U of insulin each day who were better controiled by the placcho than
by metabesamude ot tolbutamide  There have been others 1 whom the dia-
betes went out of cantrol when the placebo was used, but who responded well

Summary and Concluswns

{1} The results obtamned from metahesanude 1 a series of 70 patents are
similar to those obtained from tathutatmde or chlorpropamde

2) Toxic effects of pavses, vomsting, and epigastue pain were seen in one
fith of the patients who took 400 mwg or mose per day

(3) The average masntenance dose 18 150 mg /day and there 1s no value 1
exceeding 2 dose of 300 mg /day

(4) Beneficsal efects follomng placebo admumstration makes double-blind
studies essential for the proper evaluation of any hypogly ceric drug

(3) The only apparent advantage of metahexamde 15 the small size of the
pil,

Addendum

UhiLiny 43 U TRy appastan e el sl woas s ey

gty man VRS Cas Lodas
s our opunson that further use of this drug should be discontinued
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Hoawne, D & A°C McCuisaon 1957 Toloutamide a double-bind study of ua
efect 1 diabetes  New Engl J Med 357: 931835
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better comrol

In a similar manner the patients not hospitalized were given the drug and
requested to test the urne at home before every dose of metahexamide  Those
tahing insulin were gnen metahexamide concomitantly  Usually the dose of
wmsulin was lowered by decrements of 10 or 15 U as control was maimntamed by
a constant dose of metahexamide, until eventmlly no msulm was needed or

an optimum of mnsuhn and was obtamed  If the
. . -
' .
TaBLE 1
Lrrect oF on InsuLIN
Aseragemsulin Average Hood
Duzation af fequirements. sugar Dose of
Tatent Age diabetes
tyens) (mg /day)
Belore | Afer | Before | Ater
1 56 4 40 0 136 130 150
2 57 1 15 0 123 170 50
3 30 4 20 0 230 120 100
1 58 15 20 0 294 166 100
H 61 12 10 o 179 192 100
6 43 9 30 15 256 191 100
H 65 6 35 [ 127 153
8 7] 9 50 0 187 100
9 52 2 30 o | als 131 100
10 53 7 0 179 it 100
1 3 4 10 [ 142 14 100
12 76 2 10 0 242 178 100

* Previous secondary faslure with tolbutamide

factory, thereafter the {requency of visits was decreased as improsement pro-
gressed

Those patients tahing tolbutarmde or chlorpropamude, but with persistent
glycosuna and fasting blood sugar always higher than 200 mg /100 ml, were
conwdered not adequately managed They were placed directly on meta-
hexamide and folloned n the same manner as described above

Sexeral patients were only partly controlled by dict alone  They were given
metahexanude m the same starting dosage as described above, and the same
type of follow-up was obsersed

Results

The results of therapy with metahexaoude in the 3 groups of patents are
presented 1n TABLES 1, 2, and 3 A total of 35 patients have been followed for
1to 4 months  Of these, 22 (63 per cent) showed adequate control either on

hy de alane of 1n b with msulin at a reduced dove

FiGurr 1 illustrates the good response of a patient 1o metahesamide, He




CLINICAL STUDIES WITH METAHEXAMIDE

Samuel J. N. Sugar and Lawrence J. Thomas
George W ashunglon University School of Medicsne, Washington, D. C

The investigation described below was conducted to confirm the antidia-

as 4 months i

The study was done in the Diabetic Chinic, District of Columbia General
Hospital, George Washington Unnersity Division, Washington, D. C, and
the Medical Department of Prince George’s General Hospital, Cheverly, Md.

Method of Study

Diabetic patients who were taking insulin, those inadequately controlled
with tolbutamide or chlorpropamide, and patients only partly controlled by
diet alone were studied Some pauients were hospitalized and others were
observed n the outpatient chnics and in private practice. In the hospitalized
patients, levels of sugar 1n the blood (fasting and post prandial) and in the
urine (before meals and at bedume) were determined. Ketosis, 1f present,
was relieved by regular insulin injections and parenteral flud  Later a meas-
ured diet was bed and control ined by doses of regular mnsuhn
given fractionally according to urinalyses. The insulin dose ranged from
t0 25 U, depending on the amount of glucose and acetone present  Metahexa-
mide was then added to the regime, usually in a dose of 50 mg. three times
dauly before meals  If control with metahexamide was effective 1t was usually
manifested in a few days by decrease 1n insulin requirement, reduction 1n blood
and unne sugar levels, and by an increase in the feeling of well-being of the

atient. If control was not attained at this dose level, metahexamide was
increased by SO-mg increments until a satisfactory response was noted I
metahexamide seemed neffective after a 7-day trial, 1t was discontinued and
insulin dosage ad)usted for control.

M. with metah de was idered satisfactory if the average
daily fasting blood sugar was substantilly reduced and was in the region of
175 mg /1600 mi or below. A corresponding lowenng of urinary glucose was
requred, the ultimate goal bemng complete aglycosuria  When at least 3 days
observation indicated these requirements had been attained, patients were
given a SUPpLY, of medication and discharged, 1o be followed 1n the clinic or
office. Particular stress was laid on the need for frequent urine tests at home,
and a wnitten record of the results was requested  On the return visit, the
as eamined, home urine tests reviewed, and the fasting blood sugar
lysis for that day determmed If most of the unne tests were re-
purted negative and sf the blood sugar was 120 mg /100 ml or less, the dose;(:
metahesamide was reduced by 50 mg  If the blood sugar was between ¥

hesamideused in the study 1n this paper was supphed by C J O'Don-
N ;n'j;}zc_rhe Upjohn Company, Kalamazoa, :.;h

patient
and urina
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bad been taking an average of 40 U of nsulin daily for 7 years Transfer to

metahexamide was accomplished smoothly and without incident

FIGuRre 2

illustrates improved control with metahesamide i a patent not adequately
managed with chlorpropanude

