


ACTA PHARMACOLOGICA
ET TOXICOLOGICA

IUSSU SOCIETATIS PHARMACOLOGICAE
SCANDINAVICAE EDITA

REDACTORES

TAMST RARANY ARYID CARLESON GTTAR DYRNG Q. MOLLUNGER.
Upeala ] Ol Ui

19 HOLM-TTERN IRIX JACOREEN 1ACON MOLLAND
Arvm Kabumbary Ot

KNUD 0. MSLLER ADO PEXXANINEN
Koboubara Twrtn

HAEAX RYDIU CARLQ SCHMITERLOw TOLLAK & 3mKEL
Satwkchtas Sepskhola g

STIPHIN THIXLCTF ORI UYRAS
Lomd Svecichaln

ARMAS YARTIADNEN MAXON WRMTREAMARCK
Hckima| ]

REDIGENDA CURAYIT
SYIND DALOAARD-MILLTLEEN O sCt0U
L2 Kebouas

LINOTAM CURAVIT
AL BACHARATH
Landun

voL. 22 @ 1963

EJNAR MUNKSGAARD
KOBLNHAVN






VOL 22 INDEX

FASC. 1 (NOVEMBER 1964)

o M - of Strychnine, Alco-
Exumno  Apparent Depresston in the Absorption
S B e 4wy Ol A Sodiam Fluoride, So-

Soan, FxLna E&md&kh:m-mndhnSuhmmuuUcthb'md
Remal Sulphanilamide Excretion

S8onen, Extig Effects olCulchm-mndhusnhsmn:nuulhuAhm-pdon
Fluld and Sulphanllaptide from Isolated

stances

SognIN, Erimio  Glucose Utllization by [ntestinal Tisue in the Presenoo of
Calcluer-Bloding Substances

Lanogirp, Hara and Ot} The Eh Compotftion of Gra-

ruhation Thme NmLSoutbulhmdmoxhn-Tmdeuhmﬂg
Lapochap, Hams The Effect of the Mermalyl

“Theophylline Compkex on Con-
nective Theoe Electrolytes

Bent I PN by De dnation of Pokons In Antopy
Materhl 111 p-Hyd L Acld, pt ke Acld and

FASC. 2 (FEBRUARY 156%)
Wi, B J and | Amrmrn Protective Actlon of some Anaesthetka
Agalnst Ancoxta

Lu, F C, R.& Grrwat, W B.Rrcr, R.C. B. Grarm and M. G ALiuarx
Acute Totklty of Sodham Fluoride foc Rheszs Motkeys and Otber Laho-
ratory Anmah

Toaxru, Laray A. Rooras, Jases R. Fours and L. A. Wooos
TMLﬂ'cuo{Codmeohna:mlkpﬂ:)«fkmwm]Dranboh

93



v
Jomaon, C, D and J P RaviL
Fridy Determination of Bretylium in Biological
NOIC::BSVDD Chemical Determination of Histamine in Themes and Mast

Kanure, Bewt- Interfering Subsiances by Determination of Pobons
Material IV Tryptamine i i Avtopsy

WA, Binor J Forther Investigations Into the Protectirs Actlon of
aAAmmhctbAnhmAnoxhlanc

N, Exaa and O1x AnDrfr Lanten Effect of Analgetics in Rabbits
Erythrocyte Survival Time o

Crxateean, Funoana  Studles on the Fate of Dicoumarol-14C in the Rat
JowmgemN, Moorra, V Dyrmmo and S H. Jomanten The Effect of Plrink
tramide (R 3365) on the Resp R Tohat

Experiments on the In Vitro Inactivation of Plaxme Kloios by Carboxy-
?dmnmmmawmmmmmma

Joary, Kaga Bapemn Orav Kiett Dveup and Smeet. FuM RNk Depresor
Effect of Padutin @ (Hox Pancreas Kalllkrein) in Rats treated with Disul
firnm

FASC. 3 (APRIL 1963)

Krostresor, L, P Homuan and E Harssow Pate of Mephvacaine in the
Body I Whok-Body Antoradiographic Studics of the Distribution of 14C
a“r L3 ar s N
a LACTL I | A3 TR

LI ] nt a

Nirsey, Kat, Bevr Kawrs end Jevs Jooa-Hood Fatal Poisoamg w kMau

[l . ar n

141

byz.LDidﬂompb:mxyImkAddMD) Determination of tho Agent In
2

Forensic M

Muml.M.S..Plh‘mnndO R. Burxxan Stodies on Ghacuroaide De-
toxication Mechaniums In Vitamin A Deficicot Rats

Jsuonrsson Tomxiis. The Effect of Nalorphine on Marphine and Codelne
Analgeia and Lethality end the Interaction of Morphine end Codeine

JSRANNESON, ToarrLL, Larky A. Roares, Jaurs R. Fours and L. A. Wooos
Tokrance to Morphine and Codeine Analpesia and Hepatic Enzymic Mk
cotomal Drug Metabolism in the Rat

CARLSION, ARVID Araica Danismeose, Rortt. Fuoa and Nns-Axe Hiiaxr
Failure of Reserpine 1o Depiets Norudremlino Newroas of a Methytnor
adrenaline Formed from a Methyl DOPA

E

5

]

Duu.nmAr«ma.XmFunmdNuAuHu.uu Site of Action of m

ARVID and Brarin Warpsex  Mechanbm of Amine Traasport in
the Cell Membranes of the Adrenergic Netves

9



v

FASC. 4 JULY 1965)

Marareng, K.J, M.J MADNPRX and A Pexxarpan Effechs of Hydrocoritone,
Thyrotne, Reserpine and Monoamine Oxidas Inhibitors on the Blood Gio-
coss of Rats under Dictiryl Ether Anaesthesia

Muomex, K.1 M J MineiXund A, Procazmen The Bffect of Drugs In-
fluenciog the Sympathetic Nervous System upon Blood Glucoss Regulation
in Rats during Dicthyl Ether Anacsthesia

Lo, M L, A Ano, A, Poocaeoen and M. L. Sasmurvaru The Effect of
Projougsd Treatoent with Noradrenatine ty Ol along with Sodium Chlaride
and Deaxycortone, on the Biood Pressure of Rats

Awo, Usro Rro and Esxo [5410  Prolosged Decrease In Vanik
mndnlk@-hMHydmymndd‘:)AddEundmbmedm{n;md

after Nllamide Ti
Mn.m:n,ll. Gmmnwmcmmm
tstry and Tovkology of Amlkapeon ® Tha Antiffbeinolytically Actbro Tsomer
a!‘AMCHA.(A(‘ tve Susdy with s-Amin e

Starrr Brmen Intestine! Absorption of Riboflavin by Man
Hasosxoen, BoomL and Davip Masvosa  Locafization of Catecholamine Up-
teko [n Rat Brain Slces
Nowx, 3vin Infloence of Anticheamatio Agenits on the Releas of Hirtamine
ftrom Rat Perltogeal Mast CeThs Alter an Antigeo-Antibody RoscBon
Kth.Brm'rhrvmsmmxmdSmYLun Hepatotmclty of Inhaled T
and T Loog-term Exp

SUPPLEMENTUM 1|

Extaro Studies on Blogenio Aminet and Reacxpine Fndoced Block
of the Dicretlo Action of Hydrochlorothiaride and Theophylline tn the Chicken

§

3



INDEX

Absorption, fntestinal, 8, 25 31 49
~ — of dboflavin, 353

Analgesia, codedne, effect of nalorphine
241

— morphine, effect of malorphine, 241

Analgesics, effect on erythrocyte survival,
135

Anoxix protection agalnst 93 131

Bretylinm, determinsthon, 112
Briseld Jensen, Kiell see Jensen, Kjell
Brimid

Cakcfum-binding substinces, effect on ab-
sotption, 8 25 31 49 61

83

- — interfering substances in anabyscs,
83 126

Autoradiography 14C-mephacaine, 205

BAL, ste dimercaptopropanal
Berln, M 1

Blogenkc amines, Seppl. |

Blood pressure, noradrenaline 319
Bradykinin, in human urine 177
Breklan, O R., 235

Brain slkes, uptale of catecholamines,

36

Omncclhe timsue ekectrofytes, mersabd,

24-D sce 24-dichlorophenoxyzcetie
ackd

Dahbstrbm Annkea, 270 277
Deaxycortone, blood pretsurs of rats, 319
24-Dichlorophenoxyacctic achd, pobo-

ning, 224
Dhnumnml. !ul.c of 141 :

mem[, cffect on mercury
uptake 1
Disulfinm effect on inxctivauon of

plawma Linins, 187
Diureticx, connective thssue electrodytes,

»
Dyrberg V152



Ether ansesthesta blood ghucoms, 301 310

Fate of dicowmarol, 141

- mephvacalne, 205 213
thddu.natznmﬂdq
- effect on Indestinal absorption, 3
Forenaic analyshs, intarfering substances,

bindmyg
~ nblood, during ether anactihete, X1
o

- trungport, effect of calchan-blading
substances, 61

Timlo, Eako, 33

Intestlnal abaacption, 8 25 31 49

~ — ribollavi, 353

~ loope, perfused, 49

~ scpments, absorption fro, 23

— tramsit, caktum-hinding substances, 31

Jensen, W) Brisedd, 177 137 196
Jemsen-Holm, Jens,

Pﬂumlmcﬂuammwuo 7
urioary 17

Kﬂﬁcmn.l..zus 219

Kytn, Bengt, 379

Langgdrd, Hans, 74 79
Larsen, Odo Andrée, 135

Tewsnder T, 1
u“"é:‘LJIQ
Ly, FC 9%
:‘-th:rﬁcm],m
2 2 Maenpld, M. J 3
Hanmon, B, 203 13 ) ""-,‘u_‘s’glj 10
Hilirp N';’Az:z;nm i ;w;ﬂ;‘.l(.] 301 310
Vntamloe, bn mast cells, 113 2B, ealiteoraaticn e Bstamtoe
¥ iy = = hinamine ta, 115
loflmann, P 2035 |3 Y 3
p-Hydrowy amphetamine, 172 Lesuoka, David,



v

Mcpfvnnlne,blou-nd‘omnﬂon,in ~ dte of acthom, 277
d-bi:ﬂ:mb;.,n Revill,] P 112
excretion, Riboflavin, intestinal absorption.
~ fate o the body 213 Rh,w:]‘_,” 3
Meotary uptake, 1 Rinne, Urpo 331
Mernlyl, effect on connective thsue Rinvik, Sidsel Flem, 177 187 196
electrolytes, 79 Rogers, Larry A, 107 255
Mctaboltsm, effect of codene tokerance,
107 Salmivalli, M. L., 319
— of drugs, during talerance to morphine Sanner Erband, Suppl. 1
and codelne, 255 Scorbutes, granufation theme cicctrolytes,
Method, bretylum inbiological flulds, 112 74
~ histamine In mast cella, 115 SEﬁmErﬂng.S,lDJle 49 61 &
~ respiratory response to COs, 152 Stripp Bltten, 353
a-Methyl DOPA, m:rpi.ne dIact on for Smdnhz. \V‘ﬂfricd oo, 1M
mation of a-o; 270  Sulph bl
Microsomal drug metabollan, In mor ding substancey, 19
phing tokerance 255 San'\qi.htun,Jﬁ
- lem, 107 nervous system, biood gl
Moncamine axidase and cox, 310
ansesthesia, 101 310
Morphine analgesta cffectof nalamhine,  Tetracemin, effect on intestinal absorp-
241 8
oY e, ettty 519
Nalorphine effect on morphine and Theophyfline, and biogenic amioet,
codeine actlons, 241 SuppL 1
L effect on vanilmandelic acid  Thyroxine, and snsesthesia, 301
excretion, 331 ~ granubtion tisue electrolytes, 74
Nielsen, Kai, 224 Tokrance anticonvubsant drugs, 159
drenatine, a-methyb formatk — codeine drug metaboliem, 107
from a-methyl DOPA, 270 - and codelne, 255
prolonged effect, 319 Toxiaty sodium fuoride 59
NIT!'D,Swnd.llS 369 Trich n
Tryptamioe, interférence (o forensic
Onalate, effect on intestinal absoeption 8 anslysiy, 126

Padutin @ sce kallikrein
Pckklrlna: A 301 310,319 331
Phenoluke fmpurities, in foreaske che-
mistry 83

Phawu.cﬂmonmmnnx-wkn.a
Pir cffect on

Poboning, case, 2.4

acetx acid, 224
Reserpioe, and anaestheshy, 301

- block of diurcucs, Suppl. I
— on sancthyl DOPA, 270

Utoe, F 215

Waldeck, Bertll, 299
Withjelm, Besdt J., 93 131
Woods, L A 107 253

Yliner Sven 379



Acta pharmacol et toxteol 1965 22,1-7

F \belmﬂt\ﬂnufﬂymmﬂmhhwﬂnmmdthowmlofcmﬂd
e Hymwmlmﬁmdmuhmmsmhomsm

Tncressed Brain Uptake of Mercury Cansed by
2,3-Dimercaptopropanol (BAL) In Mice gtren Mercaric Chlorkde
By

M Berlin and T Lewupder
(Receivad July 1) 1964)

Moat text-books of phar fogy d 2,3-d ptoprop
(dimercaprolum, Ph. Nord. BAL) as an antdote to mercury in acute
polsoning, & me supported by both clmcal experfence and experimental
findings (GILMAN et al, 1946 LoNGCOPE et al 1946) There is, however
no certamn proof that BAL 18 effective in chronxc mercury posoming.
Frizsnosons & Kozerxa (1950) in a brief report, stated that, though
DAL decreases the mercury concentration in the kidneys of the rat and
monkey it increases the mercuty content of other organs. They did not
find any increase in urinary mercury excretion on the contrary there was
tess mercury excreied than in untreated controls. ApAw (1951) also found
that in the mbbit BAL caused a considerable decrease in the amount of
mercury in the Mdneys, but with markedly elevated excretron of mercury
to the orme.

In a previous report (Borun & ULLbera 1963a) it was shown that
there 18 a comstderable risk of mercury accomulation in the mouvse brain
from prolonged exposure It was therefors of interest to study the effect
of BAL on mercury accumulation in the mouse braw, especially since
BAL has been found to increase the mercury content of the brain after
exposure to arylmercury (BERUN & Urieema 1963b). In the study
reported here this was done by comparing autorediograms of sagittal
whoke-body sections of mice given BAL and radicactively labelled mer
curic chloride with those of mice ghven only mercune chlotdde In the
mndmnoflhe\mi,mmupsdmkcwmcxposcdmmpcnmd
daily dotes of mercaric chlonde one group was ako given BAL. The
total body retention of mercury was measured dally and after 16 days

memh‘muucdmdllhmmdomhmunloﬁheorpmwﬁ:
assayed.

Ao pharmmaciegha, vl T, tu }
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Methods

Single exposere

H\vmmCBAmi:e,obﬂfn:dfmmtbeoﬂﬁk:ImﬂruﬂmD{lhnUnhﬂﬁty
of Stockholm, wero each ghven In the tall veln 0.5 mg mercury/kg body weight as
22HaCl, having & specific ctivity of 2 mC/mg and an equivalent amount of BAL,
0.3 mg/kg body weight. The mice were killed under ether anacsthesia at 1 hour 1 day
4 3 or 16 days after the fnjection by Immersion In a mixture of acetons and sobd
carbon diaxkde (—807) Fhre pregnant mice of a control group wero given the same
dose of mercuric chloride and kiliod at the same intervals. Injections in both groops
were given so that they wero killod on a day near term. Sagittal whole-body sections,
20 4 thick, were cnt by the method of Uttszag (1958). Ten sections were chosen to

Thirty mak CBA mice were divided Into two equal groups so that the body-
weight distributlon was the same In both groups. All mice were subcutancouly in-
Jected daily for 16 days with a solution of Z3HECl; (specific activity of 50 Cmg) at
& dom corresponding to 1 mg mercary/kg body weight. One group abo recelved dally
subQtancous injecthons of BAL, 2 mg/kg body weight, dhsotved in peanut oil The
mice were housed In thres cages, 10 10 & cage, 3 from each groop. The body loed of

Schematic dagram leMfﬂm\h;lWyMwﬂ
iz coonts of muce. The moos holder » s comtricted of penper
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mnmwmmmmmmum
mﬁmmwhnwmmmwhdSmmmum
mmmphnd-buwmb:crymllnlmcdnlcmnhxm;nmdﬂdmnd
\Hsnﬁbddhoéymmin;mcnhmmdbywlunhwnmmo(ndb-

Wmlmhmmdymumﬁnummwmﬂn
well arystal. The body count was regularty of the direet count in 5 trisk. The
aniroals were killed after 16 days exposre, brala, kidnoye, tesits and liver were
remeved and dinotved In drochiorc scid, The sototk obtained
werg mansured twice In the well erystal, 10,000 counts each tme. Thw background was
about 700 in., and no valne 4 fefl below 20/ of that.

Bendts
Autorodiographic findings qfier ringle exposure

A comparison between the antoradiograms from the BAL treated
animals and the controly reyeals that BAL changes the mercury distribu-
tion A difference 18 already setn one day after the injection (fig. 2), but
con not be detected after 4 to 16 days Although the whole-body euto-
rudrograms do ot permut any definite conclution about the preciss nature
of the observed difference in mercury distribution one madn effect Is that
mercury is kept In the blood for & longer time in the BAL infected animals.
I the dennty of the blood is taken as standard In Flgure 2, the Iiver
and kidoeys of the animals given BAL cleariy contain relativelyless mercury
(han those of the control animals. In the subseqoent autoradiograms,
at 4 8 and 16 days after ingectlon, no clear difference in distribution was
observed between treated and control animals. No change in the degree
of mercury penetration into the foctus was observed after BAL injection.

Whole-body counts and organ aseay qfter repeated exposure

Thete were no differences observed between BAL-treated animals and
controls during the period studied in body accumulation of mercury as
determmed by whols-body counting. Flgurs 3a depicts the dally body
hurdmorrncmnylncnchconuolmimlundlbcmupmnn fig 3b
doct the samo for the BAL-treated amumaly.

The of the rad ity retained In the argans at the end
of 16 days did not reveal any statistically signdficant diffe betw
the Two groups for fhe mercury contents of testes, kidneys or liver (Table
l).H::vvrr thc‘;:nmlbomzo/mmemcuryinﬂnbmlmofBAL
reated arumals mlhmcoflhcaunlroh.Thhdiﬂ'mocbdguﬁmn
(000t <p < D0)). '
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i

Fl5.3 Conmcutive txal body echutilla
(A) after WHEC; (8) after @WHEC + BAL Each
g animal

» OB Nreet

the beuvy Ilne rvptuuulhm

Table 1

Mg retained after 16 days ta soroe orgams of 13 BAL-trented
He satsmly 224 |5 controh

Ovgan wwight ()
Pk |Actvity (epo)

Orpun waght (g
Tedes  Artrwy (cpm)
weight ()

Lt Actirity (cpan)
«pealy

weight (p)
Kuiney | Acthvity (cpm)
s

BAL + Hg Hg

Mean Range Mean Runge

0413 0.334-0.433 adls 03920444
92 174-360 226 180-326

T 438 420-764 ELES)

41736
a1 0117-0.212 DJH o lﬂ—ﬁ.llo
772 251413
41302456 2660-H44 !Nilcl 1547—47!!
1.074 078 1LIM 1684 o7 1350

12634 45819780 2004 T5-19068
1253441478 S126-20231 1150041384 7102-2410%
0452 0.116-0.504 CLIH AI46-0.440
4014 144954 173 0TI-S61T9
mmgmlm)o—x 4!741071341506'7”6!—!45341

Disciradon

The autoradtograms show that BAL given with a single dose of mer
curic chloride causes a redistribution of mercury 1 the body The most
probable explanation of thy §s that BAL forms a stable complex with
mercury the distribution of which differs from that of inorgankc mercury
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The observed differences are consistent with the findings of Apat (1951)
in the rabbit and Frrzsnadons & Kazeika (1950) in the rat and monkey
To be especially noted 13 the effect of BAL on the mercury content of the
kidncy The decrease of mercury m renal tissue found by these workers,
and dearly seen 1n our 1 hour and 1-day sutoradiograms, explains the
favorable effect of BAL treatment in acute mercury polsoning in which
kidney damage 15 the cluef danger to life. An interesting question is where
the mercury mobilized by BAL goes when it leaves the kidney Apam
found an increase in unnary mercury excretion In the rabbit Frrzss
MoNs & KoZeLka found a decrease in the rat, An increased excretion of
mercury in the unne has also been observed in clinical material Since there
was m BAL treated mice repeatedly exposed to mercury no decrease in
the body load of mercury jt may be concluded that, if BAL increases the
unnary excretion of mercury 1t docs so at the expense of mercury excreted
by other routes, perhaps in the bile or through the intestinal wall
It has previously been shown (BERLIN 1963) that 1n the rabbit, about
50 / of the mercury infused during a 4-hour period was accumulated in
the kidneys. It 1s also likely that, m the mouse, bout half the body oad i
in the kidoeys In order to be detected by the autoradiographictechniques
usedin this study the decrease in renal concentration induced by BAL has
probably to be of the order of 1 2 Thismeans that about § of the body Joad
was distributed clsewhere in the BAL-treated mice On the other hand,
in the study of prolonged exposure, no significant differences 1n mercury
content were observed among the organs studed other than m the brain.
This may however be explamned by the rapld detoxification and elimins-
tion of BAL demonstrated by TAMBOUNE ef af (1955) If the injected BAL
combines with mercury 1n the body and effects a change in its distribution,
subsequent breakdown of this complex may leave the mercury accord
mngly redustributed. The results of TAMBOLINE ef af suggest that most of
the BAL 1 excreted after 48 hours. If this is correct, it follows that mes-
surements of organ concentration obtained in the repeated cxposure
experiment will show no more than the effect of the last BAL injections.
The daily BAL dose 1n this experiment was rather smafl compared with
the total foad of mercury accumulated by the end of the experiment and
this cotld explain why significant differences in mercury content were found
only in one of the organsstudied The bram in BAL-treated animals showed
a considerable increase in mercury concentration Jn previous experiments
(BrrLv & UlLrrra 1963b) it was shown that the uptake of mercury in
the braln after a single dose occurs slowdy over a perrod of several days.
The mechanism of the brain uptake of mercury ts not known therefore itis
adficult to explan why the mercury eontent in the braw is increosed by
BAL. Either the BAL-mercury complex penetraics the blood-brain
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tion of mercary
baxwmommdﬂythnnmmryiudf or the redistribu
inmebodynmknmnremcrwrynmlablcfnrtmmportta and uptake
by the braln.

Swemunary

The effect of dumercaptopropanol (BAL) (0-3 mg/kg) onthe body distribu
tlon of mercary 1n mice given a single dose of 23HgCl, (0.5 mg Hg/kg) was
studied by antoradiography of sagittal whole-body sections. It has been
clearty shown that BAL effects a redistribation of the body mercury foad,
including a dmminution in renal concentration. This hes been taken to
{ndicate the existence in the body of & BAL-mercury complex.

Mice in & second serres were given daily injections of ®™Hg(l; (1 O mg
Hpg/kg) for 16 days half abso recerved 2 mg BAL/kg dally Daily whole
body scintillation counts revealed no increase 12 mercury elumination from
the BAL-treated animals, However organ counts showed that at the end

of 16 days 20,/ more mercury had been accumalated 1n the brains of
BAL-treated mice.
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The observed differences are consistent with the findings of Apam (1951)
1 the rabbit and Frrzspaions & Kozexa (1950) in the rat and monkey
To be especully noted is the effect of BAL on the mercury content of the
kidney The decrease of mereury in renal tissug found by these workers,
and dearly scen in our 1 hour and 1-day auntoradiograms, explains the
favorable effect of BAL treatment in acute mercury polsoning in which
kidncy damage 13 the chief danger to Iife. An interesting question 13 where
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found an increase m unnary mercury excretion in the rabbit  Frizsne
Hons & Kozrxa found a decrease in the rat. An increased excretion of
mercury m the unne has also been ohserved in clinical material. Since there
was in BAL-treated mice repentedly exposed to mercury no decresse in
the body laad of mercury it may be concluded that, if BAL mcreases the
unnary excretion of mercury 1t does so at the expense of mercury excreted
by other routes, perhaps in the bile or through the intestmal wall.

It has previously been shown (BErLIN 1963) that, 1n the rabbit, about
50 / of the mercury infused during a 4-hour period was sccumulated 10
the kidneys 1t1s also fikely that, in the mouse, about haif the body Joad is
in the kidneys. In order to be detected by the antoradiographictechniquoes
used m this study the decrease in renal concentration ihduced by BAL has
probably to be of the order of 1 2 This means that about  of the body Joad
was distributed elsewhere 1n the BAL treated mice. On the other hand,
in the study of prolonged exposure, no sigmficant differences 1n mercury
content were observed among the organs studied othet than in the brain.
This may however be explamed by the rapld detoxification and elimina-
tion of BAL demonstrated by TAMBOUINE ef ol (1955). If the injected BAL
combines wath mercury tn the body and effects a change in its distribution,

bseqy breakd of this plex may feave the mercury accord
ingly redistributed. The results of TAMBOLINE ef af suggest that most of
the BAL 15 excreted after 48 hours If this 18 correct, it follows that mez
surcments of organ concentration obtained in the repeated exposure
expeniment will show no more than the effect of the last BAL injections.
The daily BAL dose in this experiment was rather small compared with
the total load of mercury accumulated by the end of the experiment and
this could explain why significant differencesin mercury content were found
onlyin one of the organs studied Thebrainin BAL-treated animals showed
a comsiderable increase m mercury concentration. In previous eaperiments
(BrruIN & ULLBFRG 1963b) it was shown that the uplake of mercury =2
ihe brain after a single dose occurs slowly over & pened of several days.
The mechanism of the brawn uptake of mercury is not known  therefore i
difficult to explan why the mercury content n the brain bs mereased by

BAL. Either the BAL-mercury complex penctrates the blood-bram
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barrier more readily than mercury itself or the redistribution of mercury
In the body makes more meroury avaflable for transport to and uptake
by the brain,

Saramary

'D:cﬁ‘actofd:m:rcaptopmpanol(BAL)(DJang)unthcbodydmnibu-
tion of mercury in mece grven a smgle dose of 25HgCh, (0.5 mg Halkg) was
studied by autoradiography of sagittal whole-body sections. It has been
tJearly shown {hat BAL cffects  redistribotion of the body mercury load,
lachsding & dimmution 1 renal concentration. This has been taken to
indrate the exsstence In the body of 8 BAL-mercury complex.

Mice m a second senes were given daily infections of 203HgCl, (1 0 mg
Hpg/kg) for 16 days half abso received 2 mg BAL/kg daily Dally whole-
body scintillation counts revealed no Incrense in mercury eimination from
the BAL-treated animals. However organ counts showed that at the end

of 16 days 20/ more merciry had betn accumulated i the braws of
BAL-treated mice.
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The Veterinary Collegs of Nerway
Department of Fharmacology and Toxkealogy
(Professor Dr Ottar Dybing)

Apparent Depression in the Absorption of Strychnine, Aleohol and
Sulpkanilamide after Oral Administration of Sedum Flnorkde, So-
dium Oxalate, Tetracemin* and Sodium Phytate
By

Erfing SBgnen
(Recaived Augut 3 1964)

Lethal doses of chlorulose and barbiturates or doses that normally
produce deep unconsciousness, have 2 far leas toxle effect when admin-
istered together with caldlum binding substances (Ca b.s.). The plasma
barbiturate level was found to be lower during the first few hours after
oral adminustration when the barbiturate was given along with Ca-bs.
than when given alone.

A lowered plasma level is only obtainable by oral administration of
Ca-bs together with the barbiturate. Hence there 1s reason to suppose
that the absorption from the intestmal tract i delayed (SSaNIN 1961).

The work here reported has been carned out to investignte whether
Ca b.s. modity the effects or lower the plasma levels of other substances
differing in chemical composition and pharmacological action.

Strychnine mitrate was chosen as a representative of the alkalolds,
because beswdes having a prompt action, 1t yrelds plain readily observable
signs of posoning.

BERGGREN & GOLDBERG (1940) have shown that ethanol is transferred

passively from the intestinal Iumen by simple diffusion. Thrs was there-
fore chosen as a rep ve of the sub known to have this

particular property
Sulphanilamide was chosen because it is supposed to have little effect
in ftself on the factors influencing absorption and 1 general on other
functions of the organism.
Moreover suplhanilamide 15 soluble 1n an acid as well as an alkalmne
environment and, at the concentrations in question, also in a neutral

Tetrsorsumam (NFN) Edets scid {BAN) Edatbamid (NNR)
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environment st 37° Its physichochemical propertfes (pKa 10 4) cause
hprmrpdaumtewbea.ﬂ'ccicdhuimkbymnwfwrhﬂomopriu
the Intestinal tract (SCHANKER ef al 1958)

Material snd Methods

F«mddneq:amhmhﬂbhonuvd;hhn&unlﬁomm.m
mmmhuhmnafd,huthadmmnmdmh.ﬂnmgmm
the experboent Whea nothing to the contrary b stxted, the solutions given were
ndud.nhacdby-nmmmbco{mfmmedw-rmdmlnnwdﬂﬁud
the snkmals, fixing them i position and sdministration, carried out by pasing the
2lam tobe into the stomach, hardly ever took moxo than one minak.

In the cxperiments wo took care ot to tonch the animals or excle
thern by sounds or aboapt after the adminisiratk

For sooo of e sulphanilamide experiments we wed rabbits. To svold washing
the rubber tube & had been done in previows experiments, a plastic tnbe (3 mm In
diameter) was pasesd through this,

After introdhactlon fnto the stomach, the tip of the plastic tube was pessed sboat
2 om further down than the ribber tube. The sufphaniluride solution was adminks-
sered by a record syringe, The plastic tabe had been filked in advance with the sume

and gradoated cylinder was Mewim avolded, so that the rabbits could omily be
with The rabblts were fasied for 48 hours before

peevious paper (S8ana 1961).
Sofrtioms. Strychnine nitrute 0.10 and Q.15 / w/v In squeons solution  ethanol

|
|
J

were foud to have no infhsence on the resahs, of the beparin
AR Prermesstoris, vl 22, femc, L
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required.

To facilitate the mixing of hydrochloric acid and the other reagents, glast rods
were used, which were lefl In the test tubes during the bolling and also throughout
the procedurs of the ramaining analysh, The colour sppearing after addition of
NI naphthyfhethyk was very ph e Expl hem

showed that at low sul ik ‘ the extinction valves dropped
about 30% (n [5 min, if the test tubes wers exposed to sunlight, whereas the cokrur
remained unchanged [n tobes Jeft fn the dark. The measarements were carrded oat
&Bmmwmnu-mlsmmmmnmm

Results

Strychnine nitrate

In exploratory expenments 5 mg strychnine nrate /kg body
weight proved fatal to one rat out of five. After 10 mg/kg four rats out
of five died The animals dred 35 minutes to 2 hours after oral admun-
Istration

Clearly lethal were 15 mg/kg. In a group of ten rats all the ammals
recerving this displayed convulsive fits after 9 to 28 munutes and died 11
0 34 mnutes afterwards,

To ten rats 15 mg strychnine nitrate/kg were given together with X0
mg sodium fluonde/hg. None of the agimals died or had convulsions.

The same dose of strychnine was also administered together with 400
mg tetracemin/kg to five rats and together with 150 mg sodium oxatate/kg
1o five others. None of these mts had convulsive fits or dred

These expermments showed that Ca-bs. in the amounts mentioned
ralsed the tokerance to oral doses of strychnine nitrate given together wth

and in the same solution

Table 1

Effects of eatclum-bindlag ubstances  tie blood akobol concetration 1 kowe after
oral adminfstration of akcohol 1 6 g/kg In 16% (wh) toluion.

Blood akcobo! comentratio in & per cent

I Number of|
e S e v T ™ B ks

Sodsim fleorkde 10 4 a3t 0.04-0.4% 33
Tetraceml _#0 2 o orwor |y
Sodism otalate 150 ax 0.4p-0.18 | 337
Controbs J o 057124 i
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Aleohol

As shown 1 table 1 blood samples withdrawn one hour after admin
tration showed that sodwm floonde, sodjum oxalate and tetracemin
Jowered blood concentration of alcohol appreciably

Swiphantlamide
Table 2 illusirates a comparson between the concentrations of sul
phunilarmide in blood semples from non-asaesthetized and anacsthetized
rats in the presence or absence of Ca-b.s. during the initial phase of the
lmwmmmkﬂndmumymlmmg/kgofnlu,
solution of nrethane intraperitoneally 15 mm. before miubation. During
the experiments the amimals lay on @ heat-regulated table kept at o
temperature of 33°
Table 2

Effect of ou the suiphenilambd n
‘armertbetznd raty charing the aitial period of absorption.

coacentritos of salpluxiamlide {Esch B,
oeas valoe for 5 sew animaly) eyl Lk

and non-

[A | ow

Saipbanilamide

100 mg/kg onlly
10 min.
20 pum 17

Sulphbanilasds
100 mg/kg 4 Tetracemia
172 mg/kg orally
26
D umm. ) KA

It is scen that the effect of Ca-b s, on hanilamide
was small in the hetized par l!;[Plhe mﬂm‘:‘:ﬂ

The table also shows that the action of Ca-bs, m depressing absorp-
ton wus pronounced after 10 min. and hat the concentration obtained
at thus time in the experimental group attered little within the first hour
(fig. 2) Fig 1a, b & cand fig. 2 fllustrate the effects of Ca-b.s. on the
blood level of sulphanitimide from 1 to 12 houcs after adminitiration
10 rats, Equimeolar amounts of Ca-b.s. were here glven to the anfmals in
the experimental groups, that & 42 mg sodlum fluorrde, 134 mg sodium
oxalate and 1000 mg sodium phytate/kg body weight, as well as neutral-
ized tetracemm cotresponding to 372 mg/kg of the disodiumsalt of tetra
cemin. Sulphanilymide at 1,/ concentration was dissolved in an ol

oxthetf




b ERLING $OGNEN

LB, LN e T

k\&
~—
b

/
a

-
-
"
-
»
L )
Flg. 1 o, b acd c. Experimental &-—-— —@ Contral group 0———0O Effects
of equimolar amonats of nding tubstances on coacentriion of
In rats Nor 100 mg/kg by somach-tubs
100 _pylHSulpmml md
TETRACEMIN
0
0
4“0
0
2 4 [1
Heurs ummm Iun
FLZ!évcmwmo -8 Coatrol groop D————— O {calcowm teirs-
cemin), Efiects of tetracean )70 m ;anmwmu-ubaurm!m-ﬁn\h
m et Ner 100 mg/kg by stomach-tube.

molar solution of these substances The sodium phytate being of an
own production. the amount mentioned was only approvmately equi
molar with the other Ca b.s The molecular werght of anhydrous sodium
phytate is 924 The solutions also had sodwm chlonde and glocose

added, as indicated above
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The control group common to fig. 1 &, b & ¢, was given & solution
osmotically equivalent to the test solutions containing sodium chlonde.
The control group fn fig. 2 recerved calqum tetracemin m amounts
equimolar with the tetracemin In the experimental group

Each pomt on the curves represents the mean of the blood sulphanil-
amide concentrations m two rats. As a rule there were only small differ
ences in concentration at any one time.

In the experhments on rats (figs. 1 & 2) tetracenun and sodum phytate
proved to be the most active depressors of absorption No particular
mportance should be attached to the quanutative differences in the ex
perimental groups. Oxalate was generally seen to have the least depresaing
action.

Fig. 38, b & c illustrate the results of similar expeniments an rabbity,
The curves in fig. 3a & c represent the blood kevels in one control and
ont expenmental antmal. In fig. 3 b the curve i based on the means of
the sulphanitamde concentrations in two controls and two experimental
animaks. The dosage and solution were the same as m the rat expenments.

P S ph g+

vs 2 ¥

" ar 1l

Fag ) Expenental grovp —
dowes of uu-tmoav.hhlood u-f&f'f""“’;g Hd Eﬂamo(dlﬂ‘nw
mu«lwﬂm,hw after sutpha
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The chart also shows that the greatest depressing actron of tetracemin
wes obtained with a dose of 400 mg/kg, a dosc withm the same range
as that in the rat expeniments (372 mg/hg)

The sulphanflamude concentration reached maximum at a later time
with a tetracemin dose of 800 mg/kg than after smaller doses. The curves
for the blood sulphanilamide concentrations run practically identical
courses after 400 or 600 mg tetracemin/kg.

Table 3 records the resulty of premedication of Ca bis at the same
doses as reported above one week before the sulphanilamide adminks-
tration

Table 3
Sulpbanflamide brorption In albino rets 7 days afier preireatment with  slugle ol
dots of calcl m-binding subsiance. Dow of wlphanBamide 100 mpfkg W | solution
Period of absorption 2 hourx

Meen ganc. of
Pretreatment | my/100 g N""‘b"h"ry sulphanamid in [ o?"ml ' P>
| blood, pg/ml
1
Tetracemin 0.4 M f 4 17:66 [ 008
Sodrm otalate 0 1 M 4 934119 102, 008
Sadwm flworkds 0.1 M 4 .6 077 | oos
Control 09 Bodrum
4 LTRIE
It s seen that the sulphandamid mtion was unaffected in the

expenimental group.

Ca ba. cause secretory alterations tn the gastro-intestinal tract and
might cause pH alterations in the intestine Though pH alterations are
unlthely to influence sulphamlarmude absorption, the experiments re-
corded in table 4 are carrred out in order to observe the blood level of

Db o d 1n acid or atkal f

Table 4

Blood sulphamlamuds concentratio in rats 1 hour fer oral admenstiation of sulphanfl
de 100 mgxg  soxd nd [k bne solulom

Numberof Mean cosc [ ulphs damade Difference
Solation ammal pgml

s HO 598
g:igrcou s o8 954 p 005
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Discmadon

In latestinal sbsorptm materlals are transferred from the lumen of
Lbug;.nmou(h:mmainllumwmmbmmemblood and lymph
viwels (Komsirz, & JaNownmz 1957) Thu process is called by some
authors translocation (FreEr & PAnsans 1949) or trapsepithelial trans~
location from the gut lumen info the extracefiniar fuid (Hocesx 1958)

In our investigation the estmation of intestmal absorption is hmured
to & determination of the concentrations of alochol and sulphamiamide
in the blood. The blood concentration of a substance given orally does
hnwwndrpmdmumﬂfndmbcndamnxphhdhlmnﬂoaﬁon
or absorption alone, Thoy h emptying (REYNELL & SewAy 1956)
and motility (HOGBEN 1958) play & connderable part in deterrmining the
rate of expowure to more absorptive surfsces.

When the term “reduced intestinal absorption”™ 1 used in this paper it
1t to indicate that the blood concentration of the substance in question
is reduced Whether permeability motility or other factors are affected
will bave to be determined by other methods

la the investigation Ca-b.g. were found to reduce the absorption rates
of strychnune, alcohol and sulphanilamide The same retarded rate of
absorption has been demonstrated when barblturates were given along
with Ca-b.s. (S8GHK 1961) Sumilarly the reduction in toxic effect of red
squill in presencs of Ca-bs., demonstrated by Dymine Dryavg &
StomMORKEN (1952) has been sugpested as most likely due to reduced
1ntesiinal absorption (Dyamno & SOGHEN 1958)

The action of Ca-bas. in depressing absorption must be presumed non
1pecific, that fa, independent of the substance to be absorbed

Substances normally urabrorbeble, ¢, g heparm and heparinold sub-
stances, however are absorbed in presence of tetracemin (Winmsor &
Crovutry 1961) The apparent discrepancy between this finding and
those of our investigation hes been di d in a previous paper (S50~
REN 1965).

The unmistokable protecuve sction against & mpidly scting kethal
doscofurwhnhexhouvdﬂm&nnbaorpﬂoﬂdaymguﬂonof(h-b;

ifests itsedf | y afier the administration. This was borme
out by the results of the expenments with salphanilamide (table 2) in
nhich the absorption was seen wleeady (0 be depressed after 10 minufes

m non-anatsthetized

[n ansesthetized animals the lowering of the blood level was Jess clear
and at any rate much less pronounced The anacsthosia as such seemed
o tavwe » delay In sbeomption, which to somie extent masked the effect
of Ca-b, (table 2) (Thnob&emﬂonni]lbortfwmdmlaur)
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As shown by TRAVELL (1948) the absorption of strychnine from the
stomach depends on pH At & high pH strychnme will be somewhat
dissociated and pass the gastric mucosa more qurckly than at a low pH
where it Is practically not dissociated Thus, § mg strychnine sulphate in
a solution at pH 8 injected 1nto the stomach of an ansesthetized cat
proved fatal withn 24 munutes, wherens the same dose Injected In a
solution at pH 3 did not cause death.

With use of the stomach tube the absorption of strychnine from the
stomach is probably msignficant compared with that from the smail
intestine. Some of the administered dose will pass 1nto the small intestine
immediately after administration and a considerable proportion will
generafly have left the stomach a few minutes afier the intubation.
(Shown in exploratory experiments with phenol red by Shone )

Tt I therefore unlikely that alterations m gastric pH could be the direct
cause of the action of Cabs in depressing absorption. As, however
the rate of transfer through the small fntestine membrane also depends
on the dissociation of the substance concerned (SCUANKER ef af 1958),
@ change in pH might here well be thought to influence the absorption
rate of strychmne Exploratory investigations showed, in fact, a marked
tendency townrds mereased tolerance of strychnine infused directly Into
the small intestme in a solution at pH 3

The d tion of sulphanilamide 15 practically unaffected by fluctua-
tions in mtestinal pH. As delayed absorption was clearly demonstrable
with this drug, too an effect on dissociation can probably be excluded
as the cause of depressed absorption.

The results set out m table 4 show that sulphanilanude administered
in 01 NHCI and 01 N NaOH gave wdentxcal blood sul
concentrattons afier one hour Although the bufler capacity of the gastro-
ntestinal secretions is efficient, we might expect some influence on the
absorption rate if this depended to any extent on the pH of the solution.

Since alcohol transport, which 1 passive (BIROGREN & GOLDAIRG
1940) was scen also to be delayed by Ca-b s, most likely it is not an
active transport h that 18 infl d by Cab.s in the intact
animal.

Fig. | & 2. which fllustrate the blood sulphanilamide concentrations
m rats m the presence of Ce b.s., show that tetracemin and sodium
fluoride lowered the blood level more than did sodium onrlurte "’f,,'o::,ﬁ

te. Expressed as percentages, the concentrauon of free sulp!
m was lowered more than that of total sulphanilamide. There was,
in other words, a higher degree of acetylation at the lower blood con

centrations In the expenimental groups.
The curves hate been plotted on the basis of blood samples withdrmwn
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from two new individuals at different times after the admmistration.
Eachupmmmtnlgmﬂpthu:mmpmedﬂrnu.Toobmmpumﬂchror
lhe-uphanﬂamndcnnalyds.itwou]dbemrytodmwnotlmthnn
05 ml of blood In each ssmplke Repeated withdrawals of such large
samphes from rats of ths size with a blood volums of about 10 m! would
soon alter the hasmatocrit valoes and cause disorders of dutribution.
Also, repeated cardiac puncture might cause arculatory disorders of
cardiac ongin. Repeated blood samplings from the tail likewise scemed
to cause development of local circulatory disorders. The samples for
analysis should therefore not be drawn tll 02-0.3 ml of blood has
dropped from the point of cuttmg the tail. By drawing sampies from this
Hite one thus “economizes™ but little an the total bloed volume.

The sulphanilamide experiments on rabbits (fig. 3a, b & c) were also
carmed out with a view to comparing the blood level curve for dicmal
(SOaNEN 1961}, which b excreted slowly in the unne, with that for sul
phanilamide, whose rena) excretion is relatively fast It s scen that the
sulphanilamide copcentration aho remained higher m the experimentsl
groups than in the control groups within the perfod 6 to 24 hours after
sdministration.

Further the curves show that the absorption did not become mereas-
ingly depressed by muising the tetracemin dose, though after doses of
800 mg tetracemin/kg the blood kevel peak occurred later than after

lower doses. No acute toxic sideeffects were noticed afier the larpest
doses of tetracemin

Histol 1 ey

o of diffe small intestine segments taken
from mats at different times after admnistration showed that Ca b,
had cavted no morphological changes demonstrable by the usual methods
(EXCHSEN & SOONEN unpubinhed)

Non¢ of the anbmals in the experimental displa;
dmdmnmmdxzmmamﬂu;hmmmmd

Thetbwrpthnapabmmonmu\hmhad,ommkbdmﬁn
xu)phmﬂamndeudnunhmﬂon.bcmghm&-h.xnthcnmcdmmd
cotcmrations 23 used in the other experiments showed that the effect
of Ca-b 3, on the absorption of a sulphanilamide is reversible.

Sezmnry
In the intact rat the toxc effect of strychnine i marked) decreased
and the blood concentration of aleoho!l and mlphmﬂunkkyh redaced
whcnlhcoompomd;uesivminonlco—admhﬂmﬁmwhhlh:m!dum
binding whx}nma. sodium owslate, sodfum phytate, sodium fuotide
and As for sulphanilamsd the resnits are verificd in experi-
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As shown by TRAVELL (1948) the absorption of strychmine from the
stomach depends on pH At a high pH strychmine will be somewhat
dissociated and pass the gastric mucosa more quickly than at a low pH
where it s practically not dissociated. Thus, 5 mg strychnine sulphate 1
o solution at pH 8 injected into the stomach of an anaesthetired cat
proved fatal within 24 minutes, whereas the same dosc injected in 2
solution at pH 3 did not cause death.

With use of the stomach tube the absorption of strychnme from the
stomach s probably msignificant compared with that from the small
intminc Some of the administered dose will pass Into the small intestine

diately after adminstration and a derable proportion will
generally have left the stomach a few minutes afier the intubatiorn.
(Shown in exploratory experiments with phenol red by SBGNEN )

It Is therefore unlikely that alterations 1n gastric pH could be the direct
cause of the action of Cabs. in depressing absorption. As, however
the rate of transfer through the small intestine membrane also depends
on the dissoclation of the substance concerned (SCHANKER ef of 1958),
a change in pH mght here well be thought to mfluence the absorphion
rate of strychnine Exploratory invesugations showed, in fact, a marked
tendency towards increased tolerance of strychnine infused directly mto
the small intestine m & solotion at pH 3

The di iation of sulpharulamide is practically unaffected by fluctua
tions mn intestinal pH As delayed absorption was clearly demonstrable
with this drug, too an effect on dissocintion can probably be excluded
as the cause of depressed absorption.

The resulis set out m table 4 show that sulphanilamide administered
in 01 N HCl and 01 N NaOH gave identical blood sulphanflamide
concentrations after one hour Although the buffer capacity of the gastro~
mtestinal secretions 13 efficient, we might expect same influence on the
absorption rate if thi depended to any extent on the pH of the solution.

Since alcohol transport, which is pamve (BERGGREN & GOLDBERG
1940) was seen also to be delayed by Ca-ba. most likely 1t Is not an
active transport h that js mfl d by Ca-bs in the mtact
animal.

Fig. | & 2, which illustrate the blood sulphanilamide concentrations
in rats in the presence of Ce b, show that tetracenun and sodium
fiuoride lowered the blood level more than did sodlum oxelate and sodium
phytate. Expressed as percentages, the concentration of fres sulphani-
amide was lowered more than that of total sulphanilamide. Thero was,
m other words, nhlghn‘dcgreeofwutylaﬁon at the lower blood con-

centrations m the expermmental gro
Th:axrvcshuvebecuplcmdanthebuhofbloodumpluwithdnwn
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Effects of Calelrm-Blnding Sut on Urine Flow sand Renal
Salphanilamide Excretlon
By

Erilog SSgmen
(Receirad Angest 3 1964)

It has been shown that the plasma levels of barbiturates, sulphanil-
amide and aleohol are lowered, as compared with those in a control
group when the drugs are given simultaneously with cakaum binding
substances (Ca-ba.) by mouth (SBaNEN 1961 & 1965 a).

In theory such lowering In plasma Jevel could be due to increased
excretion of the drugs in the urme. As stated in the discussion on the
exploratory experiments with barbt suh & mechanism is fairly
unlikely to exist here. As, however sodium fluoride # known to fncrease
urne flow considerably (WADDEL 1884) 1t has been considered a matter

of interest to study the effect of such increased uripe flow on the excretron
of sulphanitamide.

Ca bs. may be thonght to have effects manifesting themselves in the
unne flow They can diminish the unne flow by reducing the absorption
of water from the intestinal troct (SBGNEN 1965 ¢ & ¢) They may also,
dependimg on the extent of their absorpiion, possibly have an independent
effect on renal function, which will affect the urine flow Chaoges in

sulphanilamide excretion may concrivably be dependent on or inde
pendent of the urine flow

Material and Methods

Fastmg malke rats weighing from 200 to 300 g were osed  they had scoess (o water
unth 2 hours before the experiments.

Gwﬂmmﬂmmhmﬂmmm-nnwdmu
& furme] rystem b which facces and orine could be scparxted.
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The urine was coliceted In gradusted oytinders in which the Urine volgme was
rmdd&mryﬂnmhubhdmmmroodornladmnuhnupahm
The anlmals were given & 1 4 (i) solation of sulphanitanide tn & 09 / sodiom
chloride solotion containing 1 mg/ml ghucose. Ca-ba were administered in this
solution in further specified wmounts. In the control solution the Ca-bs. were com-
pcmutedfubywd!umchhddo.ﬂ:umoumo(hﬂdldmhﬂnmdn}myimhmd
1/ of the body weight and had & sulphanil lon cor ding to
100 my/Ag. The solution had f ly body P when ad

The total content of sulphanilamide [n the urine was estimated 2y [n preceding
experiments (S30REN 1965 1)

Results

Before the experdments the rats were allowed to dnnk water od /5.,
and they were not kept in rooms with heat and moisture regulation An
Attempt was therefore made to clanfy the question of sccidental yanis
tlons 1n urine flow

On six different days, groups of three rats each were placed in test
cages for 24 hours. The averages urine volume from these 18 anfmaks
was 0 843 ml/100 g (range 0 75-0.93 m!/100 g) After loading them with
1 ml100Q g of a 09/ sodium chlonde solution containing ! mg/m!
glucose, the avernge unne volume after oraf admmmtrahon to 15 rats,
m separate groups of three ench, amounted to 1 8 mi/100 g (range 1.25-
2.20 ml/100 g) After intrapenitoneal admmistration, the urme volume
for 15 animals averaged 1 4 ml/100 g (range [.32~1 60 mi/100 g} There
ts thus 2 consrderable vanation in urine volume after oral water loadmg.
In tables 1 to 6 the results of cach experiment are therefore recorded by
comparing the experimental and the control group for each day

Discrmion
The mean values in tables 1 to 6 indicate the results of oral and ntra
pentoneal sulphanilamide admimstranon and water loading uader the
infiuence of tetracemm, sodtum oxalate and sodium fluonde, respectively

Tetracemin®
The percentage recovered of sulphanilamde as well & the unne volume
were found to be reduced when the sulphanilamide solution was grven
timultaneously with tetracemin by mouth (tables 1 & 4).
Intraperitoneal wjection of the same solution affected nether suipha-
nilamide excretion nor urine volume.

Tetraceninnm (NFN) Edetic acld (BAN) Edathamd (NNR)
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Table 1

iracwoia and wiine volume |
E.ﬁmn;ﬂ l"m%-m;h\ymntmmhthpL

of sutphanitamide
e oo 34 hours | Utto votnme, ml/100 g

Cl-b.
Exp. mo. | Control Tcu-ctmln‘ Tonral Control | Tetrseemln —Co—-_v.‘ra

1 4D e 210 113 (]
n b 00 s 19 130 o2
m »9 oo aaL 150 1ie (%]
Mun n3 §10 & 0 180 1.2 0.67
|
Table 2

mdofmhmmhuﬂn?gg ona sulplulamids exerviion and nrite yoluae
in U greq vaiphasilamide mﬂzh‘xmtmmuﬁmy

mmcdhuﬂuntmnm Ustow vobacoe, al/100
Sodhm Ca-hs,
Bap. oo, | Coatrol | oralaty [ Contro
1 [T l ¢ 072
n [t ] 10.7 om0
wm L7 T4 L]
Mean ) ny ‘ .0 asl
Table 3
Effecns of sodiom flopids ) ¥ srally on twiphindleide excretion  nd oriee yolutre
w g seiphantiouds | mh\'«valmhnuhrumlmhh-r.hm).
~ of pulphasilmid !
wmmm«um ! Urlos otume mi/io0
Expomo.  Coutrol !od-nn Cezrod Ca-ha
; } Cowaral
I
o 410 0.3y 160 2.
Ll‘ B 10 i L33 mn ‘\J; :—:‘0
~ ns Ho o 1

1% 14



22 ERLING 50ONEN

Table 4

Effect of bt i mg/kg excrethon and
mlumelnnnﬂvmln!phnﬂlmlde wommgmn,d.am( uﬂmhln‘:l:

of soiphanflamide dose
Tecovered in nrine after 24 bours Urlos voleme, m) 100
Ca-ba Ca bs
E etracemin etracemin
xp o0 Controd ‘T ’ Contral Coatrol 'T ' Condd
1 ™4 ' 7™ 0.99 134 140 i s
) 75 | 800 1.07 113 178 102
m 2.7 780 a4 168 19 ‘ 11s
159 @84 0.86 186 174 0%
Mean 3 5.3 X 178 182 ' 103
Table 5

Effect of iatraperiioncal wodrum otalat 67 my/kg o sulphanilamide excronon
votume n Tty ghven sulphandamide Iu]my‘k;hl%»hﬂon(lhrnldn-hlnwﬂﬁ
§roup).

/ of suiphanBamkle dmo
recovered in urino after 24 hours Urine volieme, my/100 g
Sodium | Caba Sogtum  Ca-br
Exp no.  Control te ‘ Tontral Coatrol " T
1 w01 5.8 o7 1% 421 ( 265
H 202 63 0% 176 405 | 2%
m 4 ™4 099 17 496 29
v 310 641 ot 1.2 106 253
Mesn e JI 671 o7 157 407 ( 260
Table 6 e
Effect { ntraperlt noal sodium Suoride 21 on solphanilemide excretica asd
mlmunmmmlphmﬂlmldoloo )gn!%whdo-(!hmmmhu-d
% f ha dose 100 g
et B e e 34 sy Urine volume, ml/

Exp. oo

a6

87 5.2 o ~21 J0 1

xu 792 743 0.84 204 3::’9 ;ﬁ
et 722 411 o67 167 L n
v 7 766 085 164 &u W
Mosa 647 oxz 150
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Scdium ovalate

Sodnm oxalate given by mouth together with sulphanilamide had a
depressing effect on sulphanilamide excretion and on unne flow (tables
2&

Inﬁnperitorml Injection of the same solution increased the urne flow
but did not increase sulphanflamide excretion

Of oxalate only so much is absorbed as is not precipltated by calcium
1n the intestinal tract (SCHMIDT NIELIEN & SCHMIDT NIELEN 15944), and
effects on the kidneys after ortl administration of the doses employed
can hardly be expected. This is supported by the fact that oxslate in-
crensed the secretion of unine only when given Intrapecitoneally The
decrase of the unine flow after oral administration may be due to the
reversal of gastro-intestinal water transport referred to above,

Sodiuen flvoride

The actions of sodium fluaride on the functions studled differ from
those of sodium oxalate only by the increased volume of urme produced
after oral administration {tables 3 & 6) This may be due to the fact
that sodium floonde 13 absorbed from the pasiro-intestinal tract in &
large messure (Zipkry & Lixing 1957)

Conclusion  When admmi; 1 by mouth together with sulphanila-
mide, all the Ca b. 5. redoced the amount of sulphanilamide recovered
m the urine Ca b s never contributed towards inceeung the repal
soiphanflamide excretion, even whem the unne flow was considerably jn
creased. The lowered plasma levels of sulphanilamide demanstrated pre
viously (SOUNEN 1565 #) must therefore be due to factors other than
wcreased renal secretion

Swrmary

cretion of sulphanilamide is not increased.

lnmxduﬂneﬁawdndnmuuscm(namxhwlphnnamld:n
crehon

The lowered plasma concentration of sulphanilamide demonstrated in
previous expenments must therefore be due to factors other than in-
creased renal excretlon.
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The Vetertmary College of Nocway ’
by of Ph Jogy and Tt

(Profcasor Dr Ottar Dybing)
Effects of Calelum-Binding Saub

on the Absorption of Fluid
and Salphallamide from Isclated Intestinsl Segments In Situ
By
Erlteg Soguen
(Recetved Angost 3 1544)

It has been shown that loweriug the plasa level of drugs by giving
them omlly along with cakum-bindmg substances (Ca-bs.) by mouth
is not doe to tncreased renal excretion (SSoNEN 1965 b)

To study the effects of Ca-b.s. on abeorption, it is usual in the first
place 10 use hsotated intestmal loops i sty This method was first used

by VezaR (1936) and hns since been employed by many workers with
different modifications.

Material and Methods

Male rats welghing about 200 g were anscsthetized with urethans (1200 me/kg
Lp d-:z/(-mmm)mmm:mmhmmm
I The was opened by » longrtodingl inchdon, wlong the midline.
The intextinal sgment where absorption wad to be sudied was Holated by Ligation.
The sotmtlom were injecsed through the wall of the bolated segment by means of
a thun {tuberculm) canenha, The sits of Injectlon was held between thumb and index
finger for & short time after the injection, No keakage was cbserved. The abdomen.
wars closed by conthyuoas sutires In meckes and skin. After the end of the absorption
period biood samples wers withdrawn by cardine punctore. Immediatety aftersarda
the lsotated Inrestinal segment was detached quickly from the mesentery ot om
and woghed directly
(a vome expertmenty the contents of the Inkestinal loop wers washed out with
aboot 10 mi of dwtilled waker and the loop was weighed before and after washing
o dctermine the wetght of the interiinal contents. The amount of sulphaniamkde
1 the MATmal contemts was was deiermined after furiher dilotion to 100 ml and protetn
precwtation in a 3 ml portiog of this with the tame amaunt of 7.5 trichloracetic
mmmmmamu«emmmwmmum
W be mere readily obtainabh were perd 4
umlh:wnbusmﬂksmvl%jn)_
To dnummee ihe inhiol amoum of Intestimal Aol (ecpresed  as
umwﬂt)mhmblnthnnpu-)mmmmdmcmlmm

A pharmmlopics., vet, I, e
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killed tmmediately after the fjection Into the Intestinal Joop. The difference between

the arnounts {nfifalty and at the end of the atsorptien period indlcates the amount
of abeorption of sceretion that has taken place.

The Inftial amount of snlphanilamide was taken to be the game as that ndminktered.

In these experiments the Inteminal segments were not emptied of their ociginal
contents which werc very small fn fasting rats.

By this proceeding ono i porsibly working under more phyological condltions
than when washing the segments with a 0.9 / sodium chloride oc dmilar sototions
beforo the experiments

Results

In table 1 are recorded the results of impections mto small mtestime
loops lignted potterior to the stomach and anterior to the caecum. The
solutions employed bad the same concentratdon of Ca-bs. as m the
expenments on intact animals previously reported (SSoMen 1961 &
1965 0 & b)

Table 1

Effocts of lar amounts of tetracamin, sodhim oxatute, sodium flooride and sodhum

-:j;hn te on the welght of jsotatod mmall butesting in rita of fasted ran.

1.=u1mgmo¢o.1u% Mean wel tofznmll of 1mall

sohtion of Ca-bs. in 0.9 Intestine from 2 rats

\odinm chloride after 2 hours, g it vk
Tetracomin 122 a2
Sodiym oxalate 124 47

fl 148 39
Sodhum sulphats 0.1 M [%] 3
Sodium chtorld 0.9, 1 1
Mean {4 small
intestines intact 82 29

Teble 2 illustrates the results of amilar expenments with tetracemin
The blood sulphanilamude concentration was here determmed after the
end of the absorption period.

Table 2
Blood coucentration of sulpbamlamsde 1 hour afler fjection Into the molated small
testneof Lml 1, wluuonornxph-nhmudlw.m.

100 mg/kg sulphanilamide 400 mg/kg Wiracemin

‘ 1t f  Blood com
Hood e, | weight o lotw  centration | Welght of | emall niet-
cotiation, U yylinte- | tmeln ,  of solphanil smatl tates m
soipanl | Ttoeiny | ofuslmel  emde | teemg | of
pafel wought wehml gkt

“ 34 30 ” 19.7 3

33 7 19 64 7 g.f

) 65 5 7 106 i

6 53 332 91 m 63

Tetraceminmm (NFN) Edetic acld (BAN) Edathamil (NNR)
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t
{hat the proncunced change in water transport did not resul
\nliimp&ﬁum iy of the sulphanilamrd absorption, but there

8 tend t d Jamide abtorption m the pre-

s |

was
sence of Ca b3

The fperease In weight brought sbout by Ca b5 s abo demonstrable
in isolated colon.

Table 3

Wdumnhuaﬂmvdﬁtuﬂmlphmhnm-wbn
from hotated colon Le At

100 reg/k g sulphanimide § % sol. + 400 myg/ig tetracemin
Weigit of Welght af g salphanilamide)
mgmt phalphanBamide/ uﬂ::ﬂ\tﬂ“m m blood
3 3
210 | 28 [ m 4 &
193 % 24 T 45 47 n
mo | 33 " 2% 16 kil
%0 \ 24 110 240 48 »
0 27 93 150 42 [
240 ‘ a2 76 s 30 46
Mun 197 % Man . (M:‘n 44 Mesn €33
DI

eone. = 4.7 pgmb P < 001
Period of abeorption 24 bowrs.

In these experiments a significant fall was ecen In blood sulphanilamide
level,

In theory the blood concentrtion of a substance it no relmble ex
pression of the absorption {rom an intestinal Joop Om the other hand,
thete experiments were condocted with a view to finding the cause of
the Jowered blood leve! found in Intact anmals.

In the experiments whose results appesr fn table 4 sulphanilamide
detzrminations were carried out both in blood and in the Intestinal loops
after the end of the absorptfon period. A more exact expresdon af the
changes in fluid transport was abso obtained by weighing the contents of
the gmall mtestine

1t 5 scen I the able that considerable sbsorption of fluld took place
from the fsolated Intestinal loop in the presence of calclum tetracemin,
whereas in the presence of tetracemin the fluld content of the intestinal
toop increased within one hour Sul, transpart from the inte

stinal loop was reduced, but thus did not show in the blood concentration
of wulphanilamide.
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Table 4
Absorpthon of Auld and rulpbanBamide from loops of soall fntesiine kolal
the distal part of the (ewm. Length of | 13 am. Amount 6 !dhwbm-fm
Period onh:r'inhn 1 boar of fad in
foicwteal o tentof | cpnrationrar | Neb
- sulphanit. of
Fluid 8al| amlde, experimeats
mgfem r Immnf; ry/ml
Tetracemla laftiad [ , 2000
Fioal m 31 2. 13
10 mM Absorbed  — 23 1602
Cakfam lnhtia) 150 2000
tetrcemin Fluat 125 196 21.50 13
10 mM Absorbed 15 1804

DAY Salphardmide absorbed = (22 pg (p < 0,001).

Discassion

With sodrum fluoride, sodfum oxalate or tetracemin the volume of the
intestinal loop was augmented either when the length of the absorbing
area was kept constant, as in the experiments recorded in tables 3 and 4
or when the absorbing area vaned with the supply of fiurd to the miestme,
as in the expermments m tables { and 2,

The experimental results recorded in table 2 are of particufar mterest
in relation to choe of procedure in the study of the intestmal absorption
from isolated intestinal loops By injecting 1 ml of solution/100 &
an mutial absorbing area of about 15 cm In length was establuhed, and
the whole intestinal loop was 60-80 cm long. Owing to the anaesthesis,
the tone and peristalsis of the intestmal loop were greatly reduced. The
conditions were suitable for passtve flow within the intestmal lumen If 2
larger fld volume was supplied to the mtestinal loop ¢ g. by secretion
into the loop

Such a supply of fluid took place in the experimental group whereas
m the contro! group the volume was reduced owmg to absorption

In the expenmental group a large absorbing area was establsshed and
was exposed to a highly diluted solution compared with the more cot-
centrated solution absorbed from a smaller area 1n the controf group As
the intraluminal pressure was also moch greater 1n the mtestnal loops
of the experimental group than in those of the control group, many
factors were here affected simultancoualy

The experimental results were therefore of lmited value in relation to
the question of possible changes in membrane permesbility
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When the length of the absorbing area was not kept constant, thero
was o tendency towards » higher plasma concentratian of sulphanilamide
mprnmcethm}nthcubsmueohmczmin This may have been due
to increase In the absorbing area caused by Ca ba.

mh\utnu]lwpswhm:whoknbmhgmuwm:dbym
inftial flurd amount as in the expertments distally on the fleum (table 4)
and on the colon (table 3), the sbsorbing areas also differ m the groups
ownng to distension of the Joop by secretion. However when the smail
Intestine bs involved, an approximately equal number of absorbing umits
(villi) will take part mn the absorption in both groups.

Possible sctions on the movements of the vilh may also contribute
towards masking other effects of Ca-b.s. on the small mtestine. Such
actions can be kft out of accoumt in experiments on the colon, which
has no vill.

It I eeen from table 3 that the blood concentratfon of sulphanilamide
was lower after absorption from villis-free intestinal Joops in the pre
wence than in the absence of Ca-bs

Table 4 shows that m experiments with small intestine loops of a given
length the absorption of sulphanilamude was reduced, without thes thow-
ing hsell by a lowered blood sulphanilamide concentration. The fact
may be due to an Increased uptake of suiphanilamide by the In 1
tiswue, but may akso be accounted for by other alterations of sulphanil-
amude distribution, which cannot be discussed here.

SCHANKER & JanNsON (1961) showed that the absorption of the fat
inscluble drugs mannfol, fmubn, & quaternary ammonivm compound
and sulphanilic acld were all markedly mereased In the presence of
tetracemin, They are normally not absorbed, and these authors suggest
shat tetracemin may st by increasing the size of the membrene “pores™
o1 by widening the spaces between the epithelial cells through the removal
of calcium sons.

The undnsocisted fraction of sulphanilamide is fat-soluble and will
thus pass biologrcal membranes through the cytoplasm of the celh.
Widening of “pores™ and intercellular spaces should therefore lenve the

pott of this compound unaffected of only slightly {nfluences.

In onr cxperiments, however the Ca-ba. caused & duintegration of
the intestna) mucosa (ERiCHeEN & SOGNEN, unpublished resuls) This
may have been 30 also in the experments of SCHANKER & Joinson It
thereforescemsjustifable 10 suggest that the absorption of macromolecular
water-soluble tubstances is enhanced (or even made powsible) when the
mucosal cfzﬂwhum is disintegrated wherens the abtorption of fat-soluble

mpounds, ¢. g. sulphanilamid

P is slightly decreased or unaffe
dreumstances. ar ected 11
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Summary

Incxpedmcn!sonimlnudmmnlltntuﬂmlnshunhasbemshm
that the mtr pplication of calcium-binding substances, sodiom
oxalate, sodium fluonde and tetracemin cause an increase m the volnmc
of intestinal fluid. The effect of cal binding sub on sulph
amide disappearance from the loops depends on experimental condrtions,
but at any rate the effects ohserved cannot be respomible for the lowered
plasma concentration seen in the intact anmal.

Factors influencing absorption from wsolated loops are discussed.
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Effects of Calcium-Binding Saistauces on Gastric Emptying as
well as Intestinal Tramsit and Absorption in Intsct Rats
By

Erlfing S3gnen
(Racotved August 3, 1964)

The Inhibiting action of cakium-binding substances (Ca-bs.) an -
testinal absorption 18 clearly demonstrable m the intact animal (SSaNEN
1961 & 1965 8).

On the ather hand, experiments with fsolated intesunal loops m altu
have revealed that Ca bs. camse scarcely detectable alterations in ab-
sorption from the small intestine (SBaNEN 1965 ¢) It 15 therefore reason-
able 10 soppote that the actions of Ca-b.x. are i part associated with
the functions of the stomech.

Hunt & SpuxesL (1951) call attention to the relatfonship between
gastric secretion and gastric motility and emptying,

When flold s supplied 1o the stomach, the volume of fluld afterwards
removed from this will exceed the volume added, owing to secretion
{JamEs 1557)

As shown by HUNT & Srurre (1951) and REYNELL & SPRAY (1956)
gastrc emptying & normally an exponential function of tice,

Preliminary expeniments showed that the volume of the gastrie con
teats will fnnease i the prowenat of Cadba. 1w sexordinglry Ut
of interest to Investignte the effect of this incremse m volume on the
emptymg of substances from the stomach

As demonstrated by REYNELL & Srray (1956), the time of pastric
emptying s related to the absorption rates of glucose and jodine.

mnbyorbmgamnndlhelhnenmbumcnhexpowdlom.bsorhhg
surface affect the absorption This implies that o relationship ks likely to
ﬂktbc::-cnlhenlcofpamgelhmughmwmmh\enndmmhml
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Material'and Methods

Usring ReEYNELL & SPeaY s method (1956) it Is pomible to study dmultancomly
both gastric emptying and Intestinal transit and absorption. This method was thers-
fore employed in these cxperiments.