ST; Female, Colored, Age 58

Diabetes 8 years

40 1.0 gm. 200 mg.
units 150 mg.
PH chlorpropamide 0.5 metahexamide
datly daily dally
500
250 Blood glucose ng./100 ml.
200'\\_’_’,—
150
1004
Urine glucose
2%
1%
Aug,  Sep.  Oct Nov Dec. Jan Feb,
1958 1959

FiceRe 2 Faur control with after falure with

A hugh degree of success (100 per cent of 7 cases) was noted with metahesa-

mude gven to paticnts only partly controlled by diet alone

The same good

results with tolbutanude and chlorpropamnde i this type of patient was re-
ported pres tously by us 14

A summary of the effectineness of metahexamude in the different classcs of
diabetics 13 shown 10 TABLE



Tasiz 2

Parients NDIN ME; APTER Sk FAlLUZE wirt
TolBUTAMIDE OR CHLORPROPAMIDE
@D Average blood
Duration of e /49 e Dose of
Patient Age dudetey clabesan
t . i
B | e | e, | e |
mde ‘mde ‘mude
1 54 4 2000 40 193 200
2 58 8 500 228 108 20
3 62 9 1000 307 27 200
1 30 1 750 236 178 100

“Mlu 2 months control with metahexamide 1t was necessary to place this patient on
nsuln

TasLE 3
PATIENTs MANAGED Wil Wio Were Nor PREVIOUSLY
CONTROLLED WITH DIET ALONE
Durstion of Duse of Blood pugse undet | porggionof
Patient Age duabetes metshezamude treatment
(yenrn) (mg /day) Metahexa- (months}
Diet i

1 75 5 50 254 150 3

2 S0 4 300 256 159 2

3 38 3 200 183 3

H i B 150 288 127 1

5 53 150 238 148 1

6 12 s 50 202 78 5

7 75 6 100 307 157 2

RW, Male, Colored, Age 53
Disbetes 7 years
40
units
NPH
daily 100 mg. metahexamide dally

zool Blood glucose mg./100 ml.
S N
1004

Upine qualitatively negative for glucose
T Feb. Har Apy

an,

1959
Good control with metahexamide after discontinuing trvin
620
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Sugar & Thomas' Chnical Studies with Mectahexamude 621

had been tahing an average of 40 U. of wsulin daily for 7 years  Transfer ta
metahexamide was accomplished smoothly and without madent  Flouxr 2
illustrates improved control with metahexamide 1n a patient not adequately
managed with chlorpropamide

ST; Female, Colored, Age 58
Diabetes 8 years

200 mg.

150 mg.
metahexamide
dall,

3004
250 Blood glucose mg./100 ml.
zco-\_/
1501
1004
2%J Urine glucose
/] I
dug.  Sep,  Oct. Nov. Dec.  Jan Peb.
1958 1959
Fioure 2 Faur control mth after fallure with "

Ported previously by us 12 B . .
summary of the effectineness of metahexamude in the different classes of
diabetics is shown 1n TABLE 4.



Tasi 2
PAxiENTS T0 METAS AFTER SI FAILCRE WITH
ToLBUTAMIDE OR CHLORPROPAMIDE

‘ Dose Average blood
Deration of ms /) L Dose of
Tavent Age d(ubrl()l car e a ot i)
54 4 2000 240 193 200
38 8 500 228 108 200
62 9 1000 307 217 200
30 1 750 236 178 100

I/\(lcr 2 months control with metahcxamude 1t was necessary to place this patient on
nsulin

TasLE 3
PATIENTS MANAGED wiTit Wito Weze Not PxEvIoLstY
CoNTROLIED Wit DIET ALONE

Blood sugar under
Duration of Uose of Duratios of
Patient Age dinbetes metahesamude trestment
3) (mg /day) Dut | Metshenas | (months)
mide
1 75 s 50 251 150 3
2 50 4 300 256 150 2
3 38 3 200 200 183 3
4 i N2 150 28 127 1
s 83 3 150 238 148 1
6 iz Yz 50 202 78 5
7 75 [ 100 307 157 2

}

RW; Nale, Colored, Age 53
Diabetes 7 years

' 100 mg. metahexamide dailyJ

2004 Blood glucoss mg./100 ml.
350 '__\_—d/
100+

Upine qualitatively negative for glucoss

—TFan. _ Feb.

an. Mapr Apr.

1959
Fiomse 1. Good control with metahesamude after discontinuing -t~
620
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Side effects of metaheaamide 1n doses ranging from 50 to 300 mg a day were
mummal.

Acknoledgment

We are grateful to C J Burns and his laboratory staff for their assistance in
performing laboratory toxicity studies
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Tuxicity ’
The usual precautionary Jaboratory studies (serial blood counts and urine
examinations, and liver and kidney function Lests) were made on hospitalized
patents  With a daily dose range of 50 to 300 mg. metaheaamide, no unusual
bone marrow, liver, hidney, or thyroid effects have been noted. In fact, 1
case of acute cholangiohtic hepatitis complicating diabetes was adequately
maintamed on metahesamide after the diabetes was brought under control
with insulin  The side effects noted (TABLE 5) were not severe  Only 1 pa-

TABLE 4
Resurts or TREATMENT
" . .23
11
1
. . 12 (325)

Nuymber of patients treated who had previous tolbutamude or chlorpropanude

fadure 5

control with i idi . 3

Number of patienis not controlled on diet alone . . 7
Satisfactory control with metahexamude . 7 (100%)

Tota) number of patients Lrested . 35
Sausfactory control with metahexamide L2 %)

TasLe §
SE RFACTIONS T0 METAUEXAMIDE

No of pauenis®

Nausea and vomiting . PN 2
Weakness [ 1
Duzziness Lo 2
Ttching . N 1
Drowsiness 1

* Of a total number of 35 treated

tient noted hypoglycemic symptoms 10 days alter starung thesapy; these
cleared promptly after eating. Two patients complained of epigastric Dburn-
ing, nausea, and vonuting. Gencrahzed muscular weakness and vertigo were
subjective complaints 1n 2 cases One patient noted drowsiness and another
itching without Tash.

Conclusions

cu;::élm\‘v‘nh tolbutarmde or chlorpropamide
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19 hours
sroup and
. 1 marhed
Ispanity of our results permit no conclusions to be drasn

a0
Diabene

Lolh

TIME IN HOURS AFTER INGESTION OF (50 Mg. OF METAHEXAMIDE

Fioere 1 The distribtion of appearance time for peak serum levels of metahexsmide, in
sung diabetic and nondiabetic subjects, alter the ingestion of 150 mg of metabezamide

o ,
— ,

Py R ;

gr

14

&l

i

%o

T U PRy PEAK MR LEVEL OF

Tz 3 & 5 & T & 98 © u @
PRTIENT MUMBER

Fict2E 2 The ume for the serum metahexamide tevel to drop to one balf of its peak
oy el 10 diabetsc and nondsabetie subjects.



LABORATORY AND CLINICAL OBSERVATIONS
WITH A NEW SULFONYLUREA

A. A Silver, H. Wishinsky, R. F. Caplan, C. Monk

Diussion of Brochemusiry, Departments of Medscine and Pathology, Sinai Hosprial
of Baltimare, Inc., Ballumore, Md.

This report describes our clinical and laboratory experience with 3-amino-4-
methylt lonylcyclohexyl ! ide). This drug differs from
other effective oral antidiabetic sulfonyl; in that this compound has been
reported to combine therapeutic effectivencss with serum levels of Jong dura-

tion?

Methods and Resulls

Reviewing the Bochringer Reports! on WI-40 {metahexamide) prior to our
study, we observed that when the authors used single doses of 500 mg, and 1
gm. of k ide, they found half-value penods of 20 and 22 5 hours, re-
specuvely  We chose to use daily doses of 150 mg of metahexamide, the
recommended safe therapeutic dose,* in our studies, Half-value studes or
the disapp rate of metak ide from the serum were studied, using
the 150-mg dose 1n order to relate these values to the previously mentioned
500 mg and 1 gm doses. Thirteen diabetic and 12 nondiabetic patients that
had not previously received metahexamide were given, while fasting, a single
oral dose of 150 mg of the drug. Blood specimens were drawn prior to drug
therapy and then 1, 2,3, 5 7, 9, 12, and 24 hours after ingesting the metaheva-
mide. Serum levels of metahexamide were determined using the method of
Bratton and Marshall?  FiGure 1 shows the number of hours after ingestion
of the drug for appearance of peak serum levels of metaheaamude  FIGURE 2
shows the number of hours required for the peak level of metahexamide in the

1

by the Boehringer group

TiGURE 3 represents the percentage of metaheaamide remaining in the serum
19 hours after peak level of the drug  The choice of 19 hours after peak level
was one of expediency. Percentages were caleulated by dividing the serum
concentration of metahexamide 19 hours after peak level by its concentration
at peak level. It 1s appatent that the nondiabetics as a group demonstrate
et concentratians of serum metaheramide 19 hours after peak level than
the du.
showir

howing i -~ < ) .
;’ lndigxlebl.hose patients who later, on continuous therapy, showed (G) good

Chnical control and (P) poor clinical control. It is obvious that no conclusion
can be drawn from the single dose test in determining the value of this com-
pound 1n the treatment of any given patient, with our limited number of pa-

ed by C . O'Donovan, The Upjohn Company, Kalamazoo, Mick

* Recommend
624
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that they might benefit from this compound Several patients on previous
good contro} with insulin wha requested a tnal with an oral compound are also
included  In all cases we began the study with a decrease in the chemical
control by reducing the nsulin or substituting a placebo for the previous oral
tompound unt:] there was a nise in the blood sugar level and/or the appearance
of glycosuria  Daet was unchanged from the pretreatment value

Tasee 1
PAnENT CONSTANCY OF SERUM LEVELS OF MIETAHEAAMIDE

MRS DE*} INn Asng 1 R Co DRt
days | mg"h | days | me% | days | me% [ days z e | deys | mg | days | mEp
1 10 1 02 1 09 1 1t 1 11 1 Q4
4 taj 4402, 710833 12| 18 115/ 40|02
14 141 4 (0219 ]05] 34 |15 25 16 55 03
22 1512202 2 |06 46 |10 38 171 62 04
28 14 28 (0240|107 63 12 45 16 77 04
35 11 35102 58109 00112

42 11142 oz 61 14

47 10 67 15

64 12 82 12

81 09

Eey (*) daly dose of 150 mg, (%*) daily dose of 200 mg, (1) dails dose of 100 mg,
(3) daly predrug serum levels, and (§) serum drug levels 2 hours after drug wigestion

TABLE
Patsens CK Strum [vris oy Merausaasang

Single dose (50 mg )* Daily dose (150 mg)t
Fredeuy me Day Predrug Shrs later
thours ° me T e

1 05 1 s 10

2 g6 2 53 15

3 05 3 08 17

H 04 4 05 16

7 03 s ] 17

12 02

24 o {

* Priur 1o treatment
¥ One month aiter treatment {dady dose 150 mg

Forty-fise diabetics previously well controlled with tolbutamide were equally
well controlled with metahexamuide  They were transferred to metahexamide
begnmng with daddy dases of 150 mg  In most ca<es this dase could saan he
reduced  After several weeks of therapy, the amouni of metahexamude em-
ployed was i the rato of 5 to 10 mg /100 mg tolbutamide  TIGURE 4 illus-
trates our results on H L, a S0-year-old white male, a diabetic of 1-year dura-
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If mewahexamide, as was previously stated, maintained serum levels of long
duration, the possibility must be considered that patients on chronic therapy
might mcrease their blood drug Jesels slosly,  Serum metahexamide and blood
sugar levels were frequently determined during the course of the chronic stud-
tes Blood samples were always drasn at a given time in relation to the in-
gestion of the mctahexanude, Taste 1 shows a remarkable individual con-
stancy of serum metahexamude Jevel i 6 patients studied for periods up to
213 months. TapLE 2 is interesting in that patient C, K. and several others
in the initial single-do~e test 19 hours after peak Jevel had zero or negligible

100

——a el

svee

4 ey Dt
161 0008 Wkl Eymted
(P1- #ow canes Somiet

.