As experimental animals fusting male rats welghing from 150 to 160 g were msed.

Though the procedure described was wed in the main various modifications
require further description.

Uslng phenol red, which b almost unabsorbed, 25 8 marker we administered a test
solution to rats. The distribution of the marker along the gastro-imiextinal tract was
tsed to calculate extent of gastric emplying, intestina! transit and absorption of the
test substancey.

Exploratory lnvestigations showed that jt was unneccewary to anesthetire the
animals before {ntobation. Intubation can probably be performed far move quickly
with & glass tube, us Is used in this Department, than with & rubber tube, as wed
by REYNELL & SreAv

REYNFLL & Srway killed their antmals by & blow on the head. Deatring u more
refiexiess death, we preferred to anaesthetize the antrmly with ether befors Killlng
them. The rats were kifled After opening the abdominel cavity for evisceration. The
resalty of explonatory experiments showed phenol red to be distributed b the same

being exposed to pain whhhnﬂghlrmltlnpcﬂnﬂtb-:ﬁon(leMch
aALL 1926)

Solutions

Esch animal was given approximately 1 mi/100 g body weight of & 0.9% sodiom
chloride sohution containing 500 my glucoss/100 m! and 0 73 mg phenol red/ml TO
meet this requirement and work at the same time with a constant ameont of phesol
md,nuul-mroximmnqml-ddm(lso;)mmsw}ummhm.»

dinm fluoride, sodtmm phytste, “tetracemin gnd calkimm tetracemin were admintstered
a1 {ndicated below The control and test sohrtione were made oemotically equal by
mexns of sodium chloride.

Sulphanilamide was fn most of the experiments added to the sohticn at & conoer
tration of 1 4 the 300 of this drug being thi approximately 100 mg/Ay. In ok
colating the plakm: suiphanilamide concentration sccount was taken of the amoumt
ghven per kilogram body weight. All the solutions bad & temperatare of 37° whea

adrministered.

The rats were kilied as dotcribed above at the {ntervaly after admintstration ln-
dicated.

The segments of the gastro-ntestinal tract wers ligated in tho order pylons, cardia
and fieocaccal function. The sl intentine wa taken ont, by eviscerating first aboat
20 cm distally tha:th:nn:nlmn.hpruthﬂymdﬂmﬂythemmﬂab‘:ﬂni
evisceration care was taken to keep tho b he

hﬂ,luwnﬁrupaﬂbbdhvlmnm!o{thmﬂhﬂmmcmﬂ
frportant when intestinal 8-
memts intng fluid in the sxpert 1 groap were taken out.

Ahumdumﬂmhnﬂ:ufmﬂmhnmumﬂufmm-phik
w;—mmﬂmmm:wmmmmmwm

Tetracersintm (NFN) Edatic acid (BAN) Edathamfl (NNR)
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mmhmmmmwmnmmmmmm
nmanmd,hhmmmdmndnnnwno(muhﬁminc.mmfund
wrall beakery, fn which the ts wers weighed b tately after evk if
lfuxyphmolndhndpmrdlnwuncummhmobviommhupccdou_m
mmwwngmwm:omm
fhe stain being then more plainly firoagh the Intesting wall, The uain s
md[mcnnw:alnthcaptmdncam\vhmnnphmo!mdh.dp-mdlnm
the caecum, (he distance to this was determined by tospection and given tn centh-

:ukﬁtknmmm:irupﬂhdo/dmudhubuhﬂ&mm

Px — Ps
2 100, whers

P = phenal red recovered from the stomach,
Px = pheno! red recovered from the whole gestro-intesting] tract,

When pheool red was seen In caecum, this arount was calentated erence
mmmmmfmhwmmungf@x

anleml and that recovered from the whole gastro-lntestinal controlt.
tract
wnnolwhmhnu:dnnh‘mchlhommnofpbemlmd:;uch:ﬂwu:

amewns of phenol red extering the segment duriag the Itve sisce tnbation
mared oR 10 the ACXT sepmens during the peried Thas, ,mwh
e £ Kl of the st ntesion 1 given b o oy through

Pd
a0
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Pb = phenol red recovered from the first small Intestine segment.
Pd—phcnolrcdrewmadfmmlltlntcﬁimlponlundkﬂltodzﬂmm
Toctuding the amount passed into the caccum,

As the absorption Itself In the presence of Ca-bus. hay been tnvestigated by varioos
other methods (S0GMEN 1961 & 19656, ¢ & ¢), this was not examined other than

by the blood of after the end of absorption
period.
The method loyed for sulphanit deter has been given bn o
previous paper (SBONEN 1965 a),
Resaits
Distribution of phenol red in the gastro-Intestinal troct
PER CENT OF 0o _
PHENOL RED (P B S
ecovenen ao_remcm R o e
FROM
w_
N
BTOMACH 40
w_ 1
' PER CENT
w_ | »_sasmmt
UL ERPTYI
INTRSTINE &8 _ o
| ) "®_ ©_
T ot “@_ "
| e
o0 _

[N} [} [} [ [N
- -
HOURS AFTER DNTUBATION
Fp 1 Tho columns demorstrat gastnc empiying and distrfbuto  of phepol rad ha (e
gastro-ntostinal trect 1 different nmes after intwbatio of 1 123 my pheno! red. Numerical
values ghven 10 table 1

Table | and fig. 1 illustrate the distribution of phenol red in the indt
vidual segments of the gastro-intestinal tract.

All the Ca b.s. were at any time after fntubation scen to have cansed
2 reduction in phenol red content of the small mtestine, compared with
that of the control group (cakrum tetracemin) The part of the mtestival
mct[mmwhthoumb:mnouhnvethebatchmcaofbdngsbu'btd-
and the one with the Iargest absorbing surface, will, in other words, be
nmyumecxposedtomllanmomuofmbmﬂmmlhcap:ﬁmmtﬂ

than in the control group
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Table 1
Perceal mermmwm\munrmm
mv.uﬂ::l“u::{tt::-luﬂo:.d thnﬂ-nnmmuan.'raulmﬂph’;ohd 1125 mg
1.5 mi 0.1 M solutians of calérom tetracymln control, totrecemin (372 my/kp) sotiwa

Eneide (42 my/ke), sodliom cxalate (134 mEkp and #0d um phytare (1000 my/ked.

Celchom. Tgcwch 5 4ndidd|6f300x51 (€] 122£32) 5] 133236
temomts | Bepoaent | (8 30534 (611062233 ( 6 ls:,:i;:g § s;ﬁ;
Comtred) Sapwent S N0L1T{ 6|5 518816

¢ Cracum " N iﬁ 3 ° SLILPEAT 5] 49456

12118

Tetracyrin | Bromach 6 N33
1€

e (84236

3 0o

Sodre
Exorids
7173
165033 32y
b =312 333332
ke | b HicEaE e
Sromach 1[ \ ‘J ayzar | 3| 244571t 1522004
Sepnent | 31222/ uiw&: 94313
phriat Spment 11| | |3 %4422 05100 3| DEL17
Cpacnm 3 3

n 71[591 3| NAL47

After two or three hours, the reduced content of phenol red m the
smafl intestine was due in part to # relatively larger content of phenol
fed in the caecum of the expenmental anmals than in the controls

Determminng the phemol red distributions at different thmet after intuba-
tion, ft was seen that sfier 30 minoter more phenol red was recovered
i the stomacts of the experimental anfmals (the tetracemin group) than
in those of the controls (the calelum tetracemin group) Further it was
nblxcdlhutlhccﬁnlmlgmuph.adlh:hrgu!lmounto{phmo{mdm
theﬁmhalrorthemunhxmﬁne(&g.n,wh«mmemhnr(&g.
11} contained the largest amount in the expermental group No phenaol
redbad\rythhﬁntpnsstdlmolhemccumlnmyonhemps.

After | hour all the expenmental groups could be compared with
the control group, First, the fact was established that in the
nouplheph:\olrcdeon\:mo(\heswmwhmmhrdprmhnyun}
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changed durmg the 30 to 60 minutes after intubation. Nevertheless, of
the small amount of phenol red that had moved on to the small intestne,
a minor proportion had passed into the caccum in all six animals of the
group In the control group the phenol red content of the stomach had
fallen about 20 / withm the 30 to 60 minutes after intubation, constitutmg
two-thirds to half of the pheno! red contents in all the expenmental
groups

After 2 and 3 hours there still was more phenol red m the stomachs
of all the expermmental groups than in those of the control group.

After 1 2, and 3 hours much more phenol red was recovered from
Seg. II than from Seg. I of the small intestme 1 the control group The
situation was nmilar 1n the expermmental group but the difference in the
segmental dutribution of phenol red was smaller there than in the control
group

Gastric emptying
Fig. 1 and 2 fllustrate the effects of Ca b.s. on gastnic emptying.
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doss
Iacticates the meen Fogarithm of the percentags of the intial phenai red
mdhmrmnln; the stomech, plotted againet thme after ntubatioa.
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It ft seen that tetracemm snd sodium Ruonde have approximately the
nmcdeprauugcﬁ'caongmtﬂcemptymgwhmmmcqumwlar
amounts. Sodium oxalste holds a poution intermedinte between these
lndwdlumphymxc.whkhhasﬂwbastdcprmmgeﬁmonmhfumhon.

Rate of passage through the small bntestine

The transit can be cakculated on the baus of the distribution of phenot
ed in the varjous gastro-intestinal portions. However much a calculation
affords no exact mdication of how far the phenol red column has passed
through the small Intestine. Information ou this 13 best obtained by direct
Inspection of the small intestine before the phenol red column has reached

the caecum and after the intestine has been taken out for division mro
segments.

Table 2
Distanca of phenol red cotama from cercum 30 and 60 min. afier fntobation

Distance from cascum {cm)

Caktum bipdmg
batance 30 mipmtes 60 minotes
oo rem L) Lom.
Cakwws 1£iracomdn (Control) & 112'.1 + 3 12 = 378
etracomm = 441 Fhenol red In caccura
Sodmm fwonds [ 0
Sodwm cxabrig ! - - 447 = 097
Jodwm phytate y - - 467 + L7

The table shows that all Ca-b.a. accelerate the passape thro the
small intestine. When, &3 in our experiments, they are grven incqu\rﬂ]mlar

amounts, the rate of pastage, lie gastne emptylng, it affected to the
ymlcﬂcxtcnlbyldmcemhundsod}umﬂuondeandtotheknnby
sodium phytate and sodivm axalate,

Transt
After half an hour a tendency towards increased teansit 1 1
was nothced in the tetracemun group (able 3), S5
After | hour the tranut in Seg. I was unaffected

In all the ex,
mental groups, except the sodfom fooride group, 1n s

which & tendency

.
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Table 3
T testinal tramit | absence and of calcium bluding subytances cajcutated for the
first and the second hatves of the small nterting and for the wholo small Jareshee.,
ca Treasit Hourt after intobatlon
om th —
binding  throgR 3 J ! 2 3
Inteatine Y
n| mea || mem [n] wea [a] mee
Caklum Segmentl 5 | 41.3+26 | 6| 723156 86.6:43 | 5513433
tetra Begmentll S| 0 0 J6) 00 |6].33x52]5]%02563
(Controh | Whale 5/ o0 6] oo 07150 [ 3| 0263
Segment] 6]344x8 |3 701433 6] 432199 6] 0 162
Tetracemin | Xegment Il 6 o0 49249 634143 | 6752169
Whalo € 00 MILTI [ 6| 51789 | 6( 677274
Sodium Segmeat | 3 3564773 60738 ]3] 795473
fluoride mzu 300 (3269136 3367104
3 00 [2]16 £9 |3]45 279
Sodium Segment 1 3699424 |3 8441053816236
oxalate Segmant 11 3] 070 |3|347:178 33572113
Whole 3] 00 {3]24272]3| 274103
Sodium Segment T 137194363 | mizos |y l!-::k]l;
phytate t 11 3| 00 |3|smaiey 66+
T W 3] 00 |3]401+1873 ) 609427

towards a reduced transit was noticed. After thus interval, transtt through
Seg. 11 was only observed in the tetracemm group

After 2 hours the transit through Seg. T was practically unaffected,
except 1n the sodium fluoride group, in which it was somewhat reduced.
Through Seg. 11 thero was a clear tendency towards increased tranalt in
the expermental groups. The wncrease was the least pronounced fn the
sodium fluoride group (with mdividual observations of 37 0 and 43)
and in the oxalate group (with observations of 559 483 and 0). In
other exploratory experrments, there had always been trangt after 2
hours m the expenmental groups The observation of no transit in on¢
of three experimental animals therefore cammot be sa:d to be characteristc
at this trme after administration of sodium oxalate and sodim fluorids
For the same reaton the tendency towards increased tranut through 1
entire small mtestine was smaller than usnal in the sodium fluoride group
(with observations of 25 0, and 23) and m the oxalate group (with
observations of 47 41 and 0)

After 3 hours !.l:»cu-mm‘lt]-u'txug,hSq.Iwn.ud]lun:ﬁ'cctcd.'l'llrcﬂllfI
ch.llmdthroumnhcwholermaﬂimsﬁmitwuincmsedmuﬂdw
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experimental groups. In the sodium oxalate group the vanation was great
and tho incresse not mgmficant.

Considered coliectively Ca b, caused increased franut through the
postertor segment of the small Intestine and through the small intestine
a3 a whole.

Welght increases of the stomach and Intestingl segments
mpmmmdnﬂmmumwnghedaﬁﬁwmﬁo&m
results are recorded 1o table 4

It is seen that in all the experimental groups the stomach as well as
Sex. 1 and Seg. I of the small intestine showed & considerable mcrease
in weight at most intervals after the administration. The diff be
tecen the segment weights 1 the expermmental groups and the control
group were greater thas the weight of the volume of solution grven
(1.5 mljrat) This means that an incressed secretion took place m the

expenimental animals, which was not counterbalanced by absorption
from the int

The iderably increased h weights showed that the volume
of gastrc secretlon exceeded that pasing to the smafl intestine during
the same period.

Whether the increnses in weight of the intestinal segments were due
solely to transport of secretion from the stomach, or whether the small
intestine secretion abo was increased could not be established by this
experiment. The effects of Ca ba on water transpott In solated amall
intestine loops in sitw are demonstrated in a previous paper (SOGNEN
1965 €). The tramsit of ingesta to the caccum and colon within the ab-
servation penod however caused the difference In weight between the
gastro-mtestinal tracts of the expenimental group and of the control group
1o be much smaller than it would have been If the caecum and the colon
had been included in the calculations. In contrast to the stomach and
small Intestine, these intestinal portions are not empted afier 24 houns
Masting. Their weights therefore vary appreclably snd much material
would be required 10 demomimie by weighmg possible effects on the
volumes of these portlons

Table 4 shows that dunng the first two bours afler adminbstratton
the weights of the gastro-miestinal tegments in the experimental Foup
increased in companson with those of the control group The difference
i weight was found 10 decrense with time, befng elorunated n the
tetracemam group after 3 hours for Seg. T and Seg. I The same was troe
ofchllnlhclodhLmﬂuoﬁdnsmupu\dtk:‘odephyuwgmup
after the same interval.
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Tabke 4

Mean weights of stomach and sruall ntestine end mekn weight

Horry st

3 1

Catctom- Small Stomach Small Btoumch

binding  Stomsct | intestins | Stomach | fertiao | 4

substance Seg.1 Segll | intestine Sep. 1 Segll| Intexaw
Calctum

tetracemia 237 163 295 900,58 205 36 87 9s2zadl
Tetracemin 37 3.37 391 11121049 350 405 4353 1010100
212 58

Differencs 15 o019 103 143 045 068

Sodlum

fisorkde 467 491 493 14511041

Difference 262 131 106 37

Todium

oxalate 316 317 347 282000

Difference 11t 057 060 0|

odiom

Bhgu- 139 335 41 112703
erence 134 045 238

Sulphardlamide conventration in plasma
Ths effect of Ca ba. on plasma concentrations of sulphanilamide has
been dealt with previously (S3GNEN 1965a) The table shows the ofect

Table 5

Sulphanflamide concentrations m plaersa after different thoe buicrvals.
Do of sulphanfamide approxim wedy 100 mg/kg.

Hour after mtubaton
Calefum 3 I 1 | 2 3
binding . P
ubetancy P A % [
mean mcan mean L -:my'
e ton| "™ |anon| *T |auen| ¢ ation
Calclom } J
tetamecm. 689£117 | 12 74335 149 | €9.3422 195 a9kl DS
(Centrol)
Tatnn s
cema 41613 194 377426 IL3 4072 JL9 48719
i‘?.ﬂﬁ?; 2 63 363 323467 480 sp1x26 W
oml te ’ 553496 207 354135 233 M2i16 M7
og 3
phytate [ l44414.: 235 377443 ’6! +
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mmmmolmawnxmmhl

ntabmtion
b3 3
Small Stomach Small Biomach
Intestime +
Stomach iatestiog u:‘ﬂ Stavech ol
AR LRI atestins Beg. I Sog. 11 Intestine
2 316 113 2.53£0.52 «09 35 18 9.2:£061
167 401 18 1133 20.64 345 155 A4l 11421038
139 037 0N 265 136 002 08 22
32 397 44 1223 4029 126 335 4l 10.91£077
1M o 18 363 117 —agt 057 171
13 e a7 105203 wm 419 4.0 10564117
033 052 056 154 e aE om 1176
104 34 AN 1078 20.63 154 LET . N1 10,4032
ue el e 2% 088 -0o¢ O 1.04

1o be the same 1n principle in the presence of phenol red. It is seen how
the acetylation percentage was sccondarily affected by Ca-ba., the fow
plasma Jevels being assocuted with & high acetylation perceniage.

As to redunng the plasma sulphanilamide concentration, tetracemin

and sodwm fworide alo have a grester effect than sodfum oxalate or
sodium phytate

Discrsion

As will be seen in table 4 Ca-by. markedly locresse the stomach
weaghts, This i due to a considerable increase In gastric secretion, which
begins rapidly after ol administration of Ca-b.s. This secretion i the
tmmediate cause of the retarded emptying of phenol red from the stomach,
because the volume of pastric fluld facreases more rapidly a3 a result of
secretion than the gastric contents can be removed from the stomach to
the small intestne. In other words, the dilution of the infuat solution of
rhmo\mdmpﬂuxhatls!phno]rcdhml}wuomachmum!uf
me

Preliminary experiments (S3GNEN, unpublished) seem to reveal that
gastne pH will rmse In presence of sodium fluonde and will fall in pre
sence of sodum onalate since both substances cause the same changes
m fate of secretion and gastnc emptying, it 15 unlikely that pH alterations
have onything 10 do with the effects being conswdered bere

Avx prartneborics, wi. 11, Camet. L
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The nature of this secretion will, however not now be further examined.
In the fusther examination of the problem, however 1t may be of soms
value brefly to review some facts related to gastric emptying and secre-
ton that may be of importance 1n the present Investigation. They are
[ the pattern of stomach emptymg 2. the relation between calcium and
gastnc secretion 3 the relation between gastnic secretion and gastne
emptymg 4 intestinal effect on gastric emptying, and § (he effect of
calcium on intestinal motility

U The pattern of stomach emptying

The works of several authons reviewed by Jaumes (1957) show that, at
least for & liquid meal, the volume emptied duting any interval of time
after the meal exceeds the volume secreted and that the combined volome
13 therefore at 8 maximum immediately on completion of a meal and
then letsens progresyively

In the presence of Ca b.s, however this 1 not so As will be sen
from table 4 the volume of the stomuach Increases, The effect of this
increase m secretion has been further exammned by means of the method
first introduced by HUNT & Srumrer (1951) They plotted the volmme of
the meal remaining aguinst time Plotting the logarithm of the amoont
remaming against time gave a straight lme with & downward slope,
mdicating that the disapperance of a meal from the stomach s expo-
nential. An exponential disappearance can be described by the “hall
life that js, by the time taken for the amount remaining to be halved,
which will be the same throughout the periode of disappearance.

When Hunt and Spurrel extrapolated back to the log of the mitsml
value of the volume of the meal, the line did not always reach that valoe
at zero tmme (the time of administration) The initial valoe might be
reached earlier or later than at zero trme, This means that sometmes (he
expanential pattern of stomach emptymg 13 not amsumed
after admumistration of the meal indicatmg that sometimey the stomach
will empty at a more rapnd initial rate or at a slower rate. These deviations
are called by the authors negattve and positive startmg index, respectively

Inonr:xpu'hnenujtmnotaquuﬂonofth:volmoflhcw‘
remaining, but of the amount of phenol red remainmg in the stomach at
different times after fntubation. As will be seen from fig. 2, extrapolation
of the semiloganithimee Ime in the control group Indscates that the fog

of percentage gastric rendpe is Jess than 2 ot gero 11 tndicates &
negative starting mdex in rats after ¢ This
seems ressonable since same of the '{’f

duodenum in connection with the
In the experimental groups the
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stomach 13 markedly retarded. For sodum phytate, however there 1s an
approximately normal pattern with a positiyo starting mdex.

Since the residue of phenol red Is not reduced In the mterval between
ZIMBthgnsmcmyhghmdﬂadtabCEnhhodaﬁthom

These results do not give mformanon aboyt the volume of fluld leaving
Lhcnomchpcrumturtmx,sinmmeﬁmunmkcdlylncrmad
(\nbk4),itmyweﬂbothnmmﬁmdkknv§ngth§domchpertmn
of time than mnder normal conditions. This might be examined by
sueasunng concentrations of phenol red (HUNT & SrurseL 1951) of by
# fistula m the duodenmum, but to use the last would necessitate anesthet
izlngthcmlmnh,mdmwﬂtedalnﬂmuxtomﬁunptymg(smm
preliminary expernments) Another difficulty that might compromse the
results, obtained by the latter method would be an alteration in intra
Jununa! pressure in the intestine In presence of a fistuls the presore in
{he duodenym woukd fafl and thus the intestinal phase of the gastne
secretion might be affected,

2. The relation between calelion and gastric secretion

The relation between alterations in blood cakatm levels and rates of
gastric secretion has been studied by Grant (1941 2) The aathor citer
the conchmion of BamxiN & Komomow (1940) in their review on this
tubject “The data concerning the effect of hyper and hypocakaemia
on the nervows and humoral regulatory mechanism of the gastric glands
are fesv and contradictory ™ GRANT has, however m several experiments,
to be reviewed here, contributed to the solation of this and closely related
problems.

In the first senes of expenments on doga, the author stated that after
tmtravenous injectlons of calcium chloride and caledum lactate the rate
ofgnnrlcm:uunwurtd\mdbymamscufﬂ/..ﬁcmmory
resporse to both histamne and vagues stimulation was enhanced by
intraverous mjections of calcfum. Alterations i blood pressure and
gastric blood flow ma well as changes in oxmatic pressure, were excluded
5 responble for the reduced secretory respomse.

According to the results of several authors reviewed by Grant (1941 b),
the coloum content of the gastric secretion vanes considerably with the
cxpcrmﬂwlcomnlonslnllnomaldogz)lmfoundtobc&(ﬁmg
calewm/100 ml. In the fasting secretion of a pregnant dog the calaum
nugdfmmllmmllxwlmndandlnhnmmhclndmdmeﬁm
@ was 11.07 In fundic pouch secretion of 4 dogs the caleium content was
much lower 110 to 3.30 mg/100 ml. In cats the julce from Heidenhetn,
pouches was fourd to contain 41 mg In the fastmg suate 10.6 mg 2-4
bours after food and 5 7 mg/100 mi 8 to 12 hours after food.

-
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The most obvious result of GRANT'S experiments was the reciprocal
relationship between caleium concentration and the acidity of the gastric
secretion In dogs.

Evidence that bigh addity is accompanied by low calaum, and yxe
verss, was scen by comparing the levels of cakrom and acidity 10 24
animals and 1n smgle experiments, when vagal and histamme stimul
were used alternatively to produce thewr characteristic secretions of low
or lugh andity respectively Finally the fall in acid gastric secretion after
Intravenous injection of calcium was demonstrated.

Further expenments (GRANT 1942) led to the followng conclusions

Mucus from surface epithelal cells and from the cells producing it m
the vagal type of secretion is an immediate source of calcium 1n gastric
secretions. Cadcrum 13 liberated from the mucus in a reaction assocated
with the reduction m ecidity

The general conclusion from Grant s experiments should, however
be that high systemic calcium results 1n high concentrations of calcum
in gastric mucms secretion and causes & nmultaneous reduction in gas-
tric acidity and rate of gastnic secretion. The fall in acadity 13, however
not dus to the reduced volume rate of secretion.

There may bo a connection between Grant s experiments with high
calqum and reduced secretion and our expenments with low gastro-
intestinal calcium and increased secretion, but the effects of Ca-bas. may
equally well be due to a more unspecific stimulation of gastric seeretion
HOLLANDER (1962) gives & review of the phynology and chemustry of
the cecretion of gastric mucus and mentions the stimall that cawse soch
secretion 1) electrical stimulation of splanchnicus or vagus  2) subouts-
tancous mection of cholinergic drgs, e. g pilocarpine or mecholyl
High dosages give alkalme viscons mucus Low dosages give yucows
nonacd mucus at first and Iater HC1 and pepnn secretion combined
with mucus

Topical applcations of pilocarpine, mecholyl and acetylcholme give
muocus of relatively high viscosity whereas mtra-artermal mjection of ace-
tylcholine close to the gastric wall ylelds an acid mucosd fld or ¢ mix
ture of hydrochloric acld and mucus.

Topical stimulation by vanous irntant solutions, e. g. 3-5/ cugenol
(allyl-guajacol), gives an opague mucus of exceptionally high viscosity
and high contents of colummar epithelrum and leucocytes.

Mechanical stimulation (rubbing) gives & qualitatively similar response,
but with a much lower volume rate of output and lower cell conteat.

Topkeal application of various other substances ~ jiodoacetamid, N-
ethylmalmid, ethylisothlocyanate, phenergan, nupercain emong thcm‘;

yiekls a mucus flud of moderntely high viscosity and entirely free

cells.
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Tatter mmnmmybemﬁxﬁnﬂdnsnprmwdunammidnmla]
Imﬂmm lh:t mught be caused by the Ca-ba. mdependent of ther
cildum-binding properties There are, however no tuch reactions m
preserice of the cakdum salts of Auaride or tetracemin.

3 Gastric secretion and gattric emptying

Since m the work reported here an increass in socretion and a marked
retardation in emptying of phenal red from the stomach were stmultane-
ously obsetved, it seems Justified to give a brief review of the relationshp
between secretion and gastric emptying.

It is now clear that the pylorus act as an mtegral part of the antrum
and not &8 an mdependent controlling the exit of gastric con
tents (ATKDuON ef of 1957 EDWARDS 1961 ARMITAGE & DreaN 1963)
but the theoty of ecid contral of the pylorns mtroduced by CarnoN
(1904) is still valid.

The fact that a strongly acd reschion cam “clote the pyloru™ (or as
it ought to be expressed now cause contraction of the pylonc part of
antrim) has been confirmed by McILvam (1923), van Vomx & Suem
(1940}, SHAY & Gexson-CoHeN (1934) and Pataax (1958)

The last-named studied the gastrde response of humsan subjects to
venous cancentrations of HQl by Hunt's method (1951) with phenol
red as a marker He found that HQl at concentrations up to 10 mEg
seemed (o favour gastnc emptytog, whereat with indreasing concentra-
tlons sbove 10 mEq I there was 8 progressively larpes retentlon of gastric
contents. As stated by Gray & BucHmx (1941), the output of HCI from
the ganric glonds increases with the rate of secretson in a linear fashion,
but not mecessacily at the same rate. In our work the marked increase
fn gastric secretion might accordingly have been expected to cawse a
simuhancows increase In output of seereted HCY, but, a3 already men-
tioned, the pH values of gustsle may mp of
one type of Cn bs. though It decresses in presence of another [t s
therefore unifkely that the obsermations made in our investigation are
basieally related to alterations in pH

4 Imestinal effect on gastric emptring and secretion
Toobsmrwfwthuwm:htslhn]mﬂchanhmmyboinwlwdln
(hzrunluohsm-cdbym.smnepfdhnhnrynpcrﬁncnummd
omlnwhkhtthn—b;.mlnlrodwcdtnwth:dmdcnmwhichwu
Bolated from the stomach by ligature. An facrease 1 gastne secretion
did not take place (SOaVEN unpublished) It 15 therefore justifiable to
omit dscussion of | | factors affecting gastne {on and motil-
ny mchuﬁceﬁmaf&b;mth:mmcmmczmwhkbh
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presumed to be situated at or beyond pylorus (HUNT 1956 1960 and
HuNt & PATHAX 1960) Similarly the mfluence on gastnc secretion
through increased pressure in the intestingl lumen (SRCUS 1953) may be
excluded from this duscnssion

5 The effect of calclum on intestinal motility

It has been postulated that calddum 1ons act as the link between depol-
anzation and contraction m cardiac (NEDERGERKE 1959) and akeletal
(FrANK 1958) muscle Thus hypothesis is based on the results of experk-
ments relating the effects of depolarization with various cancentrations
of calcium jons ROBERTSON (1960) has demonstrated i experiments with
tetracemin that the presence of calcium in the bath fluid s necessary far
the contraction produced by acetylcholme in msolated smooth mumscke
elready depolarized with potassium sulphate. The expernmments tend to
confirm the importance of cakium jons at the membrane Durmn &
JeNKnsON (1959) suggest the posubility that acetylcholine incresses
membrane permeability to calctum as well as to monovalent fons.

If the intraluminal presence of Ca b.s. deprives Intestmal smooth
musde of calum fons, 1t is therefore likely that thrs will contribute to
decreased tone and penstaltic movement.

Systematic calcium, however must be d 10 be little d
by mtralomumal application of Ca-b.s. Smee calcium 10ns must be supplied
to the intestinal smooth muscle by arculation, thrs dimrect actron on
ntestinal motility is rather unlikely to occur in vivo In vitro however
it 18 clear that the absence of calcrum ions decreases intestinal tone and
peristaltic movements

E 1o of the mech behind the increased rate of intestinal
transt m our investigation will require forther experiments includmg
exammation of the effect of Ca bs on Intestinal peristalsis It is, how-
ever generally sccepted that intral 1p should stimulate to
peristaisis. But whether such increased penstalsis can take place in pre-
sence of Ca b s uncertein, The mcreased rate of intestinal tramsit
may here be due to # passive flow of fluid whose rate 15 increased because
of the mcreased intraluminal hydrostatic pressure

Coxzclosion
It seems evident that the observatiams prowide no basis for farther
discussion of the mechamsms behind the alterations 1n rate of secretion.
gastric emptying and ntestmal transit.
The observations may however be of general fmportance m taxfcology
and for problems of retarded absorption, snce other taxic substances
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mnyproducenmﬂu:mncdommﬂwwtro—[mudmlmm(socmnn—
published) and cause & retardation of their own absorption.

Thcponfhulyﬂwmumnthemmhmmmmd:mm
fnvomdctnnﬂantionpmahymduqngthemtca!whkhthcmﬂc
lsmthhtrodmdinwthaorgmhm.Thhmlghtbcofcpcculvlluc
when the dctoxification procens b of Jimned capemty With sulphanil
amids It is seen that the proportion of acetylated snlphanilamide 13 larger
dunng the mitial peried of abearption, when the plasma concentration
of sulphanilamude 13 low (table 5)

Soummary
1t has been demonsirated the reduced gastro-intestinal absorption
of drugy 1n p of cal binding sub is mainly due to a

marked decrease 1n the rate of gastric emptying, but probably also partly
to an meTeased rate of passage through the small wmtestine by the contents
coming from the stommach,

The immediate cawse for the retanded rate of gastric emptymng is a
considernble Increase 1n gastric secretion,
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TthminlryCoﬂcﬁo(Norﬁy
Department of Ph and Toxkeol
(Profesor Dr Ottar Dybing)
Fffects of Cakjum-Binding Sabst, on Gl and Salphanil
amide Absorption from Perfised Small Intestine Loops In Siin
By

Erling S8grwm
(Recated Augest 3, 1964)

It has been ghown in an earfier paper (SBGNEN 1965 ¢) that calcfum-
binding substances (Ca-b.s.) cause fluid to be transported to the holated
intestmal loops {a situ This Involved a reduction in the mitil concentra
tion of the substances whese absorption 1s to be ttudied On the other
hand, the transport of fluid to the intestinal [oop results 10 an Increased
absorbng area and a tise 1o intraluminal pressure in the Joop. These
two Intter actions may cuntn’bute townrds masking any possible effect
on helial tranl of by Ca-bs.

With Sircer & SaryTH s method (1955) variations in the absorbing
area and pressure conditions can be practically eliminated

Matferial and Methods
Fastimg male rats weighing from 200 to 250 g were wsed. Theso were anaesthetized

Mmamhah:dmmpbc:dm-ubhhudmlr The sbdominal
curty wit opened and the ftestine eut at duodenojaiumal fiexure, The weall futestine
w1 washed with physiclogicul saline at a of Ip*

Frocedure (see B 1)

The abdarmen of the ansesthetized ankmal is opened. The part of the fatestine
umuwwmnsmmnmww«t&
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Flg. 1 Appamtus med for covalatlog fluxd through Intertine (Smrr & Ssrrm 1959
Flukd contained in reservolr A b circalated means

by olEp:-B.ﬂB.
Warm water (389 enters spparates t C and lmves at D Two-way taps at E facteats
rapld washing of ntestioe,

The oral end of intestine s connected at F with the apparates described above
and the distal at G The gas (In tho original method Oy, in our experimenty akr) from
B will then camse to circulate the flokd from the ressrvarr A throngh the sntmals
Lotestine.

After perfirsion s concloded, the intestine and the reservolr are washed oot quickly
with 200 ml of physiological saline by means of the two-way tap E-

From the known concentration of the sabstance whose abtorption is to be studied
and the final concentruton defermined after 20 minutes, foc tnstance, the amourt
of substance absorbed bs calaulated.

With the original mothod, the rat is placed oo a hest-regulated table daring the
perfurion. In our expertments the rats were laid on & Roux bottic, which was pushed
Into the sarme circulating eystem as is used for heating the Jackets surrounding the
perfusion vemel and the air in the gas-lift. The air it sopplied from an Awr Maser
tank oxygenstor and pames through the fluld in best-regulsted wushing bottks
before reaching the gasift.

Afterth 1k ha f %3
was lhgated and partially cut through immedistely anterbor to the lgature. It wet
then artached (o the connecting piece and washed further with 10 ml of 0.9 / sodhw
chlorkle solutian. The rest of the wash fiuld was biow oat of the intestine with 2

of the mounted cormnecting pleces.

The perfusion fluid was pat into the perfusion vessel end hested to 38° The
perfoskon was then bepan afier the rats rectal temperature had been recorded.
Urcthane ansesthesia, him other {orma of anacsthesia, caises hypothermis., Howevet
byph:lnilh:mkmlonlhnmdubhummnpmdbblfwrmﬁhahmﬂm
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m“gm'hhﬁuunlrthbodytunpelmmbuqumum'hhhil
1n\!°x(sn crdmnts the porfoion foid circnlsted by mesns of air from & tank
Sty & Svm oaed oxypen In the gasBf. At in the original method,
m&mnumﬂhmml\vﬁmhvmﬁmormﬂdfmm
usion veweel.
m;mm@kphmw-mdmmnmwmme&
Pansons (1949) this should ghve sufficknt distention to expom the entire mocoas

min.
Afier the ead of perfouion, the flidd [n the {ntesting and spparatos was washed

ogt with 0.9 sodlumn chioride, from a reservoir kept st 38° 1o give a tolal final
volome of 206 mL

During washing of the intesting befors and after the experiment, the

hydrostatic
prewsure wea ket under 60 amL I the prexsure b rabed beyond this, the Intexting
may be dameged (WoIMAN 1961).

At the end of the experiment the wmall [ntestine way cvizcerated and everted over
a ey rodd for napection, with a view to dciecting gromsly visible morphological
changre. Further representative specimens were tken for bistologhcal cxamination,
Soherions

Where not otherwim stated, 30 ml of 0.9/ sodhan chloride sctution contakntng
1 mg/m! glocose and 3 mg s were used for the perfution. When &

fphanilamide
Ca-bs. wes axed i the second perfindon period, this was contrabelanced fn the firme
by adding equimolar amounts of sodtom chiorde,

were dus by dexcribed (500
NpH 1965 a). The gtocose determinations were curied ont by Halse s modificatan
(wworm&Nm-W(lm}Mu-Mw
acd for mensurtrg snthrone sohution & syring: delivering o a fixed volurme,

Remlts

A hypothetical effect of Ca-bs. on the transport of sulphanilamide

ngmbca;nrclwun(ou:mulmmomcﬂ’caon“wumsponcw&cd
by deficient utitization and

nt Lmi:nponnf;lnmu(s:edhannon).r’r:lhn—
T were ducted wnth perfuslons of a fluld
In‘hhhgluomchdbommphmdhyxyimAcmrdmgmumn&

Pansov (1957), water transport depends on the absorption and metabo.
Irsm of glucose, 1t was therefore & matter of interest to study the transport
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PERFUSIONFLUID CONTAINTNG

mg
14
BULPHANILAMIDE  _ -
ABSORBED 11 -
OLUCOSE XYLOSE
.“

Flg. 2. Sulpheniarmkdy absorption from solutioas of squtmoler concentration (17 75 mM)

of gucoss eod xylose d rdog biorpion period of 30 min Isitil amomt of

sulph nilamide 3 ;g tn 30 ml of sline. The columns give mean values for 5 snimsh
in each group Tho difforenco Is sigaificant. P < 0.001

of sulphanilamide 1n the absence of glucose. The result 1 illustrated
graphically in fig. 2.

In table 1 are recorded the effects of Ce-b.s. on the transport of glucose
and sulphanilamide.

The transport of glucose 15 seen to be slightly reduced m the experi-
mental group as compared with the control group A ciear depresson
1 absorption was only noticeable 1n the presence of high concentrations
of sodium fluonde or sodium oxalate. (Sodinm oxalate caused no de-
presslon at a concentration of 10 mM ) The depression in the presence
of sodlom fluoride 13 m some measure related to the morphological
changes this substance produces at the concentrations used. Tetracemin
and sodium oxalate, on the other hand, caused no morphological changes
(EricseN & SUONEN unpublshed) It is seen that Ca b.s. had no effet
on the transport of sulphanilamide nnder thess experimental condiions
Only sodium fluoride mhibrted the trrnsport to some cxtent, but morpho-
logscal changes were found here It has, in other words, been shown that
& damaged mucosa i3 less permeable to sulphanilamide than an intect
one. Perfusions for one period per rat showed exactly the same tendencies
as those demonstrated mn table |

The sodium fluonde and sodium ozalate used In the perfusion will
cause precipitation of the respective caleurm salts, which may affect the
mucosa mechanically

In exploratory experiments the transport of glucose and sulphanilamide
was therefore studied in the presence or absence of calcwum mn the pet
fusion fluld. The results are recorded In table 2

Under these experimenial condrtions no difference was noticed in the
glocose and sulphanilamude transport.
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Table 2
Rates of absorption of glucoss and xul, L= vive from calctum-free and caldum-
mnu]nh;nhmOm-bwmhnMdmdmlmm moant of placose
30 mg and of sntphanBamide 3 mg.
Composttlon [ Number of g absarbed
porfuxion fuid snimak gocose  solphaniianide
30 ml 0.9/ N Q with 1 mg ghicose/ml 3 ny» X))
withont Cs + 077
The same sallno with @ Ca-conc. ] 2295 053
of 5 mM + 028 £004

Other calcium concentrations have llkewise been found in exploratory
experments to have no effect on the same functions.

Water transport from the perfusion fluid wes here determmed by
direct measurement of the fluid volume left in the perfusion vessel and
mtestine at the end of the absorption period. The effect of sodium oxalate
on the net water transport is thown in table 3

Table 3

Absorpuon  { water in milltres from  perfision flusd
inflnenced by sodium oxalate. Absorption perrod 30 min.

10 mM sodi m oxalts 10 mM sodium chloride
12 43
a2 43
+16 Man + 093 33 Neen +35
+18 3
+13 iz

+18

A similar effect of sodrum oxalate, sodium fluoride and tetracemin on
the water transport was scen in exploratory expeziments (SOONEN i+
ublshed)

pInssem[romﬁg.3thnt,cvcnnﬂcranuhsorpdauperioduf20mmm5~
absorption will take place from the perfusion fluid during the next 10
min at least. This is evidence to suggest that absorption perrods of 20
mm msuitnhl:m:xpcﬂmenuohhnhncLShomrpu-rmpu”iodl
can doubtless likewmse be used whereas longer perods are held to be

unfavourable.
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mg
g '~ GLUCDHSE
3 » ~
[ —
% L SULPHANILAMIDE
z —
-
E L) \\
i
|4
% 1
s
3
min " n »
3 Amoants of glecoss isd swiphasiyrads dis from the perfy faid
E’\"nm bnrpﬂan Inrtial arscunt of )om‘grm]mm
3 g Tos tracing s besed o at et Gve t onch Uma.

Discestlon.

As shown by Froter (1955), thero Is a relationship i1 rifro between
the absorption of urea, and sorbitol and the tramsport of
glucose and watsr To discover whether or not the Absorption and utilira
tion of glucose bave any influence on the absarption of sulphanilamide,
the latter has been studied in the presence of glucose.

Mmmﬁ;lthcqummyofm]phnnﬂamxdemnsporwdm
shightly reduced when glucose wras replaced by of
xylose in the perfuson flund.

The result of this exp Y experiment suggests that the absorpiion
udmﬂlmﬂonofglwmayhmmhunbmpﬂmmdmﬂmﬂmof

ide. 11 was th thought appropriate to study the effect
of Cabx on glucose and sulphanBamide absorption under such expert-
mental conditbons as kft the absorbing area and hydrostatic pressure
approxmmately unchanged durmg the absorption period.

As shown n table | 23 mg glucose dhappeared from the perfusion
fluid tn the course of & 20-min perfusion period. Durng the second
perfinion pertod the amount of glucose disappearing was 94-96 / of
that in the first pertod. Ik ef al. (1956), In experiments based on the
same method, obtained results fairly close to these. With S0 ml of per
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ﬁmonﬂmdmnmininglmg/mlglummdpcﬂmmoflsm
19.5 mg glucose were absorbed.

As, however thevo]umeufthcpcrﬂmcnﬁuiduwﬂuthcpuﬂlﬁm
period differ m these experiments from ours, the results are not directly
comparable.

The mam difference between the expermments of JERvIS ef of and oars
hclinthcammheﬂcmcd,pcntobarb}m]wdmminthcfmmlnd
urcthane 1n the latter WILBRANDT & Laszr (1933) have shown that
urethane does not affect the absorption of glucose or xylose from folated
loops even at doses of 4500 mg/kg (VERZAR & McDouvaaLL 1936), On
the other hand urethane 13 known to affect the permeability of the red
blood corpuscles (WILBRANDT 1960) Although the results of the urethane
experiments from 1936 must be accepted with some reserve, urethane b
m fact an anaesthetic that is used In modern absorption research, ¢. g
by FOLDVARI ef al (1962) who employed methods of the same type 13
those reported here.

The use of air from = tank oxygenator m the gas-ift of the perfonon
system proved in exploratory experiments to grve the same results as
when oxygen was used m the gas-lift.

CURRAN & SoLOMON’s perfusion method (1957) 15 not based on sddi-
tion of elther oxygen or air to the perfumon fluld, It =5 to be assumed
that adequate oxygenation takes place through the blood under such
expenimental conditions and that the use of air is not more “nnphyxiclos-
1cal™ than the use of axygen In the gas-lift.

Another difference between JERVES er af 8 experiments and ours B
that the latter had sulphanilamide in the perfuuon fludl However &8
thown in exploratory experiments, the glucose absorption rate does not
depend mignificantly on the presence or absence of sulphanilamde in the
perfumon fluid

The normal blood glncose Jevel i our rats (unfasting) 15 113 mg/!00 m!
(DypNG & SHGNEN 1958) With 100 mg glucose/100 ml of perfusion
flmd the active component of the glucoss absorbed should therefore be
engaged in possible transport. We must here bear in mmd, however that
8 certain proportion of glucose 1 utilized, accordmgly not proceeding
further Into the orgamism (SMyTH 1962) If by absorption from the
{ntestinal tract we understand transepathelial transfer of substance to the
extracelllar flud (Fisaer & Paxsons 1949), only part of the amount of
giumduappmmxmbcmldtohlvebemabmrbcd.Fcruﬂhlﬂm‘
wtakl:plu:e,tln:lv.m:umﬂbon‘]:rol‘t]:tc(,-p'lt.h:linlr.c]]mzml:u'mlr!Jmit
also be passed however As shown by Newy PAmN!&SHYTH(wS?;
phlorhinn mterferes with the absorption and wtilizatron a{gilg";w
Inhibiting the transport of glacose through the Iuminal border



CA. RINDING SUBSTANCES AND LOOF ABSORPTION 57

thlthasdmppcnmdfromtb;pcrfndnnﬂuidwﬂllhminanywmlhzw
p.mdth:lummalborduoﬂhcmma]mﬂx
Mhnodguﬂumdlﬂ'umccbetwcmthznbsorptmnofglw

and that of sulphanilasude m the p ar el of cajcium in the
pestusion fluxd (table 2). However a clakined by DUMONT ef al (1960)
it is impossible in xuch to remove all cakinm from the

pcmnianﬂmd,Bythhnnhodwmmcmddﬁmhmtobcmppﬁed
10 the absorbing structure ria the blood and also to the lumen by secre
on and desquamation of epithelial cells. The quantites of calaum thus
mpplkdmuldwlﬁmmmamMpmmLhanﬂghtdcpcnduuionh:d
calcunm under such expermental canditions.

In ts conducted almost simul ly with these, DUMONT
nal(l%ﬂ)lhmmdthnlmnmmportofbothwdiummdwntcrfmm
perfused small intestine loops from the rat can be affected by alterations
in calcrem concentranon. By raismg ths calcium concentration to 1 mM
these workers obtained an increase m water and sodium transport from
the intestine. Additlonal rises in cakuum concentration to § and 25 mM
caused the absorption of water and sodium to fall There seemed, in
other words, to be an optmum caleium concentration fn thelr expere
ments. Glucose wes not used there in the perfusion fluld. The hydro-
static pressure was no more than § cm, and arculation was established
by means of & pump, which gave a circulation rate of 0.5
mi/min. DusoNT ef af 2 method seems to be far more useful than that
employed m our experiments, Bven small varmtions in water absorption
can be recorded and reproduced, wheress this s impossible nsing SHer?
& SuYTH's method 1t rould be interesting to ascertain whether or not
DumoNT ef al. s results are reproducible with glucose in the perfusion
flurd and whether of not variatlons m the cakium concentration would
Influence glucose absorption under their expenimental conditions.
Emptoyingwdxmﬂuoﬁdeorsodimmh&einupu{uﬂmrmcm,
it‘minmycvcmbodainblcmworkwﬂhm:ppmximmdycalcmm—
free perfusion flutd, as precipitation of the rexpective calowam salts wnil
otherwise bo unavoklsble A canith

lation of soch & susp
ought possibly bring about mechanical actions. In our experiments it i

lhucfommmcdlhatcn}dumtobeboundxhotudbemppﬁeddurmg
perfusion and be boond not in the lumen alone, but also fn the stroctures,
where the conditions are sultable for such bindmg.

Warer transport

An unabtorbable refe mndnrdL’hurmﬂy,,,'fm
determming water transport in preparations of this kind. Cuxran &
Sovont (1957) and FOLDVARI ef af (1962) wsed human haemoglobin
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Jervis et al (1956) wath this perfusion method, used sodimm thie-
sulphate as reference standard solution. They found, however the mdi-
widual variations of water transport to be large 1 proportion to the
quantity of flmd absorbed These workers hold that & perfusnan period
of less than one hour will not give useful results and that even wath ooe
hour perfusion penods ouly pronounced effects on water transport wil
be recordable,

An essential cause of the difficulty of studymng water transport by thy
method i3 perhaps, the preceding washmg of the intestme, which probebly
involves a greatly varying absorption of water during the washing.

As the effect on the water transport in loops i sifu Is unquestionable,
only a few characteristic expermments have been included here, with
sodium oxalate as absorption depressor The water transport was exam-
mned by direct measurement of the volume keft after the perfunion penod.
The net transport of water from the perfusion flud was seen to be mar
kedly reduced in the presence of sodlum oxalate (table 3)

Sulphanilamide transport

Ca-bs. do not affect the transport of sulphanilamide from the per
fosed isolated small intestine of the rat uader the expenmental condrtions
considered here. When, however sodmm fluonde 15 added to the perfusion
flmd at such concentration that morphological changes take place,
reduced rate of disappearance of sulphanilamide 15 scen. This mdical
that damage to the mtestinal mucosa mmpaires sulphanilamide absorpton

In the control material, when Ca b s were used in none of the perfasion
periods, the rulphanilamide absorption was found to be 10-12/ ower
dunng the second period than dunng the first. Exploratory experments
thowed that only small quantities (about 3,0 of sulphanflamide art
transported back to the mtesimal [umen during the restmg period aod
during the second period, but these will appear as unabsorbed sutphanit
amide in the second period.

An important cause of the difference in sulphanilamide absorptica
between the firat and the second period 13 presumably the general fall i
absorbing capacity mantesting 1tself by the reduction m glocose #b-
wr[:ﬂ.lcmbo1.thH.'EF1’JzS)nr'm:cxpt:ﬂmmmm:uilnou.r:.Asimﬂir
reduced absorption durmg the second peniod Is also seen for amino
scds (JERVDS & SMyTH 1959) and fatty acxds (BaRPY & ST 1960)-

During the second perfusion pa<f muck .ilamide ‘l':
present in the blood that the A
mtestinal lumen and the blood % P‘d"d'“
Exploratory test have shown tl

¥
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amide does not reach such a high level es to grve an equilibrium of
w}phmﬂnmﬂebetmthcml:ﬂh}emdmebloodund:rlhcucxpen-
mental condittons. Contributory causes of this wre also, among other
thhmthcrma]ncreﬂonmdthephmnbindmgnfm]phanﬂamide.

It 1 teen from fig. 3 that 20-min. perfusion periods are switable for
dnammlngth:amomtorgluwcumﬂmdnﬂphmﬂamidcnmorbcd
at o time when the absorption has not yet bemn conciuded.

Exploratory experiments with determinations of sulphanilamide con
centration m the perfuston vessel 5 10, 15 20, and 30 min after be
ginning the perfusion showed the sulphanilamide concentration to be
falling during the perfusion perfod Sulphanilamide t, m other words,
abeorbed at a faster rate than water and, at least in part, mdependent of
ths,

Sulphanilamide transport will therefore not be affected directly by a
reductfon in water transport.

Summeary

Whereas glucose transport » slightly redoced in presence of Ca b, In
the perfusion fluid, sulphanilamide transport s reduced only at concen-
tratons of sodrem fluoride that cause morphological changes. Water
transport i reduced in presence of Cab.s. but this doet not seem to
affect sulphanilamide transport. Water transport was not determmed in
the initial expermment with xylose In the perfusion flusd, Even if an in-
hibition of water transport took place then, it would not be justifiable
to clate the afight reduction in sulphanflamide absorption with al-
teratlons In water transport, The expermments deseribed hers thus provide
10 basis for an explanaton of reduced sulphanilamide transport in pre
wence of xylose,
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Intestinal Transport of Glocose and Sulphanflamide In Vitro at
Low Calchm Concentrations and In Presence of Calcinm-Binding
Substances

By
FErling Siguen
(Rewetved August 3 1966)

It has been shown 1n preceding papers how calemm-binding substances
(Ca-b.s.) act on total absorption (SBGNEN 1961 & 1965 ), gastric empty-
ing time and transit (SYGNEN 1965 d) in the intact animal, as well a3 on
absorption from isolated and perfused miestinal loops in siru (SSGNEN
1965 ¢ & ¢) Further it has been shown how the renal excretion of wilk-
phanflamide and urine flow behave fn the presence of Ca-bs. (SOGNEX
1965 b).

In none of the experiments previomly described has it been possible
1o uudy the transepithelial translocation alone without contidering al-
terations in blood arculation and other factors that may vary in the
intact animal ot fn sitw.

In our work the fransport i vitro of glocose and a sulphonamide has
therefore been Investigated by Wison & WSEMAN'S method (1954)
both In ealcumree Ringer solution and 1n the presence of Ca-b.s.

Matertal and Metbods

Malke rats weighing about 200 g wers killed by & blow on the neck. The abdomxn

and the thorex ere opened, but the dlaphragm was left intact. The thorscic  cweis
wose aut. Rleedmg took place tongh the tharack cavity and the oose,

transferred 1o & channel contalning « 09 7
toduamn chlorids sohition and cverted jo thh over s glas rod.

Fwwmhhnhml}tuﬂmddlhnbmhﬂlmp.n:lpdum
were abomt § om Joog and prepared In raphd enceession. They were fncobated at

A pearmasshetica. el 12, s )
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tutuﬂbmofll mun. in lSOmIEdmnryaﬂuhconnh:hn}Olemh—Rh:a
$0]

Before Incubation each segment was weighed and filied with 1 ml of fimid, com-
pondulmﬁuled.wb!dlhxdbmn:edw!\hlmhmmul%,éozmdsxwx
for 4 min. After incubation for 1 bour the rpecimens wers weighed before and st
emptying, and the glucoss and sl i wero o yord
the mucosal (outer) and terosal (inner) fudde.

The sulphunitamide determinations were carried out by Kina & AL ¢ modification
of BRATTON & MARIHALL'S method (1939). For the glocose determination we zxed
Havm s modification (urrpublished) of Proxioviix & Netson's method (1953)

Solutions

Krehs-Ringer solution with bicarbonate tuffer was prepared as described by
Unsetrt Busms & Sraurrme (1951) The salution wus nsed pactly with aod parth
without calelom, a3 described below

As In repeated cxpertments the mucows membrans disintegruted n tho prosence
of Ca-bua. In the Incubation fhrid, the loops were axposed to Ca-bus. for a farther

was added sodium fuoride, sodium oxalate or neutrafized *tetracemm bn the concen
trations Indicated in the tables. The intestinal Ioops were immersed in these solations
traroediately befare the lucubath

Results

Fig. 1 illustrates the difference m principle between the transport of
glucose and that of sulphanilarmde i rirro In the experiments the mnitlal
concentrations of glncose and sulphanflamide were the same 1 mucosal
and the scrosal fuid. Tt is seen that the concentration of glucose incressed
m the serosal fluld after incubation, whereas that of sulphanilamlde did
not. The resnlts show an active transport of glucose and a passive equk
librium of sulphanilamide between the mucosal end the serosal flmd

[J SEROSAL
0 MUCOSAL
A
oLucosE
mgeom M- SULPHANLAMIDE
T ™
- com - 7

m cverted Joop
mucosal volumt.

Flp. 1 Mam difference between glurnss and lamldo
il

1 vol Il

Period of mcubston 1 hour Seroea nme

FOmLThcmlnmmpvenmlcnntcnﬂuhmmumulmdmmlﬂmd- Men
112 experiments 1z oach groop.

Tetrucemninom (NFN) Edetic acid (BAN) Edathamul (NNR)
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tration was
the beginning of the experfment the glucose concen
\S(A)‘mall(nmlinth:mudmllndﬂrmmlﬂummmnofmlphmﬂ-
nmldclﬁopghfﬂunbothlhiu.ﬁg.l;homthatth:glmcmmz{:
lianmthemucoulﬁmdh&dfallcntolb‘lmgjlwml(mm.j:4),
whereas that in the serosal fluid had nsen from 180 to 330 mg/100 ml
(s.em. - 14.9). ;
lphmﬂlnﬂd:wncmtrnummlmdnnstd»WJu&/ml $.cm.
iﬁhelﬁ')?mthcmumlﬁmd.wbcrmmthcmalnmdhhadfmm
somewhat, to 84.2 pg/m! (s.em, o 0.52) The fall may bo due to uptake
of sulphanjlamude by the inal wall
4 the
Fig. 2 illustrates the transport of glucosa and sulphanilamide in
pmznornmofmhumsdpmﬁnmkkmhﬂesddadmlyto
the mucosal fluid, the initial concentration in the serosal fluid thos bemg
200 The glocose transport was stodeed in the same way 23 in the pre-
ceding experiment.

Y SEROSAL

O MUCosAL

H E

E s }

a

e @ =] g

£ UL 3

u o come B B X

3 - e - o

© z

‘- e E

° g
r;lTnmpondu-cnu-ndrdpmnD-nMchmudbowarmmnim—um

1n tha prepmcy and

of calcium. Tie# eolomos give the mums values of finaf conceu-
mtn.unllc\pt’nmmhh-ch of incubation | kowr Length of loop
o

mfunlconccmnlwnofg]wosclnlbenmcomlﬂuldhlnlhcpﬂe-
sence of calaum (155 5 mg/100 m! (sem. + 14.5) and {n its absence
(161 5 mg/100 mi (s.em + [3 1))

The concentration difference in the serosal flutd wdicates a reduction
in acinve tansport. In the presence of eakelum the final concentrason
\m2697mg/lmml(um;t139)Andinhslbwne:2266mg/1mrul
(sem + 12.4),

The sulphanilamide concentratian which mithally was 100 pg/m! in
l!mmumu]nndnﬂh\lhelamlﬂmdlccmcdwbccqmlinmemonl
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fluid of experimental and control loops at the end of the experiment. The
concentration was 45 8 pg/ml (s.e.m. + 18) in the presence of cakmm
and 47 4 pg/ml (s.e.m. = 1 2) 1n its absence.

The sulphanilamide concentrations m the mucosal flurd Likewle did
not differ significantly being 1019 mg/100 ml (s.em. + 1.5) in Krebs
Ringer solution with cakcium and 97.2 mg/100 m! (s.em. - 2.5) wiihe
out it.

The amount of glucose transported was thus somewhat larger in the
presence than in the absence of calcium, whereas no difference was
demonstrable in sulphanilamide transpart.

On incubation of intestinal loops in I mM Ca-b.s. solutiona, the actve
transport of glucoss was seen to have ceased, but at the same time 2
marked disintegration of the mucous membrane was notwed (EricaseN
& SOGNEN umpublished) This did not show itself by the incubation
flud becommg turbid, but was plainly vnible when the intestmal loop
was Iaid on filter paper a few seconds before weighing. It then Jeft 2
streak of mucus and desquamated epithelial cells on the filter paper

In experiments whose results are recorded in table 1 the intestmnal loop
was immersed in a 1 mM solution of the Ca b.s. for 30 seconds before
the mcubation.

At shorter immersion perfods (5 and 10 seconds) neither reduction @
active transport nor morphological change was observed

In cverted

Effects of calctum-binding glucose o
loops of rat small Intestine. sodiom

preparations were mmmersed 1n | mM aolutions of tetracemin, sodiom
-odmm cxalate for 30 seconds befory | bout of Incubetion la cakdum-fres xrrbrm-rf

salation.
Initial mucowsl and scrosal concentration  { glucose 180 mg/100 wl. .
Initial mocosal sulphastlamide concentration 100 py/ml ard serosal cooceatraton =

Final concentratra of

Number of
ents Qlocose mg/100 ml 3 lphanilamide pgfol
Mucosl Seroml Mucous! Serom)
"
‘etracem 5 151 165 49
B " + 126 + 38 + ,,‘1 + ”&5
Lodium floonds 3 6
. + 199 * 163 + 1 tlcé
3 216
Sodum mhatr + 114 + 108 + 22 + 11

”

mm 1 265 131 52
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Tetracemin Js scen to have completely stopped the sctive transport.
Pronounced morphological chenges were then present. Sodium fluonde

mthew:ccdh\gcxpmmmummmpoﬁmmdmwdmmo
avm;(oﬂw}ﬂghprmmobmncdhmcmoul(inmr)nuidbyﬁlllng
the loop with 0.2 miijcm intestne (1 mi in an intestnal foop of 5 cm).
Exploratory experrments showed that if the intestinal loop i filled with
o smalfer volume (¢ g 0 15 mijem loop), water will be transported to the
serotal flud on meubation i cakaum-free Rmger solution. In the
presence of Ca-ba. water transport will cease, and the amount of sul-
phanilamide in the serosal fluid will be reduced according to the difference
beoreen the final volames {n the cxperimental and the contral grotp
By way of exampie, 16 ml of water end 520 pg sulphanilamide will be
transported from a mucosa! fluid having an imitial volume of 30 m! and
a sulphanilamide concentration of 100 wg/m! to a scroml fluid with an
jnitial volume of 10 ml and an imitial sulphanilamide concentration of
wil. [n the presence of sodiom fluoride the water transport will be nil
ot negative ond the amount of sulphanilamide transported to the serosal
flud 292 pgrmi Such alterations have only been seen in specimens with

pronounced morphological changes. A detailed account i therefore of
e vatue

Discomion

The specinin used is assumed to function in the way desceibed below
Flard and dissolved substances are first atworbed by the eprthelial cells
from the mucosal flurd This correspandens to the first link of the ordinary
mysioiopcmnbwrpuonprmﬁmdnndmbﬂnnmmmnmomd
further to u:cmbepﬂhdmlrcﬂmulnrmumymuld have been remaved
from this vz blood and lymph, but tha is not pouible in vsro Fluld
and substance therefore accumulate in the intestinal wall When no more
gl::;cunnccmnulalcmmhwmnlwnﬂ,wmewmpnufnwﬂwmal

‘Should the substances whose transport 1s to be studied only be present
m the mucosal fluid, they will, if transported passhely pass 10 the seroat
foid in eccordance with the eoncentration gradivat between serosal and
mucosal flulds (Barry 1960)

Substances that are sbsorbed actrvely will be transported, even if the

caccentration i or becoma higher mn the serosal than in the mucosal
fluid (Wnsov & Wrryan 1954)
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In our experiments sulphanilamide was shown to be transported pas-
sively 1n the specimens when conditions were suitable for actrve transport
of glucose (fig. 1)

As the initial concentrations of sulphanilamude in the serosal and the
mucosal flulds were equal (100 pg/mi), a reduction in the concentration
must have taken place i the former The net transport af water was
nil, owing to the pressure in the 1olated mtestinal segment. The fall in
sulphanllamide concentration of the serosal flmd was therefare most
likely due to uptake of sulphanilamide by the mtestinal wall from the
scrosal flusd.

Another factor so far not mentioned in connection with these spea
mens, Is the small remnant of fat left at the site of transiton from the
mesentery to the mtestine, which may contribute towards a larger fat
content 1n the serosal fluid than in the mucosal. The distribution of
substances over the serosal and the mucosal flurd may therefore be
considered to depend on therr fat-solubility

Further it has been shown by WiLsoN (1953 & 1954) that lactic dever
ops dunng the transport of glocose, to be accumulated as lactate in the
serosal fluid. This environmental difference between the serosal and the
mucosal fluids may likewise be considered to affect the dutribution of
substances between the two fluids expecially with pH alterations in the
serosal flusd doring the incubation, and may marfest itself particularly
m relation to transport of substances with pK values closs to the pH of
the environment.

With the large volume (30 ml) of the mucosal and the small volume
(1 ml) of the serosal fluid, even &mall vanations in the transport from
the mucosal flixd will have large effects in the scrosal flusd. The spec-
mens are therefore in general most suitable for studies of intestinal
transepithelial passage of substances and flud. However as shown by
HANGEN (1958), tetracemim has a dmintegratmg effect on mtestinal mocost
in vitro Our work showed the same to be true of the other Ca-b.s. (T
dumtegration cansed by sodium fluoride was seen at higher concentr®
tions or after a longer time of exposure than employed to achieve the
results reported here)

Dmintegration of an eplthelium to detached cells does not necessarly
interfere wath all the functions worth studying in the ndividoal el
Tetracemun 13, 1n fect, med in Hissuo coltures to avoud adhesion of brg®
coherent cell arcas to the glass walls. Theoretically the intestinal mucost
rmght therefore be expected to disintegrato under the action of tetracems®
after which the caleum fons conld be added Jn excess, This would i
a purer and more clearly defined preparation for studying the transpert

and metabolism of the mdvidusl cell than that obtalned by scrapd
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brane, Muocosal scrapugs ykeld impure preparations,
mnl'i’x mﬂm given valuable enzymalogic information (Sos
lgflﬂmﬂar removal and replacement of tons has been described for
erythrocytes (MAZEL 1961) and for liver homogenates (HERBERT 1958
MmaRD & WAGNER 1958).

The effect of tetracemm on intestmal tissue in vitro seema to conust
of & well-defined denudation of villl (Ericasen & SOGNEN) Ce bs. are
therefore badly smted to the stody of transpart through membranes in
vitro 1t will at any rate be highly time-consummg to find concentrations
that can cawse functional changes without their being mssociated with
epithelml disintegration.

Morphologically unchanged mucous memnbranes may possibly be ob-
tainable from the in virro spectmens by administermg Ca ba. to intact
animals and preparing the {8 vitro prepamtions from these by killing
them at different intervals after the admunistration.

Swmmary

The experiments have shown that sulphanilamide is pessively trans-
ported In everted loops of sl miesting, where the conditions were
surtable for active transport of glocote, Glocose tramsfer was reduced
and sulphanilamide transfer was onaltered 1o the absence of caldum
from the ncubation fluid.

A simultaneous reduction in water and sulphanilamrde transport was
seen at concentrations of Ce-b . causing profound morphological changes
in the preparations.

Immenston of the mtestinal loop in solutions of Ca-b.s. for 30 scconds
belore meubation revealed reduction In glucose transport that wsually
went paraliel with the morphological changes by the Ca-b.s.
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Glucose Utiltzation by Intestinal Tissoe fn the Presence of Cal
clom-Binding Substances
By

Erling S3guen
(Received Angost 3, 1964)

Various workers have demonstrated a correlation between the it vitro
transport of flud and ekectrolytes and the presenco of glucose (FISHER
1954 Ssyri & TAYLOR 1954 LipsoN & Parsons 1957 Parsons &
WINDGATE 1961).

We can cakeulate the utilization of glucose and simultaneously study
tramport by WisoN & WneMAN s method (1954), but the results will
be of llmited accuracy Matthews (personal communieation) therefore
prefen 1o sudy plucose metabollsm separately This has abso been done
n the expermaents reported belosr

Material and Methods

Nono-{asting mmle rets, ranging n weight from 150 to 200 g, were ansesthetized

wrth orethane L p. The abdomen was opened 10 mimutes biter and the small [ntestios
segmerd from the dwodenakiunal ficxore (o the caecom was

carbon dioxide) was introduced [ato the
fok for 4 mioutes before moubation The incubation petiod was 1 hour in all the
experumenty

irmemedurtely afier the end of Incubation the flask was transferred to a boiling
.mm:w:mmruarmmmmdmm‘mw
mogenized in a Wering blendor foc 4 mimates. The homogenate diloted

A mosured porikon of the diluted b wal e blidun

10 a test
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tube, and trichloracetic acld was added to precipitate proteln. Glocoss was thes
k ined a1 provi {bed (SBaNEN 1963 d)

Tho ghose metabolsm was cakculated ax the difference between the glocos
content of Intestinal boops plus incubation fhuld, boiled and homogentzed Ammediiely
after preparation, and that of integtinal loope phus frkd after incubation.

In some cxperiments ghucose was d ined fo focubs ) red testines
Ths results have been included and disciresed and are powsibly of theoretical imerest,

Results

In these expermments whole intestinal loops contaming on an average
317 mg calcium (SHGNEN exploratory mvestigations) were wsed. It was
conudered a matter of interest to discover whether utilizatian of glucose
in ordinary Krebs Ringer solution differed from that in calcum-free
{ncubation fluid.

The results are shown in table 1

Table 1

Glocose utilimtion In everted loops frat mall intestine tn the absence and prescecs of
calaorn. [nitial emonnt of glucoss 200 mg. Scrosal volams 10 ml Mocosal volome 30wl
sotobon.

of Krebe-Rlngec
Number of Mg glocose atilired/s
Krebe-Ringer sol tlon ety Intests et vty petpor |
Calclam-fres 17 12124228 >00
Cakl m-containing 13 10.03+262

There was clearly no mgnificant difference m glocose utibization be-
tween intestinal Ioops meubated with and without cakaum 1n the incubs-
tion flud. This result justified omission of cakium in the mcubation
flud in subsequent experrments, as sodium oxalate and sodum fluonde
would cause d P ton of the respective cakaum salts in
the mcubation solotion.

The effects of Ca-b.s. are recorded 1 tables 2 and 3

Sodium fluorsde at & concentration of 1 mM is scen to have slightly
\nhibited the utilization of glucose. At a concentration of 10 mM the
\nhibition was 85 4. Further it 13 scen that sodum oxalate inhibited
glocose utilzation and that the degree of inhibition depended on (he
concentration. The same was truc of tetracemm. Of the latter 1 mM
gave approximately the same nhibition as sodlum fluonde at the same
concentraton, whereas at concentrations of 10 mM tetracemin caused
much less inhibition than sodium fluoride,
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T 2 wverted 1 of m1
caletum-bindin betascos on the glucoes utitizstion kn oofrs
Efecn of o iiloa (s ritre Perdod [ lscubation 1 ous
Wumber of
ons || | e
t
' Auorde 1 ’ 101229 003 <p <1
1 3 él'.i;-j D.Og p 0.\2 ay
12 JLIE <p
Sodumn axalate S 3 19517 | 000l <p <00l
Sodben chiceide v 121224
Table 3
L H h and cabaum
Glocose mitmation e sotulons ! of Toa 1
My glucowe
}mu Nomber of | uthaed/,
anhmals
mean 4 ke
Tetraconln 1 3 101211 0] <p<tl
Calersm temmacemin 1 3 12123
wrscemin 10 9 9651 p <0
Calowom tetracernin 10 10 142408

The utilization of glucowe m 1atestinal leaps incubated with caleum

tetracemnin was greater In these experiments than in calcium-free Krebs-
Ringer solutlon.