@ N

JRegmp

H

o,
@ .-

PURGENY OF METANE KAWOE # SCAUM 1 NOURS 2FTER $Tu8
]

i 2 3 4

s 3 7 8
PATIENT NUMBER

Fiovre 3. The percentage of mattmum metahexamde in subject’s serum 19 hours after
peak serum level of the drug

serum metahexarude levels  Continued therapy yielded detectable fasting
1

1t there 1s no cumulative effect of

h metahexamide by oral admimstra-
¥ e int in all cases was 150 mg. given as a single fasting
he initial treatment in al £ BIve 8!
won };M,emg were selected chiefly on the basis of previous good response Lo
ll‘olshe;xtnmzde A few patients were selected because of the previous poof
ol 3

panse 1o ofal antidiabetic drugs and poor response 1o wmsulin, 1 the hope
res)
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that they might benefit from this compound ~ Several patients on previous
good control with msulin who requested a tnal with an oral compaund are also
mcluded  In all cases we began the study with a decrease in the chemical
control by reducing the insulin or substituting a placebo for the previous oral
compound unti] there was a rise 1 the blood sugar level and/or the appearance
of glycosuna  Diet was unchanged from the pretreatment salue

Tasiz 1
PaTtENT CONSTANCY OF SERUM LEVELS 07 METAHEXAMIDE
DE™3 IN%E [ Ascy RC™§ [ D RN

ol days | ms % [ deys | me %o | days | mg | days | mRT | days [ mE T
1o 1 fozf 1t foo| 1 /1t] 1 {11f 1[04
14| 2 o2 7 108] 13 |12f 18|15 40|02
14 14 o2 19 {05 ) 32 |15/ 25 |16/ 55 |03
15| 22 102| 26 |06) 46 10| 38 |17 62|04
14l 28 021 40 {076 |12] 35 |16] 77 |04
1135702} 54 |09 0112
11| 2 |02 61 |14
10 6 {15
12 82112
09

Key (*) daly dose of 150 mg , (**) daly dose of 200 mg , (1) daily dose of 100 mg,
{3) daily predrug serum levels, and (§) serum drug levels 2 hours after drug ingestion

B
Paniest CK Seeuy LEVELS OF METAREXANIDE

Sungle dose (130 mg )* Daily dose (150 mg)t
mg T Preds
g g o | T

1 0s 1 05

2 06 2 05

3 05 3 08

5 04 4 05

7 03 5 o5

12 012

24 o

* Prior to treatment
1 One month after treatment (daily dose 150 mg }

Forty-five duabetics ly well with tolb de were equally
well controlled with metahexamide They were transferred to metahexamide
beginmng with daily doses of 150 mg  In most cases thus do~e could soon be
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when he was abruptly transferred to } ide with no disturbance 1n
control \After 10 days hus dose was reduced to 100 mg; on the fiftieth day it
was further reduced to 50 mg. daily, with which he contitues to be well main-
tained

bt -

il

EHN

3:"’ o T 7,
Hil AR l'/’/ﬂ"/" W
v [

° 5 o [} 20 23 » FS) 40 £ £ £ 0 ) o n =
s
Ficore 4 H L, male, age 52 ycars, diabetic onc-year duration  Previously well con-
trolled with tolbutamide Good controf with metahexamude

e
A
of ——
—

§ % W% B @ 2 % 35 40 e S = © & w7
oars
Fiouze S K. I, female, age 72 years, diabetes 5-3 cars dusation. Previously well con~
trolled with nsubn. contral with mctahexamide

Fleven of 18 patients previously well controlled by msulin were transferred
to metaheramide within 30 days or less. The remaiming 7 of this group ar¢
ll taking 1nsulin 1N doses varying from 30 to 75 per cent of their intial amount.
;xwu 5 Jilustrates the transfer of K. H, a patient well controlled with diet
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and msulin, t0 metahexarude, This 72-year-old white female, a duabetic of
S-years duration, requested transfer to an oral agent because of difficulty in
self admunsstration of msulin.  Her daily dose of snsulin was first reduced to
produce hyperglycemia and then increased until the fasung blood sugar was
satifactory  An mutial dose of 150 mg metahexamide was given and main-
tamned until tnsulin was discontinued  Generally, we reduced insulim very
slowly, rarely over 15 per cent 1n any given day  In this case insulin was Te-
duced rapidly by our standards The dose of metahexamide was gradually
reduced until she 1s now mamntained on 50 mg daily n good control  Ficure
6 shows the results with L N, a 61-year-old whise female, a diabetic of 12-

. N

i b

i —
:‘ g § W )

S N

F P

i IR T )

ite

Bal
4

] 9 5 © B 70 73 6 & % 38
wEEKS DavS

Fictaz 6 L N, female, age 01 yuars, dubetes 12-years duration  Presaous treatment
insuhm, well controlicd with metahexamide

years duration, transferred from insulin to metahexanude  This patient did
not have good cantral with insulin, although we suspect she naw {ollows her
diet much better than prior to this transfer  Although her daily insubin re-
Guitement was 80 U , under close ho-pital supervison she leveled off at 50 U,
The imitial dove was 130 mg of metahesamide and msulin was gradually re-
duced to zero FiGure 7 illustrates another patient, S B, 2 66-yearold
white female, 2 diabetic of 16-years duration, previously maintamed on diet
and msulin, and now transierred to metahexamide, In this case we decided to
try a greater [ercentage decrease i insuln  An abrupt nse 1 blood sugar
necessitated an increase 1n insuhin, 23 per cent above the 1mnal dose. How-
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when he was al

control  After .
was further redu .
tamned

57

i T’
& la
Sl oy —

O 3 ® B8 W 25 3 3 4 4 0 3 e e W B W
oaes

Figere 4 H L, male, age 52 years, diabetic ope-y ear duration  Presiously well con-

trolled with tolbutamude  Good control with metahexamde,
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3 5 K I, female, age 72 years, diabetes S-years duration  Treviously well con-
tmlrl‘:g?fm ipsthin  Good control with metahesamide

Fleven of 18 patents previously well controlled by 1nsuln were transferred

LAuuRE v
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400 mg. daily, He showed evidence of control for a short period, then quickly
reverted 1o the unstable state Metahexamuide was discontnued after 12
weehs

Four of the 67 patients treated with metahexamide were taken off the drug,
1 for obvious faslure, as stated above, and the remaining 3 because of side eff-
ects

Toxtasty

‘The following laboratory studies wete done on all cases prior to and dunng
therapy  serum transamunase, thymol turbidity, Bromsulphalem retention,
alkalne phosph blood area, ine, unmalysis, I
complete blood count, and plarelet count  Protem-bound sodine tests were
done 1n most cases Al of these studies were repeated {except PBI) at weehly
mtervals for 4 wechs and then senumonthly up to 4 months

Three of the 67 patients treated with metahetamde were removed from
treatment with the drug because of side effects. One developed severe urti-

o N . o e e - [T

(S e e A

L - B T S
peared with placebo but returned on daily doses of 50 mg metaheamude
Laboratory tests were negattve except 1n three patients who deseloped mod-
crately elevated alkahine phosphatases Two of these three patients had
elevated transaminases These patrents show no chinical evidence of hepatic
tovcity

Summary
Chaical and faboratory data have been presented and discussed ont sity-
seven diabetic patients treated with metahexamide for periods up to forty
weeks

levels i any gisen subject on constant daily doses {at constant tune after m-
gestion of the drug), indicating absence of cumulaine effect of metahexa-
nude

Our findings ndicate that patients who responded well to tolbutamide
therapy can ferred uneventfully to h X

Aeknouledgments

We thank. the Cpjohn Company, Kalamazoo, Mich., and Eli Lilly and Com-
pany, Indunapolis, Ind , for the metahexamide used i this study
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Ficure 7 S B, female, age 66 ) cars, diabetes 16-y ears duration. Previously controlled
with msulin ~ Good control with metahexamide
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e, age 41 ycars, diabetes S-ears duration  Poorly controlled with
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BLOOD LEVELS FOR METAHEXAMIDE AND CAPILLARY VENOUS
DIFFERENCES T'OR GLUCOSE IN ELDERLY DIABETIC
MEN USING INSULIN OR METAHEXAMIDE*

T H McGavack, H, G. Bauer, K. Y. T. Kao, E. Sisler
George Waslingten Unicersity School of Medicine, B ashingion, D C, and the
Velerans Administration Center, Marfinsburg, V. Va

A sigmificant hypoglycemic action has not been demonstrated for the sul-
fonylureas in depancreatized man'7 or other mammals™ nor has it been ob-
served in completely allosanized ammal-t!:*#  Ths and other evidence’: 4%
support the hypothess that an important action of the sulfonylureas 15 2n
increase in the production, release, or both, of msulin by the pancreas. Oa
the other hand, in the fow] the peripheral uulization of glucose has been dem-
onstrated 1n the absence of both the pancreas and the lver.?: 2 Employing
arteriovenous (A-V) glucose differences and the ratio of A-V glucose differences
to artenial blood glucose (A-V/A), Madison and Unger® have demonstrated
comparable uptakes of glucose by peripheral tissues 1 normal fasung dogs
after the admmstration of insulin and tolbutamide. Their data “support,
but do not prove, the thests that one of the major phystologic effects of tolbuta-
mude 1s the simulation of endogencous insulin secretion "

"The eapeniments descnbed 1 this paper were planned to compare the effects
of msulin and ) de upon the penpheral utilization of glucose by
measunng capillary venous (C-V) differences and by the claculation of the ratio
of C-V glucose differences to capillary blood glucose (C-V/C).

Methods and Procedure

Five elderly (range 63 to 75 years, with an average of 66 years) hetoacidosis-
resistant diabetic men, requiring from 10 ta 40 U. of insulin daily (average, 26
U.) to mamntain reasonable control were stabiized as to balanced diet and
weight for at least 2 months prior to the study. A staisfactory transfer from
snyulin to metahexamide had been made 38, 29, 12, 93, and 35 days (average,
50 days) prior to the first test in cases 4, 7, 8, 10, and 11, respectively f  Unul
the day prior to the metahexamide tests

ttely following the

, each subject was

Lot re taken thereafter

;l hourly mtervals for 5 hours while the patient fasted (TabLe 1)  No further
dases of metahexamide were us.ed until wmplelwn_oi simlar determinations
1 (1) patients given no medication (carned out 4 or 5 days after the metahesa-
mide study) and (2) in patients admlms{ercd insulin tn the dosage emplayed
by the \ndrvidual before any treatment with metahexamude (carried out 3 days

o
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used. Dunng this time, the fall of blood sugar was much more marked with
nsulin than with metahexamde (TaBrE 1 and F1GURE 1) In all instances,
however, patients receiving either metahezarmde of nsultn showed signifi-
cantly greater decreases in blood sugar than were observed 11 patients who had

(% OF CAPILLARY CONTROL)

e
METAHEXAMIDE

.*

BLOOD GLUCOSE

INSULIN

FEN L

wh
«»

2
TIME  (HRY

dabetic men and 8 nondiabetic subjects (TABLE 2).  Sixteen <cts of values were
obtained i connection with a dose of 200 mg , 5 with a doe of S0 mg , and

duedt correlation between the size of the dose and the time teqmred for the
blood level to reach half salue  The half value was reached at the S00-mg
dosc level somewhere between 24 and 48 hours; at the 500-mg. dove Jevel be-
tween 20 and 24 hours, and at the 200-mg dose, between 16 and 20 hours.
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following the determinations made during “fasting without medication”).
Untal all 3 test days were completed, regular insulin was used as necessary to
maintain reasonable controt of the diabetic state, but in no instance was this
admuustered later than 13 hours before starting a seties of blood determina-
tions, nor was such supplemental msuhin required frequently,

To mimmize glycolyss, protemn-free filtrates were prepared immediately
after the withdrawal of the blood specimen. The determinations of glucose
were made by the Somogyi-Nelson method From ahquois of the speai-
mens removed for the estimation of gluco-e, the blood levels for metahesa-
mide were determined by the method of Bratlon and Marshall?® with this
shght modification. before the addition of the couphing reagent, 1 <c., of con-
centrated hydrochloric actd was added to make the resulting dye soluble.