Little jmpottance can be attached to the difference in glucose utilization
in e presence and absence of calcium tetracemin, vnless the experiments
are performed on the same day

The mean value is based on the 17 control experiments conducted for
the comparison n general and cartied out on different dayx,

Experiments have been conducted with homogenates of intesting) wall

in order to armrive st an impression of glucose nillization in intestinal
tissue,

Repeated experrments revealed no utilization of glucose in szeh homo-
genates.
Discnsaton
The correlation between the presence of glucose in the medium and
ke transpat of electrolytes and flud 1 viirp is mentioned in the intro-
duction. Most workers regard this correlation 2s an indiention that the
Tetraceminam (NFN) Edete sctd (BAN) Edstham! (NNR)
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glocose forms part of the encrgy-creating process underlying the sctive
componeats of the transport system (SMyTH 1962)

Our experiments have given the results that Ca b.s., which have been
shown previously to influence water transport, also have a certain in-
hibitory effect on the utilization of glucose in vitro

The effect on glucose metabollsm is 5o relatively small that we most
expect no more than a moderate action on the transport systems depend-
ing darily on this metaboli

That some glucose seems to be metabolized in the presence of caletum
tetracemin (table 3) 13 possibly due to the pH being lowered so much in
certein stroctures that the calerum b plex 16 dassoclated and
yields calddum soms to the metabolic process in concentrations optumal
for this. Such local pH changes are assumed to occur at the absorbing
surface of the mtestmal tract (SCHANKER et a/ 1958) They might eho
concelvably anse m the transport system of the mtestinal wall In relation
to the transport of glucase, which, according to WiLsoN (1954), is con-
verted into lactic acid during transport and is present as Iactate in the
serosal fluid. Thus hypothess is weakened by the results of the experi
ments with calclum-free and calanm-containmg Krebs-Ringer solution,
which showed the glucose metabolism to be the same with both solutions.
The results recorded may on the other hand, be due to the calaum com
centration chosen not having been optimal (tabel 1)

Glucose, which Is generally otilzed m tissue homogenates, was ot
metabolized in homogenates of intestinal tissue under the expenmental
conditions employed This observation has been confirmed by NEwY &
SuyTH (1962) on the baus of expermments conducted simultancously with
ours. The cessatlon of utilization of plucose mught, perhaps, bo related,
at least in part, to the fact that no transport takes place It may however
also be thought to be cansed by a dmorganization of enzymes cauxed
by the homogentzation. The present work affords no baais for further
discussion on this problem but the observation may possibly constrtute
a useful starting point for a study of the transport and metabolsm of
glucose in membranes.

Summary
It has been shown that there was no significant difference betwreen
glucose utilization by everted intestinal loops incubated with or withont
clcium m Krebs-Rmger solution
Calchum-binding substances reduced glocose utilization i everted in-
testinal loops. The degree of mhibition and glocose utihzation depended
on the, concentration of calcium-binding substances.
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Annppumlincrcucinglummﬂlnﬂnnmpmmorm}dum
tetracemin was observed and is discussed.
No glucoss utilization took place In homogenates of ntestmal tissue,
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From the Department of Pharmacols I fty of Copenhagen
(Profersor Knud O Meller MD)
The Electrolyte Compoattion of Granulation Thssuo
Normal, Scorbutic and Thyroxine-Treated Guinea Pigs
By

Hans Langgird sad Ole Jurgensen
(Recetved July 28, 1964)

Previous publications from this laboratory have dealt with the electro-
lyte composttion of connective thsre in a vanety of circumstances, m-
cluding acute inflammation and treatment with large doses of ascorbe
acd. As & part of these investigations the electrolyte composition of
granulation tissue, Le regenerative connective tissite, hias been examned
in tho study reported here

Methods

Tomceres (1962b and 1963) comined the cffect of ascorblc sckd on formation of
granulation thene In open wounds and the effect of thyroxine oo wound healing b
normal and ascorbic ackd deficient guinew pigy, Since tiwoe remnants from these twe
studles were avallable at the time when tissue electrotyte determinations were carrid
out i this laboratory !hnuhlvenowbumlmlytndfnrnod.hm.mﬂd
chlodde.

Experimental groups
A 1) Comtrol (control on A2 and AY)
) Scorbutic
3) Scorbatic + C vitowdn for 2 dayr
B 1) Comtrol (control on B2)
2) Thyroxime-treated
C 1} Scorderic (control on C2)
1) Scorbutic + thyroxime-treared

Experimental procedires
Femalo guines welghing about 300 .hm-mbmmmkdhmmﬂh‘

ord i &wﬂhmunﬂh&mmh‘f:
Mmmmambdmmmwmmm(w

;—rmnmlmcmlmlmhmimsomdmuc.ddwh
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09 mwmmmmmtmwbmm
mlﬁmzmﬁ:i%mmmmmhmAlmdmw"d

thon

of the proteiny by Somogyi's teehnlque (f Cotiovr 1962). In separats groups of
normal, scorbutic and thyroxine-treted 0 fornution of gramlrtion trme
was induced, bt the anipah were otherwise cartied through the same procedures aa
dexribed sbove At the end of the the pheoma of sodkm
and chloride were determined.

Reslis

The contents of sodfum, potassinm and chlonde, expressed as mEq/100
g of the dry fat-free tsue, are summarnzed fn table 1 The Na/Clratios
are also indicated. In groups of scorbutic animals a sigmficant incremse in
the chloride content (p < 0.001) and a smaller but also significant
increass in the sodium content (p < 0005) were observed. The Na/Ct
mtio way lowered thereby mpnificantly (p < 0001). A decrense in the
NafChratio was also observed m nonwacorbute animals treated with
thyroxine (p < 0.001). In these apimals, however the docrease was
caused by a fall in the sodium content (p < 0 001). The potassum content
was sgmficantly redueed n scorbutic animals (p < 0.001)

Table 1
Relative amounty of sodlum, potewom sad charids xd the Na/Cl-rata.
N oo ko)A
Groop I+ lmEg/100 glaeqnon ¢ mealioo Farl
‘m:u.n.\mnm]mnl.w HA LA
t
A3 Cortrol WY 030 378 2077 | 499 2081 091 Lop12
A2 Scerbute [ a7 5t10| Rapivel | 3 1)
a3 . +C ta \ + ta1a4 21 £001¢
oy 43 140|405 2102 475 2134 093 s0002
81 Comrmt 13,443 0920347 109 474 10M 093 soni3
0 Do e | 1 PIaoTi sas a1y Sie aiasn
S o 3036|141 10) eD8t:09T a7as00)2
14 trealed yulm 138 32844121

STt 18 o3t L0y

"Wmmfmlb'muuolmpupxowl

different from (¢ cosiral growp Ly < 8 50,
1! Mpubcasly duferent from growp A1 At p < 0,05,
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Table 2
Com‘m:(mﬁ?mmmpumm;:‘;mmm
Na (mEq/D Cl (mEqM

mm!mt)“"“‘“”‘l Control | Seorbme  THICHM-

L1
17 120 120 Lo 96
17 120 120 91 101 g;
118 121 121 1 104 100
120 100
12 100

The figures in table 2 demonstrate that defimency of ascorhc acid of
treatment with thyroxine has no effect an the sodium or chlonde contents
of the plasma (owlng to slight hacmolysis in the blood samples the
potassium values have not been reported)

Discemion

Granulation tissue of scorbutic animals (groups A2, C! and C2
contains more sodivm and chloride than does granulation tiswme of con-
trol animals (groups Al and BI) or scorbutic animals treated wth
vitamin C (group A3) although plazma electrolyte concentrations are
the same (table 2) This may in part be due to increased exndation in
scurvy which would also contribute towards the occurrencs of increased
amounts of granulation tissue In these anmmals (cf Jowgensen 1962b)

That a difference in degrees of exndation 15 not the only factor respoe-
sible for the electrolyte changes 13, however demonstrated by the changss
1n the Na/Cl mtio Althongh increased exudation would tend to rase
this mtio 1t 1 mgnificantly reduced m scorbutic animals., This Incresse 2
the chlonde content therefore seems to be of a more specific nature

Ascorbate 1008 are among the jons that may be bound to macromok-
cules of connectrve tissue (ENGEL ef af 1961) and the in vivo studics of
LAnGGARD (19648 & b) have shown that ascorbate ons fn nomal
connective trssue may compete with chloride jons bound to h;
acid. Several authors (ABT et al 1959 POSTLETHWAIT efal 1960 SCHANBLE
et al 1960) have further demonstrated o specific sccumulation of sscorbic
acd in granulation tissue. In view of these findings it scems reasonabk &
suggest that, whereas ascorbate fons fn normal grannlation tissoe toa great
extent occupy the cationtc side groups of hyaluronic actd, some of them
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are {ree to bind chlonde in ths absence of ascorbate {ons. Severl other
factors, moreaver may be mvolved at the samo e,

A prominent feature of granul ion tissue of scorbutic anmmals is
extravasabion of erythrocytes (STOLMAN ef al 1961 JomgeNsEN 1963) It
thould therefore be noted that the potassium content 1s significantly
reduced In scorbutic antmals (table 1) However it should be remembered
that the degres of plasma exudation 15 also greater in scorbutic animals
and that dllution of the tissue with plasma represents a relgtive “dilntion”
ofmucpowdmnamcdumEqpcrlmgofthudryfutﬁuﬂsme,
Apparently the dilation effect overcompensates for the increass in po-
tasuum caused by the accumulation of erythrocytes in the tissue.

‘The decrease in the sodium content of thyroxine treated anmmals may
be due to a direct effect of thyroxing on acid mucopolysaccharides of the
tisswe. MoLTKE (1957) found a reduced incorporation of radioactive
sulphate in linear wounds of thyroxine treated animals, and JoroENSEN
(1963) by histoch [ reactions d ated & reduchon in the amount
of mucopolysaccharides i scorbutic antmals treated with thyroxine,
compared with the increated amount seen in ecorbutre animats, Treat
ment with thyroxine may thus have a depolymerzing effect on the hyalu-
ronic acd. This would reduce 1t2 sodium-binding capacity but would also
reduce the capacity for bindmyg potassium (KULONEN 1952) and water
(Hviozera 1962), Reduced plasma.exudation, on the other hard, would
abo depress the relative sodiem content, but would raise the relative
p and water The bined effect of a shight depoaly-
metization of the hyaluronx scid and of a reduction in plasma exudatiog,
can therefore explain both the decrease in sodium and the unchanged
f and water {cf Jowm 1962b).

Sammary

Sodhm,pomlnmmddﬂondedct:mﬂnnﬁombawbcmmrrlcdom
on granuintion tissue of gumea pig. The groups examined were control
anmaly, scorbutic aalmats, sorbutic anmals treated with ascorbec acd
for 2 days, thyrozine-treated animals and scorbutk animals treated with

In scorbubx animals mgnificant increases in the amounts of sodium
nndch]onde\mobscrwd.ml\‘naﬂuomﬁmrﬁmnwredm
The potassiom content was significantly reduced After two dayy of treat
mfrr\tmthmo;bicncidlhucnluuhdnnmdtonomal

reatment of normal anfrals with thyroxine amoun
opeament o v th reduced the t of

A P imtarbayics, wil. I fata. | +
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Plasma electrolyte concentrations were normal in scorbutc anhmh
and 1n anmals treated with thyroxine,

Thcmuluhnvebcminterpruedmt:mnofn:pedﬂc\ind'mgd
ascorbic jons to insoluble colloids of the tissues, a depolymenzng effect
of thyroxine on hyaluronic acid and varying degrees of plasma exudation
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Frorm the Department of Pharmesology Univenity of Copeahagen
o (Profestor Kaud O Malber MLD)

The Effect of the Meraalyl-Theophylline Complex on
Connective Tlsse Electrolytes
BY
Ham
Recoved July 28, 1960

ﬂnqucsﬂonwhﬂhcrdlmﬁcs.balduuuﬁngndumremlmlon.
have:prc—dlumuc:ﬂ'wtonﬂrdﬂuuhmlungbemdebated,lnthe
prumtttudyﬂ]cpmbhnh»bcmlppmdrdhywudmul
ly the 13 of sodium, potassium and chloride in plasma and

skin of mice treated with the mersalyl-theophylime complex.

Methods

White mals mice of the Leo-sirain, welghing frm 22 to 27 g, were divided Into two
groups one was treated with ¢ c. castradiol monobenzoate, 10 g in 61 ml of arschis
ofl Injected 6 and 4 days before the experiment. On the day of the experiment the
asimabs placed on pieces spontancoas

548,
theophylinum g 50, | N N&OH g, serile water to 1000 ml) ln 0.9/ NaClL, &
20 my of mertaly] per ky body weight, was injected Intruperitoneslly Coutrol animab
received 0.1 mi of 09/ NaCL Twenty mimtes after the Infection (the antmal did not
void darmg this perjod), the anlml was stunned by & blow on the neck, the urethee
wis mnmediskly coned by & elamp, and 300 pf of blood were sampied through an
focisien in the right skde of the neck. After beheading and the ampmal, the
bladder was emptied and the urine megsured with a tubercuiin syringe. The skin on
the tack was depltated, and a spocific srea was marked by a stamp, This arca of the
i, whth ity underinog subcutancon tise, wts achied and welghed, freeredried
10 constant weight, defatted to constant welght and subwecuently anabyuwed, Hexoan-
pune, hydraxyprolmne potzmium and chlorkde determimations oo the skin
and sodwm, p fum and chiockds inadtons on the plaama were carrled out
0 described by Lax00irp Juepe-Houd & Hvibxeg (1963).

Results
In table 1 are indi i the of urine produced dunng the
cxperimental pertod, the weights of 5.5 cm? of the skin and the relative
amotnts of warer hexosamine and hydroxyproline expressed as mg or
£/100 g of the dry fat free tisoe The plasma and skin contents of sodium,
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Table |
Amount fmincptoduadlnmmlnulu,'dm 55 cm? of the akdn and
findlogs for plasma  nd skin from cestradiobtrested, rersalyt-trested, +
mors! reated and control animals. Fach groop reprosenty 15 antowls The mem
values are gheen with thelr standerd errors.

Treatment Co trol Ocatrudl
rea r Menairt | Ocumdiol D92

Amomnt of nrine/70 min,
3 32 119 0 + 88 83 xI4T7

M3 oA
Weghtof 3.5 cm? (mg) .38 113 244 £ 83 497 L1314 483 I3
Water co tent (/100 g%)) 305 + 63 293 1 94  S§5 16D S8 14

Howsmine (mg/100 g*) 491 = 68 483 109 966 1595 981 16
Hydroxyproline (g/100g*)) 68+ 026 71% 009  S4+ 018  36% CIF
sodlum (mEq/T) 145 £ 13 144 £ 19 144 £ 13 16 i 1S
thnpeu-lm(a%m 192 0y 319+ Q.14 38+ 0.13 16L 018
chioride (m 104 4+ 08 102 £ Q7 104 + 07 105 08
sodl m
(mEq/100 g )) 279+ 064 279+ 078 720+ 100 T3I: AX
Thyo
(mEq/100 g )) 199+ 144 179+ 082 2481 099 227+ ¢H
{mEq/100 §+)) 78+ 079 262+ 031 6234 214 6401 211

) Dry fut freo thane.

potastjum and chlonde are expressed ns mEq/l plasma resp 100 gdry
fat free tissue. No differences between mersalyl treated groups and
groups were recorded.

Dhscrsion

Several wnvestigators have presented evidence for a peripheral action
of diuretics 1 mobilizmg tissue fluid and electrolytes before the onset of
dinrests, The problem has been tovestigated by studying local phenomend,
such as the flow of fluid through subcutancowsly inserted canulas, the
:prudlngmwouundth:mico{mbmmneomnbmrpdmofmm‘!
mterest, however ere studies based on blood analyses. CRAWFORD &
McInrosa (1925) and Sexpy (1926) after administration of novasurel &
to oedematons pabents found inrtial hydraemix, Initlal hydraemis axd
increased plasma chloride concentration were glso obsorved by MoLLER
(1930) after injecting mersalyl into nephrectomized rabbrts. An increast
inpluxmvulumenﬁcrmtmcntwimdjmmhunkobemﬂwf::
(DECHERD ef al. 1944 RIZEN 1964) However many other lrvestigal
have been unable to demonstrate any changes 1n specific gravity Om”’-k'ﬁh
pressure or clectrolyte concentrations of the blood after treatment
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mercural diuretics (SCHMITZ 1933 BLUMGART et al 1934 BRYAN et o
EVRIES 1946 EDLUND & LINDERBOLM 1945)

192)5“;‘ analyses on the trssues afier systemic reatment with diuretics
have been carmed out oply to a Limited extent HvIURMERG, SCEMIDT &
Scrou (1958) and Hvipsexa (1959) found no changes m water and hexo-
amme contents of the skin of mice freated mth the mersatyl-theophyihne
complex. Observations on the effect of diuretics on the electrolyte compo-
sltion of canpecqve tawug have, as far a3 we know not been seported
previowsly although such informetron seems to be highly relevant The
entlrely negatve resalis obtained in our study although limited to a ungle
observation peniod, lend no support 1o the idea of » pre-diuretic penpheral
sction of dijurethes. Electrolyte determinations were carred out on plasma
and skin of mice pretreated with oestradiol as well as of normal mice.
Treatment with oestradiol 1n thrs specific strain of ntice causes a consider

able jncrease in the amount of acid mucopalysaccharides of the skin
(review  Hvioeema, SzrorNY & LANGOARD 1963) The capaciy of the
1kin 10 serve &% a “reservolr” for water and electrolytey is theteby greatly
increased (HviDeerG, JENsEN-HowM & LaNaoARD 1963  Lanochup
19648 LANGOARD 19641), and an tnitia! shift of water and electrolytes
from tusue to plagna, rexulting from treatment with diuretics, mught
therefore have been easter to demonstrate m these animals (f Lancaiep

JrrseN-How & HviDerra 1963 1ANGGARD 1964¢). Thus, the fact that

no changes were observed either In this groop throw further donbt on the
conceft of an “extra-tenal” effect.

Swmoary
The effect of a combmed mersalyl-theophylline preparation on the
chectrolyte compoition of plasma and skin has been examined in normal
lndOCﬂmdemt:dmkcbcfunthcomttodemTh:mulupve
mo support fo the concept of a pre-dioretic perrpheral effect of diuretics,
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Section of Forensic Chemistry (Fanny Halstrom, PRD ), the Department
Frc;-fml’h?;mmw University of Copenbagm (Professor Knud O Maller MD)

Tnterfering St by Determiuation of Pabwus in Autopsy
Material IIT
p-Hydroxyphenylacetic Acld, p-Hydroxybemsolc Acid and
p-Hydroxybenzaldehyde
By
Bent Kewipe

(Recatred Aupust, 27 1964)

Continuing previous tigations mto impunties that may 1nterfere
with apectrophotometric analyses of more or less putnfied autopsy
maternal for barbituric scids we have examined further three phenolre
compounds  p-hydroxyphenylacetsc acid, p-hydroxybenzoke acid and
p-hydroxybenzaldehyde. A description Is given below of ths isolation
and rdemiification of the three compounds apd methods are ind d for
separating them from 5,3-substituted barbituric aclds.

Methods
Genersl techalgne

spectra and & F of axch o mehilng
:ndﬂchnnlndkrvﬂmmpufomnibydzwvdmnly
wmmlmxmmﬂmmmﬁ(am}yﬂx
A, plydro phenslacetic scid.

The liver used for extraction had boen tored I the minced state for 9 mooths et
45 The tiver had been obtained on medico-legal mtopsy of a 73yenr old fnfirm
rman. There 4 00 reason Lo sasnect him of having connmed any sppeeciable amouasts.
Mpohmxﬁﬂvuwmdmm@o{md@mhhdmmﬂml{h

Extroct of ier fasme was prepared o follows
Lnaﬂwx.ml,mhomonnhudihhimlnnN-Hm.hmM&Ehmm
Feneer The homogrmwte was extracted thres timer, each time with S0 mi of ether The

-y
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mmlineddhermwu:d.rkdmlhlnhydmwdhmm]ﬂnm.ﬁnmdul
mpcnledonnnmbuﬂno#SmLTh:r:ddmmhemcdlhnadmmlH!q
w-lt:rblv.h,nd:u\n:whhIOm]ofolN-Hgs(J“Subucqm(bol'ﬂmfuer
minute was succeeded by cooling under the tap 1o about 20° and fllieation. The
wmblmdﬁ]mtamaumdwhhmeqmlmhmxofchhufmn,vhkhn
rejected. To the fllirato were added 2 N NaOH to pH 10-11 Another ettract with 58
equal volumo of chioroform was alio rejected. After addition of 8 N41;S0; to
pH 1-2 three (mther extracts, each with an equal volnme of ether were combined,
dried, fiitered and evaporated to drynem on a steam bath. The residue was mbzied
to chromatographic purification on Whatman paper no 1 being developed wih
ALgeer & WALKER's (1952) mixture. Observation at wavelength 254 my: afwer sprrying
with 0.1 N-NaOH revealed two dark spots having Rr vatues 0.05 and 0 16 Socckc
schd and phenyl acetic acid would, If present, have R values of 0.03 and 0.M, respee
tively The areas covering the stated dark spots were cut out and cluted wth 3 ml of
0.1 N-NaOH. On measurcment in ultravioket light, the eluate of the spechmen coo
tahning the spot with R vatue 0.16 showed an absorption curve of the szme sppearance
a3 that of phenol imder Kentical conditiom. The absorption curve for the other chae
bad it and mink L towards a lower wavelength, To the former
of these two cluates was added 2 N-H,SOy to pH 1-2. Tho mixture was extocied
three times, each time with three thmes its volume of ether The combined dried s
flltered cther extracts wers cvaporated on a water bath. The reskdoe was sublimed s 4
temperature of 114 and a presure of 5 mm Hy. The sublimate, jodged to gt
about 0.7 mg, comisted of bhmt white arystals.

B p-hydraxybenzoic acid.

As the amount of substance n the eluate of the specimen containing the ot wih
R valoe 0.05 (see preceding section) was judged to bo too small for 1dentification, b
extraction was repested. As control we used another liver which had been stored #
the minced sate for 3 years. The original forensic chermical analysis in this Departmet
had disclosed o potsons of any kind in this hiver It presented no gross signs of putre-
faction but also had an amine like odour

Anx exiroct of the liver was prepared s described below

Axﬂ:lmbedlbovc,mgummmmluf%/dhnolmd!mloﬂN-H&
were muxed by h I The was 4 three times, escd
time with three tuncs its volume of cther The combined ether extracts were
once with 20 ml of 0 1 N H;S0,, which was rejected. Then foltowed extraction thret
tkmes, each time with about 30 ml of 01 N NaOH. The combined 0.1 N-NaOH
mmmwmaNHMMammpdumdfwﬁ
each time with an equal votume of ether mmmmmmm
mhyd:uu-odunnnﬂﬂ-t:.ﬂltrmﬂmdeﬂpoﬂmdon-mmhnhml—&ﬂi“
residoe wat heuted three trmes on a boiling water bath :-dnhmwuhﬂ)m!o(r
N-H,80,. After boiling falmm.lhcﬂ.lN—Hm:xu‘c!mmokdeaj
nndﬁtbeupmdﬁ]mmmumdmmmmmm"
time with an equal volume of ether The dried and filered ether extracts »er®
mmm-mmmhwpsmmrmmm s
about 25° The residuc was to by paper _J.nd
duuibodlbow&muummunhulh:rpmﬁﬂnkynhtﬁoﬂmmﬂ;ﬁdd
ehuied with about 10 ml of 0 1 N-NaOH Tnundmmlddcdl%m
2 N-H3SQ, to grvo an ackd resction l(mma:dthrulhnn.cﬂm\tmw_
times i3 volume of cther The combined dried and fitered ether extracts
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23 indicatod above. The residus was purified by sublime-
mw-xmmmmwm fhan that of the previoss seblimation. The
obiimmate, fodged o wekgh sbotrt 1.5 my, conststed of compect slightty yeflow cryatals.

C. phydraxybenseideh rde.

Hwer used foc extraction of this substance had been stared In the minced stute
rurTIancncmthtks' The original forenic chartica) anslysis in this Depant
foerd bad disclossd 00 pobont of any kind, except triees of phepoberbitone (the
patient bad been an eplleptic) Dn&h:dwhh!yhc:numcdby@dhux.

The Hver displayed no ggm of p {on, but bad & odour
An extract of the [frer was prepared &3 described below

bloed dried chloroform extracts wero d to 20 ml on a water bath. The
rext of (1w chlorofonm was removed [n a current of air

The residue was purified by peper chromatography sy deacribed by ALoem &
Warken s (1957) symem. The developed and dried chr, was cheerved at
wavelength 734 m. Two dark spots were seen with Ry vatoes 0 45 and 0.35 (pheno-

which, a3 already stated, had been demonytrated previowity) The arce.
coveTing the spot with Ry valus 0 43 was cut out and eluted with 20 ml of 0.1 N borats
sohution at pH 103 The ehuate was extracted with ether at scid resction. The com-

ic pressure. The sablh
weigh ebow 0.3 mg, comtisted of whics crystais.

Resuity

The crystaliine substance isolated by extracsion A had melting point
147" {corrected). Tis infrared and nliravioket Epectra were recorded (see
fig. 1 and 2). The curves for the nltravioket Tanpe are practically identical
with those for phenol.

Tbcmnumufoundlrcorddosdywﬁhthrdnmmlnthelltcmtm
for p-hydrovyphenylacetic acld. As material for compamson we used 2
purchuied sampie of p-hydroxyphenylacetic
sample had melting point 148 (corr ) and an equivalent weight of 151.9
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aalculated from ttration with NaOH. Its infrared and nitraviolet spectra
were recorded. Its Ry value on paper chromatogram, developed with
ALGERI & WALKER a (1952) mixture, was 0 16,

The mixed melting point for & mixture with the substance isolated from
the Lrver was found to be 148 (corr)

The melting point of the crystalline substance molated by extraction 8
was 207° (corr ) The mirared and ultraviolet spectra of the substance are
shown in figs. 3 and 4

The constants found correspond closely with the data given 1n the
Literature for p-hydroxybenzosc acd. As material for comparison we

Lk MW

WO 700 M0 400 K000 MO0 W00 1200 MO0 100 MO0 1700 em-]

Fig 3 Isirarsd spectra f the sabwtance rolated (cirve b)
apd p-hydroxybenzokc ackd (carve ) bn KBr

10,

QPFTICAL DENSITY
Q
-

2

o aop
WAYELEMGTH (my) el

Frg. 4. Ultraviolet specira of the sabtance kolated
1 N NaOH ——and i 0.1 Mo it 2
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prepared p-hydroxybenzoie aad by saponifying the methyl ester nsing the
substance indicated in Ph.Dan. 1948 The acd was isolated by extenc
tion with ether at acid reaction The ether was dried and dutilled off.
The resdue consisted of white crystals with an equivakent weight of
137 6 calculated from titration with NaOH A measured portion of the
residue was used for sublimation The sublimate had melting potnt 211
(corr ) It mfrared and ultraviolet spectra were recorded. Paper chroms-
tography of the p-oxybenzol: acid prepared, as described by ALgen &
WALKER (1952), gave an Ry value of 0 05 A mixture with the substance
1solated from the lver was found to have melting point 211 (carr ).

The infrared and ultraviolet spectrs of the substance isolated by
exiraction C were recorded, as shown 1n figs. 5 and 6

The spectrs found correspond closely with the data gven hn the Iterz-
ture for p-hydroxybenzaldehyde. As matenal for comparison we med 3
purchased sample of p-hydroxybenzaldehyde purum Fluke, meitmg
point 116 (corr) Its infrared and ultraviolet spectra were recocded. Its
Rr value, measured by paper chiromatography as described by Alger &
Walker was 045

450 TO0 SO0 900 W00 100 Q00 OO0 1400 %00 W00 THO0 e

md-pcm'lan.bnmbmmbom-d( curve)
Fis s'ul:ir:.umuxybmmanammn)l T
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OPTICAL DEMSITY

00

150 00
WAVELERGTH (np)

mevbiﬂgﬂn snbstance holted in 0.1 N
beonubuﬂcp —-——uth q ———

Oncmnpamgthenluuobuincdforthcmmnewbnlm
extracted from Hvers with theso for the purchased p-hydroxyphenyl
scetic ocid, the prepared p-h i acld and the purchased

p-hydroxybenraldehyds we found the three isolated crystalline substances
to be identical.

Qm. ph e of p-hydroxyphenyl acetic acid and
b kehyde in lution at both acid (pH 2) and
allulme(pH lu)mnbnhaw:hwnﬂtnmccondluomoflbwrpﬁon
for these sut as for 5,5-substituted barbitorke acrds at wavelengths
near 240 mp. We therefare attempted to scparate the former compounds
from barbitorc acxds, Maxima and minma of the absorption curves
for p-nydroxybenzox acxd are, as stated previomsly displaced towards a
fower wavelength, as compared with maxima and mmima of the shsorp-
tion curves for p-hydroxyphenyl acetic acid. The substance therefore does
not interfere 30 moch a3 p-hydroxyphenyl scetic acid with the spectro-
photometric amalyss for barbitunc acide. However the presence of
p-hydroxybenzoic acad will more or Jess distort the shape of the curve for
3.5-substituted barbituric actd denvatives, depending on the quantitatve

relations. On this account we have aho attempted to devise a method of
separtion.

Separation of p-hvdroxyphenvi ocetie acid, p-kydroxybentole actd ond
phvdroxyben=aldehyde from barbituric acid derivatives
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The distnbution coefficents for p-hydroxyphenylacetic acld, p-hydro-
xybenzoic aad and p-hydroxybenzaldehyde are given m tnblcdi

Chromatography of p-hydroxyphenyl acetic acld an a 3 mm thek
actrvated silicagel-G plate developed with ALGERI & WALKER s (1953
mixture revealed a red spot with Ry-value 0.21 after spraying with Geo-

Table 1
Partitio clents for p-hydroxyp add,
phydrazy S0 ‘ot by
Agqueon
AQEON | ehlor-
fphxll‘ﬂu:r o
I
phydroxypbenylacsticactd 05N HQY bowt 13 aimost Iatain
0.1 M phesphat pH 31 - 32
0.1 M phesphate pH 6.8 - 152
phydroxybenzok: acid e.IN-HQ — 013 abooet i
p-hydroxybennaldehydo 01N H,;80, Q03 aboutlds]
01 M phosphat pH 6.3 - oot 12

OROss e al s (1933) reagent. A mercuric sulphate reagent in place of
GERNGROSS ef al 8 reagent gave no reacton. Qur investigatioms have
shown that i analysing material for barbituric acrds simultaneous cxire
tion of p-hydroxyphemylacetic acid and p-hydroxybenzolc acid can be
almost completely avoided by uung chloroform for the extraction.

Separation can also be obtained by Intercalating paper or thin-layet
chromatographic purfication. Further a simaple cakulation, like thi!
indrcated for p-hydroxyphenylethanol (K&mpe 1964) allows us to estimate
directly from spectrophotometric mesasurement the largest amount of
barbituric acids that could be present m s solution contaminated wih
p-hydroxyphenylacetic aad.

1t 13 1mpossible {0 separate p-hydroxybenzaldehyde from 5,5-substr
tuted barbitunc aclds by extraction. By paper chromatography Witk
ALEu & WALKERs (1952) mixture, most 55-substituted barbitar
2cids shows higher Rr values than p-hydroxybenzaidehyde (Ry = 0.4
except barbitone (Rr = 0.48) It s, however possible to remove p-hydro-
xybenzaldehyde by other means, as 1t 15 somewhat volatile. By placmg
the flask containing the dred residue from the ether extraction m &
boiling water bath for 10 minutes we can remove 90/ of the substancs:
but this method cannot exclude loss of minor amouants of barbituric add

derivatrves.
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Discosdon

practically no p-hydroxybenzoic sod or p-hydrosyphenylacetio
mﬁ‘ﬁmmto;}oﬂomemhnrmmqumlmor
0.1 N-HCL we cannot expect interference with thesz compounda on spectro-
photometric examination for barblturk acds when using chloroform as
extracting agent. If we with to mclude results for the metabolites of
bacbrurdc scids, we must isolate these partly by saltng out and partly
by means of other extracting agents (¢ g, ether) In these arcumstances
the conditions extraction of p-hydroxyphenylacetkc acid and p-hydroxy
benzosc acid will change so much that these compounds may appear
along with the barbituric acid metabolites. As, moreover the two phenols
appear at approx. the same Ry-values a3 hydroxy-substituted barbitarc
acd metabolites 1 several of the ordinarily employed systems of paper
chromatography we cannot ignare the pousibility of their presence m
maternal being analysed for barhituric scid metabolites. The previously
described compound  p-hydroxyphenylproplonke add (hsare 1964)
paralkls p-hydroxyphenylacetic acld in Its extraction and will behave like
this durmg analyses for barbiture aads and their metabotites.

Our mvesitgations have thm shown that the phenollike absorption
curve oflen seen in the spectrophotometnic search for barblturates after
extraction with chloroform cannot be due to p-hydroxyphenylacetio
acid or p-hydroxyphenylproplonic scid, but imut be attributed to other

b eg. phydroxyphenykethanol, previowly isolated by w
(Kaure 1969

The thape of the curve for p-hydroxybenraldehyde has been seen
previously in this Department, ¢ g on examimiion for warfarm and s

bolites. The conditions of ton and the curve for p-hydroxy-
benzaldehyde at alkaline reaction are identical with those for the meta
bolite of warfarm deseribed by WanNTORP (1960)

On the basis of our results we cannot decide whether p-hydroxybenzaide-
hyde is a laboratory artefact produced by the action of an alkali on
p-hydmyphmylpmvknddmorl%mmndmtom:bmmnw
of metaboliem (DENTEN, DUNNETT & WaLis 1963}, However an testing
tmuuhunmu(msudmnhmoﬁmmucmwmped
like that recorded when measuring phydroxybenraldehyde. Finally it
mvbemmed\hmﬁtkrvn!nercrlhclmpumyducﬂbcdby
DTTON ef af (1963) and the spectrum within the fafrared range are, in

OuT View contistent wﬁhmﬂndhpfmp—hydmxybcnzo&cadd,llmansh
Dmdddbinotbdcnﬁfy!herub&amu'ﬂh!hu.ﬁu:cﬂmpoumj
dcscﬂbndbmemdailuhzr:forelnaﬂEkcﬂhoodkdznﬂmlwﬂh\he
phydroxybenzoic acld we have d d. Hawever lon should
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bacaﬂcdtothefactthatmammomuulwh.tﬁonofp—hydmxybmmb
acid does not have ity absorption maxumum at the ultraviokt wavelength
stated (288 my) but at 283 mp.

Summary

One of the mpunties with the ‘phenol like™ absorption curve ofte
seen on spectrophotometrnic examination for 5 S-substtuted barbitune
ackds has been wentified as the phenol p-hydroxyphenylacetic acid. Two
other mmpuntles, which Iikewiss may interfere with spectrophotometne
analyses for barbiturates and their metabolites, have been sdentified &
p-hydroxybenzoxc acid and p-hydroxybenzaldehyde. Methods are indi-
cated for separating p-hydroxyphenylacetc acd, p-hydroxybenzox aad
and p-hydroxybenzaldehyde from generally ocourrmg barbituric add
derrvatives m forenuc chemical examinations.
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of Experkmental (Profemor O Secher MDY the
From the Section ¢t of Paamacology (Professor Koud O Moller M.D)

Protective Action of some Anaestbetics Agaimt Anoxia
By

Besdt J WEhjekn and Ingrid Arnfred
{Recsirad Asguat 7 1964)

Dm-insanudyoftheinﬂumsenfblrblrumuanth:rmsmnxofmm
to anoxta, ARNFRED & SPcHER (1962) found a Jonger survival time for
anoxio mice anaesthetlsed with barbiturates than for unansesthetised
smice exposed 1o the same low axypen concentrations.

Tn 1932 QuASTEL & WHEATLEY showed that oxygen upteke becomes
reduced during anaesthesin. This is considered to be & result of the anae
sthesta and not Jts cause (JowerT 1938)

DeuTscat et al. (1962) investigated the effect of halothane on circulation
and respiration and found the total oxygen uptake to have been redoced
by from 20 t0 43 4,

Tt seems natural to assume that the depressing action of barbiturates on
cercbral oxygen consumption of animals amesthetised with them wauld
causo the animals to be more resistant to anoxia than non-ansesthetised
animals. This hypothesis wat borne out by the results of ARNFRED &
Secrer (1962) Their results prompted us to investigate whether barb-

turatey alone possess this property or whether it Is poxsessad by ansesthet
w1 in general.

Methods
AS cxperimestal animals we wsed mals white mico weighleg (rom 25 10 30 3.
The " was 2 modiB

hsing oy of that devised
Poutars & Stomx (1949) (fig. 1) ”

The gases wed are conducted from the stee cytinders (A) through flowmeters to
an cvuporation chamber in which is a epiral wirg wound with two bnyens of gamze (C).
mwwmumhhmnumw

chamber Tho anscsthatic
FE5s of & mercury cokama. By rafsiog the other mobile, leg of the two connected
A phemnasierin, L 13, s, 3
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B
C
E
A
o 7 %

Agl E nting of - -

Q:wﬁmnrmwm-mﬁ:n

gum.mm

E Tb with bottles for animals
vemels, the will be d Into p chamber whers 2 B

into five wide-pesked botties (E), each of volume of 300 mL Each bottle s provided
'with # double-bored rubber stopper mnnbouhmkqu-mamm
‘working tempersture eraployed was 32-34

By fillng the mixing chamber with smoko the gas mixturn wis shown to be dr-
buted simnilmnsowmly in all five bottles sctordingly sny differcnces of aurvival amoes
mice cannot be due to delayed onact of anaxia in some botthes.

mwm.nﬁmmdmpmmwmuml
motse bottles showed that the axygen concentration was the same o all five bottls
and that 0o differcnce was poticed in the thme eiapaing from the reduction of the oxyped

Each

individuml hetic to producse hek ufmclnhnnllmd(“lndnnbncwm:'

tration™) wnd to in the hesta ‘thn "‘2‘”
+ia obealned d the sbolished response 1 soood

criterion of the wo T

Impresrions and to painful stimali. These animats were not used for
ments, but were Xlled after surviving for at least 24 hours.
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Hvednpﬂuteapu—lmmnmcmhdmﬂmad:mmmmm
it on ten e, two b each botte & coustent Aow of alr waa pewed throagh the
Bottle, while the mice wers being phaced Io it. After 11 the mice bad been so placed,
memtuM@mmmwmm
“joduction conconinetion” 20% cogen and 80 £ nitrogen. When sleep had been
Induced in afl the snénmls, we coatinoed for 10 to 15 minaies whh the “malntcngoce
concentration Ul ustag 20 / oxypen. Then the axygen concentration was recuced
0 5% und (hat of nitrogen riised dingly the of the et

wnchanged, The gurvival time, Le the interval between the reduction of the
oxygen concendration ta 5 and end of respirtion, wis messtred foc each antmad

Th = thiomebomal (NFN) = (tht I (WHO USAN) =
leopental ®)
Ether = scther ad parcosin (NFN)
1C_!:1wurum = chioroformfum sd narcosln (NFN)
chloroethy - trk ud parcosin (NFN) = (trilene @
Cydlopropans = cykdopropen (NFN) )
Halothame = halotan (NFN WHO) (=fuothane &)
= meth WHO) (=
Netrows oaide = (NFN, WHO} (= penthrane @)
Resuolts

The “induction concentration™ wsed, the {nterval until

sleep occurred
the “maintenance concentration” and the tine mt! anoxia set in sre
recorded in table | the slgn / refers to viv

vl.nd ncrion| Muee
tirne ooy IPTY™
(uin) [oton) (i

Indwction

-

W

4
0
L5
3 [
1
as
s

]
BenBa u o
Bawwn w
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Flg 2. G ropressatetio  of experimentsl results.
snrvival time in miowtes.
Ordinats, number of antmats.

The mice ansesthetised with thiopentone had this injected intra¥™
nously 18 mg to each ammal. The intervat from the tms of njecton ¥
the beglnning of anoxia was 5 to 10 munutes.

Fig 2 fllustrates the distribution of mce according to survival witk¥
the anaesthetised and corresponding control groups. For certain anaeshe
fics a tendency 13 seen towards a shift of the survival tima to the Tight. ¢
towards prolonged survival of the animals exposed to anoda durins

anacsthema,
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Table 2
Avernge sarvival Uma (o winute) of nomanacstbetised control m{:p:nd napesthotised
G-Mmoumpmwmhwhmamm
Control smics
Asesthetia (min) | ke (min) m
Thicessharsal a3 195 1340
BETRR e 32 | WS
ricklorsairicmen (NFN; 287 3
T b “ 246 412 441
h 121

269 456 e
z ~ - 294

L:akngno(th:momebotthmﬂybemtpcd:dforth:}ousutnmvul
ﬂmm,upechﬂywbmhlghvﬂwwﬁefoundfarbcthmic:mth:umo
bottle In the same experimental series. Excessively high values were
rubed out.

Even on exclusion of these high values, a shift to the right, { ¢ peolonged
survival, was found for several ansesthetics.

Both the average prolongation of survival and the percentage prolonga,
thon are recorded in table 2.

Discosalon

The resuls of ARNFRID & SECHER s (1962) investigations mto the
tve action of thi against anoxls have been confirmed by
uLWehnwchAdllmﬂnrn:mlumlhwmeoLherlmcﬂhﬂh.Om
survival times were a littke shorter than those found by AxNFweD &
SECIIR, presurmably because our experiments were carrred out at 32 ~34
whercas theirs were performed at 24 the lower temperature may prolong
sutvvad it is a well-known fact that administration of barbiture aed 1
sccompanied by a fafl in body temperature, However this fall can hardly
alone explaln the prolonged survival obmerved with gnoxia during
barbiturate amaestheain.
Non-anaesthetised mice exposed to anoxia will develop severe convul
tions, with a consequent excessive rise i metabolic rte, and will then die.
As shown by Boisan, Fazio & FauLcove (1951), raised metabolism
reduces tolerence to anoxia. We therefore had reason to expect & thorter
survival of non-ansesthetised than of snassthetrsed mice, when bath, were
¢xposcd 10 apoxia Thus, a moderately prolonged sucvival time # no
evidence of a direet protective action of an snaesthetkc agnmst the harmful
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effects of anoxia. The modest prolongation seen with anfmals ansesthetised
with chloroform trichloroethylens or methoxyflurane amounting to 8%
and 12 /4, may accordmgly represent what is to be expected whea e
vulsions are prevented durmng anoxia.

Abscence of a mmilar prolonged survival by ether-ansesthetiod
anfmals i1, perhaps, explainable by the long terval from the beginmg
anaesthetisation to the occurrence of sleep and the apprectable excitam
with & consequent roe in metabolic rate,

A statistical anplymis of the material gave a significant differeace
(p < 001) between the survival tmes for thiomebumal, halothrse,
cyclopropanc and methoxyflurane. Finally a significant shorteming of
survival time was noticed for nitrogen monoxide The prolongaton ob-
served for methoxyflurane was, however so small that we are nclined to
regard 1t as merely due to this substance s prevention of the convuision
associated with anoxa.

An appreciable prolongation in survival time was only obtained whi
thiomebumal, cyclopropane and halothane. The animals given these
anaesthetics survived for 3o long that other factors besides the preveator
of convulsions must have played a part. These three drugs possessed 8
genume protective action agamst anoxm. We cannot decide from the
results presented here whether the mechanism of action 1s the same fof
all three drugs or how this protection is effected.

Sommsary

Several anmesthetics have been mvestigated for their effect on e
tolerance of mice to anoxia,

True protective action was demonstrated for thiopentons (thiopentslh
halothane and cyclopropenc.

Moderate prolongation of survival time was demonstrated for chioro-
form, tnchlorethylene, and methoxyflurane, pretumably due to aoor
not beng associated with convulsions durmg anassthesia.
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Prom the Food and Drug Laporatories,
Departient of Natjoos! Health and Welface,
Ottawa, Canada.

Acute Toxlclty of Sodlom Flnoride for Rhesus Monkeys and Other
Laboratory Animals,
By
F C Ls, RS Grewal? W R Rice, B. C. B. Grakam 15d M. G. Allwark
{Recdved Augunt 20, 1964)

Duﬂngthepuﬂfmymnphmamﬂhlpwwﬂmsofwd&um
flnoride have been made available for the prevention of dental canes.
Further fluoride s found i some foods. Thus studees of its phar
macolofy are of sigmficance. While studymg the blological effects of
sodipm fteoride in this laboratory (Lu et ol 1961 Rice & Lu 1963)
It was contidered of interest 1o determine tho acute tomaty focluding
the Yethal dose of sodium Ruoride for Rhesus monkeys. The acute lethal
dose of fiuoride was also determined for squirrel monkeys and rats.

Methods
Six male Rhest monkeyx, weighing aboat 2 kg, wers given sodium fluocide in
agueous solution by slow intra enous infusion. Tho 1 procedare was

srnitar to that used by Leowx o of. (1936) on doga. The rato of Infosion wes | me/kg/
mm. ko tems of fworide koo, Electn (BEQ.), ch

{EC.Q ). reepirution and arterhal blood pressire were on s« multicharme|

wero Iy ok
rmmwmwwmdnmmmmmmmmwmm:
barbial A tong sagiual acision w3 made on the scalp to expose the ealvariam. Four
boles were then drilled Qrouigh the skull, two o cach side and aboct 8 mm from the
waciine. Tha left #nd right [rontal boles wers bocated about 15 mm anterior to the
mhmmlh(mmlme)-ndthenuprhnmhmummm
s sulcis, The dof mater was sfit under these hotes, Platirum

electrodes were then
1) Post-doctaral Tellow of the N tiona! Repeurch Cosncl of Caxada.
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Flg. 1 Section of tracings btalsed by o of multhclanned Gras dectroosry-

h-t)plphln muzzg-‘bdmthehﬂnlmoy}lodimﬂwrﬂn.mwmm'

bottom are 1 RF LF 2, RP-LP 3, RF-RP 4 LF-LP i

cardlogram (Lead 11) blood premare (systols sp-stroke) bese Ene for blood presen
tracing and rapimton { op-stroko)

placed bencath the dura mater and secured in plece with dental cament. Afser o

mﬂm\,thommhrylmphmdlumﬂmlnln;dnhxi‘hmdnﬂlpumidl

Hmited movernent. The menkeys were able to feed thernaotves when food was provided,
froplanted

registered by tylng a skin suture on the chest to a Statham force-diplacement ok
ducer The were 10 the €l eraph b7

meam of inulated thin wires.

Throughout the Infuslon the moakeys were obecrved for sirs wnd reactivily of
the pupll, emesls, defaccation, urination and otber behavioral changes. Sampkes &
Huodmntmbd’m\huhﬁm&unbmnmd\mmdhﬂymu\hewﬁm’
monkey The levels of calchum and magnesium were then determined In the verom &
these samples by the method of Rosnmon & RATHRUN (1959).

The fnfution of fluoride was continued untll respiration siopped. The dase B
nmdmplrnmy-nmmmﬂda-edthebhldc:.ﬁhmmdﬂd’
six Rherus monkeys s well &3 on abx male squirre] moakeys and six make afbiso res
The fuorde was throughout infised intravenouly at tho rate of 1 mg/kg/mie.

Resclts

Lethal doses
The acute lethal doses of sodlum fluoride aro listed in table 1 TH
Rbesus monkeys and the rats were about equally sensitive to flsorkdo e
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Toble 1
lethal doso of sodlum in ternst of Suorddo Lon,
.A:::;‘rrmcnd byh?rumuln!ndn at | myfigmin.

Lethal doss + 5.6
L] (gkp
Ry k 658 + 6321
Raiel onksTs 61212
Albino rats 09+ 240

unho(body-wm‘ahLThequntlmanm,uuthcoLhahmd.wem
comiderably more sensrtive. Thes monkeys were found upon auiopsy
to be heavily infested with intestinal parmsites. It 13 posible that the
tnfestation mereased the susceptibility of the monkeys by adversely
aflecting thetr general state of health.

Blood pressure and heart rate
The wvernpe femoral artenal blood presture and heart rate of the Rhesus

monkeys are listed fn table 2. After ¢n infanon of 20 mg/kg, there wus o
shght but {ntignificant decreass in the systolic and dmstolic blood pressures.

Table 2

Effacts of sodlum Nootide on blood pressuce, beart rate
ad rerpivation in Rhesws onkers (Dean + san)

Dose of NaF st Hoart

k il ddesolie \ i, ratejnta
Nane‘(,rmmmu 141 = 76101 + 10.5 213102 3342
10wy 13+ 1047100 2 97 9Ly MHI L4
o meng 3129816493 | Taiva 161430
» gy 109 = 1047817 £ 30 135 £ 208 P13
prvdnd fremcramy | wiin  a1ien
prpy DM Rumial | umsi 30k e

r Qo

r oo1

mlﬂnnlh-mcufof4mo-kqxlhsm-otmnoth«momlmb«uu

A significant fall jn blood pressure was noted after about 50 / of the
mmm&mpmmtumhﬂmkmddlmulmgmwm
were, respectively 49.2:&938-:-d35,8_—56.42m}13.1‘tumdmp
obmmtdwhnﬂnmonk:yxhadmcmd bowt 95 / of the Jethal

were contidered termmal. ' 7 ofibe ose
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The heart rate fluctuated during the course of the infusion. An -
equivocal decrease m heart rate was observed only after infirdng 50 mg/kg.
The termunal heart rate was 72.3 -+ 7 37 per minute,

Respiration.

There was & slight but progrestive merease In the rate of respiration
(table 2) durmng the first 40 mumutes of infusion. As the mfislon coo-
tued, however the respiratory mie decreased. There were also dyspaoes,
manifest mainly In the inspiratory phase, and occasional gasping (fig. 2

A

MM

2one

Fig. 2. Traclugs of respiratory movement of 8 morikey that dicd after reoeving % ag o
ﬂngfzi&-puk(body'dghLA.Cmunl(pmm!) B. After infalng 45 mg/kg Tt
‘wors oceaglona! guping and inpiratory dyspnooe.

ECG

The most consistent change in the electrocardiogram was a progressit
reduction in the amplitude of R waves. Thrs occurred in all monkeys &3
usually became noticeable afier about 80 / of the Jethal dose of fzork
had been infused. Accentuation of T waves was observed in 5 monkey®
This was also a progressive change, and 1t occurred simultancously witt

- ...A‘[,-..J,.J/*L«L»q)——llmmw———
A ®

D S
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the diminution of R waves. Elevated §-T junction wes observed m 1
monkryuonswﬂhlhnchmg:mtheRnndTwnvu.Bmdym:dumd

P-R interval were increasingly noticeable after the monkeys
hldmﬂedﬁS/ofdtldhﬂdouofﬂnoﬂdc.AnncﬂJmﬁbrﬂhﬂonm
found m | monkey and partial aunculo-ventricular heart block In 2
mankeys shortly before death Flg. 3 shows some of the changes m EC.G
during tho fafusion of fluonde.

EEG

No appreciable change in the EE.G was noted in these monkeys
during the first 40 minutes of infuson. As more flnoride was infused, the
fast waves (3040 cyc.fsec)) became Jesx evident. At the same trmo the
slow waves (-1 cyc./sec) were 1 gly more predomi The
amplitude of the intermedsate waves (5-10 cyc./sec.) remained relatively
comtsnt 1nil] about 90 / of the kethal dose had been infused Terminally
the fast and intermediate waves disappeared from the EEEG a few
minutes before respiratory arrest, whereas the cessation of slow waves

wmally coincided with that of respuation. Sections of typical EE.G
tracing are shown in fig. 4

=N

F g 4 Eloctrocncsphulogram (dght front t Jeft (roat) of 2 monkey thadt dued afisr recetin,

30 g of Bwonde per kg body waight. A. Control B. Aftes Jafning m’

T Womw-nmwcm-rn mmm:\:‘m
and the fast saves had ppearsd.

Other manfestations and terminal events

There were no obvious signs of toxiclty in any monk
balfl of the infudon. Later the monkcy;ylppmredy WEY dm:n?ﬁ
were siternate periods of wakefulness and sleep Repeated defaccauon
\mmhlnmonkcyx,mdnnnwhwmmuyuoody No
vomiting was noted. Muosde fasciculations were observed in two monkeys
-nninfmingwmu'kg.Onco(h:rmonkeyhaAZcpuodﬂot:{mk
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convulsions at 5 and 10 minutes before death, Pupils were normal bn ure
and reactive to light until shortly before death, when they became diated
and fixed Frothing at the mouth wes seen in all monkeys before death.

The heart beat, as evidenced by pulsations on the blood pressure
tracmng, and respiration stopped more or less simultancously in 2 monkey.
Resprratory arrest preceded cardiac arrest by about one mumute in the
other 4 monkeys. In two of these monkeys, EC.G 5 with regnlar thyth-
micity were recorded for more than 5 minutes after “death  when the
pulse, respiration and pam and pupiliary reflexes disappeared.

Blood calctum and magnextum.

The serum levels of cakanm and magnesium before and after infising
Iethal doses of sodlum fluoride are summarized in table 3 There was
marked reduction in the Ca level, but the Mg level was only slightly
lowered

Table 3
Serum levets of Cr and Mg, cxpressd in mg/100 ml,
monkeys bef ro and after o lothal L doso of sodim
{mean + sem).

| cuctum M gnesizm

Befors NaF 963 :0266 | 1680112
After NaF 355070 | 140+012)
Discasdon

The tmvenous lethal dose of sodium fluonde for dogs reported by
LeonE et al (1956) were smaller than those found for the Rhesus monkey
and the albmo rat (table 1) This may be a true indicatron of a differenct
in sennitivity between the dog and the other two specics. Tha slower 13l
of infusion 1n the dogs were unlikely to be the cause of ther grealer
sensitivity  since the lethal doses of fluonde were essentlally fdentical
when mfused at 54 mg/min and at 11 mg/min. It may be noted that
carding arrest followed respiratory arrest in four of the six monkes®
There was no evidence of ventncular fibrillation, which has been
m the dog (LEONE ef af lBiﬁ)nndthem!(Gammm&Ranmg‘;
1935) It}s possible that the cardiac susceptibility of the dog s respont!

¢ greater toxkity of fiuonde to that species.
rofl‘tl":c early resctions to tomic doses of sodium fluoride m monkeys wee
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cmnﬂmwmqncmdeprmbnmddeu‘cuxmbloodm“mm
Iatter has also been observed mn some other apecaes, e.g, the dog (Leoxe
et ol 1956 GOTTDENKER & ROTHBERGER 1935), the cat (GOTTDENKEX &
Romramgen 1935) and man (RARDOWICH 1945) The drop in blood
pressure was sccompanied by bradycardis and was probably due to 2
decrease In cardrmc out-put resulting from the bradycardia and pousibly
also to peripheral vasodilatation. Vasodilatation has been shown to
oceur m the dog (Bixeoe ef af 1945) and in the lsolated rabbat car (HeTE-
Nyt et al. 1954) Though the mechanism vaderlylng the bradycardia iy
uncertam, ft is reasonable to assume that, in view of the profound sedation
induced by fuorxde, the central cardiovascular centres would be depressed.
Another factor that might be considered iy cholinesterass inhibition by
flupride, which would increase copcentrations of scetylchaline at the
vagal terminals, Moreover sodium fluorrde causes hypocalcemia, and it
is wellknown that this state will cause increased excatabilty of the
xutonomic nervous system.

Respuratory depression, which was observed in the monkeys and has
also been observed in otber mammualian specaes, could also be & conse
quence of central nervous system depression. DE Nimo (1928) found that
depression of respimuion doring flueride 1ntoxication in dogs could not
be prevented by atropine which would suggest that respuratory depression
is not produced through perrpheral parasympathetic activity

Dunng infugon of sodium flvonde 1n monkeys, the EE.G changed
from fast, Jow-amplrtude activity to slow high-ampliude waves Thss is
consistent with the observed depression of the central nervous syster. It
may be noted in passing that chronic feeding of small doses of todmm
fluonde causes an increased susceptibility of the central nervons system
to certaun chemical and phyyical stimul, This has recently been reported
for rats (Lv et af 1961) and has been observed in Rhesus monkeys (un
published results) These monkeys had been given oral sodum fluoride
to provde 2 mg of fluoride per kg body weight daily for eight weeks. At
the end of thiy perlod lower thesholds to pentylenctetrazole selfzures and
Jonger duration of (he seuures were observed In the fluoride-treated
mankeys than, ip. the, untesatad centada,

Defaccation with boody stooks was observed during acute intoxicatlon
mmonlmThhhnquobccnohservedbylmmetal(l%ﬁ)hdugs
hhpouibhlhznhumduetothedcvchpmtorbcmormdclmom
m:ommmwm(lml)hmmmmmm
nfrnbb“umrrmbmmn:omlnh:lhﬂccuomnhodlumﬂumﬂe,

Such ealons may cause incrensed peristabils throngh jritation, This,
slong with incrensed paraaympathetic activity caused by cholmestera.
inhibition and by Wypocakemia, could account for the defaccation, =
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Sommary

Slow mtravenons infections of large doses of sodium fluonds into
Rhesus monkeys caused a fall in blood pressure, bradycardia and de-
pression of the central nervous system. The electrocardiogram showed 2
progressive reduction m amplitude of R waves and 1n some monkeys
progressive accentuation of T waves, Auricular fibrillation and partm!
A~V block were less frequently noted, The electroencephalogram changed
from fast Jow amplituds to slow high amplitude activity Groslty de
pression and shternate periods of wakefulness and sleep were noted
Muscle fascrculations and clonic convulsions were occaslonally seen.
Repeated bloody defaecation octurred in all monkeys, bat there wus o
vomiting. Frothuing at the mouth was seen  Pupils were of normal sz
and reactive to light until shortly before death, when they became diated
and fixed There was marked reduction m serum Ca, but the Mg level wes
only slightly lowered. Rhesus monkeys and rats were about tqeally
sensttive to sodiom fluonde, but squirrel monkeys were more sensathe
than cither
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The Effect of Codeline Tolerance en Hepatic Microsomal Drug
Metabolism In the Rat.
By

Torkel! Jhaanesson, Larry A. Rogers, James R. Foots snd L. A, Woods.
{Roceived Augost 11 1964)

SANFILIPPO (1948) has postulated that the analgesio action of codene
may be due to fts convertion to morphine by drug metabolic enzymes
in viva, JOHANNESSON & WooDs (1964) found lower plasma concentrations
of blotramformed morphine in codeine tolerant rats than m non-tolerant
rats at 30 minutes after injection of codane. It could therefore be pestnl
ated that the enzymic oxy-demethylation of codeine to morphine procedes
at g dower rate 1n animals made tolerant to codemne than in non-tolerant

tolerant 1o the anajgesic action of codeme. The specificity

codeine tolerance on the rato of hepatic drog metabolism was also studied.
In the investigation reported here we have therefore, beskdes determinmg

the conversion of codelne to morphine, studied the metabollsm of eight
otber subsirates 1n liver microsomes from codeine tolerant and non-
tolerant rats.

Mivibodn

For Ihe experunents wo wsed ke Hotizman rats (180-300 g). They were kept tnder
constant envirofmental eonditioes with frec access to water and a commercinl food
peeparation. Normal rats (control sats) are referted 10 Sert 10 non-tolerenr

Codedne toderamer 1 the rats was produced by njections of in
amounts in the morming and tbe evening of each day for appeoimately 4 weeks. The
MEChon sotnton was 42 my, o1l of codeiie phoephsts in water Inkctions were ghven
mmmlmmwwwwmaﬂymdmmm
zt:llc:mcmnbmum;:-dnymdmwdmmlmmhmﬁylw

(expressed o1 codetnn The rats
Ty oo 13 mined to weight during the tolerance
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Thhdniuhhthmuﬂmmwlw‘twm(lmm
at¥ were highly tolerant to the analgesic action of codeine and morphise when tested
20 hours after the last doss In the tolerance period.

Preparation of tizrue Twenty hours after the last doss in the tolerance perod, 1
s and controls were killed by a biow on the bead. The livers were then Immedcaely
removed and homogenired on kee with & Potter homogeaizer having a plastic pot.
Hemogenates were prepared sach that esch gram of liver was suspended i 2 mi of
cold botanic (1 15,0 KCl to a total vohuno of approximately 3 mL A sgcmetmt
fraction, contining microsomul and soluble enzymes, was prepared from the homo-
genates with a high speed angio centrifuge ot 5° (3000 G).

In vitro determinations. One mi of the supermatant was incubsted in a Dubood

Flnal
dine mcleotide (NADP) 11 x 10~4M ﬂ].lmm-&phcsphlmixw'lu.li:uh-
nmidozmo-mmM;sou 3 lO—JM.Tbcluzmhaotma:ﬂm:dﬁmﬂ’

pathway The ions of all cofs ienal. ol
vonmumbmumm:num-m\mwpuumumﬂmw

The pathways studied, the methods used in their araay and the mbstrate coocesin-
tions In ymoles per 5 ml incobation mixture were
1) the O-dealiytation of codeine to marphine (cstimated by tho colour reacton of
S & Snrir 1937) 10.0 pmoks

2) the side-chmin of I (enh { Coorme & Broom 198
1.0 pmoles

3) the ring sulphur axdation of chlorpromazine (SALTZMAN & Baoos 195
1.0 pmole

4) the redoction of the nitrogroup of p-nitrob dc ackd to ylkeld #
ackd (FooTs of &l 1957), 120 pmokes

5) the reduction of tho sxo-linkage of ull to yickd flamide (Fou™
ot al. 1957), 7.5 pmoles

6) the b ton of to yleld 6 fre (Condt
t al. 1960) 30 pmoks

7 theh o of anlline to p-arinophencl (Domw e al. 1963), 125

8) the hydroxylation of benrp to yield hydroxyb (Cosar ot
1957), 0.6 pmoles and

9) the Ndealkylatlon of pyTio to 4-amincantipyrine (4 cozont
Bxopm & Axerrop 1950}, 40 0 pmoles.

The o A-amincantipyrine was determined a3 described by Baoow &

[
AXELEOD except that 1t was not extracted from the Incubstion mxtore. Insteed,
hwhdcnnﬂmnnmmmdwﬂhl!mln[cold&ﬂ/(vh)tﬂchm:‘:
(total vohume of incubate phis the trichloroecetic actd, 20 mi), and the proteit
sedimented by centrifugation. Then, 4 ml portlons of the “protein-free e
\mdhmﬁndurdmmkdwfmmphlholnlnmenﬁhodu{ Brodio and on
This avokds the ction step of (o oider metbod s3d
mgrl;cmdbyLllGAum(pu-mlmmnmmlM i of b

and The sppoaranc®
Wl ww in the other pa Wﬂj‘)nﬂﬁ,“’*"”

“The tocubation time for the benzpyreno
mmwmmwmfmmewmmmm
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The resnlts are given in table | They show that the hepatic microsomal
drug metabolizing enzyme actrvities are lower m codewne tolerant than n
non-tokerant rat. This difference 1t statstically sgnuficant for 8 out of
9 metabolic pathways studied, including 3 different hydroxylation path
ways, 2 oxidatgn pathways and the oxy-demethylation of codeine. The
enzymic N-demethylation of aminopyrine appeared to be decreased  the

decrese was, however pot statistically significant for the namber of
animals involved.

Table I
Tha effect of chronke mdmn?&mﬂmm
1n the L The reolts are expressed as Banomolrs of sebstrate wen| ot prodoct
pc[‘d'i;hlhﬂmwhﬂlhlmrﬂmmmmb\hcw
of detrrraemalons of enxyms acthvity for 6 mts + M deviation
Metabolic pathwars Noa-toleraat | Codelne tolerant
(nbdnm»mq;:rmubohn) Tals (comtrol) raty
Codores -+ Morphine 1800 170 €30 £190%)
w“-’A‘ clohatobarbenl ) wtm 10020
Anilcss lﬂﬂ‘\wd 1060 + 180 710+ 1407
popyrioe ~ 4-Amdsonntipyrine 690160 540 1 110%)
W»HW 2305130 T
b5 - S, we. 9103300 4012
ot e acd oiie | ihes
inls =+ 1230 . 10T)
Neopeoarosn ~ 2140 17405 6707

The results indicate that chronke pretreatment with codtane depresses
drug metaboluzing enzyme activities located in the liver microsomes of the
nLTheobscntddcu—usclnmkruwmnlmzymunhﬂiahlppmmuy
non-spcdﬁcmwurmmsofuunﬂlhcmboh:m&hmytﬂﬁhd
were involved (table §). It therefore sems unlikely that the reduced
mmmwnafcoddmlomonﬂ\fnehlhcoode{nelokm!mmhthc

xuse of the tolerance it s rather a result of tolerance development.
e pharmnimlogion, vel. 11, free, 1.
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BowsQUET RUPE & Miva (1964) have found that chronic pretreatment
with morphine decreases the metabolism of hexobarbital, meprobamate
and morphine. Further experiments might therefore substantiate whether
chronic admimustration of narcotic analgesxs 1n general resuhs i1
physiological or pathological condition in which the rate of drug mets-
bolism by the hepatic microsomal enzymes 1 decreased.

Microsomal drug metabolism 11 usually decreased when hepatic gy
cogen 18 reduced (Fouts 1963) In this connection it should be recalied
that morphine is a potent inhibitor of glycogen synthess m the rat (Kux
& AB0OD 1949) Although tolerance was developed to thus effect of mor
phine on repeated admunistration, Abood kun & GerLva (1950) found that
the brain and liver from morphme tolerant raty still possessed ngnificantly
lower encrgy capacities than did brain and liver of control animalt. 4
priori it may abso be consdered likely that the same conditions prevad
after chronic treatment with codeine, caused exther by the codeine Ipel
or of the morphune biotransformed from it. It Is indeed at the present
tume, purely confectural whether this has any causal connection with the
results presented here, but it seems to be & possihility worth mentionfas

Sexroary
Hcpaﬂcmiu’oaomnldmgmzmbouzingcnzymemmﬁamlmhm
made tolerant to the analgesic action of codeine than in non-tolerant %
‘This inhibition 18 probably non-specific m nature. The reduced conversct
of codeine to morphine in codeine tolerant rats is a resultant of toleras®
to codeine rather than its cause
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From the Nicholas Rezearch Instituts, “Wexham Place™ Framewood
Road, Weaham, Bucks, England.

Determination of Bretyllum in Blological Flulds.
By

C.D Jokmson and J P Revill
(Rocotved August 21 1964)

Bretyllum  tosylate = [(o~bromobenzyl}-cthyl dimethytammonhud
toluenc-p-sulphonate] a quaternary salt described by Boura, Coer &
GREEN (1959) causes post ganglionic sympathetic blockade (Bovmd
et al 1959) 1t 18 used chnically as a hypotensive agent. Verious methods
for its determination have been reported m the Literature.

Duncosns & McCouskey (1960) used two methods first, jon-exchang®
and determination as 2 complex with methyl orange, and secondly cont
pkx formaton with cobalt thiocynnate (Asserook 1959). Howew!
these methods are tedious and did not appear very satisfactory to %
owing to high blank valnes.

Quaternary nitrogen compounds form with dipicrylamine compes
that are extractable Into organic solvents according to ScamL (1959) 54
ScHILL & DANIELSON (1959), who used this reaction to determine ¢
stigmine, propantheline and hexamethoniom, the complex being
into chloroform. We have used their method as the bass of a rapid ted
nique for determining bretyllnm m biological flurds.

Methods

Reapents and apparstoa,

1 Dipirytamine (Merck Darmatsdt) 0.01  in benzene AR,

2. Sodium hydroxide N and 0.1 N
All optical denslty measurements were made with & Unicam SP 1400
Maxm)wmmmwmm#)mwwﬂ
pated with p dip ine and ded p by i
graphy on Kicselpihr However thin layer chromatogrply oo microscope S5,
coated with sibica gel G (Merek) In & varlety of sotveats chawed only 000 54
dipxrytaming was therefore med without further parification.
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Preporation of stendard curve o
Measured portions of an aqoeons sobution of bretytiom wers prpetted imoto 40 ml
nqnn:dcmﬂi&mmbtllnddnumito:ﬂmlvohmxolimLAdmpule%
mldddnndﬂm&)ﬂ&OHMmﬂ\thhﬂmmw;
Just pink. Dipierytamine soluthon in benzene 10 m] of tho 0.01 £, wes &
tubes were shaken for 2 mimstes and lightly contrifuged to clarify the berzrne layer
“The optical demity of this lyer wis messured at 420 my.
Typhea! resolts arc ghven In tabds L

Table 1
Optkal demity of benrenwsaluble brety-
wm-diplerytamioe complex.
gt 0D (420 ow)
a1l
024
036

0459
a.621

Fxasy

Determination in urine

Bretyllara tosylate, 11.8 mg, was dmssalved in 10 m! of rat urme this
solation was diluted with water to ghve surtable working concentrations,
Mnmdpuﬂlomuml}mumlywd.ninthepfmﬂmofumdaxd
curve, except that 3N NaOH was used to sdyust the pH

Typ#eal resulty are given m table 2.