Results

C-V glucose differences and C-V/C ratios. Tahing into consideration the
age of our subjects, 1t may be seen from TABLE 1 that 2 of the 5 exhibited satis-
factory blood glucose values at the beginming of the metahesamide tests, 2
showed only moderately elevated values, and 1 exhibited a high value, How-
ever, none showed more than 14 glucose 1n the urine, and 1n no instance did
more than 2 of the 4 duly fractional urines contain glucose. Metahexarmde
1 maintenance dose had been continued until the day before the metahesa-
mde test On the morming of the metah ide tests, the p dication
C-V differentes were greatest for those subjects who showed normal or neasly
normal blood sugars, probably indicating a continuing activaty of the meta~
hexanude given the day before. Four or five days later, the fasting blood
sugars were not greatly different {rom those observed at the end of the meta-
heaarude regime An attempt had been made to preserve about the same
degree of control through the use of regular insulin when ndicated by the
appearance of mote than 14 glycosuria  Dunng the interval between the
determunations “without medication” and the test made following a single dose
of insulin, (comparable to that used in the given individual before transference
to metahexamude therapy), 2 of the patients showed a sigmficantly bigher
fasting glucose level, while a shight elevation was present 1 2 of the other 3
subjects This occurred 1n spite of our efforts to maintain, by the use of regu-
lar msulin, approxmately the same control as before

As 1 A-V differences observed by other workers,®: 2. % there was con-
siderable vamation n the C-V differences from patient to patient in the
present studies However, when aerages were made and the standard devia
tions considered, 1t was noted that both insulin and metahexamide admimstra-
tion wese associated with an increase in the C-V differences, e believe
the higher premedication hour C-V d for b de repre-
sented a continwing influence of maintenance doses used up to and including
the morming before the test  In Tegard to the high zero-hour value for th’e’
insulin test, this average 18 comparable to that m the “without medication
f we exclude the 1 patient who had 2 doses of msulin on the preceding
From the first through the third hours, 1t appears that the C-V differ-

ased about equally by metahexamide and insulin 1n the dosages

test, 1l
day.
ences were Incre:
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Dyscussion

One b of h glucase utal has been the

A-V glucose difference, although attention has been called to considerable
varability 1 these values from subject to subject under the mfluence of msu-
L2 %" However, Madison and Unger have demonstrated that, 1n normal
dogs, the responses of the individual anumal to msuhn and to tolbutamude are
comparable In other words, the ammal that develops a strilung hypogly-
cemia to msubin, a wide A-V difference, or both, will show a sumular response
to tolbutarmde  This relationship did not exist for msulin and metahexamide
under the conditrons of our experyments m older, mudly diabetic men  Never-
theless, there seems to be little doubt that the penpheral utilization of glucose
was furthered by metahexamide 1n these subjects It is unlikely that these
C-V differences alone accounted for the degree of hypoglycemna produced

‘The data are 1n accord with those of other workers,” * * namely, that in the

Inasmuch as capillary blood 15 actually a mixture of arterial and venous
bicod, the changes observed become even more stniking, as arterial-venous
dufferences would probably have been greater Morcover, the C-V differ-
ences obtained represented an uptake of glucose chiefly by the shin and sul-
cutancous tissues, whereas A-V differences reflect the actnity of all sheletal
tissues, meluding muscle

That some worhers® "3 haxve failed to oblamn data supporting evidence for
the penpheral utihization of glucose may be due to differences in methods and
experimenta) design Many of these features have been dealt with at length
by others® Asde from A-V diflerences, other evidence for the perpheral
activaty of the sulfony lureas has been adduced  Ashmore and his associates®
and W L Miller and his colleagues® 3* have ~hown that under certam condi-
tions tolbutamide wall increase the formation of gly cogen 1n muscle, although
to not as marhed a degree as msulin - Miller and hus co-workers believe this
action has been overfooked by a majonty of obsers ers because most of the ex-
penments devigned 1o prove or disprove this action have employ ed improper
doses or insufficient perads of observation

Because degradation of metahexamude occurs chiedly by hydrolysis and not
by acetylation,™ its remoral from the blood 1s comparatiely slow  This too
may Le the reason why the rate of remos al of metahexamude 1s more dependent
upon dawage than t~ the rate of remaral of tolbutamude.  Most olservens gise
the half-time value as 20 to 22 5 hours, this figure being used trrespective of
doses varying from 05 10 20 gm ™ Our studies indicate dowage as an impor-
1ant facror an 1he half-salue bme of metabexanude  In view of the fact that
diappearance of a single dose 1» rarely complete in any subject after less than
1 day~, a cumulative action must be rechoned with in relation to continuing
dowes, this <hould be dered in any final adj t of of the
dubetie patient taling metahexamide.
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METAHEXAMIDE BLoOP LEVELS IN 21 SUBJECTS AFTER ORAL ADMINISTRATION

Dose (mg)
Hours
00 500 l 200
1 15 (032 5)* —
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5 - —
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Discussion

One acceptable parameter of penpheral glucose utilization has been the
A-V glucose difference, although attention has been called to considerable
vanability m these values from subject to subject under the influence of 1nsu-
In? 72 However, Madison and Unger have demonstrated that, i normal
dogs, the responses of the individual ammal to 1nsulin and to tolbutamude are
comparable. In other words, the animal that develops a stnking hypogly-
cemia to nsulin, a wide A-V difference, or both, will show a sumilar response
to tolbutamide. This relationship did not exist for insulin and metahexarmde
under the conditions of our esperiments 1n older, mildly diabetic men  Never-
theless, there sceras to be little doubt that the peripheral utihzation of glucose
was furthered by metahexamude in these subjects It 15 unlkely that these
C-V differences alone accounted for the degree of hypaglycemia produced
The data are 1n accord with those of other workers,® 2 ® namely, that 1n the
presence of some pancreatic function or exogeneous msulm, a portion of the
action of mtahexamide 1s concerned with the perpheral utilization of glucose
However, this does not account for the full effect

Inasmuch as capifary blood is actually a miature of arterial and venous
blood, the changes observed become even more “triking, as arteral-venous
differences would prabably have been greater Moreover, the C-V differ-
ences obtaincd represented an uptake of glucose chuefly by the shin and sub-
cutaneous tissues, whereas A-V differences reflect the activity of all skeletal
tissues, ncluding muscle.

That some workers® 3  have falded to obtain data supporting o3 :dence for
the peripheral utihzation of glucose may be due to differences sn methods and
expenimental design  Many of these features have been dealt with at length
by others® Asude from A-V differences, other evidence for the penpheral
acuvity of the sulfony lureas has been adduced ~ Ashmere and his associates¥t

action has been overlooked by a majonity of obseryers because most of the ex-
penments designed to prove or disprove this action have employed improper
doses or insufficient periods of observation

Because degradation of metahexamide occurs chiefly by by drolysis and not
by acety lation,* its removal from the blood 15 cumparatively slow  This too
may be the reason why the rate of remosal of metahetamide s more dependent

4 days, a cumulatine action must be rechoned with in relation 1o continuing
doses, tis <hould be considered tn any final ad) of mai of the
disbetic patient taking metabexanude
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Summary and Conclusion

C-V differences for glucose have been determined in 5 elderly diabetic men
in the fasting state and after being administered insulin (26 U.) and metahex-
amide (500 mg). There was no significant variation between the averaged
differences obtained for metahexamide and for insulm, but both were signifi-
cantly greater than the values obtained during fasting  In the doses used, the
hypoglycemic action of insulin was greater than that of metahexamide,

Blood level half-value times determined for metahexamide showed that
these vaned directly with the size of the dose, but not in linear fashion

Metahexamide 1s a potent hypoglycemic agent, a portion of the action of
which 15 exerted, either directly or indirectly, upon the penpheral tissues.
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SUMMARY OF THE MONOGRAPH

Peter H, Fonsham
Unszersuty of Colifornia Medieal Center, San Francisco, Calif.

1t 15 questionable whether the material presented in this monograph should
be summarnized at all, since thus would of necessity provide 2 static ending to
. However,

- as definitely

[ SR

the prevalence of diabetes mellitus in the United States today appears to be

pp tely 19 per 1000 population, with only about one half of this number
being recogmzed  This very fact underhines the continued need for des eloping
ever more stringent cntena for what constitutes “normal” regulation of car-
bohyd and 1mp 1 methods of detecting decreased carbo-
hydrate tolerance as a means of recognizing the discase earlier  This aspect
of the problem is discussed by Fajans and Conn. It will be apparent that such
resear~t -~ T Ll . . . . B il
with

years S : . U
and thus affords a spontancous test for any diabetic tendency as manifested
by certain abnormahties 1n both the fetus and the newbom. Prelminary

v v e v 3y aratine e o e
burth, and that the same percentage gives a famuly history of diabetes. Since
erther msulin or tolbutamide treatment has been shown to return fetal mor-
talty to normal, such investigations are of mportance not only from the
ecologtcal point of view, but also in terms of prevention.

In addition te our concerted efforts to safeguard the survival of diabetics
from their intrauterine eistence onward, there 1s also an ever more thoughtful
approach toward ey aluating diabetics seching employment. Generally accept-
able defimtions of the degree of control and permissible commitments have
been devised and, according to Brandaleone, the diabetic 1s now generally
accepted by industry as a reliable worker The acceptance of such patients
for Iife wnsurance 1s still rather hmited, but Entmacher finds that more policies
are being offered, although at least twice the normal premium 1s usually re-
qured. The prnapal reason for this lies in the accelerated vascular and

logical dege diseases that y diabetes, certin aspects of
:\hich have becn discussed by Bloch ':md Ellenberg
As diabetes 1s charactenzed most simply as an absolute or relative lack of
nsulin, 1slet-cell function 1 of crucial importance  Haist’s broad discussion
l( the ’faclors enbancing insulin production and secretion by the beta cells of
?he islets of Langerhans summanzes the field  For the growth o'f islet ce}]s,
anterior ptutary growth hormone appears to be essential, Insulin secretion

640
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. .

t dabetes 15 d by an ab-olute lach of insulin,
\\hereas postmatunty-onset diabetes 15 usually ch;\raclcnzed by normal insulin
levels In the latter type of the disease one 15 dealing with a subnormal islet
cell response to a natural stimulus, namely, an elevated blood sugar level.
There 1s failure of release of insuln, rather than of its synthesis, and 1t 15 in
this group that the sulfonylureas appear to afford a beneficial therapeutic
approach  Although the diabetic state 15 gencrally considered to be 1ever-
«ible, one should not give up hope that, with a better understanding of the
factors involved in islet-cell growth and msulin synthesis, at least partwal re-
establishment of the slet-cell function eventually may bLe achieved even m
diabetics with nsufficient isiet-cell tissue  Development of new beta cells
from ductal tssue m the rablit given hyperglycemic agents 1 beautifully
Mlustrated in the presentation of Volk and Lazarus  The electron-microscepic
pictures of the beta cells shown by Lacy and Hartrofl reveal the great vanety
of particulate orgamzation 1n different species and should senve as the basis
for a better understanding of the nfluence of vanous hormones on <let-celf
function  Baits’ mgemous use of changes 1 the Golgr apparatys as a means
of demonstrating the secretory activity of the beta cells affords an elegant
techmque for further physiclogical study