Table 2
Wh:-ndly of benremesaiuble brety

Bretyllom

g wdded I 0.0 (420 my)
4 a7
4 o
2 0423

0.4 osTs
n1o ‘ 0720

Mon recovery bour 99

Deterntination in blood

Measured portions of a standard solution of

wixed with 0.5 m! of horse blood (Burroughs bretyllum tosylate were

Wellcome) and dilited to



114 C.D JOHNSON AND J P REVILL

5 ml. Each solution was made just alkaline with 10 N NaOH and they
assayed as in the preparation of a standard curve. The mean
over a concentration range 20-100 pg bretyllum tosylate was 93 4.

Specificity

The drugs that did not form & complex with dipicrylamune under o
conditions were amiphenarole, DL-amphetamine, ht I peot
Hydralazine and acetylcholine formed compl {nsoluble | benzene.
Guanethidine formed a yellow complex soluble in benzene

Coacleslons and Semmary
The reaction of dipicrylamune and quaternary nitrogen compound
Iding coloured pl soluble in orgamic solvents provades A

sensitive and rapld method for determining quaternary nitrogen com
pounds in brological flulds The method at present 15 sensitrve to 10 g™
of bretylrum  the sensitrvity could probehly be increased at least four-foid
by alight modifications. Extremely low bianks were obtalned with biood

and unne,
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Chemicxl Determination of Histamine In Thsues and Mast Cells.
By

Srend Noma
(Rectived Bepiomber | 1964)

Several chemical and blological methods have been described for the
Itative deter jon of hi

in samples from blood and
thsuey,

By using the rectal caecac of fowls Baxsoum & Gappuu (1935) devel
oped a sensitive method for determining the histamine content of blood.
Otixers have used an {solated preparation of the gumea pig lleum or the
effect of hustamine on the blood pressure of the cat (Cobe 1937 Ruey &
WEST 1953).

For determining the hstamme content of blood plasma snd cells
Lowny er of (1954) described o colorimetne measuring method that
determines hustaraine in quantities ot small as 0 01 g

CLowtT ef of (1957) wso a colormmetric determination that measures
hrstamine in the range 0.5-20 pg. A fluorometnic determination bhas been
described by Stiome er ot (1939) This method permits measurement of
hustamine in concentrations as low as 0005 pg/ml

Our stody amed at simplifying Lowty s method and investigating the
applicability of the modification to determining hixtamine in tissues and

in a suspension of peritoneal mast cells from the rat. Also the specaficity
of the method was studred m tussue specimens.

Methods
Deproseinlzation and extraction,

Tha removed trsoe specimem, ranging in weight from 037 g, were placed whole
hﬁnﬂnmﬂuembundmu:d‘ﬂhlﬂmll!‘(vﬁ)wmm
the tubes were closed with slumintom foll. The specinens were left for 18 hours at
wmmmwmmmwmmmmmm
mwm-mwwwmmhm

remaineng theoe was removed the findd by centrifugation o¢ fitration
through a ereall cotton.wool Qe i i *
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Adsorption and elution
The histamine contalning fleid was poared onto & Decalso cotumn, conslsting o s
3 am layer of “Decalso F™ ® which has a poro size between 60 and 90 mesh. The
fnner diameter of tho cotumn was § mm. Above [t there i1 2 reservoir holding Xl
i adsorption of histamine (95-97 ) was obtained at pH 3-5 and at 1 fov
rate not exceeding 1 mi/min. The adsorbed histamine was ehited with & sobstion of
potastum bromide. The Decalso material has proved to vary somewhat b quaky,
o that the flow rate might cxeeed | mljmin. Therefore, standard specimens were i3
every day paraliel with the theue mpecimens.

Colowr develop and spectroph ric de

The histamine was coupled to 2 4-dinitrofluorobenzenc, This forms the yeliow
monodinitrophenyl derivative of histamine. According to Lowny «f al (1554) 8¢
resction fs most complete, when the coupling It performed ut pH 10 and o &
The coupling prodoct may be messured spectrophotometrically and has an st
ton maxiourm at 3 360 my

Standard curve and sensitivity of the method

To determine the standard curve, § different concentrations of histamine kydr0-
chloride (Ph Dan. 1948) were used, dissotved in & mixture of 2 parts modified Tyok
solution and onc part 15 / (w/v) trichloroecetic acid. The modified Tyrods soltia
was & buffer solution (pH 7.3) contatning 144 x 10-1 M Nacl, 3 x 1073 MG
8 x 104 M-CaClz 2H;0 8 X 10-3 M Naz HPQ,, 2HO and 3 x 10-3 M-KH;P0s
Each concentration was the subject of § single deteyminations. As blanks 2 speckacs
wero analysed without sddition of histamine. The concentrations wed were 3% 2
1810, 9GS 4.53, 226 and 0 1g/1S ml of histamino base. After 1.5 ml 4 N s
acetate 3 HO hldhcnld.dedmmnmhnium,thympoumdomﬂw
columns. The analysls was then coatimud a3 described under thwos analysk. T
extinctions found Are given in table I The blank value was between 0.020 snd 00%.
Tt will bo scen that the histamin and tho axtincticns are Hoearly relwel
within the rangs etudied. The seasitivity dcfined as the amount of histamioe (7 be®?

Table 1

Correlatio belwoen extmctso and histamuns concentration, cach besed
on § scparate determimatlons. Two blanks were Incloded. _

Added histamine semtb
(g besc) Mean 3 x sem 13 pavy
per 15 ml seem -
) 0.021
36 0.082 2 0006 c.ois 3":’
435 0.144 + 0.003 0013 o
903 0258 + 0.0m 0.006 o
1810 0301 + 0.007 oo o
3620 1016 0006 ool
05
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histamtine
comespanding amimdmoflx-,m..muhxht:duwln
mm&%wﬂudﬂmdmhwmﬂm

Analytical techmique

mﬂummhdmuu;hmmmﬁmn'm:mndﬂnfr
peritoneal st cells from the rat the histamine content was as g
‘base/mlL

ured,
determination of Agemine b Hrssrs pinhl atbino Tats {150-200 §) wese
mkwmwwwmmwmmmmmmtnm

stored for anatysh at —16
W\mewwﬂummhm

tion and cxtraction However 30.0 mil 15/ (wiv) trichioroscetic #cid were vaed for

the fiver Afier carefil shaking or stiering, the thamse will fall apart and b then removed

addttlon of 3.0 ml 4 N sodiam acetate, 3 H7O adjouzd to pH 4 Of the other thaoey
the tota) decantate or the Sitrate was used, the same amotmt of sodlum scetate being
added s for Bver The soluthons wer powsed onto 2 Decabio colnmp which was then
washed with & Tew mi of water The adsorbed histamine was eluted with 50 ml 40 #

0.0125 7 (wfv). To this were added 2.5 ml carbomate
buffer (pH 10) containing 2 x 10-1 M-NapCO; and 10-1 M NaHOO;. To this
mixtere was added 020 ml 2,4-dinftroflorobenzene 2 (w/v) In shaolute ethangl,
and the whols »a1 thaken for onc minote. The epechmens were kept on & watter bath
160 for 0 min, and 4.00 m! methyl-o-bexyt-ketons were edded. The mixture way,
shaken for balf a ménute and cenirifuged for a few minutes. The coupled histarine
w41 Dow present b (b poraatant ketone bayer OF this phwse 3.00 i wers transferred

layer wan removed, and the extine
goa\smmmwepbmmmﬂyh\huﬂmbymdaﬂmhmn
Frectrophotometer

mupamﬂqwlh:mhcmnnybemd.nhmummﬂ-lﬂmmhx
ot of the romoved thwoe, Gept for the Tver from widch & messured portion was
remarved for analys,

For analysis of the kistomine content It &
Periismenm the abos € mentioned rant were

sxspension of mart ccllr from the rot
o B 18 mi were Injected

uied. Of & modified Tyrode sohstion, heated
Intraperitoneally Tha rat was killed 30 sec. lter the
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abdamen cut open and the peritoneal fhuld evecuated. To 10.0 ml of this sespension
of perftoneal mast calls 50 ml 15/ (w/v) trichloroscetic zold were added to Booraie
the histamine bound intracellularty After standing for 20 mbn. the fumpension ws
centrifuged (4000 r p.m. for 20 min.). To the decantate were added 1.5 ml4 N sodia
aceaic, 3 Hz0 and the mixture was poured on the Decalso colnmmn. The analysh wrs
then continued 3 deacribed under thune analysh.

Techniqwe for assesring the specificlty of the method. To nveatigate whether the
e b i activity d in the tisue and muast-cell specimen corw-
poaded with the hk the were subjected to treatment wih
diamine oxldase (histambnzsc) and a paper chromatographke stdy

As already mentioned, the thrsoe was treated with 10.0 ml 15+ (wjv) trichloroscetc
acid. In order to remove tho trichloroecetic acht from the histamine containing huid,
tho flubd way shaken 3 times with 60 ml ether (for Aralysis). The aqueons phae ¥
phiced on & water bath at §0° for one hour The yolume then was about § mi and e
pH of the fluid aboat 4 Two portions of 2.00 ml were removed. To each wers sdded 1
ml water and 0.32 ml buffer sotution (pH 6.5) contalring 1 17 M-KH;PO; and 0%
M NagHPO,, 2 H;0 To one portion were added 4 00 m) 4 00 mg/m) drinine oaidse
sohution (dlamine oxidase iolated from hog kkincy Sigma Chemical Conqesy
U.S.A.) and o the other a correspondmg volume of water both solutions were thed
left at 37° for 12 houns. To the samples were added 4.0 ml 15 £ (w/y) trichloroaex
acid and 14 ml 4 N sodhm acetate, 3 HyO and the precipitated proteln wes cesar

tioed a3 deseribed under tissue analysis. With the dlamine oxidase solution wcd e
spectropbotometric acthvity of a siandard sample of 30 ug histamine bese cooid be
completely destroyed.
Innp:pa:hramtognphh:nndyuflh:d:n:mnnmelhmemm"
mentloned wnder analytic techaique. Of the ackl phass, which consists of coupkd
histamine dhsolved in 2 N-HCL, 0.05 m! was applied a3 a line of spots on Whatmtt
pup:rNo\ﬂnpupwbdmdﬂtddmenlppﬁm\bmmnmdm&Al
dl was developed i a solvent consiating of 80 parts a-butxol
(for Amalysis) and 20 parts 2 N HCL T developed zones wers eluted with 10054
2 N-HCl and the extincth d pectr rically In the acd pbex
Standard tests thowed a single rone with an R valuc a1 0.55 (fg. 1) On elution of £¢
m-bomw/ddmmmnofhmnmhw-pp&dwmemmmmmﬂﬂ
the chuate.

Resnlts

Recovery o
The recavery was studled for the tistues named and 1n 2 suspension
pertoneal mast cells The tissues were removed as described 06e
annlytical technique and suspended 1 water by a Braun Multimix hos
genizer The amount of tissue was such that the aqueous homof'-';:

represented a tsssue content of about 0 1-02 g/ml, but for skm
005 g/ml. From the homogenate, portions of 500 ml were reﬂ‘o“'d'o
hustammne was added in increasing quantity each dosage rucmml‘h‘;x
scparate determinations (table 2) For determuning the content of
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histamine In the homogenate, 4 samples of homogenate to which no
histemine was added were run for each organ. Further 4 standards were
peepared by dusolving 66.2 ug histamine hydrochlonde (corresp
loAOp.gbue)LuS(I)meerTheumpk:mmkm.andSOml
N/(wh)nidﬂommﬁc:ddwmnddad.nmthemmncommﬁon
of trichloroscetic ackd was used in the recovery expenumwents as in the
determinations of histarmne m 1he thaues. After the specmens had been
Ieft for 18 hours at 70° the tlssne was centnfuged off the hstamine
containing fluld, To the decantate 30 ml 4 N sodwm acetate, 3 HO
were added, and the mixture was poured onto & Decako column The
analysis was then contmued a3 described under analytical techniqne. The
recovery was calculated as the ratio between the extinction found in the
h sample with histamine added and the sum of the extinctrons
measured in the siandard and homogennte samples without addition of
Tustamine. The percentage recovery will be seen from table 2

Table 2
Reconery of histaming base added to homoprmat  of tvoes
seiparesion of patTioned) magt cell
.mm f Recovery (percewtam)
300m [T
:Iop:nu ‘ Sk Long | Liver Bratu | Tatestine | Must extls
1
0.0 o ¥ ” o % o
00 100 91 ‘ 1) 190 13 w
00 m ot on % " bt b
200 [t ‘ 9t 108 v 3
100 l 9 102 9. 191
10.0 9 [ »* FY] " o1
30 . 9 164 ” » T
39 18 103 3 104 "
13 | 103 e o1 " o
23 10§ £l 101 ! ) »

qutmuyhummhnnrpeﬂtonulmmus.thtmmcm
mpmuonnrnmmdund.crlmlyﬂmltcchmqncmmcd,melhh
mpaubnnmpbofswml‘mr:mwcdmdunltdﬂknlheunue
hmnogrnues.‘l‘h:rrcovn-yhrccordcdluuble?.

Specificity

LOWRY e1 of (1954) studied the

specificuty of the
of aminer. They found that h y method for  number

Istidine, creatinipe. glutamine and teypta
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mine do not mterfere mthth:}unnmincdctmnmmon,whumipu
mine, spermidme, putrescine, cadaverine, histrdinol and agmatine do.
In our mvestigation the followmg blogenic ammes studied were &
hydroxytryptamine (serotonin) creatinine sulphate, 5-hydroxytrypiamme
hydrogen maleinate, tyramine HQ, dopamme HCl, noradrenafine
bitartrate and acetylchohne. The analysis was performed with 100 pg
of the substances named, both with and without heating the trichloro-
acetic acid solution at 70° for 18 hours. None of the amines gave extme
tions greater than the blank values.

Histamine content of tixsues
The histamine contents of the mt tissues studied are shown i table 3

Table 3
uctivity” of thsue od of suspensio  of peritoneal must cells from the L
The co tent [ gmmugmm/.mmuw
base sospenoon, respect vely
Mesn + 8 e.m. calendated.
Braln | Lasg } Liver ‘ sin | 1 testioe | Blood | Muto
10.0 67 122 34 26.1 <06 of
56 1% 161 59 <0.6 o
89 63 1y 414 243 <06 12}
L3 73 144 58 39 <06 11
L3 128 24 M3 <06 13
Lo 13 140 e 03
£ 43 254 183 ot
87 20 4.2 ns or
L9 6.0 %1 133
78 99 261 150
PE—
L 67 131 mwl pxE ] <0.6 5
=02 +0.8 +03 _19 +21 +

The values found for braun and liver are at marked variance with prevo®
suthors findings by biological and spectroflnorometric mmsufﬂ"‘;ﬁ
(table 4) For further investigation of the spectrophotometric activity
extracts from these two organs, the tssues were subjected t0 PPt
chromatographic analysis as well as to the enzymatic treatment. o
The liver extract chromatogram consisted of 4 yellow rones. NG‘ER’
them could be identified 83 due to histamine, because each of thelr
values differed from that of the standard xample (fig. 1) In an 37
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Tabie 4

Levtls of bistumbse reportad fu the litsrature as yig histamioe
h\\h!u‘ 'ed g/l blood of Pnﬁmg{p‘zﬂu‘n-]mlclﬂl

Motkods for determination of histamino
—_—] o footometric Autbors

Moaad & WESTIRMOLM

02-03 (1963)
A i ;ftl(!]g)n
0.3-0.4 Encmx ot
Bnain 02 Zacuarinz (1963)
pen. comm.
s PaxaatT & Wor (1997)
H Teroxp & Wt (1961)

PARRATT & WerT (1957)
Tarow & W (1961)
Ruiay & W (1953)

11-20 Swont f ol. (1959)

g~

PARRAT & WeeT (1937)
Teroap & WesT (1961)
u Hvioreo e al (1961)
1964 )
I taating u Tuiroan & WisT (1961)
it Rury & Wt (1953)

Coou et 8l (1961)
43 Van Anmar & Baay
Hatolh

(151
15 Zacranian (1963)
PeTs. comon.

corresponding (o the h zone fn the dard t there was
a trace of & zone showing & spectrophotometnic activity about 18 / of
the total (table 5).

Treatment of the Liver extract with diwmine oxidase thowed a reduction
m colonmetric activity of aboat 12 / (table 5).

These expenments show that only about 15/ of the measured activity
can be aswcribed 1o histamme. Smee the actinty apart from that of
htufﬁinxmbsmmoonupondslonlpghmlncbuc(hb!cn,
G real histagune content must be 15,/ of 13 1 =» 2.0 pg histamme base
et g liver trssue (table 5),

The chromatogram of brain extract i shown in fig. 1 No activity was
demomsirated in the area corresponding to the zomo in the standard
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Table 5

Corrected histamine coatenty of tisswes and of ympension of
peatonsal mast cells from the rat.

Speciraphotometric
activity Hbui.lneln % Real kisteier
Theue of the tolal  covment in Uwes
% found ar | X gecomposed  gpecrrophoto- (ug beslg

Ry 0.55 -ﬂ;:dh.mim matric sctivity or mi)
Braln 00 0 000 [ <06
Lung 219 28 20 17 2 13
Liver 18 24 013 13 20
Skin 7 n 67 Fr 0
Intexiine 243 % 0 71
Mast cells 100 120 100 12

The activity from the brain extract did not alter on treatment with
diamme oxidase

The findings (table 5) are in exact accordance with the Jow histamn
content reported 1n the hiterature, a content below the amount measurabie
by the method here under consideratron.

The other tissues were studied 1n the same waty and the chromatograms
are shown in fig. | The part of the measured activity that can be identifed
as histamine, on the basis of the activity found on the chromatogram i
the zone with Ry 0 5 and of the decrease 1n tissue activity caused by the
enzymatic treatment, will be scen from table 5

The study shows that there will be to varying extents substancs
mterferlng with histamine determunation m the lungs, sk and intestios,
but not in » suspension of perrtoneal mast cells.

Discowlon
The method described above has given values for the histamme con
tents of rat brain and liver (tablo 3) at marked varlance with valocs
reported 1n the Lterature (table 4) Chromatographic and enzymaiX
studies have shown that the discrepancy is due to interfenng substancs
that axe not sensitive to diamine oxidase (histaminase) but are included
1 the spectrophotometric analyns The liver findings have therefore bee®

corrected by chr graphic determination and enzymatic bmkdo‘;
of the histamine. The corrected value (table 5) 15 1n conformity with ¢
findings 1n the literature. rom the

In the brain  practically the entire activity measured 13
interfering substances. Accordingly the values for histamine con
rats bran after treatment with morphine and of control mts

tents of






124 SYEND NORN

reported 10 a previows feation (JGmA N & Noax 1963)
must be mthdrawn. It is impossible to correct the measured spectrophoto-
metric activity 1n the brain, as the senutivity of the method is too sHght,

Measurements on the mt lung, skin and mtestine show that thes
tissues contain various amounts of substances that mterfere with the
analyns. The corrected values correspond to the findings of prenom
authors (table 4).

On the other hand, chromatographic as well a3 enzymatic studies show
that the method is speerfic for the measurement of histamine fn a susper-
sion of peritoneal mast cells, The method should therefore be restrcted
to determining histamine 1n these cells.

The method described has been used to investigate the mfvence of
antrrheumatics on the release of histamine after an antigen-antibody
reaction 10 & suspension of peritoneal mast cells from sensitized rate. If
the rats arc treated towards the end of the sensitization perlod witk
antitheumatics in vifro treatment of the removed suspension of met
cells with antigen (horxe serum) will liberate & smaller percentage of tbe
total histamme content than m the control group not so treated. Oalf
climically potent antrrtheumatics show a significant mhibrtion of histamme
liberation. This correlation Is not obtained when antirheumatics ot
added durect to the mast cell suspension befare the addrtion of hooe
serum, An account of this study 18 being prepared far publication.

Sammary

A chemical method for determuining the histamine n vanous tsse
and in & saspension of pentoneal mast cells from the rat permty amom’
of hstamine base as low a1 0 6 ug to be determincd. The recovery bn
tresues studied s between 90 and 100 4. Al the tissues studied contaed
substances interfering with the determmation of histamine. In the bl
practcally the entire activity measured fs dos to these substances (¢
senutivity of the method does not permit a correction for them. For tb
other tissues, 1t 13 possible to correct the values so corrected the valis
are 1n keeping with those reported m the literature. On the otber hand:
the method 18 specific and well-suited for determiung histamue L
mpens!ono(mmadh.butthchhtamluummmtofmcbloodB'-D"l"'
to be determined by the method.
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From the Section of Foremlc Chemistry (Fanny Halstrom PRD ), the Department of
Th logy Univenity of Copenh (Profemor Kmud O Moller M.D)

Interfering Substances by Determination of Polsons In Autopsy
Material. IV Tryptamine,
By

Bent Exmpe
(Recrived September 4 1964)

In the work reported here we studied tryptamune, one of the imperitid
observed by spectrophotometry in forensic chemrcal analyses of ot
material for presence of ordinarily occurring alkaloids. A description
given below of how to molate and ldentify the substance and of methodt
for separating 1t from commonly occurring alkaloids appearing in the
same extraction phase.

Technlqoe

Physical were dH 3 described ty (Kamdre 1964).
A single humen Liver xtored in the minced state for about 3 veary at 4-5" ws o

a3 material for study The original forensic chemical examination in this

had reveaked no potsons of sy kind in the liver It was putrified.

Extrct of tho liver was prepared 12 follows After addlng 8 N-H;S0, to ackd 10
tion, 50 g Liver tissue and 25 ml of 96/ ctianol were The homoge?
was extracted thres times, each with an equal volume of ether which was thrown £
Aller adding 8 N-NeOH (o strong alkaline reection, ft was cxtracted fivo e, &%
with an equal votume of ctber The combloed cther phascs were dried with aofyde™
-odlumw!rinm,ﬂhertdmdmpa-wdmdqnmonnuamb-mmrﬂh‘n:
beated on & botling water bath for about 1 mimite with 20 ml of 0.2 N-H:S0s
mwmmmmmmww.mvmmmw
was rendered alkafine with 2 N NeOH and extracted three times,
volume of ether The commbined ether extracts were dricd with anhydrous
mlp}mgﬂ]lmdlndmmudwdwmm-nnmbummm:wwﬂw
-ubou:w‘u-prmd!mHLThemhlimw,nhhhubmnlm-

of long glistening white crymals.
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Resulis

above-

rrected meltm mtof&h:subnmmckolntcdbyths
mMGn :upcl‘m Its infrared and ultravioket spectra aro
shown In figs. t and 2

i
10

YA © boo W00 MO0 RO0 DOG ROO B0 WD NOdem !

Fig 1 Infrared spoctrs of the mbstance bolated (wpper ourve)
und tryptaming (kwer chrve).

The constants foend are in fair agreement with the data given m the
literature for tryptamuine base, exeept for the meltlng polat, which kas
been reported in the ntcrature ag 145-145° (Ewma 1911) and 118 (Maraxe
1932) To obtam material for companson, we fotated the base from a
purchased ample of tryptamine hydrochloride puriss. Fluka. Thn
aampie sfiowed & corected mefting point of 257 cakudation on the baakk

of a tlration deterrinauon of the chlonde content gave an equivalent
weight of 200.6.

Weowd 20 my of the purchased trypramime, HCY, a8 starting material foc otation
of (et base. A fow dropa of  N-NaOH were added 1o the chioride. Afwr mitnaing
frre timey, eaxch with S ml of ether the cormtbined ether extracts wert dried with an-
hydrom sodrmm salphate, Alered and erapomied (o dryncss on & ttewm bath. The
frudud was sublamed a4 90° 2t & pressoee of § mm Hg. The sublicate, welghing sbhoat
3 w3, tominted of long glstening whie coystah,
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Flg. 2. Ultraviokat spectra of tho substances iolatad, in methkanal.

Thcconededmdnnapo!ntoftbcbolntedtryptamimbuemlﬂr
which remained the same after cooling and rencwed melting. Its fafrared
and ultraviolet spectra were noted. Tho corrected mumed melting poet
of the substance extracted from putrefied liver tigme with the holad
tryptamne base was 103

Comparmson of the values obtained for the crystallme substance &
tracted from putrified liver tissue and the solated tryptamine base &
wed these substances to be sdentical.
Bychmmatnmphyonnnucﬁutednlas:l—Gpmc.W'ﬁ
PARTMIDOE & WESTALL (1948) mixture, purchased tryptamise, HCh =
the 1tolated and sublimed tryptami bmpmlydlnwrpoifﬁl"o‘i)
m response to spraying with diazotised p-mutroaniline
SuvmleZ)mcmotbmmbmwnonzpmvmgwhhawr-“;
sublimed tryptamme base was dissolved in 30 mi of cther Gaseous H
mpmcdh:wthenoluﬁon.nﬂcrwhh:hthocthcrmdmmcdoﬁ-z
residuc was dissolved in 1 ml of absolate alcohol. Ether was added ®
mluﬂon.whjch\mthcnld’tmndlng.’l‘hnmlmlgpoimoﬂh:
tated crystals was 248 (corr ). A recrystallised sample of the -
tryptamine, HCI, had melting point 248% (corr ), and this remaned
changtdonmulng\ﬁthtthCIul!obulnzdfmmthwbﬁmﬂbm
As ween in fig. 2, within the range of 200-350 my tryptamine s&

maximum absorption at 279 mu The extinetlon of a 1 th!;‘ﬂc::
solation of 15 pg tryptamine per ml 0 1 N NaOH or 0.1 N HOlat 2% 7

being about 0.4 15 presence will jnferferc with spectrophot
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mewmoﬂyommmﬂmommmkmordmmhsm
has therefore been attempted.

Separation of iryptamine from commonly occurring alkaloids

The parution colficient of tryptarine 1 025 in 0.2 N NaOH/ether
and 0 11 1n 0.2 N NaOH/chloroform.

Chrocatography ¢n Whetmen peper 1o, 1 prepared with & 01 M phosphate
mduﬂummuwayBMdd(quﬂmd.mfm
wyptamioe aa Re vabse of 0.07 In the paper chromatogram tryptapine was scon 23
nmwbuﬁxdmmnsmvgmwnhbhmnmﬂymedln

b8 degar ft and Fronda ~ gave Do coloor
renction &t the Lyptamioe site.

Our results seem to justify the conclusion that tryptamine 13 extracted
fn the same way s most commonly oconuring slkuloids, but n separable
from these by the paper chromatography procedure of Broww et of
svstem A Thus s because most of the commonly octurring alkalolds have
a higher Ry value than tryptamme. An exception is morphine (Ry 0 06),
wiikch, unlike tryptamine, & not extrectable by chloroform or ether at
strong alfkaline reaction As tryptarnine does not react with iodoplatmate

or DragrndorfT’s reagent, it will give no falss reaction for salkaloids when
these reapents are used for developing paper ¢h ETATIL.

Diacusslon

The difference between the meltmg-pomts found by s for tryplamine
base and the several different melting-polnts quoted in the literature may
be dut to polymorphitn, as the kattes were determined afier reerytailna
rmmbachohxcdbymmmuhmdundcrmdueodprm@m
Hg). We cannot exclude the pontibility that the differences between the
meltng points are due to different procedures of determination more-

m a micro-mehting potnt may dler appreciably from » smacro-meliing
18

Swmnreary
One of the mapenities scen in spec f tric annlyses for "
occurting alhaloids hat been identified
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Secthon of Experimental Anaesthetlology (Professor O Secher M.D), the
ﬁmmmﬁ“dmm:-«mo Maller M.D).

Farther Investigutions Into the Protective Action
of Ansesthetics Agalust Anoxia in Mice
BY

Bendt J Wilkjekn
(Recaived September 1, 1964

1n & previous publicatlon (WLHELM & ARNFRED [965) the results are
repotted of an mvesugation into the protective action of inhalation
anarstheties on mice exposed 10 Anom.

A tignificantly Increased tolersnce of mice to anoxla was found for
tomeb 1 haloth and cycloprop Chloroform, trichlorethylene
and methoxyflurane were seen to have & moderate action, but no actron
was observed with ether or nitrous oxide.

In contlnustion of these investigations we have estrmated the protective
action of some inpectable anaesthetics on mice exposed to anoxfa.

This stody inclodes urethan, an anaesthetk {reqoently used & Iabora
tortes, and two more recently introduced anaesthetics hydroxydione =
hydroxydion (WHO NFN) es sodlum succinate (= wiadril @) and
2 methoxy-allylphenoxyacetie acid-N Ndiethylanude (== detrovel @ =s
G 19 505). Use of the [atter m still in the cxpenimental stage. Fucther we
experrmented with anaesthetisation of mxce with & mixture of pentothal =
Thiopenthone = Iiomebumal(NFN)mdh:loU\am—Momn(NFN
WHO), the two sraesthetics previously shown to be the most sctive In
increasing the tokerance of mice to anoxia,

ARNTRED & Spouer (1962) showed tiopental to have a considernble
protective actson against anoxia in mice. The results of thes investigation
have since been borne out, and a stmilar action on the tokerance of mbce to
anota hus been found for habothane and cyclopropane (WM &
ARNTRID 1965). Studies on hydraxydione and detrovel B are oot avad-
able, ond 1t b & wellknown fact that urethan inhibi cell-division,
apparently without influenaing oxygen uptake,
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. Table 1
Rblo showlng the doros given In milll
animal and the time to fnduction f dep. P
i amaunt of Tiow from
Ansosthutic W"Jﬁ'd lamg nl.:‘lndnmdq::;.

per anfmal 3.8
Urctban 20 3
Hydroxydions = hydroxydion 1 3
Hrdeosydto ) w B

4
Thiopeatons — tismebumat (NFN) 1t 4 i

Hydroxydione 1s the first steroid to have acquired some clmical me #8
an angesthetic, In man hydroxydions reduces cerebral blood flow cerebral
oxygen upteke and cerebral glucose metabolism (Gospax, G. S, N
GUADAGNL, J Piccl & T E. Apams 1956) The reduction is of the sme
order as that seen after administration of a barbiturate,

Methods
As cxperimental anhmals we used male white mioe ranging In weight fron 25 ©
308
The experimental and the hetis] toyed bavs beex
described previomly (WLETELM & AxNTun 1964)

hydraxydione, and detrovel wers injected intraperitoneally
was injected intravencusly The doses given and the thno elapsing before occomes
of sleep are shown in tabls |
Wh:nuhq:.ﬂtmhmhmphmdludnbotﬂamlwdlnthew
During the expenments with urethan, hydroxydions, and detrovel the bottles we
perfined with 20 4 oxygen and B0 4 nitrogen for ten mifutes after the mice had beet
MmmmmﬁmmummmwS%mdﬂ?‘:

. of thi andh the botties wero perfused with # mit?
of 1 £ halothane, 20,/ oxygen, and 79 / nitrogen for ten mimtes. Then the oyt
concontration was reduccd fo %, tho nitrogen concentration betg raied eom™

! The b ined at 1 7 throughout the experoeat

Percentages are v/v
The action of an hethe was by lwmm-mﬂh’{‘}
and 50 controb. mmummmwnﬂnmdww

these involved ten mice exposed to anaxia under anacsthesia and ten

but exposed to the same Jow oxygen concentretion.
mmlmmmmm%dmmw"
to 5/ and the end of respuration, was mexsured for cach mouse i both groupe

Results
Fig 1 illestrates the distribution of the mice anaesthetised wﬂh}:‘;
vanous anzesthetics and those m the corresponding control groups:

seen that the ansesthetics used tended to prolong the su of the
animals exposed to anoxia while under anacsthesm.
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HTDRCRTOION
j umTAR -
1 o -fi h%’"
-
x
- «
|
il - he
j
1 & MALOFAN
nﬂ]ﬂhv? - 'ddm]ﬂ’f‘ -
COMTPC.
- coutmaL

L} 1 ey
1 a reprusentation of srvival time
rnrm:&u-:g& ‘mics exposed to azaxie.
Al mxmber of snimah,

For the particularly long survivals we must, a3 in previous investigations,
consider the possibility that keakape of the mouse botthes had caused the
oxygen concentration 10 exceed 5 4. However even if we ruled out these
values, we still find a marked prolongation of survival in anaesthetised
snmmals,

The svernge prolongation of the survival time and its percentage
prolongation are recorded in table 2,

Disisaion

The mvestigations showed that afl the anacsthetics tested prolonged
the sarvival of mice exposed to anoxia, compared whh survival tres for
son-anaesthetised anoxiated mice. A statistical analysn of the material

showed a ngnificant prolongation of sarvival tims with all four anaesthe
Ues (p < 001),
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Table 2
Amnmrﬁnlﬂm-hmﬁnmu{mcmﬁdmhnmmw-h,

with parcontuye prolongation of survival time,
(lncllculmn;lronvm survival thno In table
m@dymﬂﬂamudndca >

corvivaot | wailel | temendt
control mics savhal

Anarsthetlc
(mln) | mko (o) | TR0R
}:l‘rﬂhm N 259 AR [ s
ydroxydione = hydroxydian (N 44 4.3y Hi
Detroval & " (NFED 254 i »y
Thlopentons = Tlomstrimal (NFN) and
Hulothsne (NFN,WHO) 298

/ 467 LY

The prolongation of survival time that must be due to prevention of
death in convulsions of anaesthetised anoxiated mice is, according to the
results of previous studies (WILHIELM & ARNFRED 1964) comdered ©
range between 8 and 12 4. Tho survival tmes meagured m the materl
under review were, hawever £0 long as to render likely 2 genuine prote
tive action of the anaesthetics against anoxia, beyond ther mere antr
convulsive effect.

It has been shown previously (WILDELM & ARNFReD 1965) thet
thiopenthone and halothane, given separately afford an appoecebie
protection of mice agamst anoxia. Anaesthetisation with a coml
of thiapentone and halothane likewise protected in some measure sgst
anona, but not to the same extent as the ndrvidusl ansesthetis we!
alono
We cannot decide from thess expermments whether or not the protecti®
actions are of the sume nature.

Summary
A protective action against anoxua has been demanstrated for ureth2:
hydroxydion and detrovel
A combinaton of halothane and thiopenthone has been thown 10 b0
a corresponding protective action.
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Eﬂ‘eetofAna}gu!cslanbbiumErythmcyfeSmhﬂ'nm.
By
Ebba Clsmen snd Okt Andrée Larcen
(Meceived Saptember § 1964)
It has been o rated by seversl investigators (Fras ef af 1960
GITLL ¢f al. 1957 LORENZIN & SCHWARTZ 1960 M3CHER & PLETICHER
1953 NN & Fros 1961) that exposure to phenacetm of patients
sufferng from extended abuse of this drug increases red-cell destruction
nanfestmg ftself n a redoced red-cell survival ime.

Animal experiments have given simdlar results (MEscieR & PLETSCHER
1958 Prircem ef al 1561 PLETSCHER ¢f a! 1958) PLETSCHER e/ al (1958)
found the red-cell survival time to be redoced more by the metabolitet of
. 1 v‘m": Win, than by ph
shortened red-cell survival m rats grven

N-acetyl 1

;m. PriEGER 1 @/ fl921) foun;d a

It is not known whether a correlation exists between the ability of
phenzcetn to reduce the red cell survival tiroe and its supposed damaging
effect on the kidneys. There Is reason to assume that the renal damage b
non-speetfic, as human provocation tests (CLAUSEN & Harvarb 1961}
have shown several commonly used analgesics (o exert an irritating effect
on the kidneys, 23 estimated by counting of urinary sediment, and animal
experiments (CLAUSIN 1962 & 1964) have revealed Histological renal
changes after long-continued administration of phemacetin as well a3 of
scetylsalicylic acd

lfm:nnaldnmgcnndmcrndalldmmoumdmtothcume
mechanrm, it might be expected that angl other than ph 1,
fotmtmcrntyﬁ:ﬂcﬂicmd.nw}dbcnblcwrcdmmd—odlmm
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Material and Method

A total of 48 female rabbits, weighing about 2.5 ky each, were divided [nto 4 groos
of 12. The drugs huvestigated wero phenacetin, scetybalicylic acid, N-scetyl-p-anin-
phenol and & placebo, Each rabbit recleved 1.5 g of one of the subatances mmed
dally on 5 days a week for 12 weels. The drugs were adminbstered a9 tabety, The
phenacetin and acetylsalicylic acid tablets were prepared in cooformity with te
Danhh phar ia. Tho N-scetyl-p-amt 1 tablets were made for ow
particular pmrpase!) The placcbo tablets were mude of potato starch and Jectose.
During the experimental period two rabbits In the acetytsalicylic acd group died
After 6 weeks 4 ml blood were drwn from an ear vein of each rabbét. The red el
from exch sample were labelled with about 25 mC Naz 31CrQy (Gray & STAUNG
1950), and after being weahed four times fn phyxiological satine were re-njected
the same rabbit. Fifteen mimitos leter the first biood sample was removed, and dang
the following three days blood sarmpley of 2 ml were removed daily and therofier
twice weekly during tho mubsequent 56 weekn

Tho sampics were mub dto it ination and ofde
radicactivity All samples from each rabbit were counted at the same te o 2 wek
type scintillathon crystal detector with e conventional saler

Resnlis

For each rabbit the logartthm of the radioactivity (expressed as county/
mumn. corrected by means of the haematocrit valpe) was related to the
time of blood sampling. The regression of the mdividual red-cell count
on tiune was calculated by the method of least squares.

Table 1 shows the mean values of the slopes of the regression foes
fnrmdlmupnmmeilthmthatthcnmofdmppuﬂmd
Inbelled rabbit red-cells in the groups treated with phenacetin and soxiyh
salicylic aad 13 significantly greater than that for the placebo g%

Table 1 "
The mes nluamdthdxmnﬂudnmoﬁhada?-aﬁh-wﬁnfmﬂl i
call survival curve. Esch group consnts of 12 mbblts. Then of the differoace
the meant for the plscebo group and the groups treated with asalgeacs wero

by the =1 tex.
Atogy C/aL
Group Mus [ eem f LA
!
Pace —~0.0288 0.0008
s } Zao30 0013 <t
AcetytiaticyBic sod —~0.0328 0.0013 o0
N-acrtyl-pammopbesol 0271 J 00009 > B

|)xjnd.|ymﬂcdb7)«|rm Dwmex Copenhagen
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MLACERO
P RCETIN
Y
'
® » » 0 oars
Hg.! ammrwmmm
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whh the Kol wow

groep.
Abechea Uma i dayr Ordinxie
semt b daya O Acthriry ag £ of the

(p < 0.01), whereas no mgnificant difference was
Pwmmmmmwﬁmuw;mdbemg;
'mxem:ordhappamrepudaymfmmgp;mm‘lpﬂ/
for the phenacetin group 76/ tm‘h"m"“‘:y’hlﬂdmupzs/
| group 6.4 ,,.

pared with those for the three

lulﬂwdlhemnplukg«mu:pacmug:o!lmtnlsmmu_



138 E. CLAUSEN AND OLE A. LARSEN

M PLALERD
NACETYL P-AMPOPENE.

2
0 " n 40 Dary
Fig. 3 Redcell disa carve for the
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Discussion

PrLecER et af (1961) found a reduced erythrocyte survival time m st
treated with phenacetin or with aminopyrine, but not after treatment witt

acxd or N-acetyl-p-amiophenol.

PLETSCHER ef al (1958) reported a reduced erythrocyte survival
m mubhits treated with N-acetyl-p-aminophenol or with p-phenetidi
Inourst\xlythccmhrocyt:mﬁvnlﬂmewux{gulﬁandylminti
groups that recerved phenacetin or acetytsalicylxc acd, whereas treatmeat
with N-acetyl-p-amiophenol did not alter the erythrocyte survival tie
Thus, the mvestigations performed so far imnto the effect of amalg=ss
upon the erythrocyte survival tme have not gven consustent
leaving the mpression that several different analgesics may redoce b
erythrocyte survival tme in a way suggesting ~ as in renal damage = ¥
non-specific phenomenon. This impression 13 also supported by the resuis
of a previous experiment on rabbits (CLAUSEN & ANDREE LARSEN |

published) which included, in addftion to assessment of the substane®
tested In the study reported bere, also fnvolved a study of the eflect &
acetanilid, phenylbutazone and propyphenazonc upon the erythrot
survival time As compared with that of the puocbogmup.theaﬂhm"f
survival time was significantly reduced during treatment with ety
salicylic acld, slightly but not sigmficantly redeced during treatment
phenacetin, acetanilid, phenylbutazone and propyphenazone, and almost
unchanged dunng treatment with N-acetyl-p-aminophenol. Hc'"";
the groups were small compnung only 3-5 rabbits ench, and it ¥
considered that conclusions should not be based on that stedy afone
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ﬂrmﬂuofthuctwomvcnigmmmwgcthanowhdmt:thnt
myhnhcyin;mdrcdmuyth:mmmvnlthnclolhcmmt
23 phenacetin, whereas the bolic product of ph m, N-acetyl-p-
aminophenol, does not affect it.

Two types of haemolytic anaemia have been described after intske of
phenacetm. One iy an acute variety occurring after intake of a smgle dose
Thit variety occurs in the presence of 2 deficlency of the enzyms glucose
6-phosphate dehydrogenase. The other vanety is chronic, manifestmg
Yiself in persoms having hiad an excenive 2nd fong-continued comsempuon
of phenacetin the mechanism of its omset is unknown, although an
allergic mechantsm has been suggested (Fris e7 al 1960 NixoeN & Fros
1961), and cnzymatic s well as direct toxrc mechanisms have been

coasidered (LORENZEN 1962).
The mech of the damaging effect of ana), upon the kidneys
B not fully und d, but the histol 1 renal changes observed in

animal expermments involving administration of large doses of phenacetin
or seetyltalieylic acid to rabbits over a lang perfod (CLauszeN 1962 &
1964) appear to indicate a direct damage to the tubalar epithelitm. On
the other hand, none of the histologleal findngs support the suspicion of

It seems reasonable to assume that a corresponding, direct toxic action
upon the erythrocytes is responsible for the erythrocyte destruction. Such

mwmtmmmemthMOnofmzmdcmuim

Sunimary

The survival time was rtudied on 48 female rabbits during
freatment with phenacetin, acetylsalicylic acid, N acetylp-aminophenol
mdantebocommemhrmnmvnlum:pmwddgmﬁmnuy
Mammmm.qwbncﬂwmmm
contral growm, and no reduction was found in the N-acetyl-p-aminophenol
5001)- Constdered along with those of other investigations into the ability

mrbmamJMmmdmcemhmcyzenmivnlumc.Lh:mnlu
Indeate that the erythrocyte destruction 1s 2 non-specific phenomenon,

Since this also appears to apply to the damaging effect of analgesscs
mmmmmaudummnppcnnlobewmunmofdm
umIi.j‘iﬂ::’l\;pt'mxhc(ubul;u- epithelium - 1t seems reasonable to assums

e
%‘hmmmmmmohmmdby-dmwdcmmn
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Studles on the Fate of Diconmarol+C In the Rat.
By
Flemmtiey Christessen
(Recetred September 9 1964)

In n earher paper we reported a stody of the distriboton and elimna-
ton of diconmaro} In rats after intravenous administration (CHRisTENRTEN
19642). The rate of disappearance of the drug from the organtsm followed
the rate equation of a first order reaction, but only small amounts of the
unchanged drug sppeared 1n the unne and facces. These facts indicate a
transformation of the drug in the organism to metabolites, whoto chemical
nature i at present unknown. HAUSNER ef al. (1951) have shown that
feeding 14C-labelled dicoumarol to rats resolts in the excretion of appre-
chable amounts of radicactivity in the unne and demonstrated that this
activity represents several different radioactrve compounds.

1n order to obtain further information about the routes by which the
metabolites are excreted from rats, we declded to study the problem by
the ute of 1C labelled dicoumnarol. This compound abo enabled s to

study the metabolites produced from di ol and to blssh their
Patterns in urine, feeces and tsues. Finally ft was found postible to
characterize and the of some of the most important of

Material and Methods
. Unlatbelied dicoumaral (NFN) was obtained from 2 commercial soarce and used as

compound.
Dwowcaro! labefied  ith MC' In the mcthykene bridge (.3 methylene-HC-bls
-hydroxyconenaring) was prepured by the method of Lix #f s, (19504). Paraformebde-

whh of
ks 2 spectfic actrvity Zn:(muL‘unbu‘hndt@‘gh:Ru'lbd;:’m-

1o fi
% 1 100" with water in 2 scaled tube for 2 hours, -1

A 4t Yo Forrmldehyd:‘cun)::.:cnm
bbdied which was recrysalBsed from bofling

el activhy of the labeficd diconmmaro! shoukd be 2 mocmmol, The
A‘-Mnl.nhn.l
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Mndbehmdulpudryo!lhndruammenedbypwcrdmmmcmﬁyh
the yysterm 1 2, and 3 mentiooed below only one radiosctive ot with an Rerae
the z2me 23 that of the refersoce dicowmarol being detected in each crse. The radie-

actlve d and the authentic di had the same melting poknt, and ther
molar absorbancles, determined at 314 myu with 2.5 M NaOH as sobrent, were pract
cally identical.

The specific radicactivity of the Labelled dicournarol was 6.00 X 107 cpmymin{ag
when counted at gtandard thickness, as described below In some of the cxperinems
unlzbelied dicoumarol was added 10 the labelled compound n order to redoce the
activity

Animal experiments

White female rats from our antmal stock, weighing 190-260 g, were fol ot
comumerchal chicken diet and had fres accem to food 2nd water during the experimen.

At the beginning of the experiment, normul ruts were injected ntravenously Into the
tall veins with & sotuthon of the Laballed dicoumaro! prepared tmmediately before v
by dissolving the compound In equecis o L M NeOH. The ankmaly were plced 8
metabolic cages for the acparate and quantitative coliection of trine and facoes od
having a special device to avold coatamination with food. Urine und faeces wem
collected for 24-hour periods darlog & tota] of § days.

Because arge amomnts of radioactivity were excreted in the faeces of the sorl
aty, the possibility of excretion through the bils into the intestine way stodied. There-
fore the common bile duct was Hgated 1n & serics of rats undar ether wrwestheshy, by
plachng two Ligatures around It onnnu.rmLhupoﬂnhcp-tbmdlheu_hﬂ'ﬂd‘

doaderum, cutting o

schected for further experiments, both rais being in good general condition

exhibhing with dark urine. The experments wers then condocied as dexribed

for the pormal animeh.
Two rats were injected intravencualy with 14C-labelked dicoumaro] and kitied b

heart puncture 6 and 24 hours after tho injection, The Liver and kidneys wer®

and homogenised with 0.9 / sodhrm chlorkie. Extracts of these tmes and of ploot

Facces collected from the individual periods wexe dried at &3 (0 & constant wiF,
Mwmzwtmmmmmm-mmmw:;
were brought 1o & volume of 10 m! cither by adding water or by evaporstion
reduced preseure.

mmmq:kmmmwmd.wmulﬂﬂ“‘;
connected to & Berkeley dechmal scaler Alluumwubmded-mmw:’m
the background count and then converted to the activity at standard thickness,
defined below Drmotved radiowctive matcriah wers prpotted into atuminfzn e
cbﬂlu(dhmuallm}mmcdmhndbkdkmtbmmdl“mm:;‘
10 / (wiv) sotution) os an adhesive. The samples were dried at 85° ‘do‘rduh
E:nu-nO.Zm;o(mm-hlmdepomadonUnpumha.rdcmdwﬂ

mmdddrmAllmMrhmddmwd(ambm:dud

achded ol

reces a special technique was
2w

small amount of 0 1 M NaOH (10 pl/100 mg facces) and water being
i::dubhmmmowhtimmluhlmdmmm{awdwm

by
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planchetse, the
Hdmp!d'wmm.ddd.lndluﬁ!u'quwdinlal
xbmdmt:d means of & ¥patola Alter drylng at 85° for balf an hour the
mrpk wat material

mentally determined comection factor
Wmm‘mmwwhm 43 4 Asarde
dn:lli:k' L ertormed, bt Ineses samples were run
mwmww«hmm.ammmmmn

few ,, from the moan valne, which b given s the renilt

wgm-mmwmmwmh.mmm
wolid NaCl, with § vol. of ethyl scetste for 5 min. and repeating this procedure 3 times.
The mean radioactivity of the combined axiracts, which wero evaporated to drynem

m»mmwnhd‘mmmmwmmm&u
tioms of the extracts were itted to o and

In n piasa-stoppered Rk contatning 5 mi of 1 M RO and 40 mi of pure sccione, The
fink was vigoromily ghaken mechanicutly for 3 hours, the comwents then being filttered
end the ffrace broaght o & yokame of S0 ml by sddng puro scetone, Tho mean
mdeanivity of the iotal filtrate amounted 1o 88/ of that peesent in the original
saaple. However the extract wes too fopure o be wsed directly for paper chromato-
Farhy and the fitratd wat conceotrated under rednced premare to a small volome
3 mi), solid sodtum chiorkle beiag than wdded 1o satumation amd the concrentrated
flirate exracied 4 thmes with 2 vol of ethy! acetate, The combined extracts wero
euporated (o drynem under reduced pressure, and the retiduc was dissotved in 5 ml
o0 23 M N2OH end then extractsd with one volume of ethy! scetats, which was
remerved and diearded. The sodlum hydroxide was acid!fied with conc. HCl and then
atracied 3 vnes with 2 wol. of ethy? eectace the total extracts then belng eveporated

procedury was i previooly described ((
\mmlh.whmmzmnrdrwthldcuhwmd(h:dmmombrhr

System | a-butanol ~ 3 M-aqueows somonts | 1oy
3ynem 2 Benpene - aceikc ackd - - water 2.2 | (vv}
Sysem 3 Ethyl acetate Jhliqncomlmmhhl(v,‘v)

Mww\mm\mm}bmdﬁwb’wcml and
peper by syszemt 1 and 2 for the finet and second

m lwliwhlhmlﬂmwmllmpﬂ Hn-nm

ﬂtmmmm-uhuFunmxmﬂm(tynN b%mb-u)(otuhnhhu
paper ok

nere scomed by meens of an actorostic
odovkes pater chromatogram samoer (model RSC-S Am-e;uhm

bl
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NY ). Tho total area enclosed by the resulting curve, as well as ths areas of the 3
vidoal peaka, were determined by cutting them from the record and weighing te pap
Pleces, thus permitting an estimate of the relative drstribertion of the radionctivty o
the individml spots,

Results

The excretions of radioactirity In urine and faeces by normal rots aha
the intravenous admmstration of dicoumarol Iabelled wath 14C are shown
m table 1 The mean value of the total radioactivity excreted by the 3 ras
during the 5 days of the experiments amounted to 94 0 / of the peeted
dose, the greater part bemng found 1n the facces (mean value 713 Q) ad
the smaller (mean value 228 4) 1n the unme. During the first 24-hoon
pertod an average of 750 / of the actrvity appeared in the exerets, &
percentage being reduced to 13 7 during the next 24-hours period. Dungg
the last 24-hours period the percentage had decreased to 0.7

Table 1

Excretion  f radioactivity in nrine and fasces by normal rats afier
intravenous hnjectton  { dacourma of b with 14C.

Dow f Perod Acthvity recovered (% of dowd
B - | (boure after
¢ Infection) arlae ‘ fueces ‘ ot
o- 24 177 Q7 :5
470 mg ~ %44 25 0 29
1 282 x 106 472 11 13 n
T % 03 10 4
#6120 el 04
—
’ } 'Tuul u1 (2O o
|
o 24 154 20 af
430 mg ~ 24- 43 23 e 5
2 238 x 108 w7 e frd 4
-
e 96120 02 03 at
J—
$ \ Total 209 \ .7 L _
o 4 199 20 i
481 mg ~ 24- 43 3 123 33
3 138 x 10¢ & n 13 o %]
[
> 96-120 o3 '
——

‘ [ Total: 257 732 !
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The excretions of radivectivity ix wrine and faeces by rats with ligature of
the common bile duet after the intr injection of if ol
is thown In table 2. Bacause of extensive hemorthages into the pentoncum,
ctc.,thcruudkdbctwrcnthethlrdnndfourthdaynﬁu'dmmjccuan,
alowmg only three collections from ech rat. The fotal excration of radio-
mdvhymlhcumdmmgmcexpmmumnlmd9l7/,.nging
mlmgcvalmo(ﬁ&?/,_mamuunofmdlowﬂtymmcfum
was, however low and the mean value for the excrebon by this route
during the 3 dsys was only 44 4. Also in these experiments the greater
part of the total sctivity was excreted during the first 24-hours (mean
value 69 6 /), and duning the following 24-hours the excretion decreased
to a mean value of 137 4.

Table 2
Exeretion of rad in wrine and Macces by two rats with artificlal occfoston
of the commeon bike dwct lntzrvmcrmlnj-:vjnddhomlmlhbtﬂ-dmhllc.
Exp. Dose of Perlod Activity recovered (3% of dos)
"o dicogtmrel- | (Rours efter
we injection) e ‘ fusces total

T 37 134

bl.?l 9 €2
.3

Totn) 755 (¥ [ Al
b aotmg~

s e | i i Ga
on “wn 39 s

] P’amn.s l 21 l 7y
Mpatmofrdiamlrtmaboﬂldhw{neandfmx s revealed
by one- and especially by two-di fonal paper chr phy were
ﬁ;rnhm complex, a3 an extensive spread of the ndloac\!‘myrufmny
mlwm;nuadsmh&%mlciﬁkkmm&mﬁbyﬁ;.‘

M|?3nwm diograph of a two-d, | paper ch

grum from facces. In order to f: be
o focc uxiﬂ.n:::lt’furd\cr characterization of the

P d each of thess fy

f:couk;‘:hmmdakuhyanumb:r rtfuﬁng!alhe]lrnlwrcoc;-}:::

:!:rpe chromatographed by system no l(buunol—uqu:omnmmo-
).Inlhhwaywmoﬁhemunhnpoﬂmtndmhtmmboﬂmm
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It TRt a2y
E3

N )
Y T

Fg 1 Typical P of 24 ch foc foaces of et
mmmmmmmerwﬂw'mubmmwd-
of the main radjoscthr compounds can be setn.

facces were designated, as can be seen from table 3 but those radsacimm
compounds having low Revalues (< 0.20) in both systems 1 and 2 1%
excluded, as they could not be clearly separated and charactenzed by the
methods employed likewise compounds represented by weak and variabe
spots on the chromatograms are omitted. Further tablo 3 shows the Rr
values of the 1ndrvidual metabolites and therr colour reactions sl
diazotized sulphanilic acd and dlazotized o-dianuidine. The Revaloes
given in the table were determmed by submitting an extract of faccss ©
paper chromatography by system | eloting the mdividual radicctive
zones from the chromatogram and finally submittng the cluates ©
chromatography with each of the 3 solvent systems used In this way e
Re-values obtamed were somewhat higher than those obtamed with ende
extracts of facces, indicating that impurities may redoce the Revakes
of the compounds.

The pattern of radicactive metabolites m urine bied somenba!
that for the faeces, but the compound D032 was absent from the wris
and the compound A-078 only present 1n small amounts (ble 3™
other compounds detected in the urine, except those with low anfz
(< 0 20) not constdered, were apparently identical with those found in
facces The d rdentity of a compound in urine with that I st
mmurcdmfuupoufblcbymmchmmntogmphhlm‘m
compotmds side by side, on the same papers, with each of the 3 safvedt
systems described for the development.
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Table 3
taeces of u.mnn
mu,,mmmhwmmummm o afer e

dicoumarok-HC.
WMWMMmmmmeMAmnm of their
relattes abundsscrs i wieo

arv thown
rwmupuben.
Remabval) Colours Rafaths amounts?)
Cowpounds diarotired|diarotired.
""““"’“‘“"’“““ subpha \D—dhrd- wrine ‘ fasees
‘ ofhc add | sidine
0Tt 098 yeiow  parpie
Rk:-ﬂm”ﬂ 07Ty 0% 033 ysow puiph i 4+
B 033 033 as2 011 ysilow  purphe ++4+ F 44
[ 040 087 08} yfow pups +4 4
D oM a4 om 00l yow poe 0 I+
833 [ 0} yllow
(‘E‘) \ oo 002 1 wr;!- T+ 1
) Solvenl syshrm
Smctll wbwtanok) M-aqueovs ammonda 1 1 (vh)
-cld-H:Ol 1M
-u.‘\:l-t—) aqom mmona 1 1{
lﬂumbﬂ

ThceompomdA-O?Smfrommerluamdcolourmsﬂom.
ble from d 1 (table 3), but the chemical nature of

the otber lites 1 entrrely unk

Table 4 shows the distribution of radioactivity isolated from urme and

f{acces dutmg the fiest 24-hours after infection of labelled dicoumarol, for

mo!;cmuboh(aprwiouﬂymmlbmd,ﬁcdkﬁbuﬂmm

A

s paper a3 dexcribed

Table 4

yanowm
frD i M&mmmb}‘mmm
dcommarol mto rats. Cxiracts of myree and facces wers sub ";'h\hnh.o{ ‘C-hbd‘lcd
The mea dmmmmunumw"‘“ Drain the retsiive st

mmnulﬂamwmmm““w‘hmd’lﬂnu
s M
heikind fuem
Sy lseommarh [ETR R
3033 16 6 {13200
Oy 359 (X143 70
e [l

464 (4350
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L]
8013
-
ozt

= ¥
Flg. 2. T 1 record by scamlng a chromaiern
prepared from the urise of ru]lwbmlylhﬂon with t diconrsarel, The

togram wes developed by mysiem | (butanol ~ aqosous armonia)
B{ndmupointuwhkbv.bemmmbzu to the chromatogram aad SF the pot-
thon of the solvent front after development. ardinate shows the activities recorded i

cpm.

under Methods. A typical scanning record for urine is shown in fig. 2
The single compound accounting for most of the radioactivity was
evidently B-055

The patterns of radioactive compounds in the plasma and Hrer afix
ntravenous mection of dicoumarok14C, as rovealked by trro-dmensiosa!
chromatography showed the presence of unchanged dicoumarcl as well#8
at Jeast two radioactive metaboltes, the dommant one apperently besg
identical with the metabolite B-035 from facces and urine, the oder
ronnng with low Re-values by both system | and 2. The relative detribe
tion of radioactvity among these various compounds, as obtained b7
scannmg one-dimensional chromatograms, is shown in table 5 At & homs
after the Injection of dicoumarol 14C the unchanged compound a
for the larger part of the total ectivity present in both the plasma end U
liver (55 and 79/ respectively), but after 24-hours the metabolies
accounted for 53 / of the activity in plasma and 82 / of that in the fver

o
The of in varous pounds detected ba the
twon of
mdpumornu::.mzuom-nahmmm; of Geos

B P e starned 16 chisin i alatve scuvHuS TR, R
| Liver (30 I Pasos (D

Compomm Sbowrs | 24hosn ‘ Shouns | 3 boE_
“

I
33 19 ‘ »
I ~ " 38 18 ;:
™ 17 47 f 4
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Discxstion

muhsprnmt:dmthnpapcﬂndhmﬂmdmmolinnuu
TPe_- {ly eliminated a3 bo) which are excreted together
with small amounts of the unchanged drug m urine and facces. In the
studies by Hausner &1 of (1951) on rats, it was shown that no radio-
nppmrcdbathccxphcduhlﬁtronlndmhmtnﬁnuordmnmnml
Iabefled with 14C in the methylene bridge this i shallar to the finding, of
Lix et af (1950b) on mice after the intravenous admimsiration of the
redioactive compound We bave in our study therefore not taken thn
poulhkmmcorewnnﬂonintoaunmﬂon.

From the results it n» aho apparent that most of the dicoumarol and
its metabolites are excreted In the facces and only a mmor pert in the
urine The results of ligating the common bile duct indicate that the
metabolites reach the intestine with the bike. In thelr studies Le ef of
found & similar digtribution of radioactrvity In urine and facces after the
mtravenous injection of 14C-labelled dicoumarol into mice, but in corres-
pondng experiments on rabbits only a smoall fraction of the activity
appeared in the feeces. A pronounced speccs difference thuy apparently
exists. LET ef al also suggested that there b excretion of metabolites
through the bile etpecially o8 they found the concentration of radie-
ectivity fn this fluid to be high. Hausner #ral have reported a preliminary

P on the {ion of Tadioactivity I wine and facees of s
during the firt 24-hours after npection of 4C-abelled dicoumarol A
o1l of 484 / of the dose appeared m these excreta, most (32.6 ) being
found in the faeces, inclnding the gastrointestnal tract with its content,
and the smaller part (15.8 ) In the unne. These figures agree well with
our own findings, although the total excretion durmg the first 24-hours In
out experiments, amounting to a mean value of 750 4, was somewhat
higher than in theirs,

In a previots paper (CUIISTENIEN [9648) we reported the rate of
disappearnace of dicoumarol from the rat, tha half-life bemg found to be
76 hours. If thus be compared with the rate of disappearance of radio-
acthaty from the rats, which s ensily obtained from the results of the
fnvestigation now described, it s evident that with increasing thme after
ingection of drcoumarol labelled with 14C the total radicactivity rema ning
in the rats must represent & decreasmy fraction of dwozmarol and an
£ ing fraction of its boti Thhmrdswzﬂmml}uﬁgum
given in table 4 and agrees wih the fncresnng concentratlons of the
mbo\ncB-Osslnphmobsmrdh\onrpmiumuudy(c}m

1964
\364u) duriog the first 8-12 hours after the iatravenom Injection of
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Thgpanu:;,xofmdioacﬁveocmpoundsmﬂwunmmdfnmmn
already stated, rather complex m order to simplify matters, weak and
variable radioactive spots have been neglected Unchanged d ]
accounted for 10-15 / of the dose mjected, but a much larger fracton
was excreted as the metabolite B-0S5 these two compounds scconntimg
for about one half of the total amount of radicactivity excreted during

the first 24-hours,
As far a3 Is known, little information about the metabolites peodaced
from dicoumarol in man and animals 1 available, the mast Imp

contribution to our present knowledge on this matter being the stuches of
HAWNER ef al already referred to They succeeded in separating Lbe
radioactrvity present in the unme and plasma of rats, given 14C-labelid
dicoumarol orally into several radioactive compounds by means of cce-
dimensional paper chromatography with methanol — butanol - water 8
the solvent, but the metabolites were not characterzed As we did ot
use this solvent system, our results cannot be compared with those of
HAUSNER ef al., but it is evident from both studses that dicoamaro! In the
rat Is metabolized to several different compounds. Among thess, e
substance B-055 is quanttatively the most important one, consstently
with our previous suggestion (CHRISTENSEN 1964a) The possiblity tht
one or more of the radroactive compounds detected in the urine, facees
etc. of rats mught be formed by the action of intestinal bacteria shouid be
considered, but evidence agamst this theory was obtamed by demot
stratmg in the urine from rats with ligature of the common bik dect, U
1ams metabolites (together with several new ones) as were found In tbe
urine of normal rats. It would be expected that metabolites formed bY
imtestinal bacterta would disappear from the urine under these conditio.
when so little radioactivity apparently reached the intestine.

Further HAs & PROHAZKA (1954) have reported that feeding dicouss
rol to rabbits results in the excretion in the unne of & metabolite ruanité
with an Revalue of 050-055 in the system butanol-ammoni
metabolite mught be the same as that designated B-0SS5 In human e
WERER et af (1950) were unable to detect erther dicoumarod or conuEe*
wath glucuronic or sulphuric acids after the administration of d
Thus it can be concluded that, although metabolites of dicoumarol B¢
been demonstrated m some ammal species, nothing i at present know?
gbout thelr structure. marol

In the plasma, at least up to 24-hours after the injection of dxo pit
labelled with 14C, three radioactive compounds werc detected hm
study whereas HAUINER ef af reported three and a weak fourth.
wise In the liver tissue we found 3 radioactive compounds, o o

hanged d ol Licetal, b could only detect unchas

di
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dmumuol!nﬂl:ﬂvmofdlcomml-“cmmnhb(uby!hcmof
cmkutopadﬂunonnwtmmuedumrdmtmulumavbcdmlon
specis difference in the fate of dicoumarol

Sommsry

The excretion of radisactivity m unne and facces after the miravenous
sdministration of dicoumarol labelled with 14C 10 T2ty has been studied,
Most of the activity was recovered {rom the faeces snd s smaller amount
from the nring, the tota! amount excreted during' S days being nearly
equal to that of the dote admini d. Artifical occlusion of the
bie duct resulted in & reversal of this sitnation, practically all the activity
being excreted In the urme and only small amounts in the faeces.

A tpecific patiern of radloactive metabolites in unne and faeces of the
normal rats was establshed by means of paper chromatography The
most tmpottant of the metaboliles were charscterized by their Rr-valoes
and colour reactions with dazotized sulphanihc acid and diazotized
Quantitatsve estimation of some of the metabolites were
abto carried out.

The radloactve compounds m plasma and liver tissuc were
by paper ch graphy nto . 1 AL of and
The main part of the radloactivity in the bver and plasma after 24-hours
sfter the injection of dicoumarol-14C, represented metabolites,

separated

tebal
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'IheEﬁ'ectufPiﬂnltmmhie(R&ﬁS)mtheRuplﬂtu’y
Response to CO: Inhalation
By
Mogens Jargeases, V Dyrbery and 5. H. Jokamsen
(Recatved September 24, 1964)

Pirintramide, (R 3365), (2,2-diphenyl4-(4-piperidino4-carbammoyh
prpentdino)butyromitrile) is a new potent analgesic, which lacks some of
the clastical chemical features of the known morphine-like compounds.
Pharmacological tests have shown it to have 8 number of typical morphie-
like properties In most tests on muce mats and dogs, it is abont twice 88

zctive ax morphine by the sub route. In dep effect on
the respiratory rate of rats it was found not to differ significantly fron
morphine. Emetic activity m dogs 13 low (Jarssen 1961) In a clmied

trial (CerASO et ol 1963), purmitramide was uted on 75 patients for 15
treatment of postoperative pamn and found to provide excellent enalgesdl

with few ude effects.

With this background 1t was thought of interest to subject
to an experimental nvestigation 1mnto its mfAvence on respiration. In ¢
study reported here such an mvestigation was undertaken by a techniq®
adapted from a method described by ECKENHOSF et al 1956

Method

Obnwdommmd:mfmmhmwuu\hozmmdbodyw
shown in table 1 During an experiment, tho sbject was lying supine. He v ot
m.mwmmmmnmm-mwm
“yemicioncd” cireut, which incorporated a reservolr bag of 5.5 | cpacity & poc™
udmmph(w)memmruwwdmmAm::
adjustable flow of a mixture of 50 %, oxygen and 50 futrogen, metered in 8 Bo%
(rotameter), entered the chrcult through the bag. The expired gas wis
numh\mmhm-uﬂow-r-xwrul/uﬂn.rrmnnpol.mhmdmhnunl:rm“"’
pﬂo{themddlmabmlnht,mdd\em‘bmdhﬂd:cmmhno{ "-"'m“
mmmhnmalymmmdlnmh{nmdco;mma(cmwu
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1. The breathiag circaft. V onkSirectional vatvs; O, explred gax mmpling E, abaust
re-eatry etromut of CO; anslysed gas P pocomotachograph B roeervolr bag
[ e G talet for mistare.

Intervals,
tespiratory mintte vokme. The volume of the clroult with the beg lgitly distended
wis approximately 7.5 L The broathing circit end the position of the variows parts
fncorporated b it are shown in fig. 1 A detailed description and an {llestration of the
recontmg

de concentration in the reghoa of
6.3-7.0% was aimed at. The oxypen coocentration of the inhaked mixture was about

40 Wuh the larps venillation prodoced by earbon dioxide inhalation the beg was

rh'hmmbanmwhumtja:u.mdtwbwmcmhahn.nubuhwd
io table | Intervals between expertments were st keaut .4 houre.
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Results

The experimental result are grven in table |

It 18 scen that the respiratory minute volimes were redoeed m all four
persons after the admumstration of either pethidine or pirmitramde, The
reduction was mote pronounced after pimitramide than after pethidise
m three of the four subgects, though m one the opposite was fomd
Respiratory rate was slso generally reduced, with three exceptions, m tho
of which it was mereased and in one unchanged The relative redoctioes
in respiratory rate and respimtory minute volume were almost the same
after pinnitramude  After pethidine, the respiratory rate was reduced
relatively lest than the respiratory minute volume,

After the experiments with pirinitramide, all of the subjects stated that
they had expeneneed one or more of certain sensations, which generally
were of & plensant nature euphoria a fecling of being lets bothered by
the forced breathng lighthendness a drunken fecling dizziness. After
the experiments some degree of malaise, headache and & “peculiar
feeling persisted for some hours. Similar subjective reactions were reported
after pethidine, but were less pronounced

Discussion

The method nsed m this study has some theoretical advantages over
that of otr previous studies on drug-induced changes 1n the regulation of
resprration. The main feature of our earlier method consisted in 8 seres
of total rebreathing procedures 1n a closed circt, which allowed endo-
genous carbon diaxsde to accumulate rapidly and “indefinrtely” Chaages
n respiratory regulation were assessed from comparisons between resp-
ratory minute volumes at an arbitranly chosen elevated level (or sevend
levels) of end tidal carbon-dioxide concentrations. With the
method the subject is breathing unmterruptedly at & constantly elevaed
alveolar carbon dioxkle concentration in a partial rebreathing ‘Y:;

and respiratory regulatory are d from changes fn

ratory minute volume.

The purposes of this modification were 1) to make changes In
ventilatron/end 1dal Peoratlo more easily sssessed, a3 it is possibk f0
mantam end-tidal carbon dioxide concentration at a constant kel thes
making any chapges 1n the above-mentioned ratio 1mmediately IW‘-“_:
from the changes in respiratory minute volume 2} to make jt posu
to monstor and record end-tidal carbon dioxide concentration and
tory minute volume continuously before, dunng and after ndm:nhtg
the agent under study This would make evaluation of the ime-rela f
of the drug effects simpler and more accurate 3) to chminate the probkm
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amsociated with the transtion from breathing normal ar to bresthag
carbon dioxide mixtures (e.g. changes in oxygen concentration of the
alveolar gas, cardiac output, the pulmonary blood volume (Sertaxn
1955), reaction time of the respiratory regulation in response to increased
arterial carbon dioxide tenslon)

In most of the expeniments the carbon dioxxde concentration Increased
slightly immediately after injecting either drug, presumably becane of 2
sudden redoction in pulmonary ventilation. This short elevatwa of
carbon dioxide concentration was followed by a slow decreas in both
the carbon dioxide concentratron and respiratory mmute volome towards
a new steady state. The decreasing tendency of the end tidal carba
dioxide concentration was reversed by 2 reduction in flow of crbo
dioxide free gns into the circuit in such & manner that end-tidal carbon
dloxide concentration increased and reached the pre-injection ke
These changes are illustrated in fig. 2a & b

The fall m end-tidal carbon dioxide concentration, which followed th
injection of the drug, could be cansed by a reduced carbon dioxkde outpst
from the experimental subject, such as would follow reduced ventiisioy
work. The reduction in carbon dioxide concentration could ako be die
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mmmﬂwlnthcummmtu{mrbondiuxﬂedhnlnsot{endl&o;mn
cireutt in consequence of & proportionately greater escape veolar gas
thandadrptmgufmmthcnhthvﬂve.ﬁxpog!hﬂhyhumtbcm
investigated, bat seems unlilely Because of the position of the exhaust
valve closs to the expiratory valve, and the fact that sufficient presyure
mownlh:uhnmtvﬂvcwon}ymd}cdatth:mdof:xpimﬂun.
mainly and probably exclusively alveolar gas was eliminated from the
drent, yrespective of changes in ventilatory size aod rate. Finally s
decreased earbon dioxide concentration would result from an crease in
the volume of gas In which the carbon dioxrde 13 preseni. This volume
comtsts of the mechanical dead space of the breathing aircult and the
mbjcalukwuymdlnngs.mehhud}ymymmmmpcmmyof
\hese volumes of changing under the conditions of the experjments
described.

Conscquently it seems ble to assume that the main cause for
the reduced carbon dioxide concentration observed after the Injection
n the reduction in ventllatory work.

Owing to the relatively large volume of the breathing errcult, changes in
carbon dioxids ion in resp to ndy of the flow of
carbon dioxide-free gas into the crcuit octurred too slowly to allow
sulficiently speedy control of this factor and it proved difficult to predict
with adequate precision how much the flow of carbon dioxide-freo gas
into the clreult bad 1o be sltered for the expenmental subject to reach the
desired end-idal carbon dioxide concentration. This inertla fs inherent
in the method, unce the reservolr beg most be lurger than the tidal
volume of the subject. For this reaton the tims needed to reach the destred
end 1kda] catbon diogide-concentration varied greatly as i evident from
the fformation given intable | In ability to provide a baws for a minvte
to-mintte susemment of drog effects, this method has comsequently
Peoved lexs than optimal, although it Is an Improvement over our previous

Differences In the sensitivity of the present method and the tota)
rtbtmlhmgmeﬂwd.mfumdlotbcvz.lnsaughsdnnmhﬂmrumn
tory responses to carbon dloxide inhalation may be evaluated on compa
rhztbzrmluubmmcdbymzmmmhnnudymdmkmﬁm
the total rebreathung method (Dyryera et of 1962), pethidire 50 mg/70 kg
hodywtiﬁnmroundtnrcdumpulmonaryvcntﬂmudcvued
-hmhrurbondloxidecommhmhthmnpcmmmlmbimhy
248 L 304 /nndJM/..Le.crcatuchan;uthantnlhcmnndy m
which the average reduction in pul y ventilation of fout experimental
mbjtcu,uncrnnldcmhldmcofpctmdinc,mroundtobcwd/,
‘mmﬁmmlommtmnin:dlﬂamhmpmbywm

A Pharmbng i, vl 71, s, T
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methods. Siace by the method based on a constantly clevated carbon
dioxide concentration Jews ventilatory reduction iy found than by the
mcthodmwhnhvmtﬂnﬂonmmcum-cdontb.cﬂopco!nupd]yh-
creatmg carbon dioxide concentration curve, it may be assumed that,
besides the reduced ventilation/Poo; ratio found by both methods, 8
delay m respiratory response Is recorded by the total rebreathmg method.

The redaction m ventilation/Peo; matro found after injection of phmt-
tramide 15 mg was considerable, and on an average somewhat grester
than that after pethidine 50 mg. Whether the difference between the two
drugs s of practical significance is impossible to decide at the momest,
because of Iack of knowledge about the analgenc potency of pirfrutramde.
The scanty information available seems to suggest that 15 mg of pirmitrs-
mide has a somewhat stronger analgesic activity than 50 mg of pethidine.
Provided ths is so our study confirms the penerally held bellef tht
respiratory depressant and annlgesic activity of the potent analgesis %
far known run roughly parallel

Finally this study has demonstrated that pirinitramide cavses consider
able depression m respiration. Beades, it was found capable of producing
cuphoris. No evidence was found to suggest that pirbutramide differs
significantly from pethidime m thess respects

Semuoary
The respreatory effects of pirinttramide have been compared with thex
of pethudine by an cxpenmental armngement for measuring the ¢
between respiratory minute volume and end tidal carbon dioxide conce
tration durmg inhalation of carbon dioxide muxtures. Pirinftramide wi
found topo:mnrupmloryd:pmntmtvityofthenmmﬂﬁ“’
magnrtude as pethidine The method of investigation is discussed.
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\ Tolerance to Anticonvulsant Drugs
|
|

By
H.-H. Frey snd Fhemark Kamparaom
(Received Seplember 22, 1964)

Altbough there has accumulated much expenmental and clinkeal
evidence for the development of tolerance to the action of morphine-like
amalgesics, hypnotcs and antitassives, there s no general agreement
about the existence of tokrance to the action of anticonvulsant drugs.

This seems especially curious with phenobarblial, since the develop-
ment of tolerance to the sedative and hypnotso effect of this drug is well
ksown and has been stodmd extensively (Krautwalp & Orrret. 1937
BUTLrR ef al 1954 Lous 1954 SUNSHINE 1957 REMMER et al 1960, 1962a
\&b)-Hm&kmum(lm),meookonrpﬂcpay note

tbe development of tolerance to the sedatrve effect of the drng, but belleve
that this tolerance does not extend to the anticonvulsant effect.

About drphenyThydantotn, GooOMAN & GILMAN (1958) state “Rarely
A tfight degree of tol may develope and may itate an increase
ndose more often the effectiveness of the drug appears to increase with
thne ¥ STrAUSY (1959) notes the necessity sometimes to increase the
dow of antiepileptics afier medication for tome tme however this
specaally applies to children and hs considers it to be the consequence of
miural growth under the treatment, with a consequent fall in the relative
dose. Jowa (1964), reporting on clinkeal experience with a new syntbetic
Product, states that “as with other antxepileptics” thero was a tendency to
redoced effectrveneas after 2-4 weeks of treatment.

SO ef af (1964) found a tokerance to the sedative and anuconvul-
st effects of glutethimide in rats after admmistration of the d

‘hﬁ?iln&mtfrydomtwpplyfmhaapcﬂmmmlvalmf;rut

MAmeilhe‘ kground of this conflicting evid for the ext:
tokerance ta anticonvulsant drugs, we decided to study the phenomenon
“N’lmm't:]}y for some representatives of this class, namely pheno-

phenythy and ¢cth inimide Since reliable methods
for detrmining anticonvubsant effects are available only for small

animaky, the study was performed on mice
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Matertal and Methods

Mice of cither sex, of the Leo straln, weighing 2022 g, were maed.
The antlcomvuliants were given in the dnnking water over periods of 1-K dm,
the concentrations being chosen 30 3 to permit the comstraction of aaticornden

tmh‘g:-ythy The mice were weighed twice weekly in the experkments of 414 ém
dura!
After perlods of 1 2, 4, 7 or 14 dayy, the anticonvalant efficacy of the medcats
was determined by the maximml electroshock seirure test for phenobarbicd md
sehure

and havo recently been described tn detall (Frry 1964).
After having been tested for protection against electro- or chemoconyubsio, B
mice were bebeaded and the serum concentrations of the relevant drag wert &
mined both for protected and unpeotected mice and for the soms seperately
Phenobarbital was extracted by & modification of the methods reconmended b
Gowoaaun (1952) and Baood ef af. (1950), 15 outlined in a provioss peper (Fray d&
1961), and determined s ically the extinction difference btween 20
and 275 nm being taken a3 2 messure of the barbiturate

hydantoln was determined by the method of SypasAnx & Kassresms (1963, #
caly modification being that we extracted 1 ml serum with 20 ml chiorofarm. B>
succinimide was determined by the method of HANSEN (1963). The infected pesiets:
ol did not Interfere with this method.

For each period of the drug tioes fa the drinkdng wet, &
scrum concentratiom and the average dally drug intakes ~ ned agaion 8
anticoavolsant effects, and the drug concentrations fn the perm>
concentrations (SC) and the average dally dases (DD) ko]
determined by the graphical method of Tblww
significance of the difference from the one ¢ o it
described fn the same paper All doses
freo aclds. ap

(phmﬂmhnnN':hN) » e

sofution of the [atter {t was necetary to
was given as a dilution with tap water
5 / of the drog (Zaroodan-5aft @). ™
The half-life time of the antkoovu
methods mentiooed

anafytical

30 mg/kg dipbenythydantoin or 100 mg

compound [n water) Groups of

and the drug coocentrutions in the
The scdative-hypaotic cffect of ,
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Resnits

1 Development of tolerance.

Phenobarbital. The results of our expenments with phenoberbital are
summarized in table ] It can be seen from the table that dunng a fortnight
the drug concentration in the drinking water had to be ratsed from 0 19
to 1 1 mg/ml, the dafly drug intake from 30 to 100 mg/kg in order to
mahtain 50 / protection against electroconvuluon In perallel the serom
concentration, determmed for 50 protection, roso at first rather mpadly
from 12 to 22 pg/m! within 4 days and then more slowly to 30 pg/ml after
14 days of treatment. The difference from the valoe of the first day
became significant for all three after 4 days of treatment.

Diphenyhydantoln At can be seent from the results summarized in
table 2, the drug concentration in the drinkmg water providmg 50 /
profection against electroconvulsion remained constant for the first two
days of treatment, but then roso falty steeply so that after 14 days the
coocentration had to be increased 7 fold over that of the first two daya,
Since the mice refused to drmk much of the mote concentrated solutions
(tebelow),thcd:inthcdxﬂymmkcmdhtmnlymﬂhrumumdng
1o only 2.5-times the DD50 of the first day The serum concentration at
50 4 protection increased steadily with the duration of treatment, from
1110 47 pg/mL

Ethosuceintmide With this pound ft proved impossible to construct
ﬁm:-rupomcurvu.:hcelhomaxlumld;ﬂydwutakg:up—mush

Table |

Deratopmen: of toberance o the
Al
m-m—m;"d'ﬂ’ Sl hon st 30 £ protects

tﬂ'ﬂ”ﬂ'"‘
(4

Protection In we-
m-ll:;;mﬁ:k scirere I:uu”

P I
of towt  this (et afier different
Tﬁﬁﬂwﬁanmdmdﬂﬂmﬁmlhlm

Period of treatment (dayy)

DC0 (g fm) o1y o a
@is025 (@180 m&fm ‘”‘1_}_”)
D5 (mygkp » 1 PR P pcon
e D) @ ussn o m‘_‘?m
3030 (ugtm 12 14 4 o) r <m'°°’ P <nm
@10 arm boae uirn
P <03 p <8 p<ai
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Table 2
of tok to tirs anth lramt effect of dip ’
DCS0 = drug cancantration in driaking water o the
DDS0 = svorage dally drug intake }mu il
= serom diph ¢ at 50 this
different peeiods of Teatmes. % fa s o
Tho p-valoes ghvy tho slgniBeance of the differencs from the | duy-rlse.

Period of treatmemt (days)
1 ] 2 4 ! 7 I 1"

DCI0 (tog/ml) V=3 .21 Q27 a4y u

Q16029 @17-0.27) @©22-0.34) (D.\l—uo_'l»() (l:;‘?
P< r

»

DD (ng/kg) 24 23 27 i
(20-29) (20-27) Q4-3) (-3 (56
p<0 p <o
5C30 (pg/ml) 11 13 13 4 a
1) (11 16) (13-2%) (12-26) (-30
p <08 p < ™1 p <Ml

up to 1 g/kg - were msufficlent to provide moro than 20-40 / peorcia
in the pentetrazole serzure threshold test. So we decided to follow
concentrations of § and 10 mg/m! drog in the drinking water fr
which the sverage dafly intake over the different times of treatsxtt
amounted to between 500 and 900~ mg/kg. Though the daily fuskt
remamed farly constant in all experiments, the anticonvolsant efet
showed conskierable vanation (table 3) and this applied even more 10
the serum concentrations determined The vanation may be

by the short half-fife of ethotuccinimide in the mouse (see below), Taki®
it pearly impossible to maintain & serum fevel

Table 3

A olfcct of two of s
I the drinking water after differcat perbods of treatment The Aticosvolaot ot ®
determined by the petctrazole secrmre thresbold test.

\ Per ceni protection afer
"
(mg/mb ! 2 4 7
! dayy of treatment N
33 23 13 19
p ) © } s \ »o ! E] n
|
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2. Development of toferance to the sedatire-hyprotic
effect of phenobarbital.

In the phenobarbital experiments running over 14 days, the ability of
the mice to climb up beckwards in a glass-tube, as described by Borsum
etal (1960) was tested on 5 days of the week. The results of the test with
different concentrations of the drug In the drinking water are shown mn
fig. 1 Within the first 2-3 days of treatment the ability of 30-60 / of
the mice to climb up in the tube was impaired. This primary depression
was followed by nearly full recovery and a secondary depresston, most pro-
nounced at the highest concentration. Stnce In the second week of treatment
some deaths occurred at all concentrations used, thiy secondary depres-
sjon can be fooked upon as a consequence of a severe chronic barbiturate
intoxication breaking through the state of tolerance previously scquired.

00, o o 2]
w\/‘\A\
1mgimi
% 5 10 % 4
100%- w
D‘\_‘_:/\‘r
12 mgiml
% 3 ® y
m\\/{m\
30
15mg/ml
% 5 Yy % ays
0% " o L
0
2mg/ml
q:‘ 5 0 % rlays

T ) Performanco of
- ni:(lnmcddnuylmvlla-:‘nd(lmmulh-um

the
PETCCDUPe of Mmals bie o chmb wp the abe wakn 3o borrg 0¥ TTRALS gives the
Dheset ark the deattn cccarring iy . Thw scaall figures 1a paren



164 H H FREY AND E. KAMPMANN

3 Toxic manifestations of treatment

There was some loss of weight in the groups receiving the higher drey
concentrations (table 4), especially 1n the expeniments of longer daration.
These losses were most pronounced with diphenylhydantoin, but this cn
probably be explained by the strongly redoced fluld Intake m those
experiments in which its concentration was above 0.3 mg/ml (table 5.

Deaths occurred only in the 14 days expermnents, beginning at &
concentration of 1 mg/m! phenobarbital and 2 mg/ml diphenylhydantals
(table )

In the experiments with 8 mg/ml ethosuccinimide m the drinking water
running over 7 and 14 days, the mice lost ebout 10/ of therr it
weight at a concentration of 10 mg/ml the wrelght lost amounted to about

Table 4
Drug concentratlons In the drinkiag
Jmmmmxmmm

capsing more than
Duntion of 10 £ weight los
trestment d y3 Dipbeayt-
Poenobertttnl 087
4 >0.61) >0.47)
7 >1) from 0.5
14 from 1 from 1

Table 5
Drug contentrathons ( ml) in tbe drinkimg water lesding
to :fuccdﬂwldhmh.

’ Concentration cavsing & redoction of fuid batake 1o belo¥
of
{dayy) 3 1 & 2 milfraowsc/dsy
| phencbarbital diphenylhpbistel
o8t >0.51) fom@4
1 j ;“‘; >0.41) n'o-g-:
4 ‘ from 06 from 0.6 fem 03
Z from ) from 0.9 iy

1 { from | <1n

1) Highest concentration tested. 1) Lowen coacentration tested.
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Table 6

Deaths occurring snder traatment with

higher concmntrationt of
phenobarbita] and dlpbenyliydarioin ba (e drinking water

Foenobarbltal Digheayfhydastoln
A:‘y.) concimtrafion
trowtoowt {
o | o } dontts
1 ‘ wptal l wooe wetol3 l noee
13 o
" 12 s e m
| 13 2
\ 2 /%0 l

10/ after 7 days and 13-16 / afier 14 dsys. In the 14 days experiment at
the higher concentration, one out of 20 mice died. With both concentra
\&owthnd&ﬂyﬂuldlnmk:hybdaw!mljmom

4 Sex differences

Sexd to the anticonvulsant efect of she different drug concen~
trations In tho drinking water were not very pronounced. However with
\phmwmmfmkmmmmmwummmm.m
7.5 10 23/ above the correspondmg make groups 1n all experiments
lasting for 2 days or longer In the experiments with diphenythydantoin
there wus a slight trend to better protectson of the male suce [n the short
experiments (1 and 2 days), whereas in the 14 days eaperiments the
femmales on the average proved to be 10/ more protecied than the males.

S. Half-hfe time
l The half life was found in mice of both sexes after intravenous injection

to be 6.5 hours {or phenobartital, 33 houns for diphenythydantoin and
1 hour for ethosuccinhmude,

Dhcosston
Our rosults with phenobarbiial and diphenythydantein cleary show
that tolerance to the anticonvalsant action of these drugy develops mm =
short time. For phenobarbital some temporal coincldence with the
development of tolerance 10 the sedative effect of the drug could be shown,
suggesuing that the tokerance does not differentiate between the different
:ﬁecuoflhedmg.umummadbyHumm&klmm(l%‘).
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Thc:n:ntofthctolcrnnecwmcomldmble.ucmbcmbym
parmg the necessary drug concentrations and doses and the toxic mack
festations of the admimstration (tables 1 2, 4-6) With phenobarbtal
the drug concentration m the drmking water necessary to prodoce
protection agamst electroconyulsion gave nise to some reduction m water
mtake slready after 7 days of treatment after 14 days the mice hsd
reached a state of chrome barbiturate intoxication, as Is shown by the
joms of acquired tolerance to the sedative-hypnotic effect (fig. 1), apprect
able loss of weight and the mcidence of some deaths at all concentrations
m the drinking water above 1 mg/mL

The toxic manifestations were still more pronounced in the experments
with diphenylhyd in, but jud 15 here pl d by the fact
that the mice refused to drink the rather alkaline drug solution. Thus the
water intake per mouse per day lay below 3 ml in all experimenty, and
weight lotses occurred beginning with a drug e lon of 0.5 mg/el
This concentration Iies shghtly above the DCS0 for 7 dayy treatment
Likewise all drug concentrations tested for determining the protectiv
effect after 14 days of treatment gave rise to serrous reduction in water
ntake and weight loss, though deaths were observed only at the highest
concentration used, { ¢ 2 mg/ml.

According to our present knowledge the phenomenon of tolerance 0
drug action can be explained by two different and independent mechs-
nisms. The one of these is a central adaptation to the permanent presence
of drug, resultmg in an enhanced drug concentratlon necessary to dispiay
the same measurable drug effect. In our experiments this factor appears
23 8 rased serum concentration necessary to provide 0/ protection B
the maximal electroshock procedure (SC50) The other factor fs a1
aceelerution of drug metabolsm by Induction of enzymes located in e
mucrosomes of the liver This factor which has been fnvestigated extes:
sively by RooaR and coworkers (vide RBAMER 1962d) m recent yeas
should in our expenments have been demonstrable by a rise 1n the dafly
dote necessary (DDSO0) to something exceeding that of the SC50 Comp-
rison of the relatrve rise In DDS0 and SC50 durmg the ume of ourexpert
ments would thus permit estimation of the roke the two factors
play 1n the develop of drug tol In fig. 2 the theoretical
bilities are depicted schematically 1n case e) both values remain #t the
snitial level 1o toferance occurs. In b} only the DD30 rises, the SC0
remainlng at the inial fevel here an secelcrated drog metabolrsm akoot
1 resporsible for the developing tol In ¢ the rse in DD excecd
that In SC50, central adaptation and acceferstion of drug nruboﬁl:
both playmg part in the tolerance. In example d) both factors rise L0
same degree here the tolerance Is brought about by central
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—~Daily dosa for 50% protection

——=Senum cone. ——— T

a ]

(———])
under the tolerance. the
::nﬁzae?olamfmmwd gm-nbohm. cawg:afmmwmu
aad od drag ) tolerance from ceatral sdaptation
¢} tolerance from central adeptatson t uaﬂmhﬂudm m,ﬁ.SﬁL

"

of DD50 can be esplained by centrsl adaptation to an accumulating
compound.
1n this Investigation (fig. J) we see that the DD50 and the SCH) of
phenoharbital thow kn equal rise dacing the flrst 4 days of treatment, this
pointing to & developing central adaptation to the drug in this petiod.
Then the rise in the $C50 becomes slower and s exceeded by the steadily
rising daily intake. 1t can therefore be concluded that m the last two
thirds of the exp 'pedodnn-mﬂ lon b drug bolism by
i tndoctlon b involved besides the centra) adaptation
ulrndy existent and now only proceeding glowly With dlph:nyfhydmtoln
we find present the special condition ¢) of our ach te pr !
e;uamesciom‘n;mmmmmmysnmx;nhmu
10 a predominant role of central adaptation to a drug tn
lhcmpnhm.Amlnofrulcofncctlcrncddmgmcuboimhmm
cannot be excloded with certainty The accumulation of diphenylhydan
tdntn\h:momchnphkndby\h:hnlnxfeornhmminuﬂsw
Thmthcmmckharuh]undxoppoﬂmmyfmmmmhthcdimkm
tion of ph bital and dip! in In man phenobarbital
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Sommsry

In experiments on muce it could be shown that a tolerance to tht s
convulsant effect of phenobarbiial and diphenylhydantom develops
withm a few days. After [4 days of treatment the daily dose of phes-
barbital proveding 50 / protection in the mawmal efectroshock yerwe
test lay more than 3 times above the instial level, 209 the cosrespoady
setum concentration had risen from 12 to 30 ug/ml. In the expenmens
with diphenylhydantoin the daily dose had 1o be mereased 250l sod
the serum concentration at 50 / protection rose more than 4-foid vt
14 dayx. A comparizon of the relative ris in serum cuncentranon o
daily intake showed that the tolerance to phenobarbital was broght
about by central adaptation and accelerated enzymatic axkaton of g2
drog, whereas the tolerance to diphenyihydantom was doe toa el
adaptation to the accumulating compound.

Incxpcrm\cnumlhahosuccmhnﬂ:th:mmdjdnctmhnpm@
drug with the drmking water to provide full protection fn the
seizure threshold test Results with two partly effectnve
gave no chear evidence for the development of tolerance to the o7
which 13 metabolized extremely mpid in the mous.
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——Dally dose for 50% protection
———Serum ¢one. —— ——

4

rﬁl}urhl(wdhnn)lndd]ym

so,(oﬂm-ndlh- 5

l”‘d’mmduun of tolerance. The hchmﬁm)mm
s, )mhnnc-fru-mnmdnn:dd.ru;mbolm.-:)l from both

drrtath d drog central o4, only -

nmmmwwu:mnhmmemw

‘Fbllchmnkpm-mkm

alone, the nxe in drug intake being necessary to provide the higher serum
concentration. The special case of ¢), were the rise of SC50 exceeds that
of DD50 can be explained by central adaptation to an accumulating
compound,

In this investigation (fig. 3) we sec that the DDS0 and the SC50 of
phencbarbltal show an equal rise during the first 4 days of treatment, thus
polnting to a developing central adaptation to the drug m this period
Then the rise in the §CS0 becomes stower and i3 exceeded by the steadfly
rhing dally intake. It can therefore be concluded that in the Iast two
lhh‘dso(thccxpcnmmnlpcriodlnwodenﬁonhdmxmtmbolhmby
enzymatic induction becomes mvolved besides the central adaptation
already exustent and now only proceeding slowly With diphenyIhydantoln
we find present the special condition ¢) of our sch ton In
BS-Z,LC‘Utscwmmtnmlnnuﬂmnthedaﬂy[nme‘nupomu
10 a predominant roke of central adap to.dms
the organism. A minor role of T;m d drug however
cannot be excluded with certamty accumulation of henylhydan
loininm:momchexplahttdbylhemlfﬂfco”}houndﬁthhxpcc{a_
Thus the mouse behaves m gust 1he opposite way from man in the elimina
tion of phenobarbital and diphenyfhydantom In man phenoh- -

-
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—— Dally itz
——Serum conc.

%2 4 1 W o

Fig 3. Relatree rise of imtaX 50% proteciion in Ust

t
) of
( ) wnder the d. i of tokerance 1o ths anticoorahast
of and d ph

pheaylhy

has a half Jife of about 3 days (SUNSHINE & HACKETT 1959) as opposed 10
about 24 hours for diphenylhydantoin (BuTLER 1957)

The question of how far results obtained on the mouse permit us 0
draw conclusions for citnical application to man s difficult to snswe?
Considering the fact that the metabolsc activity of mice in oxidizing drog
may be 20 to 60 times higher than that of man (BRODIL ef al. 1958), 0%
may look upon the mouse experiment as an aceckrated photograph of
the condtions m man. Transferred to our present investgation, (9
would mean that the process of developing tolerance to anticonvulsaat
effects - being 2 matter of days m the mouse - may take months or eve?
years in man. The clinical obscrvation of Jovo (1964), accordmg 10
which anti-epileptics as a whole show a tendency to redoced effectivensss
nl:mdynflcrzwdwcehortmumt.cmomhcmhuhnndbchlﬂ'
pretedusunhdnﬂonthntlhegapbcmmmuuumdmmﬂﬂ‘m
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ot be over large for phenobarbital and diphenylhydantoin, of which
;h:fmmhmnhoumdnundowlynlwbyth:moux,wbcrw{or
(he latter the half-ife thme In both species s practically identical. The fact
|hat most climcal workers have not noted the existenco of tolerance to
lnﬂ-rpilepﬁcmcdmﬁonmybeaplalmdhmemlwnyulmmle
mm:ydmdybavehecnuuhlhhndwhﬂethtcﬂ‘ccﬁveanumnm]mt
dosc I stlll being adjusted to the patient s special requrements, 2. The
eccomulation ocourring under the treatment may especially with pheno-
bartital, obscure the development of tolerance, smco it provides serum
and tnsue concentrations that, even during a state of tolerance, may be
suffictent 10 suppress the convulsive disorder The serum concentrations
found by Lous (1954) and In our own unpublithed investigations in
patients under chronic treatment with phenobarbital lie, m fact, partly
above the SC50 we bave found in mice after 14 days of treatment, Le.
at a tme when tolerapce s firmly establshed, 3 The antcomvulsant
effect in the patient cannot be stated with the numernical exactness of that
based on anhml experimentation, since many external factors may
interfere with the patient s spectal clinical state.

1n our experiments with ethosuccinimide, even a daily Intake of 0 8 to
1 g/kg was not sufficsent to provide more than 20-40 / protection against
the ch uhlon provoked by sub Injection of pentetrazoke,
and higher doses were not taken up by the ammals, A follow-up study
of two partly effective concentrations showed & relstively high varation
in anticonvohsant effect, but no tendency towards a reduced effectrveness
after the longer perlods of treatment. The same rather high variation was
szen in the serum concentration of the drug and can best be explained by
the short halfife of ethosuccinimide in the mouse. Thus, although we
§0t no potitive evidenco for the development of tolerancs to ethoyuced
olmide in this species, it scems not to be permissible to draw from them
conchusions applicable to man in whom the moch Jonger half-life (HANsEN
& Friparra 1964) might provide entirely different conditions.

A comparison of our results with thoss on some anticonvilant drugs
reveals some parallelism with results of REMurx and coworkers (1960,
19622 & ¢) obtaned for different barbituric scrd derfvatives. These

anthory, also reached the conclusion that tokerance develops more easily
to the slowly bolored unds, as for 1

P phenobarbital,
than to barbitumates oxideed rapidly in the body Whereas for pheno-
barbital both central adaptation and 4 of drug ball

contribate to the development of tolerance, under chronke treatment with
readily ovidizable barb caly an in 1 ol

(N-methyl-
propallylonal, butallylonal) or no tolerance at all
pcuul)cou!dbcdanonnmcdhurmomc.m (pemobarbml,thioo/
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Srawmary

In experiments on mice 1t could be shown that & tolerance to the ani
convulsant effect of phenobarbital and diphenylhydantoln derelops
within a few days. After 14 days of treatment the dafly dose of pheno-
barbital providmg 50 / protection 1n the maxmal electroshock seirare
test Jay more than 3 times above the initial level, and the corresponding
serum concentration had rsen from 12 to 30 pg/ml. In the expenments
with diphenylhydantoin the daily dose had to be tncreased 2.5-fold md
the serum coneentration at 50/ protection rose more than 4-fold withm
14 days A comparison of the relatrve ns¢ in serum concentration sad
daily intake showed that the tolerance to phenobarbital was brovght
about by central edaptation and accelerated enzymatic oxidation of the
drug, whereas the tolerance to diphenylhydantoin was doc to a cotal
adaptation to the accumulating compound.

In expermments with ethosucemimide the mice did not take up enongh
drug with the drnking water to provide full protection in the pentetrazoe
scizure threshold test. Results with two partly effective concentrations
gave no clear evidence for the development of tolerance to the dn.
which » metabolized extremely rapld in tho mouse,
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Effect of p-Hydroxyamphetamine on Catecholamt
Excretion in Man
By
Wilfried yoo Stoduttz
(Received October 14 1964

In 1962 CrevELING DALY WiTKo? & UDENFRIEND and GOLDSTEN &
CoNTRERA showed that p-hydroxyamphetamine is a substrate for the
so-called dopamine-f-oxidase in rifro Our Investigations mdicate that this
18 also true in Tivo (SIOERDSMA & v STUDNITZ 1963) Crmsey Harmmsox
& BRAUNWALD (1962) were able to d rate a release of dremafine
from dog heart by p-hydroxyamphetamme.

The purpose of the study reported here was to nvestigate any possibic

ol

effect of p-hydroxyamp on I man

Materfals and Method

Fhe hospitalized patients without anmy significant liver disenso were studied. Three

of them had mild hypertension, and two were pormotentive. All recetved 8 eoagia™
Ine (as hydrobromide) wETe

}

Twentyfour hour urie epecimens were collected fn gl botties contatning 15 ©f
6 N HCl duning 3 controf days, during the period of drug administration and 2 179
after

treatment.

The 3-methoxy4-hydroxymandelic acld (VMA) was measured by the mxbod of
Prano CRouT & Asraras (1961). Urinary norsdrenafine (NA) was suayed fluoro-

ctrically by the triy . - tmobing sdation 2t Pl
6, 83 described by Cazimos ef &l (1959)

T a1l paticats cxcept one (G.L) 6o 1ade effects from the drug end po effeets on tocd
pretturs were poted. Patent G | umcdmu\amehhu:yndkmdwd"
Mmmmwmmmmmhmwmw
for other reasons durmg the sccond half of the drug period. e

1o vitro studies were made of the inh bitory effect of p-bydroryampbetsming ot
1 1 hine from tors of (he kind de

of Enzyme p
scribed by LIVIN ef o, (1960) were paed. The reaction mixtures contained the coon™
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nents (In micromoles) phosphate buffer pH 6., 100 fiamaric scid, 10 excorbic scid
10 catalaso (saturated squeoas solotion of crystallive bovine catatas) 20 pl dope

v BuLm et el (1953) adapted to the Aminco-Bowman spectrophotofinorometer

Resutts

The urinary VMA showed a tendency to decrease duning the adnunistra
of p-hydroxyamphetamine in all five patients. The observed decreaso
not striking, and no value fell below 50 / of the control values. The
(3 are shown in figs. 1 to 3 Tn the same figures the falls m unnary NA
in 4 out of 5 patients are also shown. After withdrawal of the
rug, both VMA and NA began to rse again and returned almost to
levels. Patient G L who also received steroids, showed no differ

in response to p-hydroxywmphetamine from the other patients,
Onrlnrllranudiuwﬂhdnpaminrﬂ-oxidanuhnwedmup-hydmxy
Inhibits the formatien of nor from dop

is of the §

- A T
1
-~ » 4
- L] —//' . s
ey — m ol e of F"‘

Tig. ) Th"h!l’!tu:mlonufmdtmhm( ———) and
pr; (—Hbd'md.hl-nd fer
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Fig. o Setuexttodg. |
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Geperal Hospital, Malmd Sweden.

Effect of p-Hydroxyamphetamine on Catecholamk
Excretlon fn Man
By
Wilfried yon Stednitz
(Recaived October 14, 1964

In 1962 CREVILING, DALY WTkoP & UprNFRiEND and Gowpstan &
ConTRERA showed that p-hydroxyamphetamune is a substrate for the
so-called dopamine-B-oxidase in vitro Our investigntions indicate that this
is also true in viro (SroERDIMA & v STUDNITZ 1963) Ciupsty HARRSON
& BRAUNWALD (1962) were able to demonstrate a relenss of noradrenaline
from dog heart by p-hydroxyamphetamine.

The purposs of the study reported here was to investigate any posibe
effect of p-hydroxyamph ine on h i bollsm in man.

Materials and Method

Five hospitalized patlents wihthout eny significant Ever dhscase were studicd, Thret
of them had mild hypertension, and two were normotensive. All recelved a coastsal
diet dming the stdy 20 g of p Ine (11 by dde) were
sdministered omlly every 6 bours for 4 to 6 days.

T\uﬁﬂmwmmmmﬂcmmh;hnbouhmhmud
6 N-HQ) during 3 control days, during the perfod of drug administration and 2 dar¥

after treatment. o
The J-methoxy-A-hydroxymandelic ackd (VMA) was messured by the metbod
Prxano, CrouT & Asrarax (15961). Uninary noragrenaline (NA) was soayed oot

by the oxidation at pH
6, 23 described by Canvpon ef al, (1959) bood
lnlnmunmacep(uw(ﬂl)mﬂdncﬂ‘umfmmmcdrumdmcﬂumm
pressure were noted. Patient G.1 showed some increase tn her systolic and
blood pressare. This patlent recenved additional steroids cqumvaket to 30 g consort
for other reesons during the second hall of the drug period. nt
In vimro studies were made of the mhibitory effect of p-hydroxyamphetamind -

fon of from dopamt rations of tbe kisd
uﬂbcdbyumﬂd(l%ﬂ)nmmcd.ﬂ:mjmmhmumuhdmtw
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Ily not
of inhibition #1 viiro one would porms!

Wmmmdmﬁm!lh:mmﬂmhmbymdmcmpwtnm
m.];lywm in vifro resolts casmot always be spplied to in ¥ivo

2 however is known about the actions of thiy enzyme
 the buman body and at the present time nothing about the distribution
of p-hydroxyamphetamsine in the body The amount of P-hydroxylated

unds from endogenous sources excreted under normal conditions

received up to 12 thmes more compound of which at least 50 /
B absorbed (SIOERDIMA & v STUDNITZ 1963) after oral admmistration.

results of our study are consistent with an mhibition of dopamine-B-
2s¢ by p-hydroxysmphetamine. On the other hand one must ako
bear in mind that edmb

A decresse in urmary excretion of noredrenaline and 3-methoxy4-
bydroxymandelic asid 1n man could be observed after oral adminbstration
of p-heydroxyamphetamme. I Hiro studes thowed that this amine mhibls
th:fmxbnofmdxmﬂmmmmmm-m:mDm}m
between these findings are discussed.
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Excretion of Homan Urimary Kinins
By
mWJmmLMVdeWFhM
(Recelved Septamber 2, 1968

Mnhodshnvebccnd:su-ibcdforthepunﬁca\imufﬂukinlmuf
humsn urine (Broeo Jeaen 1958 Barssp Jesew & SUND 1959) and
dwforthdrwpanﬂonmmm’ommhﬂimzlmdzz(}hm
Toam & VEnsato 1962a & ¢ Bruep Jpany Rovie & VENNERUD

1963). Substance Z, could not be drstinguished from bradykinin in the
- graphsc or phar jogical tests used, whereas the Z; fraction
v chowcly timila (o kalldm (Basap Jesey & Virerio 1962b &c

BrsED JOowEN, VEXNERDD & DYaup 1963 Brurm Jeoven, Rk &
Yaxdo 1563).

HorToN (1959) estimated the total kinm exeretion in rather crude
snne specimens. He pted to establish the speaficaty of his method
by the combumed use of rat wterus and mt duodenum for the away. He
pomied out, however that wasp kmm could not be distingnished from
the plasma Linins by parallel assays on thoss muscles and concluded thas
the method could probably not ditingnuh between closely alted but
Hdﬂ:mhl}yv WMFJMMMMQM(MJM&

ENTROD 1962¢), the ure did not distinguish between the urmary
\khml‘nﬂlomlundl;

| 1n our work we have adapted the purification and separation methods

previowsty deseribed by us for determining the excretlon of both kinm

fractsons In 24-hour urme spechmens. s maln purpose was to estimate

wmdl,ml,blﬁﬁdmuympnnmbuofhmhhymﬂa

l;i!mhu%f&enmmﬁmw!unw:hlwlhomrﬂcdom
determnations

o e of the kinins In urine from subyects suffering from

o~ -
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Techuiqoe
A. Materials and assay

the orine was kept at —I7 until requited. Usisally 3 urine specimens were coflecied
from each eubject &t intervaly over & period of sbout one month,

{1 Stemdord preparation. Both the Z; and the 73 concentrates were sxsaped on r3t
ulers agalnst tynthetic bradykinin (Sandox A.G., Basel, Switzerhind), The remits
of the Z assays were given as pg bradykinin, bot the Z; valoes were calcvdsted 1
Kalfidin, which has only sbout 60 4 of the xctivity of besdykinin on rat uterts {StCa-
urx & Brmor {963)

HI Armgrr The active fractions weto sseayed oq the bofased rat wterus by con-
parfon of the unimown with two doses of standard, usually in the ratio 3

B Preparation of concentrates of Z, and 2,
The technique uased for prepartng concenimtes of the two kinln fractions has bees
cribed and by Breup Jeuw & Suno (1959), Brma Jreey
& Vooxrdo (1962) and Banen Jiaen, RINVIE & Vengedo (1963), Howewr in
order that tho procedure may be more easily surveyed, the different steps will be
dexcribed below and for the volumes of urine used.

1 Adsoeption of aetivity A volure of the urine and acid rehpoe
cotresponding to 1000 ml 24-hour urine (or the total 24-haur urine, when Je (s
1000 ral was coliected) was adjosicd to pH 6.0 + 01 with 1 N sodlam To
this were added | Ihre of water and wbout 4.3 g of Ambertite CG-50 (100-200 meth)
pretreated and buffered to pH 6.0 + 01 & previcely deacribed (Baoem Joew &
Sinp 1959). The mixture was stured vigorogaly foe about 30 mupotes.

11 Wasking Tho reain was allowed to settle most of the flud could be deanied
and discarded. The rest of the fluid was sucked through a 6.3 cm dimeter aintered
filter of porosity 3 (Batrd & Tatloch) connected to a water pump. The resin wet ted
dirred i 100 mi of dinilled water for a fow minutes, and the water was secked o
This procedure was repeated three Lmes. After wishing with 1 N acetic acid, & x &
ml portiom, the mixture being ubred each time for about 13 mumatcs, the ot 34
washed with distilted water 10 remove the acctc acikd, 7 60 mi portiom of wxet
belng uved

Fmally he resin wis stired for about 30 mingles with 110 mf of 63 N e
Iydroxide (7.8 meq per g resin), resutiing o a pH of 92 10.0 b the supernatant, T
sEgttly yeBowlsh fhuid was practically inecth e and was sucked off and dascarded. T
residue was then wasbed whh ebot {10 cil of diilied woter which wan abo gacked
off and dhcxrded.

12"

u mquAmmpl(dwmmummwwM
frydr-

chlotic #cid wa3 added to ghve a pH of abowt 1.3 A01
T‘aumpbdlwm-muxmfwmmmd(mlkwwf"‘
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redpced preasurs
merponmd!nmmd-boﬁmodhﬂdmﬂa
gl:ungowlm&u!wqh:‘ﬁam&t:ﬂmdhuﬁmwwmm
tomperatare for ey
m;:::?mnmdmmm-mdvkhn&unchw(wdlwmm
mmmﬂmmmmdm}ymmmm
\ mmzmm;d\unmnmmmwwmm
&umlh:b\mm{byhhmdnmdnnﬂihdhﬂkdm the volome of witer
thwidwwmmmbdlmu&m
far the extimation of Zy + ¥ Za (bx
ﬁ;mnyzwuzmmmmmmmdu
aturstad sodiorm chioride solutlon far the estimation of 3 Za (7). The b and ¢ samples
amymmmmwuwmmruule+z,mmm
The kinin conteats of all gumples were determined a3 ug bradykinin and the fipures
adinsted 10 the origiml amount of 24-hoar wine beforo caicalation.

1} Cakewiations To the figure obtained for ¢ was wdded ¢ giving the total
smount of Z; bn terms of bradykioin, On dividing by 0.6 tho rexukt was transferred to
2 altdin,

By wibirscting § ¢ from b we obtained the aznoent of Z; present {n terns of boady-
inda,

Tha value for total kindn present (a) was med to cheek the foas of activity during
the separation procedare. From a provion pobiicailon (B Jeans & Vokebo
1963) 1t cxn be sech thit some toss taaaily occurs. In the work reported here the mean

recovery of kinin (raction Zy + Kinkn fraction Z; (urines from 12 healthy males,
ke ) wvas 2 3 63 (1.

Remlty
A, Normal urine

The excretion of the kmum fractlons Z; and Z; was extimated i 12
Bealthy males, all within the ago range of 25 to 55 yesrs. The regults sre
shown in tabke 1 The amounts of Junins excreted are piven o1 g sub-
ﬂmpuuhammdcah!hmdmbmykhﬁnfmllmdhmmfm
Z Urine volumes m ml are als0 given n the table. It cax be seen that
lhedaﬂyoulpuzofknﬂmmm’tmh(edlolh:wlumcﬁfmme.ﬂm
llmhmpwmrmﬂyfomdthaumchupuimcwmwhﬂnhznuof
wroe formation was adjusted by varying the flnid miake,
lz'hb\t\tum:rthmmlllh:lwvﬂuﬂofllmdofzz,fnrlhc
ctpetwm‘mron;hlyth:mz\[l;—m&Mmﬁunwmnu
l,nndz;forlhelmmtptdmmsrmncnd:mbkctmufthem
ovder of yre, 2,/2; mnging from 0 610 1 | This means that, if the present
marerit can be comadered representative for
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Table |
Urlnary cxeretion of Linin fraction Z; and Z; ks beally mates,
The Kinin valoes refer to 24-bour wries.

mlxnlm:smtxprmcd g brad: the Z; valuss
Tho fractions were tested on rat tero. shinia, the Zg 5 pg kalida,

Subgect
oumber mf urine Z b2} L+
10 1.5
¢ 1290 43 65 18 10 1%e
w0 10.0
73 83
2 1360 " 73 131z 194
4s "3
7 3.5
3 1540 231 111 B3I M1 462
154 N3
37 263
4 110 199 143 173 s 134
27 123
194 10
3 1100 12 138 90 121 L]
] 91
129 190
. 1570 70 133 o 187 122
05 20
140 103
7 1m e 166 s 152 e}

262
166 24
' 1300 162 226 %0 M 333
357 383
2o 3
161 193
’ ‘ [P Y B TP s 174 us
& (%] , a8
ni 320
10 { 8060 34 i 204 %0 451
) 23 , Be
177 st
1t : o0 183 140 118 134 E2id
’ 139 132
4 13
o | e w3 TR} a0
l my 20
i o —
[ S
o | 13 JYCIFR Y
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lek]lhomlhatmcma.ucxualunvnlueufll'{-lzforﬂlc 12
subjects was 34.2 g with & standard devation of 121

From table 1 it can be further seen that the average excretion values
of Zy + Z3 for each subject ranged from 16.6 to 557 ug per 24 hours
thrs gives & theoretical mean value of about 36 yg and manmum devia-
thous of somewhat more than 50 /. The absolute quantriies are difficult
to compare with the data of HorToN (1959), who based his values on a
urinary kmin standard preparation instead of on bradyknin and kaltidin.
The rapge of means of excretion values in Horton s experiments varked

from 6.5 to 17.5 umits/mm ., whuch grves & mesn of 12 units and maximum
deviations of somewhat tess than 50 4.

Table 2
Uriory entretion of kimtn fractions 2y and Z; Ja pregoast wowses,
kzh.:hnl-rrﬁ::loll-louubu churtay the Luet two eowthe of pregasncy
Kb,

viloes & expressed
= iy bradyhlaln, the
HE Zivilmca mapig

The
The
The T Lestad OB Tet theros.

=l
e Z 2z I+ 2,
Y -X]
L Y] 128 133 02 110
137 o3
X3 323
? 237 153 pox} 71 65
n3 no
o w0
3 s 1
] w2 24 e ©
193
4 4
s R 123 19 317
3]
s g [T
nz o4 Kl L0

Iy 176
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B Urine from pregnant women

The unnary excretion of Zy and Z, was tested 1n pregnant women, 10
of whom were considered healthy while 5 others were hospitalired for
pregnancy toxaemia. Three 24-hour urine specimens were collected during
the two fast months of pregnancy but some of the women gave blrth
before all the specin could be collected. The results are thown in
tables 2 and 3

It can be seen that the average valoes for total kinin excretion (Zy + Zy)
in the healthy subjects (table 2) was higher than that for the normal
material from males (48 1 pg as egainst 34.2 pg) The increase in kmba
excretion was due to a higher output of Z; the Z, figure belng nearly
the same (Zy/2; ~ 1 1 as agalnst 0.8)

Table 3 shows that the averago total output of kinins in urme from
wormen with pregnancy toxacmia was fairly closc to the output in healthy
pregnant women (51 6 pg as against 48 1 pg), though the Z, fraction made
up a significantly larger part of the excretion (Z4/Z; = 2.0).

Table 3
Urlnary excretion of kinin fractions Z, asd Z; in women wha
pregnancy touwemia,
The kinla values refer to 24-hour orines collected dunng the lst 1wo momtby of pregeency
‘Ths Z; values are expremed as pg bradykdain, the Z; values &3 ng kallidin.
Ths fractions wors tested on rat uterus

paviccndd Z ! 2 ‘ L+
133
,)ﬁz v | }.,
263 J 123
63
2 by »7 23 191 I e
’ 482 I [TX] (
195
3 v 7 180 X A
733 n3 '
« 63 e
3 j0.8 10 (121
- e —
Averupes l He 170 ] e
C. Urine from subjeets with different diseases.
subjects suffernf
Table 4 grves some figures for kinm excretion by c'11:;1' et

from different diseases, eczemas, essential hypertensi
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arthnts The results are based on few observations only and sccordingly
may pot be representative. However the fact that some kinin excretron
values clearty deviate from normal valucs suggests the desrability of
cxamining a larger body of materal.

Tabie 4 thows first the output of kiuns in 4 males with eczema. The
average values for total excretion were of the same order as those for the
wormal urine specimens (table 1) and the Z,/Z; ratio was about the same.

Table 4
Urinary sxcration of kiatn frectiom Zy and Z; In patbalogiend
conditlonr.
Ths kiwia valocs refer to 24-hour Rrine

pacimens.
The Z) vahwes are @apressed a3 g bradykinia, the Z; valess 1 g kallidin,
Tha fractions were Lexted on rat gicTm

Sabgect {
nabu\ e | Diagnosts z zZ Z+2y
1 M lEm s 123
| Erythrodarmia 1 e 19 9¢ 12
2 Ecoema n7 »3
| Peoriginoma: £t 2 20 0.7 629
L { 21 19.0
{ 30 264 ny 23 526
133 133
o M oz 2 g Y
Avcrigee 1 193 09
|
\ tal L2 l 73
t F | kypartmuon ns 213 1ns 100 s
89 s
| 272
13
! o Tons 16 133 1s
! 1y 13 2 i
- 1
Averagey !
né 127 12
! ] 16 [
arthrathy T2 79 28 Py 1.5
? P |14 63
s 30
14 20 33 40
—
— ]
Averign
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’Ihcldninexcredonvnlucsforlmalcmd!fmhmthmmﬂu
hypcrtcnxicnmnhothownmthcmbk.mlumoulp\nofkbﬂnnu
normal, but the Z;/Z; value was somewhat high.

The values for excretion by one male and one femalke with thevmatoid
arthritis were low Lheuv:rngetamloutpmofkimmmZurlmspedmm
collected at an wnterval of 4 months and 3 specimens collected over &
peniod Ofwmzwethbeinglowcrthanfornﬂﬂlcmrmdwbjtm
Here, too the Z,/Z; matio was high, 1 6.

Discussion

The question 1 not sstiled whether the udnary knins are formed
locally in the kiduey or whether they represent the renal dearance of
kinins from plasma. It might well be that both are correct. Small amounts
of kinins might be continvomsly present in plesma as a result of the
functional state and the relative effectivencts of releasing mechanisms
and mactivating enzymies, On the other hand, it should be remembered
that urine kallikrein lke other glandular kallikreins, 13 clearly distinguish-
able from plasma kallikrein, thus suggesting some special function In the
kidaey The identitles of the urinary kinmns have considerable relevance to
the question of their ongin, In a recent publication WesstIz & Prr(Cr
(1963) show that human plasma kallikrein releases bradykinin (kalldin-9)
directly from kalbdinogen, whereas human urinary kalfikrein gives
kallidin (kallidin-10) The knllidin is then rapidly converted to bradykinin
by an aminopephdase present in the plasma. The same authors conskder
human plasma kallidinogen to be identteal with bradykininogen Though
this question 18 not finally setthed other research workers have also
presented evidence for such a view (WeRLE, ket & Kosxx 1950 Haxex
MANN 1963} On the other hand, the experiments of VAN ARMAN (1955)
were not entrrely conclusive, It must be pointed out that the compositons
of the utinary kinin fractions Z; and Z; are not fully established. Previous
chromatographic and pharmacological experiments (BREED JENSDN &
VENNEROD 1962b & ¢ BRmap Jensen, VENnerdp & Dveup 1963
BRSED JEEN RINVIK & VENNERDD 1963) suggest that bradylinin s
the main constituent of Z, and kallidm of Zs, but the Z; fraction must
contain other active substancet. The pharmacological parallel sssayk
however show that the unkmown substances must either be closely
similar to kallidin or present in small quanutes only Acwfdlnﬂ!u;
fee) ustified m regarding the main of Zyand Z u“mw
with bradykinin and kallidin, respectively If Zy consfsts rpataly of kalladin.
1t cannot_sccording to WossTER & PiercE (1963), be refrased by plasma
Kallikren, but only by urinary kallikrein or other glandufar kaflitresns.
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esthmatin {he excretion results gven in thrs paper 1t must be
bo;‘{:nmdth:uh:mhﬁwmonnuolemdlgfanndwmpanly
dcpcndantlmnmmopepﬂdwmvlty swiuch 1 present not only in plasma,
biztp:.miblyllw]nudn:(Wmel & Prxcy 1963) This fact excludes
mymmphmhmdrdpjﬁanaofm:.qumdctcrmmﬂmof
(he two kinin fractrons. The possibility exsts, however that under special
pthologcal conditions extremely high or low quantires of one of the
Hn}nsm.l;htbcnluxd,mthntmmllrl,[lintmwu}dbotound
h:p&udmcmp}dauym:&cwnmdonpmm;cnwhmmm
ftlo observed for wamen with pregnancy toxsemia than for healthy
mmwmm(mb}es)nﬂghtbenmtﬂanLAmdmgly o a shoilarly
decrexsed excretlon of kimint can be established in more subjects with
\ fheumatold arthritls, as was regsstered for the slngle male and the single

female (table 4), # might refiect a highly mgnificant decrease in urine
| kirn kevel,

| —

Methods previoutly devised for the purification and separation of two
Koin fractioms 1o humen vrine, Z; and Z;, have been adapted to ther
desermination in 34-hour urine specimens. Previous ch hic and

experiments suggested that bradykinin was the main
comsiituent of Z; and kalidm of Z The kmins were assayed on the
!;‘ohu:l:-mmmllbdngcﬂwhwdupgbmiyhntumdkuug

‘ This paper grves the results of determinmg the two Mnin fractioms m
mm;rﬂn&mmymmlim!wmwofmmm
y wherens $ others were
\ hosputalized for pregnancy
Kinm excretion was investigated also in some sub, suffering
\ ddfferent diseases mmhmﬁmﬂuﬂ:ﬁ:
\':h:rg:\umbucdonfcwobmnlhm.
rom the noroal, 5o that further mvestigation material seems
’ndnnbk. - of more
\
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Expeﬂmmnm\hnlnﬂmmcﬁnﬁonolmmnﬁhﬂm
bndbnxypepﬂde,thaKlnmuorErythrocyfe
Kininase In the Presence of Dlsolfiram
By

KkﬂBMJmSHﬂMMdAmMVﬂH
[Reowired October 1 1966

mmh;b.mycﬂwordbulﬁrnm(-umhﬁmlmmdhulphide)on
enzynumu}ydngﬂxox]daﬁono(mldehydekmmﬂynwcptcdu
(e baskc mechantsm for the effect of the drug on the metabolism of ethyl
akcohol. HALD & Jacoesen (1948), AsusseN HALD & Lamsen (1948),
Larsty (1948) and HALD JacomseN & LawSEN (1949) concinded fram
nmupmmumtmﬂo!thcmnpwmpmdmdbyhmhof
weahal tn humans treated with disulficem might be attrbuted to an
scommulation of acetaldehyde in the organbm. However dmsulfiram
mhibis not only Iver akichyde dehydrogenase (RIELDGAARD 1949
GRananx 1951), b skso severnl othes enrymes. The structure of disulfiram.
specal affinity for drvalent metals and consequently sn
mfluence on metallocrzymes.

Asmong other complexmg agents capable of
with tine VAU (1960) found duulfiram effectsve a3 an inhib-

itor of the aleohol dehydrogenass of yemt. A zint metalloenzyms in
human piasma that might soem of interest b the kuninase inactivating
%alidin and bradykinin, The erzyme was found 10 be simllar to the
carboypeptidase B of pancreas by Erode & Soane (1963) and Exnds &
VoL (1963), who mmed it carboxypeptudase N

In the work presented here, experiments were carried ot with plasma
samples prepared in different ways to cutablnh whether an inhibition of
p\makinmuebydkulﬁmmwuldbcddmzd.ﬂamnmplufmm
hmnbmmnlbloodmdnlsofmhn!b!oodnmplammad_
mm-mnwbylmuhuonv&hpadnlh@(bogm
hﬂikrrh:),hnmnnlk\nm\xypth:.Snm:
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Techulque
A Materials

l&ubkpﬁmuuﬁﬂmﬁmhmbbdwmud the method of
AMUNDSEN, NUSTAD & Waaren (1963) >

2. “Srable plasma xubstrate from Axwom Bood with kixiase was prepared b the
$ame way s the stable plestma (1), but the sciiification to pH 2 was omltted.

3 Stable playma substrate from rat blood was peepared In the same way a3 the
sabstrate from boman blood.

4 “Stoble planna mxbstrate from rat blood, with kindwase wxs prepared b the
same way as the corresponding substrate from human blood.

§ Freth blood was obtained from rats tnder [ght ether ancsthesia. The blood wa
drawn from the vena cava Inferior lnto siliconized syringes contalning sodium citrats
and kept for not more than two hours at 4 before use.

6. Erythrocyte kininase preperations The erythrocyte fractions from the prepars-
tions of human and rat plasma substrates wers washed 4 times with 0.9 { sodkm
chioride solatlan. The fluld was cech tume pipetted off after centrifgation st 3200
r.p.m. The washed colls were kept at —20° and hacrnotysed before the experiments by
addition of an equal votume of water and incubation for 5 minutcs at 37° The method
of preparation does not completely exclode the presence of leukocytes and thrombo-
cytes.

7 Human saBra & soxrce of kintn reicasing e Sabive wa dioted 149
with 0.9 4 sodhum chlocide and centrifuged for 20 minutes at about 2200 rp.m., 83
described by Asunpsin, NUSTED & WAALER (1963), The pH was then lowered to 2by
adding 2 N hydrochloric scikd, to inactivate the kdnlnase. After 10 mimtes vt 37 e
pH was admuyed to 74 by adding IN sodhim hydroxide, and the preparation ot
stored at —17*

& Chembosit.

W(mwmmmhdlmmmho"mﬂ.s.w

Cerboxypeptidare B (CPB), COB 6064. 107 U/mg. Worthington Diochemical Cor-

Frechold, New Jersey US.A.
Pedutix % (hog pancress Kalliretn) 1n ampoules of 10 Biol. Unts, Bryer AG

Leverkanen, Germany
Disaifirom. Antabus ® Demex Chernieal Division, Dumex Limited, Copenbager.
Demmark.

@x flinc) . iak Cory iont, Cleveland, Obo,
USA
B. Methods o - o

In the experiments with plasma kmintsw 0.9 md portions 1e bk
The with carborypeptidase B of enythroy
fresh bivod was osed. experimemis M ,.nu),mdvhhh’“ﬁ‘b’*’“

malnly caryied out in trix buffer (0.
::u::Dmlhmmnddddhoh:dhoﬂﬂmlmmndhﬁr&hﬁLﬂfW
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peptidse B @mdmmnudmwhhnld&b’nmmdkﬂhkhﬂm
Mmluhhe(nﬂuyup-rnlmao.)m\u!\thmenm
mmmmmmmmmmxn
-uuyvmmmmm-ﬂmmmmw@

I the diifiram experhmenty metone waa Ao xdded (o the eontrol gohutiom hcu-
byserd s pacaliel, ‘The bncubations were carried out at 57 Sammples fof smay oa rat
M\mmmummhummwm

wert soughly by the between
Koo stancard dowes of bradykindn. The obterred kintn ectivites were caloubated m
g beadykinin, Ax u limét of dilation, 1.0 m) plasma Incabazon sbxhure I 100 ml de
Jstor's schaion was chsen, Tuking ioio comtderation the conceotrations of boad

Kl pscally cthvo on rat oterm, (e means (hat about 002 iy Kininfmi incobation
mixtore could be detacted.

Resoity
Effect of disulfiram on the tnarttration of bradykinia
by earboxypeptidare B (CPB).

Table 1 shows that CPB was [ems actrve at pH 5 8 than at pH 7.3 20
ﬁmh}ghnmmmmmﬁcmbdngmqumu\hnbmpﬂvﬂm
1t ctn flrther bo seen that disolfiram under the chosen conditions strongly

inhibited the mactivation of bradykinin at pH 5.8, but
flect xt the H vale of Blood PH 5.8, but had no significant

bmimlhnbymbax}wpfﬂmﬂwp.’annkmbmcoﬂhe

kinins releayed

hmmmmmmddmdﬁrm
Tabte 2chows results obtatned with 3

Teble 1
Liact of dosalfrars o8 the bnacsrration of
B
or e text,
Bradykania e
m [uaawy {:rn‘ H ‘

AR

" >
edny }-mzu..

Do
.o

73 | Tria baker
13 esima

—owo
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Table 2
Inactivation by carboxypeptidets B or phamnkinlnaofuxkunrdnnd
plama subrirste cpecimens | tho presenacs of il
Tbuﬂ‘umﬁvmmfcrlolbomllml(lmlli)lnmh‘ﬂm

Mazkmom! -]

Human ploms ‘ Pedutin mU Lﬂn—) hnd i_s
sl

1 Stable l , 10 %
[ cu of
- m s | oo i

2 - ‘ S0 J i a4 ( 10| 129
I 40 o4 108 ) 164
- ( 40 30 min. { [ 04 ' 100 | 164
do. S0 ') 01
2 - ( “ ( trm 1 ‘ a3 ‘ o) B
3“’&‘&‘:”“]] ) } ol I 04 ‘ ol ®
3 - ol 1 o4 ol »

The table shows that 0 4-0 8 pg of kinm was relcased per ml meubation
mixture and that padetm and human salive had the same amounts. As
padutm might be supposed to contam some kininase (K. A, HALvORSEN,
personal communication) an expermment was carmned out with untreated
padutm and padotm heated at 62° for 30 minutes Table 2 shows that

Table 3
Insctivation by plesms kinuse of Juam relcused 1 0r arided t rat plaswa rebeoate
spectmens bn presmos of disaliram
flgurey ghven reft about { 1 ml (1.00-1 1%) incobation mbxturs
™ ?ufogﬂmw
2
EEREEN
Rat plasma E |z
L E |3
1 Stabls ’
1
1 -
| T " IR
1 - L
L - 350
T Stab¥o” whh l
kiusase 150
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w!mbmrdc:sedthemnmomtafk!ninﬁcmbamhz
uﬁfz&ﬁpm mbammu\dmuﬂrmhﬁymumbk for the
heated as for the unheated paduin wluten. The stability of the kinins
mhs:dwimu]}n.whkhmfmdkmhmmnkom@,mﬁrmmg
(2l the method of AMuNDIIN, NUSTAD & WAALER (1963) yielded 2
stable plasma substrate.

Tht‘;nhibhmytﬁ'mofdmuﬁnm on the enzymatic inactivation of the
thmmmcdbe\hmumb\cp\ammhmlemth@ﬂnddedmd
on u siable plasa substrate with klnmase. Toble 2 thows that disulfiram
did not trihibit the enxymes undet the conditions chosen.

Inactlratlon by plasma kinlnase of the kinins refeased in rat plosma
spectmens in the presence of

| Table 3 showa that the stable rat plasma, batch 1 had a banc actbvity
| on Tat wietus to about 50 ng bradykmin per mL The
| actiity however was unspecific, CPB having no influence on it Lyser
| wide (= LSD). in an amount that almost completely biocked the effect of a

Shydeotytryptamme  dose  guvimg conrachom, parily
inhibited the substance(s) sumulating rai uterns. Table 3 further shows
that padutin did not set free any kinin, wherens trypmn wa cffective in
doing o Under the conditions chosen disulfiram did not interfere with
Linin refease

In the experiments with human stable plosma it hod been shown that
dnsoifiram dd not imhibin CPB. The mactivation experiments with rat
plasma were accordimgly restricied 1o “stable” plasma, with the kintoase
vetawred und o (et rat blood, Table 3 shows that no sigmificant quanntes
of Lmirs coukd be deterted m rat plasma with the Lininase remaming
when trypsm sas added and that an addition of disnlfimm to the incuba
ton mature gave the same result. The plasma specrmens were tested at the
shortest possibke intervals durng incubation, as for the human plasma
speasmens. and the negalive revults are probably dae to large quantities
dlmmmmamemmredtomouiuhumnplmm(m

table 2) To csumate the snscthating capadity of rt plasma ditf:
ferent
quanifixes of bradylmin were added. Table 3 shows that, when 1.5 g of
brad)kmmmnxd.uumummduboulw‘uﬂh:mbsmm
tecusered (O mmnutes menbation tme) and that alt the bradykinin added

>3 macinated after 10 mamutes. Under the conditions chosen
dd not imhibh the e
\\ eraymatic nactivation of bradykinin sdded 1o rat
| Expenements wuh fresh bload from bo
th normal
‘ treated with disulfisam -trcalsodonc(dmlﬁxmonnybynmd\m Ind":::
‘ 1
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about 50 mg/100 g m suspension twice at one day intervals and the
expeniment on the fourth day) Under these conditions padutin wes agam
unable to release detectable quantitles of kmins. Contrary to what was
observed with stable” rat plasma with kininase, small, but significant,
amountt of kinm were found after incubation with trypsin, and in blood
from normal rats as well as that from disulfiram treated rats.

Effect of disulfiram on the inactivation of brody kinin by erythrocyte
kinlnase preporations from kuman blood and rat blood

The results in tables 4 and § show that dunlfiram mhibited the fnactive-
tion of bradykinin by both human and rat erythrocyte kinmase prepars-
tlons An amount of dbulfiram of 10 pg/ml was effective against the
kanlnase ectivity of human erythrocytes, but the same concentration
seemed rather to accelerate the effect of the rat kminase prepartion
However if the concentration of disulfiram was increased to 100 pg/ml,
the rt erythrocyte kininase preparatson was also clearly mhibited.

Cooclnon
The experiments show that padutin as well as human saliva relessed
kinfns m stable human plasma, but not in rat plasma. In stable rat phesma
kinms were set free by adding trypsm. The results thus confirm the
Tuble 4
ftiom by disuifirem of the :ﬂd MTJH,Whm T via Do
The figures refer to 113 dmeWﬁmmhm:ﬁ:;gn ml trhs baffer of pH 7.3

[ % after thoe
propamtion cuvity m minotes

HER

Emg:p-nﬂmh:mb-lcdwuhwlﬂnniw
34 minutey befors  ddition of bradykintn
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Toble 5
Iatibiion by dsifiram of the kaahatien of tradykinia by
7 mwr.lmup;.
TkﬂarﬂrduhlJLﬁh:‘hnhnnﬂ:mcphl\mluh

o of pH 73
Foc fartber detalh see (oL

Kntnase v afer doe
lruu,p-rpn‘dﬂw I mimetes
i t
100 i 1o
ol Isactivathon a8 (rw miontes
o el L] "
© 100 %
[T 3 2
19 .31 More raphd imctivation thas

i
\Mmmd?mmn&ﬂu\m(wwanmpmm
Tl obtamed supgest (hat the method of Amunpsen, Wustan &
WAALER {1963) yiekds & stable plasma substrate not only from human
Hood, bet atso from ra blood.
\ Under the conditions used disolfram did not inhibat the mactivation
by phatms krmmage, exther m human plasma or in mt plasma. When the
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a concentration of 100 pg/ml. Previousty Enpis, RENFREW SLOANE &
Wotnter (1963) found that the kinmase in homan plasma differed from
the enzyme 1n its behaviour toward varlous mhibiton.
Further AwUNDSEN (unpublished results) made the observation that
urgocyton, & material isolated from liver (AMUNDSEN Waarm, De-
DICHEN, LALAND, LALAND & THORSDALEN) inhibited the kinmase from
human erythrocytes moch more strongly than that from human plasma,

Somaary

Expermments with stable human plasma substrate, “stable™ human
plasma substrate with kininnse, stable rat plasma substrate, “stable”
rat plasma substrate with kimase and fresh rat blood specimens were
carred out to investigate whether disulfiram (= tetraethylthruram disab
phide) mhibited the mactrvation of kinins by plasma kininase Bradykinin
was used a3 substrute in experiments with erythrocyte kiminase, Padutin @
(hog pancreas kallikrem) or human saliva was used for relensing kmins
from human plasma, trypsin those from rat plasma and rat blood. Under
the conditions chosen no mhibitson of the plasma kininases could be
detected. When the effect of disulfimm on another Zn metalloenzyme,
carboxypeptidase B (CPH) was tested m salt colution, with bradykinm
&3 substrate, & strong inhibition was observed at pH 58 but not at 7.3

In the inhibition experiments with “stable™ mt plasma with kinfnase,
the extremely hugh kininase activity of rat plasma, compared with that of
human plasma, made 1t necessary to add bradykmin to the pluma
mmples The Jonms released by trypsin were inactivated so rapidly that
only traces of kiuns could otherwrse be detected.