The fate of insulin, once released from the islets, has been imvesugated by
the use of I¥-labeled insuln  Ihe presentation of Unger and his associates

‘\m.lly only a hepatic effect without affecting penpheral metabolism  The
bastc findings are well confirmed 1n the studies of Mortimore and Tictze i the
rat, using a more direct approach of biver perfusion 1 siu and demonstrating
considerable inactivation of the msulin by liver issue  The one serous hmuta-
ton of both of these studies lies 11 the use of 1nwulin from other <pecies and the
thanges i the insulin molecule braught about by 1'%, however small the quan-

more studies on desensiization procedures by modern methodology. The
theoretical advantage of the use of sulfony tureas in this respect are cbnious,
The exact mechannm whereby tnsulim acts on the intermediary metabolism
of the cell <l remains a problem requining much acuve work.  Yor many
years the rat diaphragm bas served a3 a useful moded of perplicral muscle
trsue for the imvestigation of in~ubm action  The paper of Larner and his
co-workers demonstrates the effective we of this technique 1n demonstrating
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glycogen synth 1 dent of inorganic phosphate,  Kipnis has introduced
a special techmque for removing the diaphragm that obviates cutting the tissue
and thereby damaging it Utilizing the classical ¢ul preparation to measure
phosphorylating capacity of muscle and the wfoc! preparation, he shows
that nsulin affects pomanly the rate of glucose transfer through the cell
membrane, whereas adrenocortical hormones, pitwitary growth hormone, and
epinephrine decrease glucose tol by d hing the rate of ul
phosphorylation of glucose.

The studies by Park and Morgan and his associate on the effect of insuln
and other agents on glucose utilization by the olated rabbit heart, supplement
the observations by Kipms on the diaphragm of the rat. Including studses n
both the aerobic and bic state, these investi show that the regula-
tory mechamsms for transport appear to be insulin and the level of aerobic
metabolism, whereas the factors that regulate phosphorylation are the pitustary
growth hormone and the adrenocortical secrettons  The mote anaerobic the
environment, the faster both the penetration and the intracellular phosphoryla-
ton

Developments 1n the glucose-transport theory of insulin action are succinctly

amme synthesis by the liver This finding is somewhat surprising, sice
hepatic glucoseamine 15 a constituent of mucopolysacchande and, as pomted
out 1n discussion, the latter has been shown to be synthesized at a much dimun-
1shed rate 1n the skin of the diabetic rat, explaining poor wound healing and,
possibly, the small-vesse] disease.

Cahilt and his collaborators summarze much of their work on the effects of
msulin on adipose tissie, now known to be very active metabolically, control-
ling glucose uptake, omdaton, and transformalion into glycogen and tr-
glycende  The demonstrated blocking of the release of free fatty acids by
msulin llustrates an important antiketogenic mechamsm, and the effect on
glycerol metabolism opens new Vistas in intermediary metabolism

The effect of m=ulin and tolbutarmide on hepatic glucose release 1s cov ered i
five papers. those of Steele, of de Bodo «f al, of Unger ct af, of Mahler ef al,
and of Frawley ef @l Utilizing vanous techmques, laboratory ammals 1n
dfferent states of consclousness, and varymng interpretations, two different
concepts anse from this work, first, that-small amounts of msulin reduce the
secretion of glucose from the Iiver (Unger ¢ al , Reichard o al, and Frawley
et al.), and, second, that msuln has no effect on the hepatic output of ghicose
(Steele, Mahier f of, and de Bodo e/ al). The simultaneous use of arteno-
venaus differences 1 glucose across the hepatic bed and glucose-C dilution

< earhies might some day resolve the differing pownts of view.
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far the safest and Jeast toxc of the oral hypoglycemuc agents  Chlorpropanude
appears to be + to 6 ymes more potent, and thus enhancement 15 almost entirely
due to 1ts longer acuve half hie i the tssue flads  This charactenstic, of
course, has both advantages (convemence) and dangers (hypoglycenua) at-
tached o1 The efiectiveness of this drug 1n cases refractory to tolbutamide
1 of doubtfut sigmficance, since n some reported cases the potency differential
may hase been responsible rather than the different nature of the drug  The
acceptance of the beta-cytotropic theory of action of the sulfonylureas limuts
their use to postmatunity-onset 1a%es, this 1s not the case wath the biguanides
However, the latter drugs appeat to have 2 somewhat iimited usefuiness be-
cause of their tendency to give nise to gastromtetinal upsets as the dosape s
mereased  Used jomtly with mnsulin 1n “brttle” duabetus, there 15 a defimite
mndication n sefected cases

Metahexamde recerved considerable dsscussion by @ valiety of authors, but
m hoth the papers and the dwcwsions an undertone of apprehension was
noticeabie lest the carly wdications of toacity, mcluding hepatic necrosis,
mght eventually limit the usefulness of this new agent  Subsequent 1o the
conference upon whith tns monograph 15 based the manufacturers of this
compourd withdrew 1€ from expenmental tnafl because of tie rapid(y mounung
number of sencws and, i seme mstances, fatat kver mvolement

There are thus, at the time of this summary, four therapeutic agents ayal-
able n the therapy of the vanous types of diabetes  Tusulin 15 sull the main-
stay for diabetic control in the prematunty-onset type and 1s used 1o advantage
n many mddle-aged patients, especially those who are underweight  Tol-
butarmide s the safest and most widely used oral hy pogly cemic agent for con
trol of patients with postmaturnity-onset diabetes, wwng less than 40 unuts of

exes and of the changes brought about by the diabetic state By bhnging
together Lasic and practieal considesations, & publication such as this will, we
beliene, benchit a large number of laboratery workers and chucans althe
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