When the effect of disulfiram on the inactivation of synthenc bradykini
by erythrocyte kumnase was tested, an mhibition of the enzyme was ob-
served, both for human erythrocyte kininase and for mt erythrocyt
kininase The mcubations were carried out tm trus buffer at pH 7.3, &od
concentrations of disulfiram of 10 pg/ml or more proved effective ageint
human erythrocyte kiminase, 100 ug/ml or more agatnst rat erythrocy®®
kinmase.
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Depressor Effect of Padutin @ (Hog Pancreas Kalllkrein)
in Rats treated with Disolfiram
By

Kjell Briseld Jensen, Olav Kjell Dymd and Shisel Flem Rbwvik
(Recaivod Octobar 1 1964)

Hog pancreas kallikrein (padutin ®) given intravenously to rats caosed
no fall in blood p e, nor could n d m kallidinogen content
of blood be demonstrated (HALVORSEN, personal communfcation, [964).
FAscHL0 & HALYDRSEN (1964) explained the lack of effect 1n rats as doe
to speces specificaty” If the use of that term Is restricted to u falling
drug receptor interaction, it shoukd be remembered that a powerfol
enzymatic inbibition or wactivation of the agonist, or both, must ako
be considered possible causes of the absence of effect. The kallikrein
ltself might be affected, the kinin released, or both. As pointed out by
HarvoreN (personal communication) and also by Broem JEom,
RINVIK & VENNERSD (1965) the kmunase activity of rat plasma 1 high
compared with that of hupan plasma, a fact suggestig that the enzyme
could be at least partly respontible for the nactivity of padutin. However
the observation of HALVORSEN (unpubliahed results), that the kaffidinogm
content of rat blood did not fall m response to padutin ijections, pointed
to a true species spectficity or to an enzymatic inhitition of padutin ftsedf
The use of a kinuase mhbitor should provide mote mformatian on 1
subject. An mhibitor of sufficlent strength would render padutin active f
the high kininase leve! In rats were the main causs of ity lack of actmty
On the other hand, abwence of effect of the inhibutor would indwate
species specificity or enzymatic inhibition of padutin, ot both, 3 probadi
causes.

In our work, dimercaprol (BAL) 1 10-phenanthroline, and urgocytos
mtwcduhnEmmmhtonmmbboimmdpaiuTW
experiments on capiflary permeability mhibi urgocyton m guloes
pags were aho c;lrlped out. Dunercaprol was fotnd by Expds & Worllix
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(I%J)mbenmmgin#minmmorkinmmlnu\egtmmpig 110-
ph:nmthmlmewumlwinvnmhmfmmdiﬁmtmjmhm
Rooasw SLoANZ & WOHLER 1963) and urgocyten, & material fsolated
fmﬁmbyAHUNDSBLWAMB.D‘ED(CBIN.LUAND Latano &
Tmmmm(omduahchrﬂrouphntlh:khimxofhmn

(AMUNDXZN, personal communxation, 1964) Duulfiram
(tetracthylthraram disnlphide) was also tested for its possible action
mthcpnﬂmlnnﬂﬁonmhloodprmmbbumﬁmkkmwnmbc
an mhibltor of the 7ne enryme, aicohal dehydrogenase of yeast (VALLEE
1960} Prcmminvltm:xpcrimmuhxdlhuwnt}mdlsulﬁnminmbiud
nchhcrthclumzynnmrbaxypepﬁdluBnoﬂhekbjnmprmth
heman plasma or it plasma at physiological pH but did inhibit those in

Wmmmtmmmlmm&vm

Techulque

Rat biood precwere experiments

Wale gy 150-3%0 g were amesthetined with & sofution of barbitone
sodbam 4% wiv and 1 / wiv pemtobarbiions wodlem  of this, 0.4
o mmmgwn't

xpphed I most experiments. Wood presima was recorded from & carotid artery
Gepania i the potythene canmih) with & mercury manometer and injections of the
n‘\'hmeﬁam wire made bto the two saphenous veine.
of
o WAW%TMWQmM
Nwhnn wrved
”Yimmnmmmmnybywmhnwu(7dgdhm

ey et uod wter to 100 sl Two m (150 mg) were given each

hﬁuﬁﬂ-rm\m:dnbomlmﬂmhhndmmmml -
Capllary permesiihsy wots

& Mnm (1932
b s mmwmxmm
Anavythertzed armesthetied, hiood presure experi-
%wwmﬁoumu.uumnh\:gmmhm
plsptividbinn llmﬂwln.&hrwhﬂnhtbnlwemuhm
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Aarerials,
Acetyicholine chiorids, crist., Hoffmann ~ La Roche & AG Switzerand,
Dimercaprol (= RAL) = 2.3-Dim, 1 Cr;;x M Fheka,
A.G Bachs 8G., Switrerland.
Bradykizis (synthetic) n ampoulkes of 100 A
e Ly e ot wg/ml, Sandaz, A_G., Basel, Switzerhod.
Paoumin ® (hog pancreas kalllkrein) Ampoules of 10 Blol. Units, Bayer A.G

110-Ph throlte Ph h \! Merck, A.G Darmstadt, Ger
Désx ) (~ Atk diralpbide) Prepantion hetted ko the
of Pharmaceutical Chemistry the Pharmaceutieal Institute, Unbrersity

Departiment
of Oalo. Preparation 2, Parmacetisk Indourl, AS., Odo Norway
;‘_rzﬁ-(’lxu fline), Nutritional B s C Cleveland, Otdo,

u.

Urpocyion. Matetial holated from ox hver Batch LOTA snd batch UG Yiekds
respectively 2 g fod 1.8 g/kg fiver Preparatfons not diafysed. Baich SL 7 NS and batch
SL 6 NS, Yields resprectively 1.3 and 0.6 g/kg ffver Preparations dialysed. Nyegaard
& Cao, A.S., Oslo, Norway

Results

A. Rat blood pressure

1 Normal rats Padutin was injected mtravenously into [5 rats af
doses ranging from 4 to 12 unuts. The initial blood pressure levels ranged
from 110 mm Hg to 140 mm Hg, and the rats reacted with significant
blood pressure falls to acetykchohne doses of 10-20 ng and bradykinm
doses of 0.3-06 pg. In a few rats padutin had some hypotensive effect,
but erther the blood pressure falls occurred with the first dose only or the
falls were smaller at & higher dose level and were accordmgly judged
unspecific, (In onc amgle rat with an extremely high blood pressure kevel,
150 mm Hg, padutin produced a depresyor effect rather similar to that
seen 1 disulfimm-treated rats, The blood pressure falls were not potes
tiated by dunercaprolj The expeniments thus confirmed the unpablished
observatiors of HALvogseN, who infected padutm in doses up to 2
units without effect, To duscover whether the presence of kininase i the
padutm preparmtion might cause the Iack of depressor effect, an expert
mmtwumrﬂcdoutinwmd:pamlldtumdunmwpadnﬁn‘nd
pudunnhmtcdntﬁz’fnrJOmlnmsmmmpucd.Nodlﬂ'crcnﬁb

effect could be demonstrated

I Rats treated with dimercoprol Intmvenous doses of dimercapre! of
2t0 SmsmUnglym(mnnudumhwumﬁwJeadkndykhhwbwm
the enzyme inhibitor wes injected it caused an mmmediate fall in o
pnmure.Wh:nLh:bloodpmsureh:dudjmmdnnKtoslndnaf
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bndykhﬁnwasnucand.lnthcu;ﬂmtﬂ]unrmedinﬁa.l
a\ﬂn&mmwﬂmmﬂmmrummw
mmmwmﬂuhnofmhypounﬂw:ﬁmdmppwtdfwly
qmcklymdwunotdmummbhlﬂzubamﬁmjnma,admﬁonnf
effect also noticed m other experiments, The effect of scetyicholine was
the same before and afier fnjection of dimercaprol, If another dose of
dunercaprol was injected, the increase in bradykinin effect recurced and
s vroally more prononnced, as judged by the dumation of effect.
Dimeseaprol & not render padatin active. In the expetiment Mustrated
by fig. 20 dowe of § oy d | strongly p 4 trypsm, but
padutin was left unaflecied. The tramsdent merease in hlood pressure lovel
seen 1n flg. 2 after dimercaprol was obeerved in several experiments. The
potentiation of trypsin was of the tame duration os that of bradykinin,
about 25 minutes.

M1 Ratr ireated with 1.10-phenanthroline or urgocyton.

1 10-phenanthroline wea injecied fn single doses rangmg from 100 to
m;;m;h:dmuem:d\w\mh.mdmmapuimmlmo+
200 pg phensnthrobme miccted at an interval of sbowt 90 minutes killed
the rat. No clear potexitinfion of the bradykinm effect could be demon
nmtcdmmnu;hpdmmwmﬁnmmawcdndqnmreﬂw.m
effect was, however uregular and dufficult to reproduce.
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Four batches of wrgocysan were exammed, but none of them increased
the depressor effect of bradykinm in dotes up to ahout 10 mg/100 g

IV Rats treated with disulfiram When rats were pretreated with
disnlfiram, as described above (sce Techniquo) pedutin regulary had «
hypotensive effect. The kallikrein preparmtion was grven to 17 anjmaly,
8l of which reacted with more or less pronoanced falls in blood pressure.
The effect was rather feeble, large padotm doses being required (3-12
units). The best cffect was obtamned when 3 doses of dusulfiram of 150 mg
were spaced over a period of 3 days and the ammals were nsed for expen-
ments about 3 hours after the last dase In fig. 3 part of such an expenment
is illustrated Inpectsons of 3 6, and 12 unus of padutm cavsed graded
blood pressure falls, The hypotensive effects of paduim and trypsia were
compared roughly quantitstively Twelve unns of paduim resolied in ¢
blood pressure fall of the same order of uze as that camsed by 10-20 kg
trypsin. The falls, however wercaﬂmmorelang—luimgthnnmoudﬂt
to trypsin and more like 8 temporary depression 1n blood pressure. Doses

letely aboluhed the hypot

of mepyramine, which almost mpletely
effect of 0.5 pg histamine, did not affect the action of padutie

In dssulfiram treated ruts dimercaprol also potentiated the effect of
bradykinm but not that of padutin, Fig. 4 illustrates en expenment i
which the effects of 4 and § units of padutin were small both beforc and
after 2 mg of dimercaprol, but bradykmun was strongly potentiated 'Tm'h:
figure also shows that the potentsation of bradykonin disappeared et
same rate as In untreated rats after about 25 minutes the effect was 5o

mal
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Four batches of urgocy ton were examined, but nanc of them increased
the depressor effect of bradykmm m doses up 1o about 10 mg/100 g.

IV Rats treated with disulfiram When rtats were pretreated with
disulfiram, as described above (sc¢ Technique), padutm regularly had &
hypotenstve effect. The kallikrein prepamtion was given to 17 abtmals,
all of which reacted with more or less pronounced fally tn blood pressure.
The cffect was rather feeble, large padutm doses bemng required (3-12
units) The best effect was obtained when 3 doscs of disulfiram of 150 mg
were spaced over a peniod of 3 days and the animals were sed for expen
ments about 3 hours after the las dose. In fig. 3 part of such an expermment
n fllustrated Injections of 3 6, and 12 umts of padutin caused graded
blood pressure falls, The hypotensive effects of padutin end trypsin were
compared roughly quantitatively Twelve umts of padutin resolted In 2
blood pressure fall of the same order of size as that caused by 10-20 pg
trypsin. The falls, however were often more long-lasting than those doe
1o trypsin and more like & temporary depression m blood pressure. Doses
of mepyramine, which almost competely abolhed the hypotemshve
effect of 0.5 pg hustamune, did not affect the action of padutm.

In dsulfiram treated rats dmercaprol also potcatiated the cffect of
bradykmus, but not that of padutin. Fig. 4 flustrates an cxperiment in
which the effects of 4 and 8 units of padutin were small both before and

wrongly potentlated The

after 2 mg of dimercaprol but bradykinin was
figure also shows that the potentation of bradykinia dismppenred at the

same rate as in untreated rats after about 25 minutes the effect was oot
mal.
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Four batches of urgocyton were exammed, but none of them mereased
the depressor effect of bradykinm 11 doses up to about 10 mg/100 g

IV Rats treated with disulfiram. When rats were pretreaged with
disulfimm, as described above (seo Techmique) padutin regnlardy had a
hypotensive effect. The kellikrein preparahion was given fo 17 animab,
all of which reacted with more or kest pronounced falls in blood pretsure.
The effect was rather feeble, large padutin doses bemg required (3-12
umtz) The best effect was obtained when 3 dases of dusulfiram of 150 mg
were spaced over a period of 3 days and the animals were used for exper~
ments about 3 hours afier the last dose. In fig. 3 part of such an experument
js fllustrated. Ingections of 3 6 end 12 units of padutin caused graded

7 blood pressurc falls. The hypotenurve effects of padutin and trypsdn were
“ compared roughly quantitatively Twelve units of padutm resolied in &

blood pressure fall of the same order of size a3 that caused by 10-20 £

trypsin. The falls, however were often more kag-lasting than those doe

ta trypsin and more like a temporary depression in blood pressure. Dose

of e, which almost completely abolished the hypotmsive
effect of 0.5 pg histamme, did not affect the actron of padutin.

In disulfiram treated rats dimercaprol also poﬁmﬂntad\h:tﬂbﬂn{
bradykinin, but not that of padutin. Fig. 4 Hiustrates an experiment 8
which the effects of 4 and 8 units of padutin wese smalf both belore asd
after 2 mg of dunercaprol, but bradykmin was strongly potentmicd The
figire alto shows that the poteatation of bradykmin dissppeared at the
same rate as m untreated mats after about 25 minutes the effect was nor

mal
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B Capillary permeabiiity

L Padutin Intradermal njections of padutin increased capiliary pet
meability m both rats and guinea pigs. Doses of 100 mU/lmain:.u
were found roughly to give skin spots of the xams colour intensity and
mcotderoflueaxthoucuuxdbylSOngofbmdykmin.Ingumn;lp
padutm was relatively more effectrve, doses of 6 mU/100 g correspondmg
to 75 ng of bradykinin.

11 Urgocyton Intredermal injections of 50 to 200 pg/100 g of batch
SLONS and SLTNS of urgocyton into guinea pigs increased the capillary
pu-mcal bility effect of 30 to 100 ng/100 g of bradykinin injected in the sxme
solution.

Intravenous injections of about 800 g wrgocyton/100 g gumea pig
(batch SLENS) seemed to affect nesther the achon of bradykmm m
increasing capillary permeability nor that of histtmme Trypsin, whch
was used to control the technique, inhibrted both bradykinin and hista-
mime markedly at a dose of 0.3 mg/100 g. The expermments were dexigned
a3y described below Soon after the mjection of Evans bloe, two doses of
bradylamn and two doses of histamine were injected intradermally i
mandom order The bradykmn colour spots appeared in the course of
2-1 minutes and the hustarmne spots in the conrse of 3-4 mimutes, Tweaty
mmutes after the myection of Evans hlue, urgocyton (or trypsin) was
applied and then the substances mcreasing capillary permeability were
agmn mjected, a3 described above. The whole duration of the expeniment
was about | hour Bradykinm snd histamme were found active at a dose
range of respectively $ to 50 ng and 8 to 50]pg/100 g guinea plig.

Discosdon

Onr experiments were carned out to mvestigate whether or not kinias
mhibitors would cause an effect of hog pancreas kallikrem (padutin &)
on rat blood pressure. The use of dmnereaprol showed that the strong
kmunase activity known to be possessed by rat plasma (HALVORSER,
personal communication BRI JEnsN Rmnvik & Verwmp 1965 B
probably not responsible for the inactivity of padutin Doses of dumer-
caprol that strongly potentisted the depressor effect of bradykmin and
ulwufnypnndldnotmudnpndummmmulumm&tﬂ(
with the in vitre observations of FASG0L0 & HALVORSEN (1964) and abso
of Brusen Jersen, RINVIK & VEnwesbo (1965) who found padutn
unable to releass kinin from stable rat plasma. e the

ﬁeumlymgkmmmammdmmmpmhi "
reason for the inabilty of the kinnase ighibitor 1 10-phenanthroline e
potentte bradykmin. The short duration of the dimercaprol effect o
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poslbly ako reflect the strong kinfnase actrvity of the rat. Al potentiation
b2d vankhed after about hall an honr whereas Expds & WoriLER (1963)
observed an inhibitian of several hours duration for the same dimercaprol
doses when guinen plgs were nsed. As to the falling ability of urgocyton
in mhibiting the plasmn kinmase m mat blood pressure experiments, it
should be pomnted out that AMUNDSEN (personal commumcation) found
urgocyton far bess actrve against human plasma kinmase than ogainst
erythrocyte kininase,

Duulfiram, which had previously proved unable to protect bradykimn
& o at a physiological pH agatnst carboxypeptidase B or plasma
Xinmase (Bamen I, RINVIK & VENNIROD 1965) rendered padutin
hypotensive in rats. The effect was somewhat weak, doses of 3 to 12 units
befng reqmred. As the substance had to be grven before the experiments,
10 estimats of n possible influence on the bradykmin effect, and so on the
kinmase level, was possdble. However the doses of bradykinin necessary
In the deulfiram-treated rats were of the normal order On
U the mo tims the sbove-mentioned mability of padutm to release
kinins te w70 in kninass-free medrum and to causc blood pressure fall in
Prexence of the strong kinmase inhibitor dmmercaprol, it seems unlikely
that the mam action of disulfiram was through plasme kininase mhibition.
A more iikely assumplion i that padutn m rats has some depressor effect
ity own end that disulfirnm mhibits the plasma enzyme mactivating
Tedatin. The ability of padutin to mduce increased capillary permeability
bymlppumﬂonmthnlhnglmmpporttomd:umw

EBven if no kinm-releasing effect of padutin could be dtected i vifro
(Bamein Jowmy, RiNvic & VENNERUD 1965) the possibility cannot be
Cxciuded that 1t had a slight cffect fn vivo It should be kept 1n mind that
doalfram the kanmase activity of rat erythrocytes and that such
' effect might contributo to the deprexsor effect of pedatin.

Swamary

Padatm @ (hog pancreas kallikrem) mjected intravenously into mts
::dmfanhbloodprmmemsemhﬂnmmmdtom
ﬂm‘:ﬂl‘ﬂmmtthemshldnhnxcwvhyofntphmu,conmcdwnh
tvmon plasma, might contribute to the lack of effect. Dimereaprol,
*Tocyion and | 10-ph throline wero d for their abilities to
berease the depressor cffect of bradykinm, but only dimercaprol proved
m“'ﬂhfnLh:do:cmngum:d.Dlmerupmlnlwpotmm.&dthe

*“:mﬁeaoru-,m but did not render pedutin active.
efor, \hiiwlﬂnm (tetracthylthioram dssulphide) was given to tho rats
experiments, padotin became hypotensive, but large doses of
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the kallikreln preparation were required (1-4 U/100 g) and the blood
pressure falls were sometimes small. The experiments sugpested that
disulfiram did not act through an mhibition of plasma kinmase. It seems
more likely that padutin has an inherent depreasor effect not connected
with kinin refease and that disulfiram might possibly release such an
effect through inhibrtion of the enzyme mactivating padutin.

REFERENCES
Wasler B.A_.Duﬂd»c-,.l Lajand, P Lahand, 3. G & N.
Ann_?‘dnm,ﬁ., Kinisess by a fh sabiance prepured
from liver Natwre, in press.

Ets B G Reaftew A O Sloase, B M. & J R Wohlr- Enrymatic
bﬁdyki.nhmddmﬂupopd.dnl.n NY Aced Sci. 196,

04.
We 1o ia viro Inaitiratlon
Erdh.E.lJl. ohlcnmhlbuono e?,zg_’-ﬂf
T o

Llf'Sdnaul%] 4
Fndoln.l’ &K_A_

Amer J communkca!
K.MWRinvik.s.Fle.KVmaN sa the
dnkm by

vitro Losctivabon of B, plasma Kaloese of
erythrocyts K inloass b m,(mw
:nmms.n.mukl‘OL
sastn, K Briscld, Vennerod, DF"M';:{
! ;vpuﬂndhmnmhlmAmF"-‘“L“m'
Mila, A. A % E M. Mils Vascolar resctions to histumine, blsdusties-
Tomeatos aod beukotaiine in the ks of gaivcapigs. 7 Firoil. 1953
v-nn..ia.l.-rh.uum catalytic 1" an approech through wwikook
Iymes. Fed Preceed. 1961 7183,




Acts pharmacel. et toxdeol 1963, 22, 205-212-

Prom tho Department of Pharmacology Royal Veterinary
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Fate of Mepivacaine In the Body
1. Whole-Body Antoradlographic Studies of the Distribution
of 4C habelled Mepivacaine in Mice
By
L. Kristerson, P Hoffmam asd E. Haxwon
(Receired October 8, 1964)

Mepivacaine!), (N methyk-2-pipendine carboxylic scid)-2, 6'-dimethyl
txifide-hydrochloride, has been shown to be a valuable local anaesthetic
(BxeaTan, ULFENDAHL, DHUNER & OLIELLND 1956 DHUNER,
OUTLND & Ararie 1957 DAM & GUIDMAN 1957 Bezzempercen &
STEUMACH 1957 Bemimvg 1958 SHEFFIELD, KENNEDY & DomNeTTE 1564)
There has been po report m the literature on the physiological fate or
the blotrameformation of the compound. It has, however been shown
Mhhmdﬂymbolh:dormdad.dmhmHomCﬂUL
TN & Dmomscx (1960) could administer one half of the LDSO every
bl hour wath Lttle cumulative effect.

The aim of our invertigation was to stdy the physlological disposition
o meplvacame after Intravenous and subcutapeont mjection. The

DERYICAine had been labelled with 14C, and the distribation in the body
‘ulmdbdbylmnn.diognphy

Methods

mepivacaios way synthetized by AB Nobeikrut, Bof Sweden
"‘:nuz\,d,.wz i b%, T o u

-2, 6 waa them
T o i a4 o o o LGt Todi T ot
was 234 The dissolved
55 mirn 10 4 043 (wpe) st - §
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M-kudfmhﬂdmmlcemmd.hnwho{meimmpwfm
lnmoﬁmubmhmhwdwmtmmkmtdyﬁlmwndhan\ch
mwmuh(mnammnucm)duommmmmm
mmmmmwm.mmzmmhmmuu
(2 animals}, 20 mimutes, | hour (2 animats) 4 hours (2 ankmah), 24 hours, 48 hoors eod
96 hours after the hjection.

In a sccoad serdes male adult mice weighing approximately 25 ¢ were injeced
subcutancownly with 30 ma/kg (comresponding to 20 wCig) of 15
Animals were killed at 5 minutes, 20 minutes, | hour 4 bours, 24 hours, 48 boon,
72 hours and 96 houms after the Injection.

Mice of a third serics were used to observe the pacental pavsage of the drug. Pregrant
mice (approximatety 40 g body welght and 2 days before delivery) were injected In the
tall vein with 40 mg/ky (corresponding to 54 LC/kg) of 4C-mepivacalne, Animals were
killed st 5 minutes, 20 mirwtes, 1 hour 4 hours and 24 hours (2 anbrub) after the

Injection

ATl the animals were Lightly anaestbeitred with etber and then illed by freczing
in an scctope-dry boe mixture. The sectiontng and antorsdlographb exposire wert
then performed a3 described by ULrmmo (1954 & 1958),

Mice of a fourth series were sed to cxamine sclected thsoes for metabofic prodocs
of meplvacaine. 14C-mep (30 my/xg dlng to 70 ;Cfig) was admieh
stered via & tall vein to malo mice welghing approximatety 25 g. The brakn, mrbme ok
glands, [ver and kidoey were removed from mice 5 20 and 60 minatey after the
Injection. The intestines were removed 60 mirmtes after the injection. The organs wev
b ized in glass-h trers with ph buffer &t pH 7 4 The bomopemek:
was trantferred to extraction tubes and brought to pH 9 by scdieg NHOH T
coatents of the tubes were then extracted continuonsly with ether The etber phase w3
reduced in volrme under nitrogen to 5 ml. Radionctivity was determined In the ctixt
and water phases by liquid scintfliation counting. The scintiliation sofution wef

composed of 7 ml tolnene ing 5 g Z.5-diphey 1 tofuens and 3 ol
absolute cthanol. Tho natmre of the radioactrve compounds {n the cther and the Fee?
phases was fnvestipated by h The solvent systems for -

thin-tyyer
fayer chiromatogmphy were etfano-acetone-benrene-cooc. NH(GH (5 46 0 90
and chloroform-methanal (2 1). Silica gel plates were prepared as described by STast
(1962). After drying the plate by altowmg it to stand In the alr radioactive compouad
were located by expostng the plate to Kodak No Screen X-riy filim for two weekt

Resxits

Ttwsue distribution
Intravenous injection

The distdbution prctures of radioactrvity at S, 20 mmutes nd [ hoat
after intravenous myection are shown in figs. 1 2 and 3 szmﬂﬂ’;
mpld!ykhlbcbloodmdmconcmuﬂedtudwdmumthm!‘“
thch}ghmmnunthnSandZOmmulmaﬂcrthcinjwtbﬂ wﬂﬂw
salvary glands, liver ladney bone marrow and gastric and Ia!

Mucosa.
The highest concmumionwnsmincxm(oryorgmuxhﬁu
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206 KRISTERSON HOFFMANN AND HANS3ON

Male and fernale white mico were used. Four series of experiments were performed.
Inthaﬁnﬂedurmbnﬂmwdﬂﬂnlwmhmu}yﬁgmbjﬁ:dhﬂ:ﬂv&
with 30 mg/ky (corresponding to 70 uC/kg) of 14C-mepivacaloe, The Hnlection volume
mojmmmmummmuyzmmmmmnu
(2 animals) 20 minutes, 1 hour (2 animabs), 4 hours (2 anfmalk), 24 hours, 48 hoors sad
96 hours after the Injection,

Inlwondmiamhldn]lmhwd;hmllmum:uﬁyﬁ'mmjmw
subcutaneously with 30 mg/ky (carresponding to 70 uC/kg) of M4C-mephracine.
Anlmah were killed at 5 minotes, 20 minotes, | hoar 4 hours, 24 houry, 48 hoort,
72 hours and 96 hours after the injection.

Mice of & third series were used to observe the plecental pesaage of the drog. Pregrant

idlicd at § minutes, 20 minmter, 1 hour 4 hours and 24 hours (2 antmais) afier te
Infection,

All the animnbs were lightly amesthetized with ether and then Kilied by freeriag
in an acetone~dry ke mixture. The sectioning and anteradiographic cxposre wert
then perfonmed o3 described by ULLsrza (1934 & 19581

Mice of a fourth scries were myed to cxamine selected timnes for metabolx prodoctt
of mepivacaine. 4C-mepty my/kg ing to 70 pC/A) was admink

Injection The intestines were removed 60 minutey after the injectlon. The orgam wat

din giars hosphite buffer at pH 7 4 Tho hamogeoac
was tramferred o extraction tubes and brought to pH 9 by sdding NEOH. The
contents of the tubes were then extracted continuowly with ether Tho cther phas wat
reduced in volume under nrogen to 5 ml. Radicsctivity wis determined In tho et
and water phases by liquid ftation counting. The sokdlon W
commposed of 7 m! toluene lning § g Z5-dlpbe Je/1 totuene and 3 mé
abwolute cthanol. The nature of the rdioactive commpotnsds in the ether and the waier
phases was investigated by thlndeyer chrommtography The solvent systems for thin-
layer chromatography were cthanok-scetane-benzene-conc. NHOH (3 40 50 ) (+h)
and chloroform-methanod (2 1), Silica gel plates were preparcd s deseribed by STAKE
(1962). After drying the plate by allowing Jt to sand in the aic mdiosctive compouads
wexe located by expoaing the plats to Kodak No Screen Xeray fitm far two week.

Reszits
Tlsyue distribution

Intravenous injection.

The distrbution prtures of radionctivity at 5 20 minutes and 1 hout
after intravenous mjection are shown in fige. 1 2 and 3 Mepiracain®
rapidly left the blood and was concentrated in the thistes. The tissucs
the highest concentration 5 and 20 munutes after the injection mm
salivary glands, liver kidney bone marrow and gastrie and fnt

mucosa.
The highest concentration was seen in excrefory organs such as the
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iy prt [T — raary o

Hg. 2 Axtoradiogram showing the dotmbution of mdiosctivity wrcet) [n & mouse

20 mbptes after of +C.mep ary
observed In the stomech conients, kidney aad erinery bladder

Birmey pred  Har  Reme

3 Antorsdiogram showing the ditmbuaton of madlosctivity (Light arces) ta & mouss
1 Most of the L

after intravenoss njectio of 4C oepine ctheity m seen fn
b Intectmal cootenty and the unnary bladder Tho radioactinty bn the bruin i fow

\dney urnary bladder lver and gall bladder in those animals killed
1 hour and more after infection.

The braln, especally the grey matter rapkdly took up radlosctivity
The highest concentration was observed in the animals killed 2 and
$ minates after the njectron. The radloactivity lefi the brain more quickly
\han other thwues. The level m the bram was low 1 hour after Injection
nd approached the blood lovel.

n!lubmuﬂluyglnndx,lh:lddmynndthelxverwmﬂwomm

14
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haiend Li= Brora ek

Sakrary prued  Maart Gold Wadde
Fig. 4 Astorad howlag the of h arrws) lne
mones 1 bour afler of 14C. ine. Not  the (Hght 5_"1;“‘
activity In the gall bladder Tho radhosctivity Ia the foctmes bs low

showing the highest concentration of mdioactivity The level in the Rver
decreased rather rapidly probably owmg to biltary excretion (fig 4)
The actvity in the submaxillary glands was low in the antmals killed 4
hours after Injection. A high concentration of rsdicactivity was also scsn
in the adrenal medulla.

The kidney and urinary biadder showed a high concentratian soon after
wmmwwmmmmmwummm'u
probably due to secretion via the gastric mucosa (fig. 1-3) and the blle
(fig. 4)

No retention of 14C (mepivacame or its metabolites) could be observed
in any tissue, Pour hours after mjection most of the radloactrvity was
pruentmthcm.taﬁnalmnt:nu.lnmhmhkﬂkdﬂhounmdmulﬁﬂ
injecuonmdioawvitywumonlymth:lmmhulmntmumin!he
unnary bladder

Fxpenm.cnuwerenlmpu‘formcdonpregnmtm!ccmobmcphctﬂhl
penetration and uptake of the drug by the foctus. The concentration of
mepivacaine or its metabolites on both was atways lower 1n the foetal
then in the matcrnal tissucs (fg. 4) The radicactivity was not selectively
localmdinmyofﬂwﬂsuuonh:focMandkdiuufoﬁmnth:wﬁ'
centration m the mother decreased

Subcutaneous injeotion.

In the killed § minutes after mjection Little activity was noted
m the tissues. Mcpmcain:wulbsarbedllowlymdrmuhmdnﬂﬂy
at the injection site. The trssues showing activity were kidney submaxifiary
glands and brain The autoradiograms taken 20 minutes after subcuts-
neous mjection lhowcdudmrlbmlonpmredmﬂartothne
Sminutnlnanninmvcmmnuwdon(ﬁg.s).ﬁcm;hmﬂw
however was still at the site of injection. Appreciable activity
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Bram o

of . Liver Ao

Selmcy glaml  Here  Semses Crieeey Sttt

1. Antorsdiogram the digtribution of mdloactivity arems) [0 w monss
;”m.nu MhLEdh-of"C hy Thlhﬂlq" b

yoca x the sits of Injection and fn 1be Hver ealtrary pland, stomach, kidoey and adrenal
mcdalia, The radioectivity a the braim b rathar low

observed in brain, Hver kidney salvary gland, urinary hladder and
fomach contents. The braln did not reach the samo fugh level of radio-
activity as after intravenous ingection, although the amount of radio-
sctivity was substantial.

The pictures after 20 minutes and 1 hour were much alike. After 1 hour
the radsomctivity in the liver kidneys and intestinal contents dominated
the pctore,

After 4 hours, the highest concentration was observed in the mtestinsl
contents and the kidncy Little or no activity was then observed at the
alte of infection,

By 24 hours mepivacaine or tts breakdown products or both were only
wen m the mtestinal contents. In the anmaly killed at 2, 3 and 4 days afier
wiminkstration only traces of rdicactivity or none could be observed.

Examination of tisrues for radisactive compownds

Table 1 thows the radloactrvity present in the etber and the water

of extracts from verioos organs. The extractfon of unchanged
mepivacaine into the ether phase was almost 100 /4. The radioactlvity In
the brum was ether-soluble at all times after administration, and chroms
tographic investigation showed only one radioactive componnd in the
brain. This compound had the same Ry valos as mephvacaine,

Extracts from liver and kidney indicate that mepivacains was raphdly
metabolized to several kss lipid-soluble metabolites, In the animals
mmm!nmulﬂumkcdmlh:kﬂnﬂymnmdmcubo{]mm
ote than 10 tumes as high as the amount of unchanged drug. Thin-layer
chromatography showed that the radiooctivity fn the cther phato was
ociited with material having Ry value as unchanged mepivacaine. ,
The In the water phase was due to at [cast 4 different com-
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Table |

Radioact| ity in the uber and the water hases from the bratn, the lvary glands,
llver the ki mmluwmdnk:umdmmlm:mwmhl:
uc rpiﬂmlm?trmm.-efh}cacd radioactivity in the theoes,

Tlme after Injection
Thauer 3 mioutes 20 minwtes 0 wunutes
Ether  Water Ether  Water Ether  Wator

Braln 24 L] 24 0 s [
Snbmuﬂ.hry glands 06 0 07 a3l 03 (3]
15 42 43 43 28 14
Kidooy 2 03 17 17 0s 2
Lotestines - - - - is 8

pounds. Attempts at identification of these breakdown products are in
Pprogress.

Discraion

The examination of tissues for radioactive compounds ghowed that
meprvacune was rapidly metabolized to some lets lipid-soluble com-
pounds. The atoradiograms taken later therefore showed the presence of
unchanged mepivacane as well as 1ts metabolites It must be pamted oat
that subsequent mvestigations have shown a considerable part of the
injected meplivacaine to be demethylated with loss of the MC labefied
methyl group

The highest accomulation of radicactrvity was in the liver The radio-
acthvity observed thers 20 mmutes after mpection and later was to a large
extent due to degradation products of mepivacaine. The uptake m the
liver is thus probably s reflection of the metzbolism of the compound by
thrs organ. High radioactivity was observed in the bile, Indicating con~
siderable biliary excretion,

High uptake of mepivacnine was observed in the brain shortly after
mtravenous injection This rapid uptake was followed by a rapid decline.
Meprvacaine behaves in this respect like, e.g., thiobarbitorates (MARK,
BURNs, CosPosanes, Noar Trousor Paperx & Broom 1932) and
nicotine (APPELGREN HaNssoN & SCroarraubw 1963). Only unchanged
mepivacaine was found in the bram, On the bass of our studies ft i lkely
that & central nervous system reaction to accidental intravenous Injection
may occur during the first mmute after the inpection. On the other hand 2
reaction in the central nervous system dus to overdoses or a specific
sensitivity to mepivacaine after infiltration ansesthesta may not appeat
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mtil 520 mmotes after the mjection Thn s 1n agreement with the ciinical
findings of a sedatrve cffect occurring m some patients within 5-10 minutes
and disappeaning after 30-60 minutcs (SHEFFIELD KENNTDY & DORNETTE
1964)

Another organ sccumulating meprvocaine to a high degree was the
sebmaxillary giands. This accumulation s difficult to explain, but we have
noticed it to occur with some basic drugs, whereas some acidic drugs are
poorly sccumulated there (HanssoN & ScHMITERLOW 19612 & b
Hawnaren HanssoN, Svariz & ULLaerG 1963)

Exeretion of mepivacaine or its metabolites or both mto the stomach
took place to & considerable extent. The drug shares this property with
some other basio drugs, such as antipyrine, mecamylamine and amino-
pyTine (SCHANKER 1962)

The drug penetrated the placenta and showed a uniform distnbution 1n
the foetms. The foetal content was always lower than the material. This
suggests dmple diffusion of the drug through the placenta without active
uptake by the {oetus.

No pecific retention of the drug in the tususs was observed. Some
level of radlocarbon, however remained in the tusues 1 and 2 days after
adminutration. Since demethylation has been observed to be one of the
major metabolic routes for meptvacaine (HanssoN, HOFFMANN & KRISTER
0N 1965), it Is probeble that this radioactivity does not represent mepiva-~
came or metabolites, but 1 the result of radiocarbon released by deme-
thylation becoming Involved in the general metabolism

Swemmary

The distribution of the local anaesthets, mepivacame, har been studied
1a mice. The compound was labelied with 4C, which permitted autaradio-
#rphic study of fts dstribution Meprvacaine, rtx metabolites or both
occomulated in the hver the kidney the salivary glands and the brain
3 short intervals after admmistratiop. Expermments on pregnant anmals
ted little passage of radioactivity nto the foetuses. Examina

ton of tirsuey for mdioacthve compounds by thin-layer chromatogmphy
that mepivacame was rapidly metabolzed probably in the liver
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From the Depurtment of Pharmecology Royal Veterinary
College, Stockhotm, Sweden.

Fate of Meplracaine in the Body
IL. Excretion and Blotransformation
By
E. Hazmso, P Hoffmasm and L. Kristersea
(Recxived October &, 1964)

In a prrvious report (KristersoN, HOFFMANN & HANSSON 1965) it was
demonstrated that 14C mepivacaine!), (N-methyl-2 piperdine-carbaxylic
)2, €-dimethylanilide-hydrochloride, was rapldly distributed in the
body after mtravenous or subcutancous sdmmistration. It was slso found
10 be mttabolired to several less lipsd-soluble products. LUDUENA ef af
(1960) have d that mep i readily bolized, since they
could administer one half of the LD50 every half hour with Itk cumu
fattve effect.

Thu report is of a quantitative study of the excretion and metabolism
of meptvacaine m mice and rats, including some attempts to wdentdy the
beeakdown products.

Methods
Sohesty of LC-Mepiroceine
HC-methyt-labelied mepivaceine s ized by AB } Bofors, Swo-
%%, by the method atresdy deacribed (Kastixaon, Hormwawe & HANason 1965)
T“'wdﬂ:-ahny-un-cm

Zexterion ture the faeces and wrine

Adult malo rats weighing 300 g were injocted minrvenously with 3 mg (4.6 5C) of
:‘:‘lﬁwmmmwmmmﬁpwnmwmﬂm

Treatmcet of wrine

3mpdes of M-twrur urine werp taken s0mo of them wore sdfusted to pH 1 by
303 0.5 N-HCT sad the others adisied to pH 9 by adding 0.5 N-NHsOH. The

") Cirboceise § s scandicame @ wre the repratored trademarks of theprveceine.
A Mt tpion. v 33, . 5. v
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was determined oa 0.1 ml of chloroform and water phates by liquid scintifation
countirg after sdding 7 ral tolene eontalning 054 DPO and 3 ml abeolute cthanol.

Apiecwronidae Apdrolyss.

2. Oon md of & pocled sarmple frow the first 6 bours wes mbzed with an equal
vobroe of phosphate bafiee pH 7 The sample was then tacubated for 24 houns with
1500 units of bacteri] §-gincurontdase (Sigma). Controls ccoraining no enzyms were
run In peraliel

Meatared poctions from esch of thess incabated bilc smipies waro extracted thred
thnes with 10 mi of chloroform at pH 9 The water phases and the chloroform phuses
were reduced In yoltmoe under nitrogen aod chromatographed.

Urine, Two ml ware dilnted with an equal amaunt of 2 phasphate buffer pH 7
cantalning 2500 units bacterial B (Slgma). batlon and i
wero performed a for the bile,

Rexpiratory radiocarbon BoXide.

Adult ies (body welght 23 g) wern hijocied i the @il veln with 04 mg (1 ¢C) of
the HC-mepracaino solithon, The entmals wers then ploced in a plastic metabalic
spranatzt, The respinatory CO; was collected in & phenethytymine mixure and
coanted in a Bquid siotilation counter &3 described by Havamon & CLan (1962).

1y
Mrphvacaing and its metabollies in bile and wrine were sepyrated by thin-eyer
Chromatography

Thin-ayee silics gl plates of 250 x thicknes were prepared by the procedure of
Bram. (1962). The sotvent eysens ware chloroform-methano! (2 1) and cthunok
etone-benrene-conc. NHOH (5 40 50 5).

on the was detected by mutoradiography The
sotordiopram were prepared by allowiog the chromatograms to remab? in cootact
¥ith Xory flim for suitable periods. dotermmation of the radicactive
tompounds scparated on the thin-layer plates was peformed, Thems aroes wers
ped whh 2 remor blade 1nto 20 mi hquid sointilietion vials and conmted s &

Sapention tn 0.3 4 DPO + 0,03/ POPOP + 4/ sitica gl (Aaxodl]) tn tohsens
Qrpex. & Srevsa 1962).

Reslty
Exeretton

The urinary excretion of radioactivity desived from intravenous injec
Yon of 14C-mepivacaing is thown In table | There was a raprd appearagce
o radlonctivity In the urine, approximately 15/ of the adminstercd
Tdioactrvity within 1 hour in two rats. After 24 hours the total
o o of radloactiny d for approximately 55/ of the dose.
n:‘m‘edhilnmhon!ylmnnpumms:mnuﬁnd
ur“naﬂmwumoftheadmh\imdmdlmcﬁvuyapmmdinum

maximam amomnt during the first 24 hours.

\
192
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Table 1
Excretion of radioactivity in urine and fatcet after fntrevenom
Injection of 1 vacaine,
u Meas

valus from thres animale. Rangs la parmiheser.

Tims Intervaly

{houra) Urine Faccry

0-24 Ml rv 31623 29 (1450

2448 33(15-50) 13017

48-T2 1.3(06 29) 01 (0 -02)

Total M1 43

The experiments with bile fistnlac showed that in & 6 hour perlod
514-562 / of the admnstered radioactivity was excreted into the bile
(table 2) It may be noted that between 27 § and 324 / of the radicactvity
was excreted withm 30 minutes after the injection of 14C mepivacaine.

Metabolitm

Radicactive CO; m the expired air was collected from mice-dunng &n
8 hour period at intervals of 0-2, 24 and 4-8 hours. The results of these
studes are shown in table 3 Between 10.5 and 114 / of the dose was
excreted during the 8 hour period. The main part of this actvity appeared
during the first two hours after ths intravenous inyection of H4C mepive
tamne
Liver ahices were incubated with mdicactive mepivacaine m Warbirg
vessels, The compound was metabolred to a large extent in oxygen.
Under anacrobuc conditions meprvacalne was not metabolired, end some
metabolism occurred 1 afr In table 4 13 shown the distribution of radio-
mctivity m the chlorofarm, water and carbon-dioxide fractions of the

Table 2

Excronion  f radlosctrvity in at bl for § bours after
intravenows infection of HC-mepivacains.

Pey comt fdoseoncreied

Rat Ne. ,mJomupo—eomm 2m | 14b b | Tout
3 54
6 76 14 24 22 °
7 30 s 24 K n i
s 178 .7 s0 10 » 82
’ 34 123 66 13
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Table 3
Emmdndhcﬂvh{hmthmﬂmwmﬂhm
Injection of 14C meplvacains nto mice
Per cnt 14C In resplratory ar
T
Moo No. ’——uh | 14h b ‘ otal
1o (2] 13 a4 103
n 4 7 04 106
12 1 17 17 114

Incubated Hver slices. M d portions of the water and chloroform
phates were ued for thm-layer chromatography

A 24hour unne sample from rats recedving 14C meprvacaine was
extracted with ether and chloroform at pH 1 and pH 9 No radioactrvity
was extracted at pH1 oronly traces, but 17-32 / of urmary radicactivity
could be extracted at pH 9 The same procedure was used for bile. Only
traces could be extracted mto ether or chloroform at pH 1 or pH 9
Meptvacaine itself was extracted to almost 100 / by elther chloroform
arether at pH 9 Clearly the radicactivity excreted into bile and urmne was
10 2 large extent anociated with metabolites.

Treatment of urme and bile with f-glocuronidase and thelr extraction
at pH 9 with chioroform, showed that an appreable amount of radio-
sctivity was now chloroform-soluble. From the bile §0-82% could be
extracted into chjoroform and from the urine 76-85 /.

Fig. 1 thows an avtoradiogram of a thim-layer chromatogram of bike
mﬂu!d:]mo{omexmmduduelndkmdjmi'h:spotmmmn
031 s mepivacaine, The redloactive components found in the urine were
ho observed in the extract of liver slices The bils contamed mamly
ater¢oleble components, which stayed at the ongin and contained only

Table 4

Destrlrstorom o Tadiontiretry Thovarows Coamial Tracuum afte
bembuiion of brver slices  Krebe-Heaschart Buffer In air 100 £ O and 100% Nyp. Mes
Yaluas from wo sxpenToents.

Per cent radioactrvty b vanous fractfons
e cem radioactraty b yanaus fruc

G Chloroform Water
b by 14C0, { Total
g“' 15 74 23 932
N 542 243 159 936
$71 13 ot 53
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nnudunu{mrmmnmm vnhl‘C-mepfv-:-h-mdtb-
alter extraction of Itver

o (/r).lolm.t l F_:vaa:nﬂ-
NH;OH(J”SOI) fromt = 18 e, -
7d.lrLCnllmmrromld!lo t Ztandard, mepivaceine Ble Urine Liver sllow

traces of unchanged mepivacaine The spot with Ry = 0 45 had the same
Ry value a3 the p-hydroxydervative of mepivacaine shown in fig. 4
Quanutative results are given in table 3

Table 5
found t 1be
ndll’nddoml’omphl.—fmmwim ndlmhhdﬂvudmmnhumdl‘“‘ﬂ‘
from the chromatogram shown in #g. I
Urme Incxbated brrer
Rite (chioroform  shers (chioro-
) form piruss}
Meptracs oo (R — 0.8]) - %0 u,::
Ry = 060 - by
Re = 054 ot 1.6 bet
Re = 0.43 - 150 0
Ri = Q24 - -
Ry =018 - 240 :'}
Y 02
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*

" 3
-~ ©00

demmmwumrm ad water phases of bite
and afur with Solvent systsm  cthanol-acstone-benrers-
cone. NH,OH (5 40 35 5) (vfy). Sobrent frout = 16 cm. time =~ 7 days. Columm
feom talt fo right hndngmqivﬂ:lln Water phasm fydrolyds  Chiorofofm
oo before brdroiysia W ter phase after s Ch Phate after ydrotyet

Fig. 2 thows an autorsdiogram of a thin-layer chromatogram of the
Sboroform and water phases of extracted bile before and after treatment
o the bile with p-glucuronidase. Before hydrolyis almost all the radio-
scivhy was found m the water phase. Afier treatment with P-glocuron}-

Table 6
s Dhitribation of ity batween fousd in the
I the water from s befors and wfter hydrobna with oldese,
- The valacs are decrved from the chroesatogrem shown in fig.
Percrntegy of total radiosctivity
—_ before bydrolych | after aydromb
Chiorotorm pusse
R 054 = ny
Lo - 12
Ocigla 13 B
Wilee pass -
Ol
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f-gluctronidase.
benrene-cone. NHOH (5 40 50 5)( fv). Solvent front = 16@%«41::-10!1
Columns from left to right Standard Water phuso before hydrotysh Chloro-
Chlorol

Table 7
of between metabolites fornd (a
phnclndthcwuzphmoluﬂntbdmlnd nuhymrym-u
Th valwes ars derfved £ om tho chromxtogram show ia g

Percentuge of total rawoactrety
befors hydrolyns ) ufter hydrotysht

ocxronkdon.

Chloroform
143

R~ 0.60 [
Ry~ 0354 17 554

Re— 043 53
R =024 3t &2
R =018 [2] 73
R = 0.10 o6 o
1.0 al

Origin
Wmﬂ 02 71
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dase, the radioactrvity became soluble In chloroform and was mainly
found m the radicactive component with Ry = 0.54 The distribation of
radicactivity between the chromatogmphically separated compounds is
shown in table 6.

In fig. 3 i shown the autoradiogram of a thin-layer chromatogram of
the chloroform and water phases of exiracted unne beforc and after
treating the urine with f-glucuronidase. It is the same compound as found
in the bile hydrolysate. Quantitative results are shown in table 7

Discusdon

From the resutts presented here, it can be seen that mepivacamne is
rapldly metabolized in the body Only a small percentage of the drug s
axcTeted into the urine unchanged, The liver is the prmeipat ite of meplva-
aine metabolsm, More than 50/ of the adminstered compound 1
excreted inio the bile as metabolites. The in vitro studics showed that liver
stices had wn appreciable capacity to metabolize the compound and that

tyacaine was bolzed oxidatrvely Most of the radio-
sctivity excreted via the bile 15 probably reabsarbed m the intestine and
Gen excreted into the urine, since only # small percentage was found tn

e Tacces.

The nature of the radiosctve breakdown products of meprvacane hay
bemn Investigated only to & mited extent. N-demethylation plays an
knpartant roke m the metabolism of the drug, as indicated by the consider
Abic excretion of 14CO; both in intact mico and rat liver shices. In fig. 4
two bolic routes are d. Judged by the 1CO; excrction,
demethylmeprvacaine could be one of the major metabolic products. This

"
Ta—Tliee

Lo
tiy

i

Fig- 4 Roates of metabolitm of HCncpivacaine m i
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From the Department of Forearke Medicine (1), Unfvenity of Aashit (Profesor

Jorgen B wm;mmumdwwmm

strom, PhD ) at the Department of Ph (I}, Unfvendty of C
(Profestor Knud O Melkr M.D)

Fatal Potsontog in Man by 2,4-Dichlorophenoxyacettc
Acid (2,4-D) Determimtion of the Agent in Forensic Materkah
By
Kaf Nickses(l) Beot Kerape? snd Jens Jensen Hedn?
(Recetved Oclober 3 1964)

A compound n the group of chlormated phenoxyncetic achd derfratives,
2,4-dichlorophenoxyacetic acid (2,4-D1), herbatox @ herbrtox @) hasbe-
come most widely used ay 8 chemcal herbicide It is stated to be almost
nan-toxxe to animals and man (BUCHER 1946 Hiy & CarLsie (947
ROwe & Hyumas 1954 Dumsmra & FrEpmicr 1956 DALGAARD-
MIXKELSEN, RADMURSEN & SpeoNSEN 1959 EpsoN 1960 DALOAARD-
MIXgELaEN & POULSEN 1962 Palaen 1963) However Modtarca &
DIVITO (1961) have described a scvere case of non-fatal acoudental pobsoit
mg of a farmer (cf also SEABURY 1963). No account seems to have been
grven previowly of death of a human subject by porsoning by the agent.
In thus paper & case is reported of sulcide committed by a 23-year-oK
farming student?) with the dimetbylamine salt of 2,4-dichlorophenoxyece
tic acid.

The chemical determination of 2,4~dichlorophenoxyacetic ecid, which,
to our knowledge, has not been undertaken previously on forensic m-
terlal, it based on a characterisuc absorption curve in the ultraviolet
light after varfous extraction procedures.

At the time the case way received (1961) 10 thoroughly tested method
was available. For the determinations undertaken a preliminary method
was used which in some measurc gave too low values, depending on the
fatty content of the argans By the method described below more than
80/ of the added substance are recoverable

' in most Foweric term
D e o i T Yol o iy wimcd by DAL
Mrexeimn & Pourte (1962
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Methods
A Determination of 2,4-dichlorophenoxyacetic actd I organs

To 20 gremm mioced organ add § grarot erystalline tartaric acld and 30 ml of chloco-
form. Afler be ‘ in a MAE. trunafer the materlsl quantk
tatively to & .30 ml flagk with & glam stopper washing with 30 ml of ether After

orgame phase with 40 ml of 0.1 M phowphato buffer after adhuting the pH of the
mixters to 7.3 (At this pH and at room tempemture the distrdbution ratio between
the phosphate boffer and chioroform s about 75 and that between the phosphato
boffer and ether about 17), Repeat the extraction and wash the combined agueous
extract with half s vodurne of chloroform. Then make the solation strongly scid with
8 N-H;30,, and axtract with an equal volome of chloroform, and then with 10 mL
Fikier the chloroform extract through anhydrons NayS0,. Extract the filtrate for
3 miarwtes with 18 ml of 0.02 N borate baffer (pH 10 6). After centrifigation, anatyse
the ciear Aupermtant spectrophotometrically within the range of 200 to 350 mu
(Beckaoan DK-2) The curve shows the same abeorption maximum st scid and alkaline
mﬁmnmmnwmu-wmdmwumm

from the duff befween the vahuo at
mmnﬂmmmm.zmhnwmmmmby-mm
Mo g-ﬁmmuwmmm&mmmu.m
.

Gact b b5 obtatnabie by cmploylng Wokn's (1960) laborowr neutralbsation

B. Ldentificathon of the agent in the specimen received (R 17/61)

3) A rample of the gestric cootents was extracied 1 described and evaporated and
-mmmu.mdpmzmmm ackd showed,
”:dmwthﬂm(muued)mmhhxpo{mdln‘c

)mmﬂ-hmmnmdpmmwh\nmwdedbyhm(lm

d
mexmrement of an aquedms solution of the sublimats
Yelded the abaocption curve charscteratic of 24-D

c The preliminary extraction method employed in the received case

difers in the following respects from that now employed

W“Mmmwmmuhﬁumbmu-mbmmk

“’""T,_,, fered tiroagh NaxS0, and
mldd!hro{ummdmmlolulNH)SO4mldded.Aﬂerhulmmnﬂ
““mmmwmdmmmmmmwnmmm
Wmmmmmmmmmm
~0d extracts wero rendered alkaling with 8 N-NaOH and 2 N-Na2CO; to
P01 12. Bxtraction was performed with eqral volumes of chioraloem fos portice.
ey Nttt wero once more rendervd strongly ackd with § N-H,S0, and then
e Ut s with 15 eqoal volutss of chloroloems™The combined dried end
h““mmnmmmmmﬁmm-n%mLAw red

A et g, i 22, . 3 T
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portion of this was tramferred to A 25 ml centrifugs tube with u ghasy Afer
10 ml of 002 N borate buffer of pH about 11.5 had been l&chd,:nnc!wkaGS
uﬂnutumdmu(ruuﬂon.undnrwmmmlytdmwmly

D Recovery experiments using the preliminary and
the present extraction methods
To varfous emounts of minced human liver (from ¢ dormal waman kifled in a road

lsddﬂ'ﬂ) mm«mmz&dﬂhwhmwhﬁdmmm
d, and the revults aro set out {n table 1 1t 1 scen that

metbods were
bctwmlfmdﬁ/n(lho-ddodqmnﬁtymmui(ubhl left batf) by the

recovered, fndependently of the smount of organ analysed.

Table 1
Rnccva T W-ﬂdwd& homan lver
byo zpniLmiury nt.b-utmd:dc:n:ﬂwm‘lr‘tk-.
Bytb-prdmhn:ymﬂhodmehrpxth--mmo{ ;m}yud ﬁ

o
mmnmmpmm' the sarmount fonad L the sulpheric ackd residos plas filter
wmﬂlmp«mtmmtd.ﬁ:puhﬂ!
Dver

the mothod now osed between
of the smownt of usod.
Preliminary method Now uscd metbod
Amotnt of Pk mintast
liver owcd B 2.4-D added HE 24D added
* 00 20 400 o 2000

3 643 al - ”o 5.1

Case af Fatal Pobooizg
A. Case report oo Fete 1
30/51 Forensicchemical anslysis Ro. R-17/61 sevial 50 2279
l%q‘:llumlhdudbodydunyur-oidmklp‘imﬂw‘l :fﬂd
Ln;nmh\habmdmllyingonlumkpmlymmmm placed
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symoetrically the olbow jointy sexnifiezed the fisty were clemached and presecd agaiont
the waist. The hands had kft tmprints on the ground, whero

pronounced universal rigor
Intensity on the beck except o the supporting sudfaces. No outeard aigm of putrefac-
thow were obesrved. The bodily crifices were foand 1o be normal with no pecutiar
dour The puplis were of medlum sir and equal.
wmmmmmmumw-mmmm
hrdnlndpl.nndnmdmluduly

Tho hungs
but no oeders. The right fung weighed 400 g
Mdrhﬂ:lo;mmmmlmmld.uﬂnmﬂdwhhmmlhrm
a0d with & neutral reaction, The blood was dark and partly clotted. The Hver wolghed
1610 g und the splecn 130 g The wholo alimantsry tract and all the organs were ai
#aied, congested, but were otherwho normal

B. Hirtological Examination

1) The contral pervons system. Sectrons from the cerebral cortex,
baral halon, hypothal cerebellum, pons and
Woﬂwmmmhﬂwhhhmmyﬂn—coﬂnmdmﬁim
Hanten s gtain, myelinsheath staining by Weil's method, PAS and
Emarion s gallocyunin.

All the sections showed marked congestion with @ few perivascular
Memorhages and pericellular oedemn. There were found severe degene-
e changes of the gamgllon cells (sce fig. 1)

N “
‘; o Q"’.&v:,-_- \a
. v o
!h “*gr:..-e
A J -
. ‘\” e an
| PP <
LT A - Y
~ "‘:.Q ‘s%‘ I ,.'
“ &..vaa - -
=z - L AN - ._‘
LK N "

Flg | Degemcrating gangiion cefls whi saicllh
Fost. Gallocyanin (Einarson) 200 -
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Fig. 2. PAS-posltive gran la ting ganglion oll nd In  capiliary nell

Madulls obl. PAS-xtmin. x $30

Some of these cells were small and shrunken, with ntemely stuoed pykootke
proforgations

nuchd often ttuated slightly eccentrically In the scant cytoplasm. The
stood ot clearly Other celh were swollen, deformed and clearty chromophobic, with

subpial oedema and focal cedematous arcas were found everywhere, Marked sakeif-
tosia way noticed, especually in the cortex and 10 the pors (sce fig. 1) In « few placed
round-cell inflitrations were seen pertvascularly The vemcls wers normal In the
PAS-rtained preparations thers were found PAS-positive granuks in mumerowd
degenerats panghon cells (sce fly. 2). Such gramukes were not scen in the Purkinje
cells, Shmlar granules were found in scveral glia cels and round tho versels Early
necrosls of the granular layer was acem w the cerebellar cortex, bt otherwhe 00
emollitions were noticed The changes were in genera] most pronounced m the corex.
the globus pallidus, the corebellum and tho pons. The kptomemnges 1n the imsuls era
preserted fresh haemorrhages and excessive ocdema
) Sections from the remaining organa (Stalniog with

and van Cheson-Hapsen s stun hing thme abo for elastin (Weigert) and retiuba
(Foot) renal trasuc also with PAS Lbewnmlhovnhchrmn}un-lucuumﬂﬂ‘
phiaxin (Gomorl)). Lungs Widely distributed spots of scute emphyscma with greatly
distended alveolt, same of which had fused owing to bursting of the walls, Atcfectaxt
were found in interjacent arcas, Many of tho bronchuokes were seen 1o contain 84
mchy risti by aspimted materihal The sgo-

amorphous, P
cordiun showed normal mammwmmmww;:"::

mmmmwm% et}

mmdwmmmmmmuwuﬁnmﬂmmw‘
festes wevo normal.
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Budar-isined {rozen sections of the brain, fungs and kidoeys showed no signs of
1t embolmn.

A few days after the postmortem examination a 125 ml bottle was found
close to the place of finding the dead body According to the label, this
bottie had contained (scant remnants were Jefl) & commercial herbkade
comating of the dimethylamine sait of 2,4-dichlorophenoxynacetic acid at
2 concentration of 500 g (a3 the actd) per Irtre.

C. Contents of 2 A-dichlorophenoxyacetic acid found in
the organs (R 17/61)

The of 2,4-dschloroph yacetx acd found by the prelim
Inary method m various organs are set out in table 2. In the table arc
given pertly the concentrations and pertly the total amotnts found m the
Tespectree oTgrns. As mentloned 1n the deseription of the extraction method
(¢ ssction | D) the values must be regarded as muntmum values. The
recorded total amount of 6 grams may well have represented 50 or
even 100 / more,

Though the concentration of the agent In the stormach contents was
hugh, the total amount (about 0 6 g) suggests that the mam portian of the

Table 2
Anmduﬁhhwhmernmmdmmpm(m-k 17/61) The valoes werw
Psd by the prelimmary method. The total emount foand was not e than 6 grame,

cotrmpondiag to more than 30 mp/kg.

g 24D totally
Orpen I Welght Amount )uu-np. 240
—_ afmmple | gof rEn m‘"‘n
L ) ’ 122k 2
Yhoms ' T 257
10g 20g 134
i P 108 1M 17
161 20g 13 93
"’"’7‘ lel 1oml &9 2740
Wiy Mg 20g a 17
13e0g w05 123 17
U._,,: 11 ml 10 mt 264 EN
cmh"d‘l oL 10ml he,l -
Tande 73 ml 2t ™ B
oy e, rl 3mi ‘ 219 16
P2y e from o1
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amount taken had been absorbed The concentration in the blood was
consderably higher than that in the orgars. The lowest comcentration was
found fn the brain. The concentration in the urine was about 40 4 of
that in the blood. The renal excretion must be asumed to haye taken
place very slowly

The stomach contents had & marked anme like odour (perhaps that of
dimethylamine)

The flud in the bottle proved to contain 560 mg 2,4-dkchlorophenoxy
acetre acid per millilitee, approxtmately the concentration stated o the
Iabel.

D Other Chemical Analyses Relating to the Case.

The forensic-chemical analyses carned out with & view to establishing
the presence of any arsenk, bromine, barbrturates, cyanides, parathion,
ntcotme, morphine or other alkaloids showed no such substances present
n demonstrable amounts.

Divcumsion

The results of the patho- ical inations and the ch
enalyses showed this to be a case of fatl poisoning after oral intake of &
concentrated commercial preparation of the dimethyhomine salt of
2,4-dichlorophenoxyncetic acid (herbatox D-500 ®) The circumstsnces
related to the place of the corpse, the finding of a bottl containing rem-
pants of the polson mentioned at the commercial concentration, the
presence of ths polsen in &1l the organs examined and the high concentra
tion m the stomach contents, conndered along with information about
the pryche of the decensed and the failial occurrence of sticxdes, suggest
that it was o case of completed suicide. Death seems to have been
preceded by an interval with convulsions snd vomiting. o

In the case under review acute congestion of most organs predomins
mngthcpatho—nmmmbaldunmlnlhcbnlnlhmmmw::
deg Tve iom-cell ch conslsting of shrunken, de;mnuhl'\s‘
ar pyknotic noclel arsocisted whth satellitons. In the m%:ﬂn
positive granules were often seen, suggesting sccumulation of
e Torensi-chemical anslyses for L é-dichorophencxyaceic ackd
the stomach contents, blood, nrine and varjous orpans showed iu(x:
ence in all samples. Next to the stomach contents, the 5‘00? “f;muct.
tohawdwhxﬂ:mooncmmdon.wbmﬂminthem or by
wmorcLhnnSOrjme:bm.Conﬁd:ﬂngdmlummwdbmmpm

ol
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contams between 1 and 2/ blood, the true extravascular concentration
fn the brain may be judged to have been negligible. Provided the cerebral
changes recorded were not dus to anoxia, we may conclude that the
|nghion cells most have been extremely sensitive to the poison.

At the time when the chemical analyses had to be made, only a prelim-
imary method was available, as already stated. The concentrations re-
corded, especially those In organs with a large fat content, were therefore
peesumably too low Unfortunately there was no examination of whether
this way ako true for brain tiwue. In the spleen, the same concentration
was found (sec table 2) whether extraction was performed from 10 or 20 g
trwne, consistent with the low fatty content of this organ, as compered
with that of the liver for mstance. The total amount of the poison in the
body was set at not less than 6 g, corresponding to at least 80 mg/kg.
For dogs the L0 has been found to be 100 mg/kg after oral administra
tlon (DamL & HmaTzxA 1953), whereas for other animals (mice, raty,
guinea-pigs and rebbits) it has been found to rangs between 300 and
70 mg/kg. On the basis of these values 1t Is reasonable to suppose that
the mmimum amounts found by us conld have caused death, The chemical
malyses revealed no traces of other posons.

In experimentnl animals the potroning after oral or parenteral admink
stration of the agent (survey sce DALGAARD-MIXKELIEN & PouLseN 1962)
mani{ests rtaelf by reduced motor activity with assocated ngldity of the
tkeletal muscles, ataxis and reflex dhorders,

lummmwmwmmmwnn
e hindlegs, with aasociated peciodic cionko spexm, Joss of weight and final coma.
Parther states of hrritation of the ocular and nasal mocotas aTo sen, with coesequent

Y0 carly diagnosts of ing with 24 & in man o our
e, however (o concenitration was found t  be kower fn the brain then in the other
Organs. Henco there is reeson to suppose that the sgent i not especially sccumnlated
In the centra] pervous systam, but that the nervous tios fs bighly somsitive to s sction.

Only few cases of poisoning with this agent in man have been described
Previonsty
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In an experiment on himself a worker has taken 500 mg dally for three
weeks with no demonstrable effect (Assoury 1951) GoLpstemn Jowes &
BrowN (1959) and Topb (1962) have reported cases of protrucied
polyncuritis in paticats exposed to acordental percutaneous absorption of
2,4-dichlorophenoxyscetic acid. MonaRco & Divito (1961) described
an acute intoxication of a farm worker who for some time hod been
spraymg with the pohon one day he inhakd a falrly large amount,
because he had the wind against him. Neither the blood or ths unne was
analysed for the agent. The main ngns and symptoms were of 2 neuro-
logreal character at first ataxia, reflex disorders, such as abolnhed Achilles
tendon reflexes and reduced patellary reflexes, as well ay positive Rom-
berg s aign. These phenomena persisted for two ot three months and
only subsded slowly

About adminstration to man reference may be made to SEABURY (1963),
who tentatively treated two patrents snffering from cocmdiosis by mitra
muscular or Intravenous injection of the sodium salt of 2,4-dichlorophen-
oxyacetlc acsd One of these died of his disease, however after having
received no more than 40 mg. The other & man aged 48 received in the
course of 34 days a total of 12.7 grams, beginning with very small doses,
which were gradually increased. The last two doses were of 20and 36
grams, Towards the end of the conrss of treatment vanous neurological
ngns and symptoms were noted, redvced reflexes first. There was 2
transitory improvement, possibly caused by the treatment, but the patient
died of hus onginal disease 14 days sfter the last dose. Hustologcal
examunation of the bram reveaked no changes.

The mechanism of poisonmg is a3 yet unknown A diabetogenic effect
through action on the endoctine tissue of the pancreas has been suggeated,
but this has not been demonstrable m animal experiments (LORDNZIN &
Lynasos 1957) In our cate microtcopy of the pancreas showed no
abnormality

Beyond degencrative changes of the cclls of the central nervous sysiem
(perhaps, however due to anoxu) acute congestion and acute P“'""on':
cmphysema (possibly developed after aspiration of stomack cantents}, ¢
o s presented no abnormalities of any rmportance.

rgl.;nc r,ilk of fatal accidental porsoning with 2,4-D must be comk::z‘}
generally low In spite of the fairly large dose In the case here report oy
sulcide by Intake of the agent, death 1s unlikely to have occurred acdt
As, however the changes that may be produced in the mﬂﬂm
system after sublethal doses sesm 10 be ureparable, though in m ar
a compensatory reductlon to the point of freedom from mﬂv,‘"";;w
be obtained it 18, perhaps, tmely to urgently advie “”“""u“ o
ath and using the chlornted phenotyacetic ackds. Shoukd the skin
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contamunated, the substance should be removed immediately to avoid
percutanecns absorption.

The toxictty of the other component of herbatox B 500 ® dimethyl-
amine, 15 regarded as low (Bover & Bover N 1948)

Semmmary
Aman, aged 23 committed suicide by oral intake of the dimethylamme
alt of 2 4-drchlorophenoxyacetic acld (commercial herbatox D 500 ®)
The lethal dose, 1n the form of the acid, has been cstimated at not kess than
samrmpondmgv.ouleutBOmg/kg.
d degenerative changes of the ganglion cells of the brain were

fﬂundhutologlmlly

The contents of the poson m the blood, urine and organs have been
recorded The bram had the lowest copcentration, less than one-fifbeth
of the blood concentration.
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Prom the Government Vitamin Laboratory Norweglan Fisberica
Rescarch Institute, Bergen, Norway

Studles on Glacurounide Detoxication Mechanisms
in Vitamin A Deficlent Rats
By

M. 5. Mameesh, F Ulno asd O. B Brakkan
(Recatved October 27 1964)

MANVILLE (1937) reparted that massive doses of menthol produced
potrointestinal lesions in rabbits resembling those caused by vitamin A
deficlency MEUNIER & FERRANDO (1949) shoswred that the survival and
growth of rats given benzoate were directly related to the vitamm A dose.
Prxxaxno (1950) investigated the effects of vitamin A defickncy on the
urmary excretion of hippurk and glocuronic acids by rats given sodium
bmmua.i‘h:ynponcdmatbathaddxmrudmdfnthcummorm
deficient antmatls. WerssmaNN (1963) reported the presence of mcreased
P’d‘mm:lducu:ﬂvitymthem'umufmﬂnmpipmhlshdonaf

The above mentianed studies mdicated that vitamm A might play &
rde m the glucuronide detoxicstion mechansms. It was theroforo con
wdered pseful to mvestigate the cffect of vitamun A deficdency on the
FITyms gystems that carry out the comjugatron and hydrolyss of glu-
Caremdes.

In the stody reported here we hvestigated the cffect of vitamm A

on the detoxicatian of benzoate, menthol and phenolphthalem,
©a the actrvity of B-glucuronidase in several organs and on the activity
of uridine digh phate tramsgiocuronylase in rat liver shices.

Methody

u:’fhulummmmmmmwmmmmmmmw

o * temporsture.controlled lsboqatory Each cxperiment involved L

The Yitamin A-deficlent, pair-fed copirols and ad Hbitom fad h,
X Tecthd & vitamin A-defickent diot of the composltion caseln 15, . ur
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(U/mmahu)ﬂ.drbdbrmwm&lmd:hoﬂsudnlmdmm(smml)
4,‘.Twhmk}ymchvfu.mjnAdcﬂckntntmlhmbydmwu-leu.M
D; 20d 0.2 g b-a-tocopherol dissotved bn arachis ofl. Each control arnmal i addition
rwdvedlCmLuvfunﬂnApahnimohmnmpthTh:mlmhmmnﬂdmd
ddidqﬂwhunc:mdono(;rwthmublu-v:d_mmhmpvhmh\mﬁwth
found In the Bver The rats wero bled, and the organs were quickly remaved and
chilled, The variovs assays were carried out tmmediately

Detoxication experiments were carrled ot by admbnstering the different com-
mwmmmmwpun:mmemmm 100 mg
memhol dissolved fn | ml arachis oil 10 mg phenoiphthalen dxsolved o 1 ml of
arachis oil and 100 mg ¢odlum berzoate dissolved fn 2 mi dist. water The raty were
placed fn matabolic cages with all glass recepiacies for weparating urine and faecer.
The urine w3 collecied for 24 hours after dosing. The total ghucuronic sed excreied
tn the nrine was determined by the method of HarsoN ef o, (1544
f-Ghucuronidasw was determined 23 deacribed by Prirrowmo & Vi (1936,
The organs to be cxamined were quickly weighed and homogenkrd in chilled distilled
water in s PorTER ELvirUEM glass homogenizer fitted with a “teflon™ pestle. All thoey
were homogenbzed for one minute at a speed of 1250 RPM. The hamogenates were
difuted to u final concentration of 5 mg wet thoo per ml. Phonoliphtbalein mono-d-
glocuronic acid (Slgma Chem. Co.) wus ueed o3 substrate. Incubation wat for one
m-zwmummmmuupHsﬁwmwww
as henatphthalom hberated gt per hoar

f}:[czne_.,‘ : nbel was ined fn hver stices as deseribed
by DuUTroN & Somey (1962). Tiesue slices from chulled fivers (c. 10 mg dry weight)
were incbated for 90 minutes at 37° in a DUBNOFF mwtabolx shaker (60 strobey/min)
{n an atmosphers of 5/ CO; in 07 o-Aminopheno! (Sipma Cham. Co.) was used 24
b The o-arninophernyl gk spectrophotometr:-

aronide formed was measured
1o N-I-naphtylethylencidiamine. The enzyme
by % tde formed per g dry tistue per

cally after dinrmtization and coupfing

activity was a3 my
hour

Reguits
'I'hedctoxnculioncxperhncmsan:mm.mnnzudmus.b’:clTh:l "
show that, 1 the ab of stress pounds, the unnary

glocuronic acid was stmilar m all experimental groups. In the deficent 4
well ax the control ruu,;odmmbmmalemdmmlhollndascsoflmm!
per mat resulted m an mereased excretion of unnary glucuronic “z'
whereas 10 mg pherolphthalein per rat appeared to decrease ft. When
deficient and the parr fed groups are compared, the resuls h:dbaal;c:
Jower excretlon of urinary glucuronic acid in the deficrent group
dosing with menthol or phenolphthalem but not with benzoate. s e

The B-glucuronidase activities found m the organs of lhemmdw
summarized in table 2, As distilled water was used for preparing ﬂm e
h tes, the values obtained represent the “total” enzyme

115306 (GIANETTO & D DUve 1955). The results show that the enzyme
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Table 1

Urinary excretion of glucuronk ackd after administration of toxic
compounds to vitaml A-delcient and normal rats.

Doso Mg glocuronic ackd cxcreted n 24 hrs.
Coarpownd Viamin A Control groups

dmmistered T detdent Pairfod | Ad oliwm fed

2k ® ®
Nooa - 277 £ 1.00) p: X ENE M4 414
Sodtyn Benzoate. 100 €00 +3) 515 £ 12 500 +£32
Mentbol 100 k£ 30 461 + 1.8 358 £1.0
Pommolphtbalala 10 w720 230 £40 10£24

(Mexa body weights ) w0 | ae o1

) No. of rats In the grovp.
%) + standard error of the mean.

activity was higher in the livers of the vitamin A-deflaent rats than 1n
those of the pair-fed or full fed controls. This difference was statistically
sgnificant (p < 0.05) The enzyme activities of the spleen, kidneys and
intestine were not affected by the vitamin A defiency The f-glucuroni-
dawe actvity per g tissue was conslderably higher in the Liver and spleen
than in the kidneys and mtestines.

The UDP transglucuronylase actrvities are reported in table 3 The use
of the Iver-slice technique mn the assay introduces a number of vanables,
45 that the values are not strictly comparable. The results obtained, how

Table 2

The gy DMCKTORkdase nétivity i therses of vitamus A-deficicnt aad pormal te
h"’-tllnl’cpondl:m- + sandard @ros Tho small lntestino refers to the section

1he stomech | the cascumm, the lrge mtesting from the cesciz 10 (he rmse. Both were
hed fres of contents,

mg phesotphithalen hiberated per g wet tesuc/honr

Orpan Viamu A Control groups
achcicnt Pu fed Ad 1 bitam fed

- cem ) ®)
i 360 + 637 29246 219 452
EL‘ 370 L 44 3£ 32 B2xo6
Tmak 64 _07 =07 D 3 0.6

frisiaed 52104 54505 43104

Wiy 6406 &z ax 68112
P Mo, of
Y Iy g 1 the group.

with of § rats the difforsnce between Lver valwes from
™ A deiclent and pair-fed controls waa bighly mgmfcant (p < 0 001). t
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Table 3
UDP-tranigincnroaylass in liver sices of vitamin A-deficient
and nocmal s,

M ienophoxy
Number  Moan welghts g Mc formed per g
dry thasma/boar

Qroup of
Tats
Body  Linr Mua | Reap
A-defclent 1 130 478 n 00524
Palr fed controls s 138 49 o 0-0.40
Ad libdtum fed coatrols ] 193 74 0091 0057

ever indicated that the glocuromde-conjugation activity of rat [fver was
not affected by vitamin A-deficiency There was & wido spread of valves
withm each expermental group but no consitent tendency in the ob-
served enzyme activities was noted. The somewhat lower activity per §
dry welght in the full-fed controls was not related to the vitamin A status,
but probably dus to the full-fed having larger livers than the pair fed rais.

Discossion

Th:imponnmeofthnllwtindcwmuonhwdlmwgnlnd impar
mmtofthhprocminvltnmlnA-dddrmmbbiumrepoﬂcde
MaNvILLE (1937) Our experiments (tabie 1) showed that the basal
ummorglmmmaodmumnmwnmaﬂcmdbynumlﬂ
A-deficiency Thnmd:mudthntth:bio:ynﬂmﬁSnglmonicldddH
not require vitamin A, in agr with the finion drawn by WoLr
& VARANDAN (1960) from thelr jsotope stodwes.

Fermanpo (1950) investigated the urinary componeals of s fed
2/lodiumbcnzoatctnthedkundf0\mdugrntlydcaumducmhﬂ
of;lucuromcnddhnhcvimmhlA-dcﬁdmtnumeﬂrcdﬂlhwmmb
;}vmvinmmA.Thhﬁndmgmmatcdtthwﬂ:ﬂxlythﬂlemA”‘"
bemqulrvdmnrpcctﬂccnzﬁmﬂcmcﬂoninm]ﬂﬂidm‘ddom
findings (table 1) do not agree with those of FEraaxpo (1950) but clearly
shcrwthn!thcadmimnrnuunnfbcnzoetcorn-nemholcansad:nlncrcﬂic
lnthcumuryumﬁonofgjucuronic:cxdmbomlhed:ﬂdcnundth‘
control group nanism by which

The results d indicate a possible
o Adefdmcymindmtd
intestmal Iessions resembling those of vitamin - acid for

in rabbits and dogs given compounds
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detoxication (MANVILLE 1937 and HARTIALA 1955) It 1 possible that the
increased exeretion of glocurorse ackd Involved in detoxieation may
reduce the svailable supply for the biosynthesls of mucopolysaccharides.
Woir & VARANDANT (1960) reported that mucopolysaccharide-bioayn-
thesh require vitamin A,

The effect of vitamin A-deficiency on the detoxication of ths compounds
stndied was not pronounced and did not follow 2 consistent pattern. Moro
detailed wtudies, in which the total effect of each toxic compound is
considered, are required before any definitt usions can be drawn.

The UDP trensglucuronylase activity of rat Liver alices was not affected
by vitamin A-defidency under the conditions employed in our study
(table 2). Thos It may be concluded that tho synthesis of glocuronides in
the fiver did not require vitamin A. On the other hand, the results for
P-glucuronidase (table 3) show a significant increase m the activity of this
ayme fn bver homogenates of vitamin A-deficient rats. In view of the
feports of DIRGLE (1961) and FiLL (1962) an the effect of vitamin A on
Inosomal membrunes, it i1 probable that the observed Increase in
Pgiecuronidass activity in vitamin A-defl ret liver homx was
tue 10 an indirect effect of the vitamin on these membranes Thi assamp-
Ucnurmhﬁmppurt:dbythcﬂndlngrepcmdbym(l%n,
%50 found an increase In the activity of another Iysosomal enzyme,
amely rulphatass, in the serum of guinea pigs during hypervitaminosis A.

Sarmmary
The effect of oral dokes of sodinm b menthol or phenolphtha
o trtuary glucuronic acid excretlon in vitamm A-defient as well a3
Puﬁ'-fadlndinld—h'bltumfcdwnnuluuwuﬂudnd.lnaﬂcxpcﬂ—
eztal groups & 100 mg dose of sodium benzoate or menthol increased
MIddcxn'edcn. wheress 2 10 mg dose of phenolphthalein
lmfdmumendmvmmh\hddidamymmmnntcﬂ'man
o el urnary glacuronic acid excretin, and the effect of the defickrcy
excretton. of the amd afier the admmistration of the different
ma’:r“"d'mnﬂmtrpmmmdnurmtent

from vitamin A-deficient rats showed higher
‘5&(‘ “Uonkdase activity than pair-fed and full-fed controls. No similar

m“%mmmkwmmam
tu":blhlyofﬂverdlcuwcunjuglmo—mhop*molwnhglmnk
by meswured by UDP transglucuronylase assays, was not affected

t""‘mA-dw:ﬁ:l:m:y
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From the Dx ol F University of Jowa,
Towa Clty Jows, USA.
The Effect of Nalorphine on Morphine

usd Codelne Anzlgesia and Lethality and the Interaction
of Morphine and Codeine
By
Torkell Jébanmerson
(Recaved Octobee 26, 1964)

In previous stodies we have compared the analgesio effect of morphine
wd codeme and the conversion of codeine to morphime mn tolerant and
wo-tolerant rats (JOHANNESSON & SCBOU 1963 JOHANNESSON & Woooy
1964 Jouawnesson, RoGERs, FOUTS & Woons 1964) In the investigation
*paried here, comparison has been made between the antagonistic effect
o nalorphine on the analgenc actions of morphine and codelne It has
receatly been shown that simultancous itrapentoneal npections of largs
\mounts of morphine and nalorphune to rats can result in brain concentra-
bons of nalorphine significantly higher than those found after nalorphine
Biren alone (FsannesoN & MILTEERs 1963 JOHANNERSON 1963). The
Yological implication of these results could be that intraperitoneal
ralorphine iy & more potent antagonst than subcutancous to the analgesic
scthans of morphine and codeins In the experiments recorded here, the
m'“B"ERl.h:rx:l'c»reldn:\.lnmr.rcdu:vnml:'yl:bot.hmutcs.

& Woaps (1964) found that m the rat subcutancous
™Tpine was a more potent analgesc than intraperttoneal morphine,
“bereas for codeing the revensc was true, In order to determme whether

e pattern s characteristic of the lethal effects, morphme and
tc‘d‘d““"ﬂ'cldlm:cuc(:mdl:rysubt:ml.v:vcm:zsumllntrapen!m‘mli.:\}e(:
o0t a2 the lethalities recorded. Tt was also investigated whether nalor
Twmmmmuﬁccﬁcaunthnmhﬂmdmrphm

codeine in the rat.
Th‘h“ﬂnnhnufmorphmamdoodch)ehumpparmﬂynotbc:n
::"*Vﬂynudhdi.umorinmmh(d‘ KrueGts, Eppy & Sun

T 1943). However the results of RIkL (1928) indicated that co-

T2y etert an antagonistic sy well as an additive effect on the
A P, vt 22, tane 1. n
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resph‘ntnry dcpr:ssionmny:dby morphine. Morphine and codeine were
infectons to rats, and comparisan
wmmndcohhelcthnl:ﬂ‘mo{thcd:upyvmwpnmdymdml—
tameomly Experiments were also conducted to evaluate whether codeme
hnsnnnnmgmﬂsucormuddhlwcﬂ‘monmorphhwmﬂm

Methods

Astmalt Male Holtzman rats (180-300 g), maintained fn constant envh
conditions with free sccem to water and a commercial £ fodd preparation, were waed.
The tudies deacribed wers conducted durlag May Jooe, July snd August 964 at s

room temperature varying from 22-26°
Infections, Morphine sulphate, codsne phoq:luh or malorphine chloride was
dissolved In water and given by sul 1 Tnanalgesia

qpahmnnd:upmﬁmbymhumﬂn:yrhp,ldjuncdmd:ﬂmoﬁlﬂ.h
amounts of 2 mi/kg. In taxdty expert njected
Wdﬁmmmmmdmmmmmwmno
drugs were given.

Intraperitoneal injections were given in the middic of the abdomen at the roddtine.
Smmmmhkmdmuuhm&whw
gtuteal region. were atways given in the middie
o!lh:h:k'vhacumlrphlmmﬂ“yxdvmlndnﬁnnlnﬁnn&.ﬁmm
ghven sbcutaneomly In the back, hke morphine, cxcept when morphine pios codeine
wero given to the animals then codeine was injected In the ghatesl region, When
morphine and codeine ar morphine and palorphine, were given to the same amimal,
morphine was Injected first, and then the ofber drug lmmedintely from another
syringe. When codeine and nalorphing wers givert t0 the same animals, codeine wit
given first and then mlorphine Immediately The dosey quoted refer 1o the drugy &8

Experimen the deyree msdmmﬂw:abmofmmﬁxd
o vl -.mnmnbuonaomhd

of amalgesia m the rats 30 mintes after the hnjections (¢f Jaroamot &

1964) hwdﬂtommuemmﬂmdwhnmmun&ikm‘i:j:

morphine and codeine, it was by
orcod:hehmﬂdoummthng-mm

phino was {n amounts of 3.0, 2.5 1.25 0.6 or 0.032 me/kg by sabcuriniond

and 100, 5.0 2.5 1.25 or 0.6 m/ke by Intraperitoocal fjections. It was forthey

svestigated whetber high doses of malorphloe (5-50 ma/ke) exertcd any analgesic

effect on the rats. o

In testing the infloence of codeine on marphine analgesia, vasious
dmmmﬂymsﬁuumﬁwﬁ‘m“

v shen s was fn amounts of 600 300, 150
7J‘m3JMM-memumdoﬂdcoddm.bnemwcnmmuﬂ
. .
The degree of was minutes after the injections
phmmhoduﬂium'dd (1950, lm)nm&dwlau?&“‘mm
% iy ‘“Mbthumdndu.ﬁlhn-d‘n

for each dos bumbered about 26 snkna2k, cach animal
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Ierval. The results are based on determinations on almost equal (equal ot 1) pembers
of rats oeed for the first and the sccond thme. Theso experknents were performed and
completed before it was realized that even 3 weekdy Infections of an analgesio test dose
of morphing can induce tolerancs to some extent In the rats (Jéeiarowemon & Woors,
‘wxpoblished resalts).

Texiclty experiments. Qur interest was primarily to deterring the acate toxicity of

toudecity of intraperitones! morphine for rats, a survivsl of 60 mimtes was
copsidered appropriate for the present purpose (cf. JotaremmoN 1962). The toxde
eficts of morphine and codetne given by infectiona were first

Mazy of the ratx died within the first 60 mimutes the rats than efive were taken a1
marviron,

period was therefore extended to 120 miimtes (morphine) or 190 minutes (codelne)
when the drugs were admindstered subcutancouly
Weattempied to svakmate the minimal kethal doscs a3 well as tho doscs that wero botta

was lexted on & group of 10 animats. Retplratory arrest was taken as the dgn of death
Morphine was ghven in amounts of 15 30, 50 73 100, 125 200, 300 and 350 mg/kg
Tho last doso was a solation of ine sutphate
2 bad 10 be ghven tokewarm, Except for the ombsion of this dose, the same doses
»ere, wirh two minor alterstions (150 my/ks instead of 125 g/kg and an addltional
dows of 250 subcntanecmsly Codeine wat glven intraperitoneally
hmmmnf?ﬂ.lm.lﬁ 150 and 180 mg/ky and 100, 200 250 300, 400 500, 600

e e
effocts of malorphine on the lethal actions of nod codeion were

morphine
xoely or

For this purposs 100 or 200 mg/kg of nalorphine were ghven subcuts-

o fnections of 12 15 ml/ks of the water used for
“aing the dreg sofutions hud appurently no adverss effect on th anhrals, All the
‘ool testzd gurvived for at oast 24 hours,

1 texs of significance, the pull hypothesis was rejected If P << 005 The 2? text

mﬂmmdmﬂxdbymnd(wmmﬂm% test by SAUNDIRS &

Results
A Degree of analgesta.
! Analgesic offect of nalorphine. In doses lower than 10 mg/kg
oo bad 10 measurable analgesic effect 30 mmates after the Injec
oy~ However when higher doses (15,30 and 50 mg/kg) were given, »

were f(
o be ound under analgesla, but dose-respanse curves could
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2 Effect of nalorphine on codeine and morphine analgesia.
Nalorphine was a potent antagonist to the analgesic effect of codeine,
whether the drogs were grven subcutaneously or intrapentoneally (fig. 1)
The resulis show that only 12-15 / of the ammals were under analgesia
after inpections of 2.5 mg/kg of nalorphine plns codeine (S0 mg/kg s
or 30 mg/kg ip), whereay the injections of codetne alone would haye
resulted in & degreo of analgesin 5-6 times higher The results indscate
further that nalorphme was more potent subcutaneously than when grven
intraperitoneally It is noted that the degree of analgesin observed afier
5 mg/kg of nalorphine plns the codeine glven subcutancously is obviously
sskew There were 27 animals n this group and of them 3 were under
analgesia, One of those was probably a false positive reactor

In contrast to the results of experiments with nalorphins and codeme,
the antagonistio effect of nalorphine on morphine analgesta did not
Increase regularfly with increasing doses (flg. 2) Thus, intrapentoneal
Injections of 5 mg/kg of nalorphme had less antagoistic action than
15 mg/kg and approxmately the same cffect as 1.25 mg/kg. When
ualorphine was given subcutancoudly 2.5 mg/kg excrted an apparently
bat not ddgnificantly weaker (x? test) antagonistc effect on morphme
malgesia than was observed after 50 or 1 25 mg/kg.

0 - ——— — -
90— —_—

::§ -

s
40— -
30— -
£ 5?; :
" 0= %_{ -
> E
DoRERmg) 80 75 4 ‘é":’nkll RELEEH
——C—— A ——— g————

DOSE(mg/ag) 60 30 18 1B IS 7S
Ty 2. Ty b ¢

e Th4 degres of anelgtme war determined 30 minutes hater and axprosesd as the
« 73 of wohoahs ghowing Tb;srmmb«o( proup was
,_"_“"'rhu

25
C Codetne. Columrs | wd 11 refur with
Vnrthno 10 experimenty cotomms
M"‘memw cotwoam YIII Xlllrl{lrwml
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Morphine and codeine were admi ed in eq Igesic doses
(cf figs. 1,7) However hxg;hdosuofna}orphlm(lumg.[kgmﬂhlgim)
(:E;‘ned;)grmurmmﬁccﬁxtonmdmmmmmrphh:mlwh

1

3 Morphine plus codeine on the degree of analgesia (fig. 3).
Simultaneous subcutaneous injections of morphine and codeine did not
reult in an antagonistic effect on the degree of analgenm in the rats (¢f
columns I-VIT and VIII-XIIT) Thirty eight and 71 / of the animals were
under analgesia after they had been grven 2.5 and 5 0 mg/kg of morphine
alone (columns T and IY) No analgesic effect was observed after 3 S mp/kg
of codeine and only a low degree of analgesia (8,0 after 7.5 mg/kg
(columns VI and VII). When 5 0 mg/kg of morphine had been ghven with
these amountx of codeine, all but one of the animals tested were under
analgesia (columns XI and XII) Simoltaneous administration of 2.5
mg/kg of morplune and 7.5 mg/kg of codems gave a degree of analgesia
(81 £ (column XIII) hugh enough to be significantly greater (12 = 22.5)
than the summed analgesic effect of these doses of morphme and codeine
given scparately

B Lethality

1 Codeine lothality Intreperitoncal codeine was approximately
four times es toxic as subcutancous codelns (fig. 4) Further the ruts lived
on an averuge longer after subcutancous than after intraperitoncal
codeine. No rat died within the fist 60 minutes after subcutancouw
codeme. The mean time of death occurring within the first 60 minates
after Intrapentoneal codeine was thus significantly different (“t” test)
from the mean tims till death within the first 180 mmutes sfter subcuta
neous codeine.

Death after codelne was fvariably associated with generalzed cos
mmmhmmmmmmmmmwz
70 mgfkg gven intraperitoncally had no lethal effect, although some
the rats developed convuldons.

2 Morphine lethality Admmstration of high as well as m
doses could result 1n & lethal effect. The results of expermments kn f
doses higher than lmmgfkgwerepventothenumplonudlng:d
Death ocourred later after subcutancous than after lnu-urlcﬂ'fmh
morphine Thedosc—rcspomecu:vulhusrdutot_benumbmo(am .
dymg within 60 and 120 mmutes, respectively When companison
made at these kevels, the relative potency s
times of death after subcutancous and Intmperitoncal m g
found for codeme, statistically dufferent (<17 test). Most of the /2



MORPHINE, CODEINE AND NALORPRINE [N RATS 2yl
100

X LETHAL RESPONSE (Log Scole)
<]
}

0 1 1 t 1
100 150 200 300 500 700 000
DOSES of MORPHINE or CODEINE MG/KG (Log Scale}
Hllgmhhidmdmphhmﬂwmmhmmmm
3 %

Yy (e Y ot (g}, 10 anfmals being mved for
= brackels denots that the raty were taken ot sarvivon [
estm afer fotrspanonel codedna, for 120 mbtntes sfter
Tae morphios or for 180 after onl (sce tx Q-
m‘lm.hﬂrdon-dnﬂnbﬂdhm (‘ln:-:ld.
h"hrvblilpumugco{uhah yog the definad for cach of the
Hperasexts (log scale). The 00 the t the doses of movphine and

Sorvrved 60 munutes after intrapentoneal morphine were, moseover dead
2120 minutes after
The resahts of experrments in which 100 mg/kg or lower amounts were
£ are thown in table | Few animals died withm the finst 60 minutes
mm‘hﬂdmu{morphbx.mhcrwbcuumomwlnmwl-
:""]- was therefore made at 120 minutes. The kethal effect
Hbartancom morphine did not follow a regular pattern. Thus,
:’""m"“ﬂrmrphlnzmumonnuofm 100 or 250 mg/kg was fomrd
XIS oat of 10 animals (of. fig. 4 and table 1)
Dmh'n"umrphhromcdhlﬁuddrespmmrypmﬂysh,\hﬂha
orlow doses had been grven.
A the LDS0 leved, Intraperttonzal codsine was 17 tumes as potent as
L"F“‘“T-C“ﬂzllnn:u-phinc.



48 TORKELL JOHANNESSON
Table 1

Hven rubextascows
lepcrhnnnl‘?}inmwnudlmmmMImmnulnlopoup‘.l()lﬁnhh-n.

The pum! mty {n cxch groop that died withia 120 minyi the Injections
thowe of rats that Burvived thix perfod ars mmnnmbmhm:;mmd;:
within the first 60 mlautes after the infectiony.
Bnbcut:mmorphhm Intraperioncal rorphing
Dovex: N of oheais N ofwnimai  Nr of suimals  Nr of animaks
my/kg dying dying
15 20 [ o 10
30 5§l) 3 ISI) 9
30 3 7 3() 7
75 T 3 50 3
100 EX] 5 4 6

2. Nelorphine on morphine and codelne lethality (table 2).
Nalorphune alone as previously mentioned, had no acute lethal effect
m the doses used (100 or 200 mp/kg) Nalorphine could completely
antagonize the lethal effect of morphine for 24 hours at least. No rat gven
morphme and naforphine sut ly died. A "
of morphine [ethality was observed when the Iower dose of nalorphine

Table 2
Tb-cﬂ’ﬂcu fnllafpﬁ!mmnorphhrudmﬁd.uldﬁlﬂtymnumdmp-m'hﬁ
h7pum10:nhuhnnchTSenpwud ge mormlnles uft ujwr-u
mllonomlbowumml-nms(d Fig. 4).
( Nr of N of LD(ﬁ‘:
Drogs grven
? dﬁns')
Codeing + Nalorphine ! p. 140 + 100 13 50
M rphmse + Nalorphira i 2_!5+|oo 10 ] b4
Morphine + Nalorphine ©1) 283 + 100 10 0 50
Morphing + N forphine Lp 238 + 200 5 3 2
Morphine + Nulorphme s¢ 265 + 200 10 o 50
Morphine + Nalerphine .c 163 200 10 [ :
Morphine + Nulorphime Lp 130 + 100 7 3

With a fow exceplions, the arumsls srvived for 24 hours ¢ foasd
Nmb:n"dtnmhﬁﬁ'lwnhhw . nilnln-rpbfnch.of‘"
deme plus palorphune Lp a:-hhmlmmin. n:rmpi.hrpl‘
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(100 mg/kg) was grven with the LD50 of morphine intrapertoneally
However no antagonism could be demonstrated when the higher dose
of nalorphme (200 mg/kg) was given with the morphine Intraperitoneal
sdmmistration of the lower dose of nalorphine and the LD70 of morphine
resulted in partial antagonism of the kethal effect. Death after nmultancous
wdmunmtration of morphine and nalorphine was preceded by more or less
peneralized convalsions.

Nalorphins d rather than d d the Jethal effect of codeme,
The rats ako apperently died earler after codeine plus nalorphine than
afler codeine given alone (all 9 mats died within 25 minutes), but the
difference was pot statistically significant. Death after codeme plus

occurred 10 generalized convulsions.

4 The letha] effect of morphine plus codeine, The results are
sommarzed m table 3 They show that morphine and codeine mjected
umnltaneous]y potentlate one another s lethality for rats. When the LD30
of morphine vwas given sub Iy or intmpert Iy with codeins
n knoants 100 low to exert any lethal effect of thetr own, B and 10 out of
10raps died. Nineteen out of 20 rats mjected subcmaneonsty with morphune
Pus codeme died within 180 minates of the injections. Al but 3 of these
ans died 55 to 120 mimutes Iater Ther mean time of desth was thus

precbly but not significantly lower than that of rats dying after

Table 3
Tha iethal effeety of
‘*:mhh-mdwdmbnu.mdmp\mgvmdmmmn}yby
=i peroetaps mortaliie er morphme and
colamna 4 and 3 (cf Frg. 4)

N oof Nrof | LD(X)ef | LD (3ol

Doets kg anmmals ﬂ smrmals ‘ mocphine coéﬂ
- wvivieg | dying) | alons aleze
B 3100 0y

0 10 s 50

ﬁﬁ‘?*“’iﬂl: 0 10 ) )
(‘1(\.’,14';(8‘1 2 1 30 on
T4 4 25 (G £ o i » %
—
4 Morpador, ) codeene.
Iy Mbcieargoul
) Ny Dtrapcrromenly

L]
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Discemlon and Condosions

Tho results suggest that nalorphine may exert o more of bess biphase
effect on morphine analgesta (fig. 2). In this connection the resuits of
Rus, CHERNOV MOLER & MANNERING (1964) must be mentioned,
They found fn expermments on rats, using the tail fikck method for testing
analgesia, that the maximum antagonism of naorphine (among certain
other narcotic antagonists) on morphine analgesia was reached as the
ratio morphine/nalorphine was decreased, but that after a certamn point
the effect decreased with decreasmg ratios, WINTER ef af (1954) and
Hanns & PrERsoN (1964) have, on the other hand found that the antago-
nistic effect of nalorphine on morphine enalgesia in the rat is regular and
strictly related to dose when the tail filck method Is used. Results thevefore
are highly contradictory

In our experiments nalorphine was fonnd to be a mors potent antaganis!
to the analgesic action of codeine than to that of morphine, Nalorphine
also antagonized morphine and codeine analgesta differently in so far as
Increasmg amounts of nalorphine always resulted in increased antagonhm
to the analgesic effect of codeme (fig. 1) It is therefore concluded that the
analgesic actions of codeine and of morphine arc essentially different,
whether the drugs are given subcutancously or ntraperitoneslly (figs. { 2

Death after codeine m the rat was always sssociated with
convulsions in these experiments, Death after morphine atways ocourred
m flaccid respiratory paralysis without any precedmg convulsions. The
lethal actions of morphine and codeine are therefore probablo duc to
different mechanisms of actlon. Thus view 1s supported by the experimental
fact that nalorphme, which increascs rather than decreases the lethal
action of codeme, is usually u strong antagonist to the kethal sction of
morphine (table 2)

The LDS0 of mtraperitoneal codeine was about 4 times lower than that
of subcutaneous codewns (fig. 4) Even so death ocourred significantly
tater after subcutaneous codeine (sce results) JOHANNTISON & Wooos
(1964) found that intraperitoneal codelne is about twice as potent &0
analgesic as subcutaneous codelne On the basts of plasma copcentrations
in rats gven codeine subcutaneously or intrapentoneaily they conchuded
that sigrificantly greater amounts of morphine were formed (rom codeine
fn ¥iro when it was given intrapentoncally The question therefore “i'";
whether the enhanced blofogical activity of Intraperitoneal codeme B
prsmasily due to greater amounts of blotransformed morphine T'*mo(
of the experiments with nalorphine on the analgesic and toxic aclions
morphine and codeine are not compatible with the idea that biotrans
formed morphine plays a major part In the brologal activity of
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Akhough biotramsformed morphunce has been found in the brain of rats
sfter low doses of codeine (JaraNNEISON & SCHOU 1563), it s nevertheless
conjectural af the present time whether it can be asxigned a blologreal
function or not. Other phenomena, such as rates of absorption, most
sccordmgly be taken into consideration in order to explain the greater
wetivity of Intraperitoneal codeine (cf JOHANNESsON & Woobs 1964)
However simultaneous injections of morphine and codeine resulted in a
potentiating effect on the degree of analgena and lethality in the rats
(e 3 table 3). In conclusron 1t can therefore be said that possibly
morphine, blotransformed from codetne does not interact with codelne in
the brain of rats in the same way as docs morphunc injected along with
codelne.

Tha potentfation of tnjected morphine and codeine deserves moch more
uttention, eg. In clinieal pharmacologic stedies on the human aubject.
It may be mentioned here that codefne, in doses too fow to exert any
tnalgesic effect of their own, can significantly increase the intenstty and
persdsience of morphine analgeda in rats (JOHANNESSON & WooDS, un-
pobinhed results) It should also be noted that rats mven both morphme
ind codefns die in generalzed convulsions, as if they had received codetne
tlone. Apparently morphine can somehow Increase the lethal and convul
tnt sction of codeine.

Given in high doses, nalorphine had a low and irregular snalgesic
tliect of fts own. Nalorphine can be transformed to normorphine fr riro
bnthe rat (MiwTiERs 1962 Jduannmison & MILTRERS 1963) and normor
)hmhnmkmlguich:nu(lbum&mul%nm
ordic analgesic action of nalorphine can therefors be asociated with
h“7'711\‘=l'|.-m1tonon:ntﬂ'ph.um

Haamemon & MitEERS (1963) have demonstrated that high but
M2-etha] doses of morphine and nalorphine can cause death 1n rats if

smultancously by the intraperitones] route. This potentlation could

Pobably be expltined by the fact that the rmultaneous mjections of the
Srtgs resulted in a brain concentration of nalorphine signlficantly higher
mmrmmnmmmmaaum & MiLTHERS

Toraraason 1963) In the experiments recorded here (table 2),

- ven sub ly ly and completet rred
ﬂz_ﬂ:unlm:.‘dm]orsubﬂ.ltm:»eau.smorphm:n(LDjO) However when the
o were ghven intraperitancally only the Jower dose of nalorphine
&uma)mfmmdmmmgnnlzemorphimluhnhty(wsﬂ).mdno

¥23 obmerved after the higher dose (200 mg/kg) The missing antago-

S of
%“!h@erdomofnﬂorphimgivcnmmpmwna]tymybc
Tatanergy

with the high amounts of nalorphins found in the bran after
intraperitoneal injections of largs amounts of the two drugs.
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In conclution, 1t can therefore be said that the antaganism of nalorphine
to morphine lethaltty in the rat can depend on the route of sdministration,
thcdnxtq}ectedmdprobablym:bra!ncommllononhemumm

In doses higher than 100 mg/kg, intrapentoneal morphine was found
mmctoxxcthnnsubcnmncommorphm:.ﬁus,nlmunmcnm:pcrmugn
of animals dred within the first 60 minutes after intrapetitoneal morphine
25 within 60-120 minutes after subcutancous morphine (g, 4) At lower
doses (50 75 and 100 mg/kg) the lethal effect was approxmmately the same,
whether the morphine had been given subcutaneously or intraperitoneally
(table 1). At the Jowest dosea gven (15 and 30 mg/kg), subcutancons
morphine wns, however more toxlc than intrapentoneal morphine
(table 1). These last mentioned results are consistent with the fact that
morphine (in still lower doses) s approxmately a twice more potent
analgesic when given by subcutaneous than by intrapentancal injectians
(JOBANNESSON & W00Ds 1964) The available experimental results there-
fore mdicate that the ratio of the biological effects of subcutrneous rersuy
intraperitoneal morphine is greatest at the lowest doses. The investigation
reported here offers no ready explanation of these phenomena. However &
possible explanation could be that the rate of intraperitoneal absorption
Increases relatively as the concentration of injected morphine s mereased,
whereas subcutancous absorption dots not. It fs relevant that sobeu-
taneous morphine has been found to depress fis own rate of absorption
owing to releasc of histamine and 5hydroxytryptamine (Scxou 1961).
Whatever the explanation may be, 1t scems significant that death occurred
after both high and low doses of subcutancous morphine, but only her
high doses of subcutancous codeine (f results) The possibility therefore
existy that the kethal action of morphine 1 more complex in nature than
that of codeine. Drug distributlon studses could probably ehucidate these
problems and must await further experiments.

Sommuary
Nalorphine was a mote potent antagonist to the analgesc action of
codeine than to that of morphine. The pattern of antagonism differed.,
indicating an essentially different mechanism of morphine and codeine

analgesia.

Df::h after morphine occurred n flaceid respiratory paralysis, wheres
death after codeme was always associated with convuhions. ancrphkd;
was g potent antagonist to morphune kethality in the rat, but mu'eo:tddm
tethal sction of codeine It wag therefore concluded that the ketha!
of morphine and codeine in the rat are due to different mechanksms.



MORPHINE, CODEINE AND NALORPHINE IN RATS 233

Srmnltaneows injections of morphine and codeine resulted in a poten-
tmted sction on analgesia and Jethality m the rats. The possibility exists
that morphine blotransformed from codeine and morphine injected into
the smimals may interact differently with codeine in the bran.

Iniraperitoneal codeine was more toxc than subcutancons codelne,
Subcutameous morphme exerted relatively greater Jethal action at low
than at high doses. For intrapentoneal morphine the reverse was troe.
The kethal actson of morphme may be of & more complex nature than
that of codeme.
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Tolerance to Morphine and
Codeine Analgesis and Hepatic Enrymic Microsomal
Drug Metabolism in the Rat
By

Teckell J6kanmeraon, Larry A. Rogers, James R. Foots and Lo A. Woods
(Rectived N vember 19 1964)

Tn a previons stody we found that chronic treatment with codeine can
produse general reduction of enzymic drug metabolism in liver micro-
somes from rats (JGHANNESSON, RoaExs, Fouts & Wooos 1964) High
Mof:odcmxmmmdmedmmddmzmcubolizinxw}ﬁ&a
were therefore nterpreted a3 being a non-speaific result of tolerance rather
lan iy camse. Nevertheless, the possibility exlsted that tolerance to
morphine and codeine analgests m the rat and tho decreased drug meta
mlﬂwﬁkslntb:llwrmiamommcoinddmtplmnommmd
Uit more of less cautally related. In order to elucidate the relationship
of these phenomena, tolerance to the analgesic action of morphine and
todeme was produced m rats by high a3 well as by Jow doses. The mts
were then killed, and therr enzymic hepatic drug metabolism was com
Pared with that of control rats (no drug administration) The metnbolic
Pihways investigated represented sorne major pathways of drug metabo-
hm"mxdnﬂon,mdnctmmdcdkyhmnnnﬂﬂwonjdemnjup
1""‘1He‘l?‘lhcs-bt:fmm.ap::;:sx'b.lcmdcxcyl‘d:creﬂ.mdru.rcrtxsanm]cnzyrrm:

(Fours 1963), was also determmed

Methods
h:""'-ibhhHohumnnu(lm-z,'-o;) kept n constant enviroomental condk
¥ 8 room

varylng from 22 to 26°C with free scoess to water and &
Mfoodml_bn,muxd.ﬁu 4l wers
Sxien dug 1

ke, cxcert when otherwise stated, Intraperiioneal | were given [n the
A% ol the sbdomen  the midline, Tntrapeniioneal infectlom wers given by ¢
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culin syringes, calibrated to deliver 0.01 ml The Injected volumes amounted to 20
mi/kg, unlem when the injectlons solution was 30 mgim! of morphino slpbate b
water (sco below). All doses refer to the drurgs us bases.

Analgesia was measured by the hot plato method, xs modified by Joanseson &
Woons (1964). Aralgesic effects wern d qual y a8 the o
an{mals showing aoalgers by the criteria med. During the perfocmance of the
experiments recorded here, it was found necermry to quantitate 1he reponsct of rts
to the heat stimmibus (sce bedow) This was sccomplished by calcnlating the mean rose-
tion time for rats in & gtven group In experiments with the analgeskes, rats were e
off the hot plate if they did not react in 30 scconds. Thirty scconds fs therefore the
highest score obtainable when quantitative resalts are given.

Expertweents Four experiments were

1 The first experiment, lasting 32 days, was performed to clcidato how soon
tolerancs to the analgexic action of marphine could be acquired by dally subcutaneout
injections of the drug In Jow amounts. The injecthon sohution was 3 mg/m! of morphiot
sulphato in water Injectiors were given in the gluteal region In the morniog and In the
evening, esch doso umounting to half the dally dosc.

Two experimental groups were used. Rats in the first group recetved a constant dose
of approximately 13.5 mg/kg dafly Raty in the second group received the mme dos
daily for 3 days then the dally dose was gradualt to ty 203
mg/fkg during the next 7 days. The last daily dose of morphine was given 1o rats i
both groups on the ovening of the 10th day Rats lo both groups were {njected with 2

mmmdrumnbdmmmormmmwmw-
£roup of rats given 13 $ my/kg of morphine sc. daily for 8 days. On the Sth day the
rats were killed for heputic microsomal enzyme studies (sco below).

“The experiment inchuded 2 control groups. Ratt I the first group were injected with
the test doso of morphine (5.0 mg/ky 8. c.) onco a wrek (on the 4th, 11th, 14, 25t
and 32nd dsya) and the analgesic effect was determined. Rats fn & secood controd
roup ware also fakected weekdy for 4 weeks Morphine was, however only given &
the St and Jast inectons (Ath and 32nd day) water alons (2.0 rl/kg) was injeced
on other days (11th xmmumd-mmnu.mduumrvhlf-“";
wern tested on tho hot plae Tba-ccmdconmlmmh\chlddwmlﬂlﬂ&
posible influenco of thme and repeated exposure to the bot plate procedure on
anaigesic efect.

2. Unexpectedly muin(hnﬁmcnmmlmnmmdﬂullrﬂhg
mumwmm.muwumrmmmmhmm
the analgesic effect of the drug A sccond experiment was then performed to s
tiate this.

Amdnu-mhwﬁmmumdwﬂi,g:
v.ceks, a3 had been (he rats i the mentioned control group of emertment
In order to bo better able 0 estimate the ontet of morpbine o asafgesic
effect was determined at Intervats after the njections (cf Jéraroasiod 'of the
and expressed a3 the mean reaction tmet fn sefonds (4 the standard errort
m)um«nmmdwmwmmb:ﬁmwuwm
;rmmoloonunlmhmkohhnmmmnmmnh
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mexphine oocs & week. Ruty in one group recetved sater oaly (2 mi/ky) ooce & week
for 4 weeks (3 bnjectiom). Four weekly Injections of wuter were wmllarily given to
ety I 8 second control group the test dose of motphine being administered in the
et iojection. The rats were tested oa the bot plate, whether they had received water
or morpihine, and thelr resction times wers read.

Tomts wers made to establish whether or pot weekly hnjections of codedne might
Procace tolenence to the analgeske cffect of the drg. Previous investipation had shown
that 5.0 mg/kg of morphine 5. ¢. Is equal in analgesic potency to 60.0 me/ky of codelne
Lo 30 minutes after the injections (Joaarommon & Wooos 1964) Several rats were
therefore given this doms of codeine once & week for 4 weeks (5 [nfectiors). The ansl
g:ﬂcamdaumhednthmmhn!h:dnhﬂmﬂom,uhunnudvmmor

Appropriats pimbers of rats In each groep, whether ghven analgetic or water wero
Hifled 16-20 hours after the kst Injections. Tho fver was removed for determinatton

b

feats
M & Woons 1964) Several rits were thereforo fnjected with 10 mg/kg of morphing

L 1. ooce 8 week for 3 weeks (4 Injertions). Tho analpssic cffect was ined and
Cipremed a3 in expariment 2. Adeqmate groups of control rats of the samo &go were
Concurrendly with the rats given mmmbers of rats in cach

oW were killd for hepatic microsomal sazyme studien 16-20 hotrs after tho best

The poalhile eifect of different time {ntervals between tnjections of marphine on the

ooset of toleranco to the analgrdc action was alo studied. Intraperitoneal morphine

{109 mg/kg) was iven to rats dally on 4 copsecative days, and the sgaigeaic cffecty

:ﬂmmmwdhﬂnmm-mﬁnmmﬂvm
a

;EMWmﬂmmmmmﬁ:mmm

htpﬂhmhommmmmdnmtachmdﬂmﬂmxm
ended 1n 2.0 ml of hotonic KCI (115 ) to give & total volume of eppracdmately
B A specnatan ) and

fraction (9000 x g
h‘“ﬂ;‘&mmmmmwmummmm

52 viro. determinarions. Ooe i of the 5000 g Fupemnantant wax incubated in &
MDWMMMumMmmmMumm
- h%mmmmmwuam
Sy ocicotds (NADP) 11 x 10M  glocose-6-phosphats
&szxw—mmwxw The kst colactor was
mh‘mhﬂzvnmeplhw-y The concentrations of all cofsctors were suprs-

Floal volemes wers browght to 5.0 ml and adhusted to pH 74 wht 0.1 M
"WMM«

A P cataphs, e, 71, S - u
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‘The pathways studiad, the methods msed in their stzay and the sobstrate concentrs-
tions per 5 mi Incubation mixture wero "
) Rn&xdonofﬁwniuomo{p—uhmbemkmldwylddﬂnﬁnobmbnﬂ

d) conjogation of “free™ morphine to morphine glacuronide (ghucrondde synthes),
0.625 pmoles. The technique wsed was, with minor changes, that of Taxmaon (1560,
The disappearance of “free™ morphine from the incubates was considered a messare
of ghwcuronide formation, In order to check the specificity of the process, cortaln
samples were hydrotysed by HCL all of the hine was recovered,
€} O-dealkylation of codetne Lo yiedd morphine (determined by the coboar resction of
SnrrL & Sauir(1937) the detafled analytical procedurs iy given beiow) 100 jmmokes
D Ndealoy of e 10 4 o (4 v b 00
pmoier. The metabolite 4-aminoant ipyrine was determined by the method of Broost
& Axeieoo (19350) ax modified by Gavoerte (. Jrarermson, Roors, Fours &
Woans 1964)

Dt of s d in followlog the b of chior
promarine and benzpyrene and in ghxcuronide synthesh. Appearancs of the metabo-
lites listed was determined in the sminopyrine, p-oitrobenrolc acid and codeint
metabolic pathways. Incubation times were 120 minutes except for ynthests of mor

gho ide and Jon (30 minutes) and for the nitro-groop

reduction (60 mimates)

In the procedurs for dctermination of morphine, 4 ml of the incubetion méxtart
were placed in 45 ml shake-mbes contatnmg 02 ml of 2 M-Ne;COj and 25 mi of
chlorofomm (contaimng 10 / (v/¥) of iso-amyl alcobol). The mixture was shaken for
10 mimstes and centrifoged. Morphine was now found quantitatively fn the chioro-
form phuse. Marphine was transfermed to the 2qa¢ous phase by thakdag 20 ml of tho
chloroform phass with 7.0 ml of 01 N HC for 10 minates. Tho mixturs was then
mwmdmmmsomd.wmmmmw#wcnhn
cuvettes (blank contatned § 0 m! of 0.1 N-HCI). Two mil of the sificomntybdate resgent
(INTLL & Sewil 1937) and 2.0 ml of 50,/ (w/v) NH,OH wero added to the cvettet.
The colour was allowed 1o develop for 15 miates. The mmples were roed agalest the
reagent blank on a Cobeman Jr photormeter &t 650 mu Vakues wert detenmined by
comparbon with m known amount of morphioe, m““““‘mm
and taken throagh the procedure during each determimation. Smdard
curves wers worked out with each new supply of reagtnts. The smaliest mersen

Kjckahl

One scnith m of the 9000 x g supernatant microsoma!
boilmg tubet cootaining 0.9 mi of dinflled water and 1
catalyxing the proces (obtained from Henger Coo, Philadeiphia, sood o6 3
1 of 30/ { ) HySO, was added, and the mirture was bofled under 2 oo ¥ 00
mmnammuu:wummm-mummbummmd:?ﬂ P
of 30 (VMhydmcmpcmﬂdu(mpcmtﬁ)'ﬂlﬂ*d-Mﬁ"
10-15 méutess, ad the sohution was aliowed to cool, The comtenis ofthe 137y 200
wmﬁm-o.wmwmmm&“"‘*‘“’“
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dutiled water and the volumetric sk was filked to the mark. Seven to 12 mi of the
wqocows solution were placed In fige tubes and fuged for scdls b
of the seicniom. One ml of the clear sctution wes placed In each of several # 19
Colerwn curvettes, andd five mil of & freshly prepered dilutlon of Netaler's stock solution
{me bedow) were put bnto cach cuvette, Tho contents were mixed and allowed to stand
for 13 mmutes for colour development. The optical denalty was read at 420 pmon e
Coleman Jr photomeder (blank containing 1 mil water). The amount of nitrogen was
deoonined by comperison with 2 NH,Cl standard curve determined with each new
‘bateh of Nesmler's soluthon (approximately every month)l Any anunonta In the air will
Ewaldate the determination. The tubes should therefore be kept stoppered as mixch
o posmible,

The Nesser's stock sohution (labelod Bock and Benedict) was obtained from E. H

addiag | part of the stock sotution to § parts of IN-NaOH.
denrrmivarions. A preco of liver (0.2-0 6 g) was oxcised and placed n 30,/
(wiv) KOH solution a3 s00n as possible after the ankmals had been kilied. Glycogen
W detrrmined in the excised tisues by the phenol-saphunc acid method of MonT
Ooexy (1937). Results are expressed &3 mg glycogen per g Tiver tiseoa.
Frequencies of of observations wero compared by the 22 test
(B of al. 1950). Differences between two sample metng were evaluated by the “t™
text (Sernecom 1936). The kevel of significance was taken st P 5 0.05).

Results
| Anclyestmetr;
Experiment | The results are depacted in fig. 1 They show that the
potency of & test dose of morphine (ED / 70-80) is rapsdly lost
h afs are given low amounts of morphine daily for 10 days (Group
m“lmemenmmymmu}emdofmeupamz, only about
%(Hinnmnhcr)of‘htnnmnhiuLhngmupnhowcdupoutiwnml
P rsponss when tested, As far as conld be determuned, three of these
‘imals were the game throughout the experiment,
;:tmdmeunlywugiv:nomnmkfm4mb.mdth:mlm
w23 determmed. The degree of analgetia measured after the last
("'“Hn.‘cummmmmuylmmmm.unumﬁmom
gWPD.Amnnbc:ofruumimem:dmue.Zﬁdu!ﬂpaerimLh:
dost of morphme  durmg this lnterval they were miected thrce wath
2o tested on the hot plate. The test dose exeried practically the
M'mlmeﬂ'nctbothﬂma(Gmupd)
e (ke begnntng of the expermment, rats m afl groups were of nearly
nnn“m‘dmm-lssg.naumcmuplazpmmmmﬂu
Ty b in Group 3 This difference wes statistically significant on the
d 11th day but not when the rats were weighed an the 18th day

rer

u
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The petheray studied, the methods tsed in their aseay and the sabstrate conceners-
thons per 5 ml Incubstion mivture were

b)fmgmxghnmibnurmme&mlmwm

<) of benzp to yhdd hyd (Cosnary et of. 1997),
0.6 pmoles

d) conjagation of “frec” lne to ine gl id synthesh),
0.625 ymoley. The technique used was, with changes, that of TAxEson (1960).
The dk of “free” hine from the | was dered a messure
of gincuronide formation. In order to check the specificity of the process, ceraln
samples were hydrotysed by HCL all of the inc was recosered.

€) O-dealkylation of codeine to yield morphine (determined by the colonr reaction of
SNELL & SNrLL(1937) the detafled anatytical procedure bs ghven bedow) 100 gmoles,
yrioe (4-aizoph 00

1} N-dealkylation of aminopytine to 4-aml i
xmoker. The hollte 4 was d incd by the method of Brooat.
& Axriron (1950) as modified by Gaunerte (f Joearoamon, Rooexs, Fours &

Woouos 1564).

Dk of ws d n folk the bollm of chior
and b and In dde synthesis. A of the metabo-
fites listed way fn the sminopyrine, p-nitrobemesic acid and codelos
metabolic pathways, Incubation thmes were 120 except for synthesis of mor
il & (30 minutes) and for the nitro-grocp

for of 4l of the Incubaticn micure
templtcdln45nﬂdnh—tnbucmﬁlhin’ﬂlm!of2”—}h;€0;lndﬁﬂ"d
chloroform (containtng 10/ (¥/v) of Aoyl akohol). The mixture wes shaken for
IOmlmnumdq:nﬂ-mmi.Mmﬂ:mcmmwramdqummﬂ\ﬂyhlhtchhm-
form phase Morphme was trantferred to the aqueows phass by shaking 20 ml of the
chloroform phase with 7.0 ml of 0.1 N-HQ for 10 minater. The mixture was then
emnifmd:pln,mdsowohqmptnzmunn’nndw#l?m
cuvettes (blank contained 5.0 mi of 0.1 N~-HCY. Two m! of the silicormolybdake reagent
(SW.L&S'GJ.Ll%ﬂl:dlﬂmldso/(vh)NHﬂH\tr!ldkdwﬂlﬂm‘ﬂ:'
mwbmmlno'cdm&vebpfwlsmﬂ:nnﬂu‘mrﬂdlﬂh"

resgent blank on a Coleman Jr W-tmmvuuamawmbedbr
mm-mmdmﬁmummﬂybaudm’:im@:
and taken through the pr duripg esch Standx
mmwﬁcdm-nhummwﬂydmmmﬂcﬂmﬂ

phine and
reduction (60 minmtes).
In the

ml of 30 (‘V)sto.muaiﬂd.mdt.::mhmwn
minugtes or until the solution was all whits. sotmtion was e
of 30 (v hmmmm(wnmmw.;z’ mm
10-15 mienrtes), and the sohtion w a3 allowed to cpol. The cooten O o nts
mmmnﬂamdw-mnumlnmmmmm-u-mdm
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distilied waser and the volumetric flsak was filked to tho mark. Seven to 12 ml of the
squeons safuthon wero placed in centrifirge tubes and centrifuged for sedimentation
of the selertrm. One ml of the clear sokition was placed in each of scveral # 19
Colezan cirvettes, and fiwe mi of a freshly prepared dilutloo of Nessker's stock solution
(e belrw) were put Into each cuvette, The comtents were raixed and allowed to stand
[ox LS rainutes for cokour development. The optical density was read et 420 ymon a
Colerum Jr. photometer (blank contalning ! ml water) The amonnt of pitrogen was

beich of Nemler's sodation month). Any ammonia in the air will
I alidate the determination. The tubes should therefore be kept stoppered as much
» poasible,

The Nemtler’s stock solution (labelled Bock und Benedict) was obtained from E- H.

Glycogen detrrminations A picco of Hver (0.2-0.6 g) was exciscd and placed in 30 7
() ROH wolirtion a8 soon a3 possible after the animaly had been kilied. Glycogen
"1 determined In the exchied thawnes by the phenol-supharic sckd method of Mont

st (Semecos 1956). The kevel of significance waa taken t P 5 0.05)

Results

| Awaigestmetry
Experiment | The resulis are depicted m fig. 1 They show that the
imalgesic potency of a test dose of morphine (ED / 70-80) Is rapidly lost
e rats aro given low amounts of morphine daily for 10 days (Group
1 &2). From the 11th day until the end of the expermnent, only about
10, (34 in number) of the animals in this group showed a poutive anal-
ik response when tested. As far as could be determined, three of these
Wimals were the same throughout the experment.
The text dose only was given once a week for 4 weeks, and the analgenc
effect way determined. The degreo ol‘mnlg:x;r:;cd .ﬂj:t:rthe]m

Injection was ngnificantly lower t after first one
(Group 3) A number of rets werc injected twroe, 28 days apart, with the
163t doge of morphme during thrs interval they wero infected thrice with
water and tested on the hot plate The test doso exerted practically the
hmemnlg:ﬁc:ﬁeuh&thnﬂ(Gm"P‘)
At the begining of the experiment, rats in all gronps were of nearly
e tame weight, 170-185 g Rats in Group 1 & 2 gained less in weight
Gan rats in Group 3 This differense was statistically significant on the
Rhand 11th day but not when the mis were weighed on the 18th ¢

[t
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oT & 7w 8 3 =

Morphine  given

dalfy fo rafs in

1az TIME IN DAYS

Fig. ! Inflwence of repented rubcutuneous (1 ¢) infections I morphine om the amiprk
effect of rats in 4 growps, 16-13 rats | n&hﬁr.Aulphmdﬂmlmdunm
after the Infectiont. The sbacirme denotes n

anal

During tho first week after discontinued daily admoustration of morphine
to rats 1n Group | & 2, three rats m this group lost weight rapidly end died
The mean weights of rats in Groups 3 and 4 never differed smgnificantly
When weighed on the Inst day of the experiment, mean weights of rsts
in the 3 groups did not dufer significantly (means 317 317 and 337 gk
TW‘OIOthmday:aﬁ:thccxpcrmtmﬂpcﬂOd.mulnGmupl&z
and Group 3 were mixed and then divided into 3 groups, Uulmab:}
each. Rats in one group were infected subcutancously with 60 0 mg/kg o
codeine ndosclhnlhzsrrpcmcd]yg}venpouuvcmﬂgcdcmponsﬂ
70-80 / of ammals tested (JORANNESSON & WooDs 1964 me»mg:@;‘
1964) and the anaigesic effect was determined 30 runulcs later mdy
4 out of 15 rats showed postive analgesic effect. Rats m the second o
third group were grwn SOAlclhnldO&Bofmorphh:orcodtbt

L
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Contrdl 30 € %0
Feodings

MEAN REACTION TIMES In SECONDS

MINUTES AFTER INJECTIONS and
CONTROL READINGS

Fig 2. lafimencs of injectloms f morphine on the wnalgede effoct,
Thew growp of rate, § nlmaly fn each, were ased. Rats] ous group weo ghvea 5.0 mp/kg
o mixphing once » werk fof 4 weeks l.n}q:dunl)rlh lu:mmi rocabred the
wiar caly (2 alfkg). Rats in a pccunj m: l.nh:doﬂar
bt g Lh-:mphho(}mm hlh.hnhpam-(rur u:pu-lmml)
Comtrol resction ki ore the 1njectiors. Then reaction fime
'nf-dunwmmmmmnmxmn The ordinsts denotes

S raaction tmes of each growp staodard errors of the mewm,
“ﬁ:mmu mbers of ankmals showing armigesin by Uee criteria waed.
[y of weekly morphine mjections aro iadicated by thin, unbroken and rumbered
A broken bas refwn to reenlty of the Sth hnjection (morphias) to rats In the secoad
eomtrol growp, For ik of convimbeace, only ons control rescilon Uos la thown It f1 the
mmdﬂmmumdnlumw“ru&:mmmuﬂw
Jabeoken Kns) s means of pooksd resaits a1 sach penod afier all 5 mjections, fn
il xoalyses (1" teet), mewms [ ressits obtaboed from Injections grven on the am
PITT me ) pety m) e cotrl @
than that of corresponding water <
'W“Nummymlmmumwmmmwa(r>m

trapecitoneal fpjections (of JoHANNERSON 1964). No tolernce was
Wmmmﬂcﬁmufmmcmdonlyuugmmmm.irmy

m’f:ﬂ*nmuzws Rexulty of weekly infections of subcutancous mor
W sommatized m fig. 2. Althongh the occurrence of positive
:‘”bmwmmmzmﬂydiﬂmtuworeommmn
Mthoﬂﬂhm.thnmnmabnumwmmudﬂomnﬂathc
than after ths two first injections. In contrast to the first and second
morphme given in the third infection thos hardly increased
whmmonmnmmmm(mmmmu
® Jont high enough to be significant t = 2.16) When morphme was
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MEAN REACTION TIMES In SECONDS
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MINUTES AFTER INJEGTIONS ond
CONTROL READINGS

Fig 3. Infloence of weekly subcuteneous npections of codelna on the analgnek effect
Codeine was ghven fn amounts {60 to 12 raty once wd(mlwb(!hﬁm&
The wralgesc effoct was determined gt 60, 90 and 120 miontex after the ows
(s fig. 2)

admumistered for the 4th and 5th tme, most anmmals failed to thow positive
analgenc respontes, and the reaction times approximated (o those ob-
tamed after the mjections of water Only after the first inyettion of mor
phine did the mean reaction time at 50 mmutes differ significantly from
that of the water controls.

A number of rats were given 4 injectians of water once a week and tested
on the hot plate. Then at the Sth injechion they received the test dose of
morphine Morphine exerted statistically the same analgesic potency on
these rats as that observed afier the first of § weckly injections (fig. 2).

Fig. 3 show the results of experiments with weekly injections of codeme
The analgesic effect of sub codeme was more persistent tha
that of subcutancous morphume, Even at 150 mmutes after the first infec
Uon, reaction times of several of the codeine rats had not yet reached the
pre-injection control level whereas the reaction times of rats given mor
phine were with one exception, back to the control kevel at 120 minutes
(JOHANNESSON & WooDs, umpublished results). The ofmm‘ﬁ:
and codeme analgesia was, however practically the tame when tested
30 and 60 Repeated inpections of sub codeine f"“‘d“m"
in & rapid decrease in analgesic effect in o way sumilar to that found
subcutaneous morphune The mean reaction tmes of the codelne rats were




TOLERANCE TO ANALGESICS AND DRUG METABOLISM 263

5 = 8

o©

MEAN REACTIOV TIMES In SECONDS

of experiments with weekly injections of intraperrtaneal mor
phht'-ftlhfm‘l:u:nﬁg,4 Ten mg/kg morphine i p exerted nearly the
:m;)'nﬂmvﬂ'wtusmgmnrphlmtc.orﬁomg/kgcodm-c.
nﬂnmuu.ﬂnthnhtmpcdon.AtéOmmutu.morphm:Lp
;m"dml-hcwtumdumm,ullhnughnot statistically sigmficant one,
'b"‘ﬂ'tﬂ‘tctthanthuobscrwduﬂ:rmorphlmorcodcme-.cm
::}-Fkﬂﬂwtdcdinedrupid]yuponrrputcdwmﬂyldmwm
tlready minmal at 60 munutes after the third injection (Ag. 4) Tho
p;:tmdmorphhnmlm:mthvmmnwhﬂhﬂmzdmgm
Ml.u:cu-Lp
h“’l’h‘m(wm&/&sﬂp was given daily on 4 consecutive days, and
ml@dﬂtﬂ'tctmmsmed.ltwmrnpidly]onmdwufound
lL'hm]muGDmhluLnnnuthnwcumimmon(ﬂsﬁ)
o tabge metabolism in the liver microsomes Tho results are summarized
‘Mlhwvthnchmnhpmtm:mwhhmorphmamm—
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Contre) 30 €0 fo
Readings

MINUTES AFTER CONTROL READINGS
and IHJECTIONS

3 Inflwence of dajly Intraperitoncal lnjections of moephine o (he
?&a.llaphhnh-mumsnfwmm;mﬂwm 12 rats on 4 comocsthrs
4.

smalpeslc
dayy, and the analperkc effect was determined (sey figs. 2 and

gin for 4 weeks (col 1) results in & significant decresse
of drug metabolizing activitices by hepatic enzymic microsomet in the rats.
These results are similar to our previous results of chrone pretreatment
with codelne for 4 weeks (JORANNESSON ef al 1964) When a constant dose
of morphine (ca. 13.5 mg/kg) was given dadly for 8 days, 2 of § metabalic
pathways studied were significantly inhibited (columm 2). Columns 3-5
show the results of experiments in which equianalgesic doses of morphine
5. c., codeins 5. ¢. and morphins L p wero given to the rats once £ week
only for 3 or 4 weeks. No decrease in enzymic activities was found in
these groups. Glucuronide synthesls was meluded m the stody =3 tbe
results of TAKEMORI & GLOWACK! (1962) suggested that morphine among
phenolic compounds, might selectively inhibit glucuronyl transfersse
activity in rats,
Hepatic giycogen was decreased when the drug metabolmng activitics
were inhibuted (cotumns 1,2).

Discossbon and Cooclmiony
Seventy five per cent of rats given e test dose of:ubmtaneommomm“:
(50 mg/kg) showed malguhbythnmterhmcdinuﬂnpaftrmi;
30 minutes after the first myection. The analgesic potency of the test
dcamrdnpailyxfthcmuhadbeeumdnﬂthcﬂomorlo—mmuh
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Table !
Hapatlc microsomal drig metaboliem and glycoges costents a rats treated with morphine
o codetwr. Microsomal errymibo activithes ure expressed as of sobetrates matabo-
tard, or prowucts farmed, pee g nhroge per Incubation Olycogen b "
g por g wet bver Each valoe the k from 5-5 rats i the
derixtion. Italicired figures denots the results of experiments pever
given any
Morphlss Morphine Murphlrllc Codeine LMo'rpfuu
Be, ¥ werk! weekly.
Metabohe for 4 fofl' for 4 " for 4 P'rcrl Y
(abatrates - Metal 1) weaks (cf days (f weeks (f weeks (¢f weeks (cf
Experim. m. m

Experi Exparim.
4) 1 il 1 L

1242 12£2 %4) 1613 1612
04 I9:d N2 18+3 21+4

pNerobazoe: Aced -

Hhmlnobearsic 27 I 29 £4 4815 4311 M +3
SLjo IS0 S3ijl Br9 ilo

Codelm -+ Morphise 10" LI (14 B2E TIL10
ML 91310 OS] Mi7 93:12

Chlorprosezio -+ Sutfoxychior
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Toency of positlve anaigetic responses was found significantly lower
r;}hﬂﬂhhthmn&uth:ﬁmmemmdthﬂhotpm:m
Ot lesting of analgesia were ruled out as factors causally related to

wmﬂsﬂkeﬁ'wtofmomhhw(ﬁ; 1) The results therefore”

”
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show that tolerunce to morphme analgesta m the rats could be elicited
by very few and low doses of the drg.

Although the percentage analgeno responses after subcutancous mor
phine were appreciably lower after the third and fourth weekly mjections,
the number of animals exhibiting analgesia at 30 minutes were not
significantly lower than afier the first injection (fig. 1) In a second
expenment, 1n which the morphine was also administered once a week,
morphine analgesia was expressed as the mean reaction tme of a group
of rats on ths hot plate. The results showed that only afier the two fint
injections was the mean reactlon time of rats given morphine significantly
higher at 30 minutes than that of the water controls (fig. 2). Similar
results were obtained in experiments with codeme s. ¢ and morphine L p.
m doses equipotent with 5 0 mg/kg of morphine 5. ¢. at 30 mmutes after
the injections (figs. 3 and 4) The first sign of developmg tolerance to
morphine and codeine analgenia is thus ghortening of the effect

Morphine analgesla declines rapsdly between 60 and 90 minutes (figs. 2
and 4) but the analgenc effect of codetne s c. is still significantly abore
the control level at 120 mmutes after the first mjection (fig. 3). Whetler
the analgesic cffect lasted for a longer or a shorter time after the fint
mjectsan, it was rapidly Jost on repeated weekly administration of the
drugs. The analgesic responses showmg the lowest statistical s{gnificance
were lost first, The greatest decline occarred in these cxpertments gfter fhe
second Infection (figs. 2, 3 and 4). In experiments in which morphine L p.
(10 0 mg/kg) was given daily on 4 consecutrve days, the analgenc effect
decreased even more rapidly than when the same dose was administered
fn 4 weekly injections. The greatest decime was observed after the first
dally wnjection (fig. 5) The possibility therefore exists that the inervals
between the inpections of a given doso of morphine may fnfloence the
degree of tolerance developed to morphine analgesia.

Since the b of scientific h on morphme tolerance about
80 years ago rats have been widely used test obyects. Few ivestigarors
have, however performed expenments to elucidate the dosages of the
periods of adminntraton necessary to develop tolerance tothev'ﬂ-ﬂf"z
actions of morphme in rats. Without gving any further detnils, J°':"tk
BrTIvGER (1926) stated that rats showed signs of tolerance to the narc
effect of morphine after only 3-4 dally Injections of the drug (abodt
50 mg/kg ¢. ¢ a day) Mrrmmmmmedthnnohmnuewm@m:}
once aquired, pensted. Sneon & Eppy (1935) found that the effect
morphine on the performance of raty runming an clevated maze s
after a few weekly njections of the drug (about 10 mg/kg e ¢. or - P
dose) However antlyses of the results indicated that the ‘t"aw“
susceptibility to morphine was causally ected with rep
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runnmg and not due to development of tolerance to morphne itsell
Witle the experiments recorded here were In progress, CocuiN & Kok
KEDKY (1964) published their well d d resnlts of experiments on
morphine tolerance in rats. They found that a smglke infection of intra
Peritoneal morphine sulphate (200 mg/kg) might result m & certain
degree of tolerance to morphine analgena when the rats were tested 3
months later The tolerance thus induced was extremely persistent and
bsted for at least 8 year Cocnmv & KORNETSKY found, on the other hand
that moch higher doses were needed to develop tolerance to the effect of
morphine on the performance of rafs In & swimming test. It is here of

that, whereas tolerance to the lethal and analgesic effects of
morphing was easily demonstrated in rets chromecally treated with m-
creaung dally doses of morphine (of JoHANNESSON & LonG 1964 and
Jonoanon & Woaps 1964), only tokerance to the analgesio effect was
observed in the experrments recorded here (¢f expenment 1) All available
information therefore strongly indicates that tolerance to marphine
talgesma m the rat Is not only easily noquired, but 3 also of great per
ftence, The information further indicates that tolerance to other perhaps
all other actions of morphme 1 not as easily acquired a3 that to the
smlgesic acton. It is accordingly reasonsble that different dosags
whedules should be adopted in studying development of tolerances to the
vatiow actlons of morphine in rats.

It has previously been shown that chronic pretreatment with high doses
of codeme may sgnificantly decrease the drug metabolizing activities
of the hepatic microsomal enzymes 1n rats (JorANNERSON, Rogers, FouTs
& WooDs 1964) The results of our investigation indicate that only chrome
Peetreatment with morphine or codedne will in rats significantly depress
the drug metabolizing capecity of the liver microsomes (table 1) Four or
five weekly inpections of morphine or codeme in low amounts, which
result m tolerance to the analgesic effect, were thus not found to affect
signuficantly the metabolic pathways studied here, The decreased drug
metabolzing activities of the liver microsomes were further paralieled
by reduced concentrations of liver glycogen. Although hepatic glycogen
may be a valuable mdex of dep d drug boliring enzyms actrvitics
hlhﬂﬁmmimmnn.mwmmtmdanhmduccd in a number of
different physiological and pathological conditfons (Fours 1963) In con-
clusion it can therefore be sald that tolerance to morphine or codeme
inalgesia in the tat is nof /thely to be causally connected with altered
drug metabolism 1 the Lver muicrosomes. Thit view 18 tupported by the
work of CLOUET & RATNIR (1964) In 50 far as they could not relate changes
In the microsomal N-demathylase actlvity to devel of morphine
tolerance In rats. It is, on the other hand, still a question whether or not*

P
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tolerance to the analgesic actlon is cawsally comected with one or mare
of the enzymic activities in the rat s body These activitses should therefore
be investigated only when few and low doses of morphine or codems have
been adminustered to the animals, e g after the second or third weekly
mjection of a grven test dose (see above). Kereser (1933) has already
postulated that atatl symy might be due to derangement of
certam enzymic activities m the organism. If this bs true, which i conjec
tural at the present time, the kind of abstinence symptoms demonstrated
after the lowest poxsible doses of morphine could prove to be keystanzs
to & better understanding of the more complex effects of morphine.

Summary

Tolerance to morphine and codeme analgesia in the mt can be produced
by very few and low doses of the drugt. Cross-tolerance ws also obscrved.
Higher doses are needed to produce tolerance to morphine lethahty

Tolerance to morphine and codeme analgetia and decreased drug
metabolizmg activities in the liver microsomes are not coincidental
phenomens. The drug metabolizing activitiet are decreased only after
more or less prolonged sdministration of morphine or codeine The
decreased enzymic activities are paralieled by reduced ¢ ioms of
bepatic glycogen.

The first sign of developing tolerance to morphine or codeme analgesia
in the rat 1s shortening of the effect, Tolerance to morphune analgesix was
developed more rapsdly when a test dose of the drug was given daily than
when given once a week.

Different dosage whedules should be adopted m produdng tolerance
to the various actions of morphine and codeine in the rat.
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From the De of Histology Karolinska Inatitat, Stockholm, and the
ment of Phannacology Unhetﬂtyofﬂ&d:oq,(]ﬂ:bm,.&wcdm.m

Failure of Reserpine to
Deplete Noradrensline Neurons of o Methylnoradresaline
Formed from a Methyl DOPA
BY

Anid Cartgon, Axtics DabhtrSm, Kjell Fuxe and Nir-Ake Hilarp
(Recetved November 14 1964)

The marked end sustamed depletion of tissue noradrenaline by
a methyl DOPA (DOPA =3 4.dihydroxyphenylalanine) is due to displace-
ment of the amine by its analogue e-methyinoradrenalire, which b formed
by decarboxylation of the amino acd and subsequent p-hydroxylation
{CarLs30ON & LinpgvisT 1962) Later work (CARLSSON & LINDQVBT um-
publistied results MuscAoLL & LnoMan 1964 Sasbhann & Gro
BECKER 1964) showed that the a-methylnoradrenaline formed 1n bram was
caused to disappear by reserpine much less readily than was norsdrenaline.
Thhmnybcpudybwulmofrednwtnmmmmmox}dmm
metaraminol formed from o methyl-m-tyrosine behaves similarly In fact,
it i3 affected by reserping even less than Is a-methylnoredrenaline, which
may be due to reshtence also to catechol-O-methyl transfirase. However

¢+ an additlonal factor such ay & high afflnity for the binding sites of the
storage granules, may partly explain the difference.

The work reported here was undertaken to see whether these pheno-
mena could be utilized for a histocherncal differentration botween dopd
mine and noradrenaline. Although other means exst for dolng this
(CARLSSON, FALCK & HILLARP 1962), there is a ciear need for additiosl
cnterna,

Metbod
Spengue-Dewiey s (150-250 ) woro {njected v -anetipl DOPA ns g
f 400 mg/ky fotrwperitonexlly or fo two rxch doses st 8 bours aorval
il S T after the first doae, reserpine ws? HF

‘Twenty-four (in a few expaciments 48)
intraperitoneally at a doss of 3 S or 10 my/kg. The antmaty wero killed after #n0the?
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Table
Anlmul treatrents
Killed at bours
ﬂ.-::ﬂ bora R er reserplne
Na. of my/kg trestment (no. of

3

5

3
10
10
10)

ST

4
sg).llmuu)
30,240

)} R
mmuh after firet dose of @ methyl DOPA, Instead 24 hr as] the

il7uuhm1hnwkl)Gmmhmummndﬂmnmﬁmdanmm
shrys i in parallel

detection of tues was a In detall
by Datmsrabu & Fuxa (1964). Extoostvo parts of the forchrain lower bratn stem and
mpiom] cord were caamined.

Results

In anmmab pretreated with a methyl DOPA, i contrast to normal
wrumaly, reserpme (3 5 or 10 mg/kg) left tho greenush fluorescence typical
of catecholamines essentially unaffected in the nerve serminals (nth the
eaceptions indicated below) In the merve—cell bodkes reserpme caused a
reduction 1n Auorescence withun 3 hours m some expermments (particularly
I groups A 1 and A 8-A 10, sce DAHLSTRI6 & FUXE 1964) but event then
the effect of reserpme was weaker than norma! in most areas. In the
controls the green-fluorescent ocll bodses Jost their fluorescenco entirely
within 3 hours. Scven and 24 hours after reserpine treatment the cell bodies
of the a-methyl DOPA animals (and the control sanimals) had regained
their pormal fluorescence.

In certain arcas containing green-fluorescent nerve terminals the mction
of reserpine was app Iy unaffected by pretr with @ methyl
DOPA. These arens were the cowdate mrclews-putamen, the median emi-
nence the muclews accumbens and the fubereubon olfactorium In the two
ureas first foned, the fi disappeared almost entirely and
In the other two 1t was markedly reduced. The effect was clear—ut already
after § hr and fully developed after 3 hir,, and it persisted after 24 hr In
Lbzmmnoflhecxpuimuonenmmmdhcomcdwha:m
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wjually after sdministenng thejr respective precursors, but they disappear
fairly rapidiy wathout giving rise to the corresponding B-hydroxylated
metabolites, a-methylnoradrenaline and inol, rexpectively This
will explain why the green-fluorescent nerve terminals of the candate
nuckeus-putamen showed & normal seraitvity to reterplne, when mven
24 hr after treatment with e-methyl DOPA. The concimtion seems repson-
able that the other arcas with normal reserpine sensitrvity L e. the median

the nucleus b the tuberculum olfactoriom and the
dorsal part of the nucleus interstitialis strme terminalky, akso contam
dopamine-storing merve-terminals. These areas, incidentically have one
other property m commeon with the caudate nuclens-putamen their nerve
terminals are densely packed and extremely delicate, ylekimg an impres-
sion of diffuse fluorescence of the whole aren, In fact, recent results
(ANDEN, unpublished) show that dopamine s the domunating catechol-
amine in the tuberculum olfactorum.

It should be noted that the picture obtamed after @ methyl DOPA plus
reserpine fs precisely the fnverse of that ohtamed after a methyl-mtyro-
sine.
Al the arcas normally stoning dopamme and noradrenafine behaved
differently wm their cell bodies after e-methyl DOPA treatment  the
dopamine cells of the sub 1a nigra were more seustive to reserpine
than the norsdrenaline cells. This was partxularly apparcnt in the
expenments with a 48-hr interval between adminbtermg the two drugs.

The low diffuston tend of a methylnoradrenalme observed in this
investigation suggests that this enalogue is more tightly bound to the
storuge sites than nomadrenaline. This, m conjunction with resistonce
towards monoamine oxsdase, may explain why o methylnoradrenaline
causes such a pranounced ond sustamed depktion of noradrenaline.
Whether this phenomenon may also contribute to explam the hypotensive
and other pharmacological actions of o methyl DOPA remams to be
scen. Tt should be reealled that ANDEN (1964) found metaraminol to be
not so castly extractable from tissues as noradrenatine.

In an earlier publication (CARLESON & LivoQvist 1962) we have stg-
gested that the a-methylnoradrenaline formed from o-methyl DOPA ind
stored 1n noradrenaline neurons might take over some of the fimctions
of the physiologren! transmitter In support of this MUSCBOLL & Matree
{1963) have observed that stimulation of the sympathetic nerves of rais
pretreated with e-methyl DOPA may result fn selease of e-methyfaor
ndrenaﬂnc.Th.eobscrvntionmmdcmthis:nd!@lrlfcrlﬂVﬁ'ﬁB“""“’(ur
references, see CARLSSON 1964) that anmmals pretreated with rnﬁh:r
DOPA show a reduced sensitvity to the pharmacolograal actions o
rescrpine, argues to the same effect Tt also suggests that the
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d 1 partly a oo of an interference with the transmitter
fenctsom of noradrenaline.

Semmary

Hstochemical observations on rats treated with o methyl DOPA
sapparted the view that the marked and sustained depletion of noradrena
[ine cavsed by this drug is due to displacement by a-methylnoradrenaline.
This analogue shows the same histochemical reaction es noradrenaline
The #methytnarad line replacing its phystol 1 logue n nerve
termmals of the brain was found to be resistent to reserpine, s mdicated
by persistence of fluorescence typical of catecholamines. The fluorescence
of dopantine-conteming nerve terminals, on the other hand, disappeared
it a normal rate after reserpine treatment of anmals pretreated with
emethyl DOPA. This provides an additional tool m the histochemical
differentiation between naradrenaline and dopamine.
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From the Depa of Histology K Institites,
8tockholm, Sweden.

Site of Action of Reserplne
By
Anica Dahlstrtn, Kjell Fuxe acd Nis-Ake Hlarp
(Recxtved Nowember 16, 1964)

Ilhnbamknuwnfornlmtlbywnthntrmcrpmcdcpktuth:mono—
mﬂmnm'nofﬂmﬁnnu,bmopuﬁonnﬂldlﬁmwidclya:tolhemc
uﬂmodcofmmonofthhdrug.\vhhth:hdpoflhlg}ﬂylmduw
ﬂmﬂnmcemﬂhndforthcdhcammmopuldcmonmﬂonofmte
cholamines (CA) and 5-hydroxytryptamine (S-HT) the mech for
e uptaks, storage, relense and inactivation of thess amines can now be
studied 1 entirely new ways, &3 recently shown in this laboratory (DAHL
M0 & FUxe 19648 HAMPERGER ef af 1964 FUXT & SEDVALL 1964
}'l"-'-‘\l!&MAum;lm MALMFORS 1964 Marumrons & Sachs
965)
Stndiuonlhgpmph:mjldmnn—zk:n:mon(nacMAquulm
N‘lnu&HAmgnlm)lhowthatnutonJyﬂwtmnlmhmebc
mlh'encumﬂhumcmmpntyofmkmgupmmdrtmlme(NA)md
thdammubymmofandﬁdmtupmk:mmuonmcdunjm
defferent from that of the amine storage granules (cf EULER 1958 Egyy
& Limamy 1963 & 1964 Canisson, HILLARP & WALDECK 1963) 23 +;

In the cell membrane Theso studies further provided the ¢
Grmwmcemnmumcdlmmnhhmﬁﬁvemmpmwmu g
ihiblted by several other drugs (¢ g desmethyk-imipraune, Imfzpeeg
hlorpromarine

”;
Sepletlon and recovery of CA and the formathon of storyg,
central neurons (we DAHLSTRDAY & 7 1, /’r:n[eS

monoaminergio
1 after ndministration of rescrpine or oLh:rdrup,y,,
mzmunsdepmnormmm T3
At e, ol 12, fate N
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Table 1
Drag Ahmh,Domnndﬂuhe{mtﬂBnuhctﬂnh
1 Ressrpi A Rat 11 2,4 68 (2, 34, 41, T2 and 86 bowns aher
doso of 10 3.
) Rati 4 howrt after & dose of 0.05, 0.1 02,05, 1 Sor

10 mpsk
©) Mouso fm”hm-nsndmilﬂwb

2. Teirzbenaxins 2) Rat 2,4 6,7 ¥ 12 and 20 bours after & do of 50 o
103 my/kg.

3 m-Tyrotlos n) Ratand mouse 2, 4 and § bours after the lust of 3 dowe
of 400 my/kg 2dminhtered 8t 2 howrly Intervels,

4 o-Mcthylm-tyrovisa 0) Rat nd mouss 7 10, 13 16 and 22 howrs after the et
of 2 doens of 400 mg/kg administered with & 2 hours

nterval.
b) Rat § nd 12 houry after & dowe of 800 mgky

}

3 Nielamido ) Rat 46 bowrs aftar & dow of 50, 100, 230 ov 300

Materials and Methods
in the braln seom (snd eho many
The CA and 5HT perve celly and terminaly fuve

‘White mice (20-30 ) were alao used In lurgs pumbers,

The braln was thken out and disected immediately after kifting. Tho speckoess
mnvidl!humhnqmmmwohdwmdnmmnmﬁhmw
‘ﬁhfm}d:hydom.anbcddcdlnp‘nmnuimucd,mudmhd

previons paper (DAHLITROM & Fux 1964
m;hmmrm(Fmﬂul%bhhxduutbeprhﬁpbwm
mmmmc«(mmmm)mdaMmem
into 6,7 3 4-dlhyd: rinoltney and 6-hydroxyd

T A i oy .
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(Couroon & HiLaxe 1963 & 1564), rexpectively Owing to the intene floorescence of
these prodocts, the presence of CA and $-HT b vismallred by what, In the flucrescence
mkcroacopo uaed, are green (to yellow-green) and yellow flnorcscences, respectively
The renction & 3o sensithve that changes n the content and distribution of the amines
can bo readlly giodied, at keast fo the CA netront.

Results

Ths intraneoronal ditribution of the amines in the central CA and
SHT neurons has been described in previous papers (DAHLSTROM &
Foe 19642 Fuxe 1965). The cell bodles have a low amine content
{probably in the mnge of 10-100 pg/g wet welght seo also NORSERG &
Hasmergn 1964) and exhibt a weak to strong fluorescence in the entire
perinncear cytoplasm The zone around the nucleus sometimes shows
bigher accumulations. The presynaptic structures (the varicositles) of the
lerminaly store the ammes at extremely high concentrations (probably of
the order of 10,000 pg/g) The non-terminal axons seem to have somewhat
higher concentrations than the cell bodtes, but exhibit at the best only a
weak Buorescence becpuse of their thmess,

The changes observed m the contents and mtranenronal dutributions
of the amines after administration of reserpine and other drugs (for doses
tod tmnes, st table 1) are bracfly deseribed below No obvious differences
ere found between rat and mouse. In the depletion-recovery experiments,
tere are given only the observations made on the CA nourons stnce tho
ol bodies and terminels are much easier to examine I these than In the
SHT newrons. The specificity of the reaction has been

m detall m & previous paper (DARLSTROM & FUXE 1964a).
Rexerpine The CA contents of the nerve cell bodies were markedly

as carly as 30 minutes after admmistration of 2 large dose.

depletion was obtained after 2 or 4 hours. The various groups
of eells showed marked differences In recovery A more or kss marked
vy wa, however_obeerved, especlally m tho Al and A2 cells after
lzblm.mdbyﬂhounnmomuﬂbhldmmedu]mon

Sompletely or thowed a narmal appearance. The CA in the nerve terminals

PPeared at about tho same rate, but the earliest nign of recovery — a
fr in the vancouties of some terminals — was observed

A'nﬂ’TZhuun.Anlcrwincruxthmommcdmmn]d-y:

dowe of 1 mg/kg (rat) produced a distnct fall in CA levels m the

'™ nerve cells, but the cells 1n the medulla oblongata were for
M:“Nﬂmﬂ'acwd.l‘h:rcdnqionnﬂ'ccwduﬂpnmofthecem
o nd thelr processes. A dose of § mg/kg usually led to total deple-

The terminaly showed about 5- 10 thmes higher sensitivity 1
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After toral depleton, CA began 23 & general rule to reappesr first In a
on¢ around the cell nuckeus. This was bet seen in cells showing & rapid
CorTy (¢ g the cells of group Al see DAHLSTRON & Fuxe 19641)
The CA tn this zone usually reached normal levels (or tn group Al even
¥vels above siormal, with large perinuclear accumulations) before any
mene mrked recovery could bo observed In the outer part of the cell body
ummmmmmmwm(ﬁu-@ The me
counse of dephetion and recovery §s schematically represented in fig. 7
dTmﬂbcmzfne A large dose of this drug produced complete depletion

CA from both cell bodres and terminaly after 2-4 hours Recovery was

Pig | Normmal ret. Group Al NA nerve cele together with CA termanale
O of tha cotly has  hagher copeentration of smones arand (e wock (o) 163
Pga treatment, § koure G otp Al Accamalation of pcwly formed
CAh manly 1 the perloockear mone of the cell (+). 16
P 3. Reserpion treatan, § hours. Group Al Marked sccwmlati  of CA 5
Obecrved. The entire cel body i almost fllled. 163
ke ¥ Reecrpine troatment, 24 howrs Group Al Th pewly formed CA 6ff the
. eatire call bodty and bave reschod supanormal Mvels (-+). 163
3. Ranerpiag trestment, 12 bours. Group Al The CA rich roge around the
F‘:“‘“nhﬂ-mxmmnmu procemes of the ool 460
WhmﬁmcmpAl&anyfmCAmmm
.v’.:’mummm"ndtm(a).lmynlmlmphujmbrpm,bm
& the plctare 1o b falriy markod owing to & kong caposurs. 250 X



82 A DAHLSTROM K. FUXEAND N A. HILLARP

rapld and occurred simultancously 1n both nerve cells and terminals. All
Lth\cechbeﬁ:dnmkqxdﬁcﬁuommth:mm’ec:ﬂbody
after 6-7 hours. The cells and terminals showed somewhat rednced CA
levels after 8-12 hours but were otherwise of normal appearance. Re-
covery was complete after 20 hours.

m-Tyrosine Both the cell bodies and terminals of the CA netrons were
almost completely depleted 2 hours after administration of the last dose.
Recovery was rapld and occurred simultancously m both cells and
termunals. As early as 4 hours after the last dose, all parts of the cell
bodies and processes showed o marked recovery and 2 hours later their
appearsnce was normal As after the administration of a-methylw-
tyromine (see below), the cell bodies did not nsually show total depletion,
but exhlbited a weak to extremely weak diffuse Auorescence, which then
gradually increased

a Methy lm-tyrostne (« MMT) Both the cell bodies and tecminaly of
the CA neurons wers almost completely depleted 7 hours after administra
tion of the last dose. The cells in the Iarge mesencephalic groups recoversd
most rapidly (within 13-16 hours) and those of most other groups re-
covered within 22 hours. As was found, although much more pro-
nouncedly in the reserpine experiments, recovery could be seen in several
mstances to begin with an accumulation of CA m & zone around the cell
nucleus. Amines then appeared m the outer parts of the cell bodies too
and finally in the processes. The dopamine (DA) terminals abo showed 8
rapid recovery but the NA terminals were still depleted 22 hours after
the last dose (for detnils, see Fuxe 1965). OF special significance s the
finding that the NA cells of group Al recovered within 22 hours, in con-
mlttothtirtumlnnbintherpmllcord.sixhnmlﬂcrgdmtnkmﬁon
ofalargedma(S(l)mg,/kg),Lhr.cc]]bodlclnndtcrmm.nl.iuftlwc‘A
neurons were almost completely deplsted. However scvcrﬂoflheﬂ!l:}
especially m groups Al A2 and A4 showed a distmet accumulation
CA m the perinuclear zome. The cells in these groups recovered somewfitt
more slowly than the masencephalio cells, which showed atmest normal
CA lovels in the entire perikaryon after only 12 hours. At this time &
marked accumulation ofCAwfomdmmﬂthnnudcmtnnuml:
A4uc]1LThechlsofgmup1A5—7wcrelﬁ]]dcp}dad.butcould0ﬂm
seen to haye a just perceptible peninuclear accamulatian of CA.

Nialamide Potent monoamme oxidase (MAO) Inhibitors of ‘mﬂl mhd)
different chemucal structures produce marked mcreases in amine oy
mlhscdlbod}u.umandtemmnhufthns-mnwmmm:;mn
mouss (DAHLSTROM & Fuxs 1964a BARTONICEK, DAHLSTRON

19‘:&& administration of a Jarge dose of nislamide (cxperiment 5bin
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tabk 1), increased 5-HT levels were observed first m the cell bodies and
epechlly in & zone around the mucleus (1 hour) and then alo in the
2xons and terminals (2 hoors). After 3-24 houry, tevels were much higher
ta all parts of the neuron Doses of 25 and 50 mg/kg were sufficlent to
grve & pronounced incresse after 4 hours,

In thres experiments (Sb—d In table 1), the effects of low or high doses
of nhlamide were examined in both normal and reserpmnised animals, A
brgz doss of reserpine was administered elther 2 or 20-24 hours before
the nialamide No obviouns differences between normal and reserpinised
aabmals were found in increass 1n S-HT levels of the cell bodies or non
temimel axons. The terminals were difficult to compare, as they normally
kve mnch higher 5-HT cancentretions, but the terminaly in the reser
pimed animals showed 2 rapid accumulation of 5-HT and high to
exiremely high Jevels (comparable to those normally exsting) were ob-
labned after 3-4 hours, depending on the dose of alamide.

Dhcemion

From observatlons made on amine uplake in vitro by blood platelets
md thne slices it has been concluded that the amines are incorporated
sod mintamed in the tmue stores by an active transport mechanism or
Pemp”  which iy d to be localed in the cell b (for
Melerences, see Sioms 1962 BROUTE & BeavEN 1963) It has been further
wthatthepmryncﬂanofmcrptneonummuomkmblock
G pump irreversibly The blockede keads to a depletion of the stores as
ﬂ‘Eﬂmﬁnchw:by]:ms:iwdiﬂ'u.mm.
Thmhmvindmevldmcnthnt-dmcrghmvuuntakzwmd
:"“mmNAandldmnnﬂm(fmm‘muANnENIWu
Tihaie 1964) The fact that litte administered NA is retamed In the
50e of reserpinised animals has been taken a3 Porther evidence that
'Smlﬁmbbchamjmnpm.ke('ceMLﬂcﬂuLle Saome 1962
Thaxz 1964),

There is now also atrong evidence, however tha reserpine scts specifi-
“ly and primarily by blocking the storage mechanism of the amime
f:“hlndnmbyblocﬂngnpumpmtheoaﬂmunm(d&lm

%). 8ince opinions fn thiy ficld still differ widely a discussion of the
zf'“k'mhfmwuldmmphm A summary account will
Y pven of recent observations made by more direct methods in

ory
h‘l;houldambe hasized that the essumption of 5-HT existing free ™
Platclets, which is in fact the basis for the conclnsion that 5-l
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mamtained by a reserpine-sensitive transport mechanism, has been shown
to be wrong (BUCKINGHAK & MAYNERT 1964).

Studses on the mtracellular localization of DA, NA and $-HT formed
in the adrenal dulla from odmunt: ed 3 4-dihydroxyphenylalan
and 5-hydroxytryptophan furnished the first direct evidence that reserpine
in viro inhibits the stormge mechanism of the amme granules (Bexriex,
HILLARP & ROSENGREN 1960 & 1961 CARLISON, JONASSON & ROSENGREN
1963) These granules are able to take up and concentrate monoamines
in vitro by a specific Mg++ ATP-dependent storage mech which
blocked by extremely low concentrations of reserplne (CarLssoN, Hi
LARP & WALDECK 1962 & 1963 Kmsane 1962) This drug ks the strongest
inhibitor known 8o far and the high specificity of reserpine 1n scting at
some vital point m the storage mechanism is demanstrated by the finding
that 1soreserpine 15 about 100 times weaker (CarLsson, Hriaxe &
WAaLDECK 1963) From these and other results it was contloded that two
different mechanisms of amine uptake operate fn moncamine storage
cells at the same time, namely a reserpime-in fve transport mechank
probably located m the cell membrane and a mechamiam highly sensitive
to reserpine and located in the storage granules. The latter mechansm o
blocked in granules isolated from the medulla of reserpinised animals
(KIksHNER, Rome & KAy 1963 Luwppora 1963), and reserpme
competes with CA for the same groups in the uptake mechanim (Joras
80N, ROSENGREN & WALDECK 1964) The significance of these observe-
tions i3 emphasized by the fact that the transmutter of the adrenergc
nﬁvuunomdmmnu}ummdmﬂuproperﬁu(ﬁmam
1956 EuLEr 1958 EuLER & Lisao 1961 SculBany 1958). The nerve
granules also show a Mg ATP-dependent uptake of NA in vitro which
18 blocked by reserpme (EULER & LISHATKO 1963 & 1964 STIRRNE 1964).
As expected from the fact that the medullary cell and the adrenergic
neuron are closely related cells, the effects of reserplne on the adrena!
medulla and adrenergc nerves are closcly similar in essential paints,
which 18 further emphasized by recent observatons (CAM}O"WC;‘
& ROSENOREN 1963 ANDEN MAGNUSSON & WALDECK 1964). Theye
thus strong support for the conclusion that reserpine blocks the specific
storage mechanbsm m the nerve granules also Fm‘lhﬂf"'idwh”bm:
obtained in experments mdhﬂnamﬂtmﬂmmacru;n
hrpumtdunoyudwmomm:mmnmzndmmk:ﬂm
of reserpine (CARLEsON ef af 1957 Kopn & Gompow 1962 e
HerTrvg & Gospow 1962) Balemer studics on the removal, nct 7pis
and metabolusm of NA mfused fnto the isolated perfused heart bavo 1077
mnrmpdn:dounotpmvntthcrunovalaflhtﬂmm'gmm’mm
although no et Uptake occur, owmg to enzymatic mactiva
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HErTING & GoxpoN 1962 LiNpMAR & MuscHotL 1964) These and
other findings give conriderable weight to the conclusions of LINDMAR &
Muscaod that there are two mechanisms concentrating NA, namely &
tmsport across the cell membrane and an uptake into storage sites, and
fhat reserpine blocks the latter
The uptake mechanisms in adrenergic nerves can be studfed m a new
w1y particularly by the ins technique developed by MAaLurors (1965),
which makes possible adequate and direct studies on uptake 1n all parts
of the postganghionic axons and terminals at both low and hugh CA
joms. The preliminary experiments (HILLARP & MALMFORS
1964) have been greatly extended and show that the efficent uptake-
concentratton mechanism of the axon membrane is wholly insensitree to
reserping, but that the amines taken up after administration of this drug
anot be retained unless protected agamst destructian by the MAO
pexnt intrancuronslly (MALMFoss 1965) However a-methyl-NA,
wheh b readily taken up but not attacked by MAO accumulates withm
the non-terminal parts of the axons and m the termmals, Reserpine has
1o not been found to produce smy increased keaknge through the
L Even if admi d NA (afier MAO-mhibitlon) or a
acthy-NA has accumulated to high concentrations (in the order of
1000-10,000 png/g) withont being bound to storage grmnules, kncs the
Jon-terminal parts of the axons contain only few granules, the amines
dmappear only slowly over the course of many hours both in normal and
Teserpinmed snimals The adequacy of the methods used 18 shown by the
a2t that they readily permit demonstration of & blockade of the uptaks
m the membrane by several other drugs (such as desmethyi-
mmipramme, chlorpromazine, cocame) [t seems impostible
'DtﬂhnntMAOODmphcly(ltkuslmﬂm)(CAwl% WELSKBACH
# el 1961), and other peths for intrancuronal destruction of CA ars
10 exnt, although they are probably of minor physiological im-

?:“n that smaller amounts of a rracer dose are retained in
‘h‘h’“ﬂdmu-pmkedmanofnomumds.cvcnlﬁnmtmm

* potent MAQ mhibitor can therefore not be taken as evidence that
mmpk“c“ﬂnthzcc]lmmhrme.z £ by mhibiting an active transport
h‘h“d-ﬂtnngklummals.
h’”muybcennhowubytnﬂm(Fm&le%ﬂmdmom
eeecally by in ritro experiments (HAMBERGER & MASUOKA, unpublished
“eIvation) that the adrenergic neurans in the brain also have a specific
'::‘“hm for uptake-concentration of CA, which operates efficently
after the adminustratron of reserpine.
&whtmm—mmﬂmﬁwm—hlmﬂﬂh&‘
#elmg blocker of storage function (see PLETSCHER, Brost & Frv

-
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1962) but there is good evidence that both have sumilar modes of actron
on the monoamine stores in the brain. They are both potent inhibliors
of the specific Mg-ATP-dependent uptake mechanism of the medullary
granules (CARLSSON HILLARP & WALDECK 1962, 1963) Experiments &
viro indicate that they compete for the same vital sites (QuTN, Shose &
Broote 1959 CARLsON 1964c) and therr effects on brain monoamtines
can be counteructed by pretreatment with MAO inhibitors. In oor work
the two drugs have been found to produce the eame rapsd and complete
depletion of the amines stored m cell bodies and in symaptic terminals of
the central adrenergic neurons. Both parts of the neurons recovered
rapidly after tetrabenazine, whereas only the cell bodies showed & rapid
recovery after reserpine The observations cannot be explained by the
assumption that the drugs cause depletion prmarily throogh action on
the cell membrane. It must then be further postulated that reserpine has
anly a short-acting effect on the membrane of the cell bodles. The findmgs
all fit, and indeed strongly sopport, the view that reserpine and tetrabena
zine 1n this respect act by producing, respectively & long- and a short
actmg block of the storage granules and that these granuks are con-
tmuously formed in the cell bodies (sce below) Only this view scems,
in fact, to afford a reasomable explanation for the findings mentioned
below
1) After the adminutration of reserpme, the termmals showed 8
prolonged dephetion for severni days, and the cell bodies recovered more
or less withm 12 or 24 hours (aco fig. 7) This phenomenon has been
observed in all the monoaminergic neurons studied in thit Iaboratoty
e g the penpheral adrenergic neuron (NOREERG & HAMRERGER 1964),
and also the short and small DA neurons in the retina, which show 11
unusually rapid depletion (HAGOENDAL & Matsrors 1965 MALMFORS,
unpublished results)
2)'1'11:m:llI:uodicll'ocuvcrev:lutmm'h:d.lydlﬁ'er:utrmt!:l!m"-'ll«!“‘c
various cell groups inth:cdblhnwinsmphremmy'h“@kgm
induced by reserpme, the newly formed amines first fn &
rone around the nucleus 'Ihcrucoverypbmuﬂ:rtgmbmnﬁmm
found to be entirely different new amines nocumulated rapidly throsg
0utthcccﬂbodvnnddmultmeouﬂyhuﬂtheceﬂs.lnmefumﬂlm:n:
the depleted gramules are blocked for several d.)‘mdrmmm
presented by the farmation of pew granules at different rates. In the
the depleted granules are blocked anly for & shart time and then
regain their storags capacity
mhmhm:doubtmnmedcp{cﬂmofmnmmﬂm%
andpaiphmladmmnmmnﬁcrldmmmﬂbﬂd“”

!
[
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mziogues m-tyroatne, @ MMT or a-methyl-DOPA 13 produced by their
corresponding amines, formed by intrancuronal decarboxylation, which
dbplace the endogemous CA m the storage granoles (CARLMON &
LoDQvisT 1962 ANDEN 1964b  CARLSION 1964b CARLSSON ef al 1964
CrouT et al 1964 ScrUMANN & GrossexEr 1964) The depletion due 1o
the amines formed from m-tyrosine 1s short lasting, probably because the
smines cam be readly displaced by newly syntheszed CA and are readily
discked by MAO The ammes formed from the a methylated amino
scids in NA neuroms, however are subsequently oxdized to the corres-
ponding B-hydroxylated amines (aramme and a methyl NA), which for a
long time block the storage of NA In the granules The DOPA analogues
we thuy excellent tools for studying the formation of thee specific
prumtles in NA neurons,

It was found in our work that both the cell bodres and tho terminals of
the adregergic neurons were rapidly depleted after administraton of
meti-tyrosine and o-MMT After meta-tyrosine they both recovered
npdly and eomultancously After @ MMT on the other hand, the NA
tmnialy showed & lang lasting depletion, but the cell bodies recovered
Alabont the same rapid rate a8 after depletion induced by reserpme Here
100, recovery could be seen in several instances to begin with an accumula
mldlmﬁ‘ttiﬂlmnemundth:nudm'ﬂ:mﬁndmg’ﬂ!mkh
m'hﬂnsmthatﬂmrmras:mnuluucfamdmthacdl
hu"E'“‘1":‘“l'unsiyﬂIm:oort'.h:n-nefpfem.icmghmnn\‘.u:wfortlmrlm.xlu
obtained in the expermments wath reserplne end tetrabenazine.

M’ehuawllmmtcom]mlvcewdmfonh:uophmﬂowthmry
:wanlﬂﬂlhnﬂltpm{eﬁlmmﬂhofnﬂxmluuoccuraduu\ﬂy
M“! cell bodies (and posnbly in dendrites) but not m the axons (for
ﬂ:ﬂm. st DaBLSTROM 1965). It has forther been shown that complex

lar structures, such as the les in the p Ic exo-
¢ cells, aro formed fn the Golg reghon (Caro & PALADE 1964). Tt

Serfore seems most mprobable that the amine granules, which arc
oplex dirmetures containing, e g., specdic macromolecules, such as
mmhmufmmd n any other part of the neuron besides

The findings In our work are In parfect sgreement with this view Of
::1 iz the fwct that newly formed srames, especully in the
U1 thowing rapld recovery after reserpune-mduced deplevon of the
ﬁ&mmﬁmhammmmnmwﬂeﬂwymm
.m:hwhcommuom.mnnupmammzwubodymdﬁmny
oo fn the processes, There &1 Litle doubt that this reprrsents the
102 of new granales To the evidence drcussed above it may

g
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added that f3 seems improbable that CA can accumulate mtraneuronally
outsids the storage granules 1o any great extent tntess MAO n effectrvely
inhibited (Fuxe & HILLARP 1964 HAMBERGER. ef a/ 1964 Hoiaxe &
MAawvrons 1964 Manuroms 1965 Norsero & Haupoxaen 1964)
Studies on the formation and transport of the amine granales by con-
stricting the axons of monoaminergic neurans (DARLSTRDM & Fuxe
1964b & ¢ DAHLSTRUM 1965) strongly support the interpretations given
above, They have furnished atmost conclusive evidence that the granuks
are manufactured in the cell-bodies at a high rate, which varies greatly
however from neuron to neuron, and are then transparted down to the
terminals This » strongly supported by other findings (DAHLSTROM,
unpublished observation). Huge numbers of amine-contaming granmles
accumulate rapidly in peripheral adrenerge axons above 4 constnction
and (o a fesser extent also below {t owing to retrograde flow If the con-
striction {s made [ Iy with the administratron of a Iarge dose
of reserpine, however only the proximal accumulation develops This
occurs somewhat Iater at a trme when the cel] bodies fost begia to show
recovery but 2-3 days before the fint tign of recovery can be detected
{n the terminals, This furnishes independent evidence that reserpine does
not act primanly on the cell membrane From the results abtamed in s
and umilar experiments, 1t can be concluded also that the drug can sct
directly on the granules and thus block the mechanism of ther storage.
As shown m thns and previous papers (Daurstis & FUXE 19642
BARTONICEX, DARLSTROM & Fuxs 1964), a marked and long lasting
merease in 5-HT levels 1 rapwdly obtamed im the cell bodies, axans and
terminals of the central S-HT neurons after administermg varous potent
but chernically different MAO wmhibitars. This effect secoms to be d o
an inhibition of MAO (cf SHORE 1962) Since m the nop-terminal parts
of the axons there are normally anly low concentrations of the ammc, it
seems eafe to assume that they byanaloxywlththeuombclwﬁnlw
the penipheral adrenergic neurons (NORBERG & HAMBERGER 1564), con-
mmonlyfcwnomgcgmnulu.mlmmathlimmmgs
concentrations m this part of the neuron thus to a large extent must i
outsde the storage granules If reserplne ach primardly o2 the vt
nmnbmm,nwuuldmnmqumﬂybcexmcdmtm:dms'm%
act the accumulation of amines occurring after adminkstration of an
mhibitor It was, however found that not even a large dose dﬁ
gaven. shortly before a small dose of alalumide produced A7) 070 7
mhibition of $-HT accumulatson in the axons or cell odies. Tha
other results obtamed all arguo against the view that
the pnmary smite of reserpine action.
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Samumary

The depletion and recovery of the amines stored m the cell bodres and
syaptic terminals of the central adrenergio neurons in mouse and rat
were studied after administration of reserplne and other short or long-
sctng depleters of neuronal catecholamines (tetrabennzine, m-tyrosins,
s-methyl-meta-tyrosme) The highly sensitive fluorcscence method used
parmdts dreet observations on the content and intraneuronal distribution
of the ammes

Both the cell bodies and the terminals showed about the same rapid
depletion. After tetrabenazine and n+tyrosine, recovery was rapid and
occurred simultaneously 1n both parts of the neurons, After
ke termmals were depleted far several days, whereas the cell bodies
fecovered rapldly although at different rates, and often showed gccumula-
domornzwiyfumtdnmim:,ﬂm;nnmnenmundth:nudcm The
reeovery of the noredrenaline neorons was smoilar after a depletion
iaduced by @ mathyk nretyrostne. On the bass of these findmgs and other
Tesity obtadned m direct studses on tho uptake mechannms and formation
of the storage granules 1n adrenergic neurons, two conclusions are drawn.
! The storage granules are formed in the cell bodres and then transported
down 10 the terminals. 2. The primary action of reserpme in producing a
Youg lasting block of storage function i not to block the mechanmm for
Atine nptake (reabsorption) localized in the cell membrane of the entire

nearon, but to block the storage mechanism in ths amine
famles. The finding that 5-hydroxytryptamme readily accumulated to
concentrations within the cell bodies and axons of the hydroxytrypta
neurons in both normal and reserpinsed anrmals after admumy-

*ion of nalamide further supports the view that the cell membrane
"X the primary site of sction of reserpine

Acknuvlcdgcmcnm

(F"mmpplkiofdmg:wcﬂmnlSw:dthIba,Stod(holm

A ) Swedish Pfizer Stockholm (nialamide) and Roche Produkter
B, Stockholm (tetrabenazine)

o Study was aupported by a Public Health Service Research Grant
tas [ 25-04) from the Nationel Institute of Neurological Diseascs
Con, Bndness and by & grant from the Swedmh Meodical Research

o
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Mechanbsm of Amine Transport In the Cell Membrames
of the Adrenergic Nerves
By

Arvid Carhoos zud Bertll Waldeck
(Received November 8, 1964)

by adrenergc neurons is an fmportant factor in the inactivation
of noradrenatine (NA). From data on selectively blocking ngents it has
beta postulated that the uptake mechanirm conssts of two major compo-
Peni, sctive transport through the nerve cell membrane and a subsequent
in the storage granule complex (CarissoN HiLtarp &
WALDECX 1963) The latter step is efficzently blocked by reserpine and
(segontin @) (scc also KIsinaR 1962 CarLESON, Hivcarp
& Wapecx 1962) Cocaine, chlorpromarine end imipramine have
Previously been shown to block the uptake of NA, but they do not reknse
NA nlresdy taken up (HexTrivg, AXELROD & PATRICK [96] AxTiROD
Hixtroig & Porres 1962) Recently it was rated by histochemical
techniqoes (Hiare & MaLsroxs 1964 and unpublished results) that
these drngs and desmethylimipramine (DM]) act by blocking the active
Mzspart of amines throngh the nerve-cell membrane.
The aim of the tnvestigation described hero was to eluckdate further and
THntify the roke of this transport mechanism

Methods

gtk wrighiog about 20 g, derded Into grougn of alx wero s throughout. Al

W nmade intravenoosly tnlew otharwho stated Theue cxtraction, lon-

O=kaage chromarography of the extructs and twbsequent fiquld scinlllation counting

™ performeq cmentially g3 described enrfier (Cariawry & WAIne 1563a)

bMKrﬂnlﬂmhtruwdw{th‘(‘Amnﬂm (TA) wera sdjusted to pH 6.0, others

P63 The cition procedure h indicated In tabla | A TriC rb hqukd acintillation
was oscd for dotermintng M1 and 140 ¢ oenmercialy avallible

A Rrasatapi. vl 11, ey ”
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Table 1
Elution procedure for Dowsx 50 W X 4
00400 oesh colupm dlam.
42 me beight at pH 0 100 pem,
Eluamt N HOY | Fructhon
sml Discarded
9-17 ml Noradremafine
1o ml Duscarded
1 30 m Metaraminal
12 ml Drcarded
1326 ml Octopamine

di lino and 14C ty Ine were used, 3H.- tnol (IT) was by catal
tritfation of mhyd; oxdirin " M whh e o ch 1

CH, CH;
Cﬂ—é— NOH HWH-J:’H NH;

3
w TR H

Resalts

M]mwcrewcaedwhh’H—memnmmolmdkmcdntnﬁmuhﬂmﬁ
After § hr the lovel of 3H-metaraminol was about ten times higher
heart than in femoral muscle The 3H-labelled amine was found to remain
m the tissues for a long time (fig. 1) In the heart a continuous slow drop
1n actvity was observed from about § hr throughont the rest of the
experiment. In femoral muscle a proportionately more rapsd decrease
wes observed between § and 3 hre. In animals pretreated with reserpine
Lhu’Hmcmmmmolwuttﬂltakcnup,bmdnnwumdmum“P’dz
from both tissucs. Pretreatment with DMI caused an efficient block
3H metaraminol uptake by heart but not by femoral muscle. However
the 3H metaraminol taken up by the Iatter disappeared rapidly I was

In mnother expeniment mace were mjected with 3H NA and D]
administered 15 min. later After another 5 min. reserpme mdlmmﬁlh:.d_w‘(
or o methyl metatyrosine (@ MMT) was given. One hour after b
ministratton of 3H NA the animals were killed. Control groups
rmvlngDMIwmmnmpamlleLGivmnlamDmhadnodsnm”Hm‘
effect on the 3H NA level, but completely blocked the release of

1



AMINE TRANSPORT IN ADRENERGIC NERVES 35

e
[+]

o 3 Hours ®

g b e
iz\g

Flg | Effects of reverpine snd dramothyllméprazane (DMD) o
T optake and diepp from oouse heert and femoral muscle.,
0-—~0 Comtrol
o»——o%u-q:um
Lewrpine, 19

M
o, mtry, ke or DMI JO
S ng “m'g gven 6 o my/kg mtravenowndy

e by meteraminol (fig. 7) In contrast, the reserpme induced releaso
“:WﬂhﬂymﬂwcdbyDMmemmmedbynMMTwu
blocked, though poasibly not as effectively as the metaraminol
odoced rejense.
ué:mm‘mﬂm:mpcrform:dmtmlb:eﬁ'mofD}vﬂonthz
it of octopamine (QA) from the nerve cadmgs (fig. 3). 14C TA,
& raprdly converted to 14C-OA 1n the tissies (CARLIION & WAL

ﬁ":%), was injected into mice. After 15 min. when the 14C-OA

S was ingected. The enmals were lled 15 min later Reses
%fT”“Wmeﬂmmmmmﬂmmnxdmdnth'
Y cause 90/ or more of the OA to disappear within 15 mln. 1
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20 —
gu T *

to

Q
OMl my/ig 0 ot 0 B ©
Frsecpin my/hg Q06 -
Metoroming mg/kg a3 ay
<HMT mg/g - 5050 000

Flg. 2. Eﬂtﬂo(dmuhyﬂmlpnnﬂ.u(DMDnn Teicars
A o o drug-induerd
JHNAIuy‘klmﬁvmlmvmuﬂyudDNllommlsm{mh:u After wdther
min reserpipe 0. 1

release indoced by metarammol and guanethidine was completely
inhibited by DMI whereas reserpine and prenylamme, dexpite DMI
treatment, reduced the 14C-OA content to Jess than 10,/ of that in the
contro! DMI grven alane caused no significant reduction m 14C-0A Jevel.

30
o — -
- ki
8 -
3°
o
s
o wiiw Al
DU g/ o w©w ®O © ¥
Reserprs g/ "]
Metmomiool m/kg Q0820
Seqntln Mg/ e

UC-tyrzmine (TA) 0.2 mg/kg was ghen ‘segontis
Afier nother 5 min reserpine 0.5 of 2 m metaraminol 0.9 of bt

(pe sive) 10 mgfkg or gancthidine 10 wia e By b e BT Terw,
wore i 33 s aflec the et of 1€G-TA- TP Sonirot DL ST, et wers
lnmu.b-nlmin:ldm I*Vﬂl'h.  recatviag metaraminod wers ghes L M/KE

her . Fottoer
corrempondlag to 317 ug/kg of the blartrats.
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Discesion

M A, o sympath |0 amine resistent against monoamine
otkdase, xs well a3 catechol-O-methyl transferase, appears to have a high
ety for the granular storage sites (ANDEN 1964 CariLgson & WALDECK,
enpobinhed results). This may explain why the heart, which i richer in
sirenergic nerves and NA and has a higher capacity to take up NA, took
=p more metarmninol and retained 1t more efficlently thean did femoral
ke In fact, experiments in this Iaboratory have shown that the uptake
of metaraminol by a tissue rich in NA (submaxdliary gland) Is markedly
nduced after chronk sympathetic depervation (ALMOREN & WALDECE,
wpcblished results). The more rapid nitul loss of 2H metarammol in
fewon) musck in the experiments here recorded may indicats a higher
percentege of extrancurona] binding, When the granale storage mechanism
s impaired by reserpine, the 3H metaraminol taken up by the neuron
throngh the action of the “cell-membrane pump” disappeared more
ipudly — probably by kakage through the cell membrane - as 1t could
80t be incarporated m the granules. On the other hand, when the transport
through the netvous cell membrane was inhibited by DMI, the aptake of
kpected H metaraminol by the heart was effciently blocked. In the
kmon| moscle, which probably has a high proportion of extraneuranal
bmdmg, DMT hud no significant effect Initially Since femaral mmscle
ontaing nerves, & certain difference might bave been expected,
Hm'hhm:yhxvebcenmukedbynmnhcinminlhcm
Sntion of metaraminol In the mrenstital flid and on extraneuronal
Boing grtey (of Alseamen ANDL & WALDECK 1965), an inevitable conse
0y of the general blocksds of the adrenergic “cell membrane pump”
The experiments on release of 3H NA and 14C-OA reveal a marked
M“Wbﬂmmu-pimmdnrurmmdwhamthecﬂ'mtof
™xtpine was unaffected by DMI amme releass by metarammol was
e In the OA expenments gusnethudine behaved in tho ame way
Whﬂmmnlmndprmﬁnmhmmmupmmmﬂumybeu
ited by the fact that lipophilc componds, such & reserplne and
o are able to penctrate blological membranes without the ald
M“’"“lﬂ!ponmtchmmtbeothcrhmd.hydmpmmmhﬂ.
U metaraminol and guancthidine, arc less able to do 5o and thus
plaw‘mﬂﬂd&wmmunnsponmdomumcdunhmﬂfwﬂmlhm
%Mcomumuythapemtndonormmmmolmdgms
@n be blocked by DMI, whereas the permeation of reserpine and
gy i unaffected by DMI - The results of STONE ef al. (1964),
W In good agreement with our observations, may bo axplamed
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The fact that the amine releaning action, not only of metaraminol but
also of &-MMT was blocked by DMI indicates that the decarboxytation
of e-MMT whidlmunpreocdclhembam(mm&mwml%l).
has taken place mainly extraneuronally Tt may be recalled that certain
tissues, ¢. g. the kidney are extremely nch In extraneuronal DOPA
decarboxylase (HoLtz, Heoe & LUntxe 1938).

In the dose employed (10 mg/kg intravenously) guancthidme produeed
a tranuent sympathomimetic response (piloerection, exophtatmns, etc.)
In the animaly pretreated with DMI guanethiding fafled to produce thes
response. It would thus appear that guanethidme has to be transported
through the cell membrane of the adrenerge nerve termmal in order to
prodoce its sympathomimetic response. It may be recalled that this
response is also blocked by reserpine pretreatment (see Smoxe 1960). It
may thus be loded that the sympathomimetic actinty of guanethidme
15 brought about by release of NA from a pool located made the cell
membrane of the adrenergic nerve terminal, probably m the adrenergic
storage granules.

KUNTZMAN ef al (1962) have pomted out that the refease of NA from
adrenergo nerve termunals by guanethidine and reserpine muost be assumed
to be produced by different mechanisms. The release by the former drug
s accompanied by signs of sympathommetic activity mdreating refease
“onto receptor sites” analogously with the nerve tmpulse. The release by
the latter drug 18 due to impairment of the storags mechanizms and ocours
“onto MAO™ In the light of our expermments, the difference between
guancthidine and reserpme may be explamed at least partly by the blocking
wtionofth:form:rdrugonnmhuu-msponutthcctﬂmﬂnbﬂm-m
results described thow that guanethudme utilizes this transport mechamsm.
Histochemical observations (MALMPoRs, tunpublished results) and on-
published results in this Inboratory show that such utilization, as might
be expected, is accompanied by a blockmg achon on transport. Comse
quently the NA release induced by guanethidine cannot be neutralized
by the action of the membrans pump as with reserpine. If this s the
correct explanation, reserpme should prodnee & sympathomimetd
response when grven to anmals pretreated with DML When the expert
mcnurtprucntcdbyﬁsjwmpcrfommd,ltwunotcdthztmﬁf-
given to animals pretreated with DMI caused 2 lympaﬂwmmﬁ'”:
ijugumhﬁmdﬁwhmmdomnmmm%
nﬁmfmm:wﬂnmphmmmmanHmhmn%
mimetic actrvity of guanethidin but provokes & sympathomimetc
of reserpme guancthidin®

However this may not explam all the differences between posig
and reserpme m pharmacological activity at the adrenergic nerve
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malt As i well knovwn, the transmussion block induced by the former
drug, n contrast to the latter sets in fairly quickly and long before the
tramymitter store 1 depleted (see MuscuorL 1964). Thus guancthidine,
b contrast to reserpine, must be stunned to have & dmect Whibitory
mfivence on the mechanism that cavses the adrenergic transmitter to be
relesied by the merve impulse. Also this action of guanethidine may be
prevented by DMI and similar agents (STONE ef ol. 1964) mdicating that
foncthidine has to pass the nerve-cell membrane to produce ity effect.

Sammary

H-metaraminol was given to mice, and the uptake and disappearence
of the emme in beart and skeletal mpscle were studied. After pretreatment
wiih reserping, 3H metaraminol was still taken up but was lost more
apidly presumably owing to the blocking action of the drug an the stor
W fancion of the nerve grannles. Desmethylimlpranune (DMI) com
petcly blocked the uptake of 3H-metaraminol, presumably owing to
of the aymine-transport mechanism of the ccll membrane of the
\drenergic rarves. An examination of the effect of DMI o the refoase of
ime and 14C. P caused by different drugs reveated

Bl ydeophilre mpounds, such as inol and guancthidine
Spend o the active transport mechanim through the nerve cell mem-
o wherens lipophilic compounds, surch as reserpme and prenylamme,
n:dtpcnd on this mechantsm for their penetration hito the adrenergic

The results support the view that two different amme-concentrating
“echomosmy exist n the adrenergic nerves, ane located I the storage
::mhlndmhlb{wdbyma'php,thnolhcrlwucdhmcccﬂmemm
h:’h]wtdbyDMLAgah:nthbaskgmlmd,wmlhhh:noobwum

ellects an adrenergic mechanisms may be explained.
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Effecty of Hydrocortisone, Thyroxine, Reserpine and Monoamine
Oxidase Inhihitors on the Blood
Glocose of Rats moder Diethyl Ether Anaesthesia
By

K J Maouiaen, M. J. Mbewpdi and A, Prkkarinen
(Recetved November 10 [964)

Dicthyl ether ansesthena increases the blood glucose content (Wyttm
1926) through the adrenals, becanse m adrenslectammed animals there is
%0 e fn blood glacose (PrrLLies & FResuan 1933) Under other anacs
thesa the amount of catecholamines mereases m human penpheral
bood, wirich partly explains the rme m blood glucose (PICE ef al, 1959)
Dering cther avmesthesia of the rat the rise In blood glucoss s rapid end
'short duratien (MarINEN ef o 1965) but in man it 15 continuous and
Youg lesting (Hevatmaa et o, 1961)

Increaso the glycogen reserves in the liver and blood glucose
conient (BRrrroN & SILVETTE 1932 1934) owing to increassd ghuconeo-
P2l (BeRORATAL ef al. 1952 ALnanmm ef of 1954 Haynes 1961) and

peripheral utilzation of carbohydrates (SAYERS et of 1949
et al 1950 HausmeRomx et ol 1955).

Thyroxin speeds up the utitization of glicose by tesnes (MIRSEY ef af
mmﬂfﬂﬂutﬁnﬁvug&mgmﬂom(&mmmwﬁ) Thyro~
™ b0 creases ghycogenolytio activity fn the liver of rats a8 shown by
ope (14C) tectmquo (GLOCK ef af 1956) Thyroxine hes a direct
¥ropnolytic actlon in the fiver Its glycogenetic action i probably
bhued thtough an Increased sdremal secrction of 17-bydroxy 11

":"Lfbh:tm(’lmnal 1955).
4 loge dose of reserpme (5 mgfkg Lv) the catecholamines
%%ﬂmﬂmpkw&mmmwmmhorm
“ithin 1,3 and 16 hours (CARLESON ef al, 1957) and also clearly
n *small dose (100 ug/kg) in several tissue of the rat (PEXEARINE ef af
8 P, vot, 1, o 4.

{
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1958) 1t increases excretion of adrenaline fnto the urin twenty fold, but
only doubles the noradrenalme content (HAZARD 7 af 1960 Bicxer ef of.
1961) The released edrenaline end norsdrenaline are i }
metabolized (HAZARD ef o/ 1960) Reserpine (in doses 0.1-1 0 mg/ky)
mereases the secretion of ACTH and accekrates the gloconcogeneds
(BALZER & PALM 1962) It mcreases the glycogen in rat s iver (with 268 ),
in sceletal muscle (111%) in heart muscle (174 0 and in the brain (71 )
(BALZER & PALM 1962) and raises the blood glucose (5-158 /0 (Barzer
& PALu 1962) In edrenalectomized anfmals this cffect is absent (Kusece
& FrANZ 1955 Howz ef al 1957). A temporary depletion of adrenalme
and noradrenalme reserves in the adrenaly has been brought about by
doses of 2 mg/kg over 3 days (ERANKD & Hopyu 1961) The monoamme
oxidase inhibitors, on the other hand, protect norsdrenalme from
enzymatic deamination (IBALO 1962) If S0 mg/kg of ipronkand 1 ad
mmnstered, 1t mereases the noradrenaline content of rat s tsues (36-9 %0
in 6-10 hours (PEKKARINEN ef a! 1958) After a single inpection of ipro-
niazid a marked increase m catecholamines, depending in amount on the
dose of iproniand, has been observed in the tivoes of experimental
animaly (PLETSCRER ef a! 1957), and pretreatment with fpromazid was
found to prevent to a marked extent the depleting effect of reserpine an
eatecholaminss m the tissues (CARLSION ef al. 1957 PrerscuEw 1957
ZBINDEN 1958 PEXKARINEN ef af 1958) Ipraniazid abso prevents the nse
of glycogen content in the liver after reserpime (Hotz et al. 1957)

The system, and sbove all adrenalme secretion by he
adrenals, is the most important regulator of blood glucose. The purpss
of this mvestigation 1 to make clear how hormones, thyroxine and hydro-
cortisone, as well as the drugs that either liberate sdrenaline or noradresis-
line or cause thelr accumulatian, €. g. reserpine or MAOL alters e
blood glocose content during cther anaesthesla,

(scheroson F @, Scheriog)
The drugs and chemicals wed were  Hydrocortisme P :

tpronrazid (marsilid @, La Rocha), Bocerboxazid (merplan
(tyroxin ® smxmm(mmo.dhxdhdmuhﬁ(m‘dm
Orlon), sodfum tungstate (The Britah Drug Howses Lid), sulpberic St
Sharp & Dohme), 24minobipheny] (L. Light & Co), and glechl scetic ackl

Sharp & Dohme).
m.mmdmmmmdra4mﬂmmm“
shown below

Thyroxino 0.005 mg/kgiday oral

Reserpine 10 - km

Iproniarkd oo - Ln

Isocarboxazd 1000

Hydrocortisone 5.0 onl
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For the ether ansesthetis an open mask was uwsed nto thit was dropped ethyl
ether et tweded. Tho ether concentration of the [aspired alr cannot be cvaluated in the

The enimals incinded 87 male whito rats (270450 g) pretreated 4 days before the
. On the ffth day the first blood mmple was taken from tho tail vein without
taacstheria and then at certabn intervals during the [.5-2.5 hours conthooos ansesthe
e for determining the blood glucose.

Frotrins wero precipitated by the Folln and Wu method (FouN & Wu 1920) from
@1 mi blood. The eamples were centrifuged 5 min. later The determination of blood
thocose (ATHAMALL & Codatn 1938 Fomsert & PALVA 1959) was modified 0.5 ml
of cear fitrate was added to 2.5 m of 0.4% (w/¥) 2-eminobipherryl sotution. The
sreen colonr was developed by boiling under 237 stm. presure for 20 min., and the
TwmhleWmm 10-19m wave-

The fiandard curve for colour resction and the standard curve for the method were
Tacxt 3 10 1 0 mg/ml, but for higher values they deviated, e flg. 1a shows, though
ouly sBgtely From 2.0 mg/ml upwards the cirves were sgain linear

Ressits

ﬂbrmlhaiawithmdn‘mx,(ﬁnh) figs. 1b Before the beginning
of the ansesthesia the blood glucose content was 105 4 004 mg/ml
0=19) 30 min. alter the beglnning of ansesthesn 1t had msen to its
B, 134 4+ 0.06 mg/ml (n = 19), and after 120 and 150 min. it
YU almost at the starting value From then on the blood glucose de
Tied continuonsly The ncrease in blood glucose also became less
o ot the end of the test. The difierence between maximal and
min] Blood glucose cantents 1.04 -+ 0 04 mg/ml (n = 19) and 1.34 +
006 mg/ml (n o= 1) wea significant (p < 0 001)
Ardrocortisone - ether ancerthesia, (13 mus) Bg. le. The blood
Boc0se content way 1,04 + 0.03 (n = 12) at the beginntng of the anassthe
which t rosc imtil the end of the anaesthesin. After 90 min. it
:lmiO.Ingfml(na-lJ)nain.u'uulnbloodghmccontent
‘muform in the anmals of this group, with & few exceptions. The
14 between tho maxinmal and mimmal blood glucose contents,
tp + 0.03 mg/m! (n = 13) 150 & 0 12 mg/ml (n = 13) was aignificant
(0_01),
+ ether amaesthesia, (10 rats), fig. 1d. The blood glucose
:m“mebemningoflh:mtmlmj:oosmgfml(nmlm 1t
8 lang as anaesthela lasted. After 60 mn. the content rose to fts
il 1.5 + 007 mg/ml (- 1) The berease in blood glucose
tergy tnifarm et the beginning of the test, and disperyon appeared
- min. of anacsthena. The difference between maximal and mmimal
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200mgml a fig2

mgml b
150

I
0 30 60min 0 30 60min

200mgml d
mgjml c

"IN
0o 100- NH

E 30 60min 0 30 60min

N 5 2. Blood glucoss content 1 ether xnassthests

kﬁﬁ:""wﬂ )mm(lmmm)mm

cu‘:;wu mg/ky Lp.) pretrestment.

i Mnm“ lndl):yd:vcnm(imﬂ'k‘p.o-)ptﬂ:m
ngfkg po

::Ifmmmm 1.07 4 005 mgn! (2 = 10) and 1.5 £ 0.07
nm“‘m)-mlimtﬁmm(p<0ml)

X% 4. reserpine - ether anaesthesic, (16 rats), fig. 2a. The basal
W“Sm‘"“ld:OOBmx/ml(nmlé),mdecplyduﬂnsLhnwhok
‘:ﬁ:‘:ww 15 min. after the beginning of anscsthesm ft was
[Srve mg/ml (n = 16) and a1 90 min. st fts maximum, 1.50 + 009

=~ 13) The blood glucoss i was uniform, althougt
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dkpcnlonuppcared.mmmhtcdlhntmbeuulhmaﬁurm-ph:
only ﬁwdlﬂm&cbctwccnmnxhnalarndmlnlmﬂbloodgdmmn-
teots 111+ 003 mg/ml (n e 16) and 150 009 mg/m! (2 = 13),
was significant (p < 0001)

MAO inhibitors

Ipronlazid -+ ethyl ether anaesthesia, (11 rats), fig. 2b The basal blood
glucose content was 095 4+ 002 mg/ml (n = [1), from which it rose in
15 min. during cther anaesthesia to its maxmoum of only 1.06 + 0.06
(o= 11} After 90 mm it was only 0.87 + 004 mg/ml {n == 10) below
the starting level No clearly rising curve appeared on the basss of these
results The difference between maxmal end minmal blood ghicose
contents was not significant

Hydrocortisone + iproniazid + ether angesthetia, (9 rats), fig. 2c. The
basal blood glucoss content was 1 11 3- 0 06 mg/ml (n == 8). In IS min.
dunng anaesthesis the blood glucose rpldly reached itt maxmum
1.50 - 004 mg/ml (n = 9) from which it decreased evenly untl] the end
of the test, betng 109 £+ 003 my/ml (n = 7) at 50 min. The final valoe
was thus below the basal level. The blood glucose increase was uniform,
and the rats resmted the test well. The difference between maxmal and
minimal blood glucose contents was ugnificant (p < 0 001)-

Isoearboxazid + ether anaesthesia, (9 rats) fig. 2d. The basal value of
the blood glucoss content was 101 4 002 mg/m! (n = 9) and rose In
15 min. during the ether anaesthesia to 115 & 005 mg/ml (n = 9) o
which level it remained until the end of the test. No clearly rmng curve
appeared m this group either The response of the blood glacose content
was Urieven three high values were fornd in the stme test eafmal The
difference between maximal and mumimal blood glocoss coatents was

significant (p < 005)

Discrmsion

Durmg ether anaeythesia without drogs the rise in rats Hoodsfwg;
conteut was rapnd and of short duration (MANNINEN ef al. 1965). Tha
was, however notdmmmydephﬂcﬂdﬂmmbbmr
fact that the ether stimulm seems to be too weak to maintain & o
nmsld:mdm:mﬂonfmmm:nd:mﬂnrdnﬂswﬂ“m‘m
1965) In rats pretreated vath hydrocortssono the blood glucoss PR
dmmmmm.nwmlymwlcﬂmmwwm
for n long time This shows that the hydrocortisane fmprores

reserves of the organmm (BRiTTON & SILVETTE 1932 1934).
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Thyroune increases the basal and carbohydrate metabolic rate (Mimsxy
1 ] 1936) and depletes the glycogen reserves of the liver of test anmals
(GoOGESHALL et af 1933 STERNHEDMER 1936). Dependmg on the dose, it
may stimulate the adrenal cortex and improve gluconeogenesss through
the acthan of the adrenals (ToRAS e af 1955) Owing to this mechanism,
the glycogen reserve of the organism can remain and stand up to a con
sezption greater than normal. In our Investigations the blood glocose
increased at the beginnmg of anaesthesia to 135 mg/ml and remained at
this keve! or slightly higher until the end of the snacsthesia. A slight
tendency of blood ghucose to decrease during anaesthesia can be con-
sidered a1 1 norms! blologies! change

In the group pretreated nmultaneously with thyroxine and reserpine
the lood glucose showed a rise to 1.50 £ 0 09 mg/m! (n = 13) in 90 sun.
of cther anaesthesia, This shows clearly the rapid increase in blood glucose
Enthe presence of thyroxme and reserpme, In spite of the rajsed consump-
100 of giycogen caused by thyroxine Reserpme alone, on the other hand
& not brmg about any rapid mse in blood glucose, but caused & slow

Increase durng ether anaesthesia (MANNDNEN ef o/ 1965)
{was interesting to observe the weakening effect of the MAO-mhibitors
and lsocarboxazid on the rise ln blood glucose during cther
tmsthedls, consmtent with the earfler finding that ipronfazid decreases
Tver glycogen content (Houz er al 1957) In the rats treated with ipronm

4 the increase b blood glacose during anasstheda was small, only
11 me/ml abave the basal level, and showed a contmnous decreaso at
Ue end of the teat. These results could mdicate a depletion of liver
Wwwmthmwd The Inerease In adrena

d noradrenaline cantents of the peripheral tissues caused by
might also lead to a mobilization of glycogen from the liver
explanation may be that prontszid inhibits the weretion of

“Tﬂnﬂncormﬁdrmnllnefmmm:nd:uxrgmnmmdmporfmm
wm‘d“ﬂldurlnaethammhmumdimtcddbﬂmwbvm

espechally m hypertensive patients, occurring  durmg

onazid L

Ql":dlhnuluncm pretreatment wath iproniazid aad hydrocortsone
Iy & rapid large incrense in the blood glucose content during anaesthe

Tpid riie in blood glucose leads to an equally rapid decrease, a3
“::"hﬂmlmcﬂhcdlwnhumpnmmmuwithdmp.fmmwhkh
"mwwmnmummmmmummmdcpmd
T, e adrenergic stimulus is rapidly weakened during angesthesia,

Iromand has cleady modified the power of hydrocortisone
%m}yminmbloodglmuwcﬂulhwuymmm
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1 The
abject of this study was to clear up the effect of 4
ment with hydrocortisone, thyroxine, mpﬁgup mmnhm?jXMMM
addmthebloodglnemeinnudmmgdmhﬁahcrmwthnﬁ.lulhc
g?:iolmupthecthunn&eﬂhmammcdnmpzdmdtcmpomvrbm
glucose content to 1.34 -+ 006 -
the bsal lovel. + mg/ml (n = 19), 0.29 mg/ml abore

2 Hydrocortisone pretreatment caused a large continuous me hn
blood glucose during anaesthesis.

3 In rats pretreated with thyroxine there was also a large contmmoas
Increase in blood glucose,

4 Simoltancous pretreatment with thyroxine and reserpine showed
clearly that thyroxine fastens the fncrease of blood glucose then also,
compared with & slow increase in the group having reserpme pretreatmen.

5 After MAO-inhitators (ipromazid and isocarboxazid) the blood
glucose did not increase clearly dunng ether anassthesia. They redoce the
normal fmtial nse in blood glucote during ether anaesthesda.

6 In the group given iproniand and hydrocortisane at the same e,
the merease in blood glucote was rapad but only brief fn contrast to the
hydrocortisone group showing & continuous hlood glocose increase in
cther anacsthexla.
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The Effect of
Drugs Inflvencing the Sympathetic Nervons System
upon Blood Glocose Regulation jn Raty during
Diethyl Ether Anaesthesis
By

K. J Mamndoen, M. J Mieapsi and A. Pekiarines
(Received Novemtnr 10, 1564

Diethyl ether anacsthesis mereases the blood glucose (WyMER 1926)
lhmughﬂnadremh,nmeinndmﬂectombduhmhhdounmam
any hyperglycacmua (PHILLIPY & FREEMAN 1933-34) In man cther
annesthewa causes an Increass (0.87-1 17 mg/mf) m blood glucose lasting
for several hours (HENNEMAN & BUNKER 1961) Tt also ruisey the not
adrenaline content of the peripheral blood (PricE ef al 1959)

e 1n large doses (Ol—]()m,g/kg)ma-usuth:mulonof

glycogen content of rats lver (with 268 /) of sceletal muscle (111 /4% of
hﬂnmmh(lﬂ/.)mdofth.cbmln(ﬂ/.)(mm&hul%z)md
the glucose content of the blood (5-158 4 In adrenalectomized

th effect does not appear (KusaKE & Fraxz 1955 Hoiz Bazex &
WESTERMANN 1957).Au:mp0rarydcplcﬁo‘uofudrcnﬂmcnndnomdm
mwhm:-drmuhhnsbc:nbroushtabombydmaofrﬁefpimﬁm&m)
aver 3 days (ERANES & Hovsu 1961) The regulation of blood gcose
content after reserpme treatment 15 mieresting, becaust Tescrpine 8 &
nomdrmnhmhbeﬂmrlnlh:ﬁnmsmddcamthnmﬁtx

of dreulation by the sympathetic nervons system (VARLEY &

1963 HmuwicH & HawicH 1964)

Inhibition of the secretory function of the sympaibetie nervous 675
can be brought about by guanethidine and bretylivay They do nml960
o fect the adrenal medulla for certain (BRODR & RUNDMAN ‘7
KRroNEDERG et al 1962) Guanetiudme blocks the transmitsion O
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»erve tmpuke i sympathetic nerve endings (Maxwriy e al 1960),
desresses the novadrenaline content m the tissues and Inhibits Hs release
[roen the sympathetic postganglionic nerve fibres (RICHARDSON 1960)

Bretylium Is & sympathetic fnhibitor (Conway 1960) and can prevent
the noradrepaline depletion caused by reserpine (INE ef af 1962 VaRLEy
& Gowenioex 1963 Hodwicn & Hiuwic 1964) Further it also Inhi-
bity the release of noradrenaline after gnanethidine adminsstration
(Costa 1961).

a-Methyldopa decrenses the excretion of vanilmandelic acid n the
e (SCHAUB ef al, 1967) This Is due to the mhibition of the decarbo-
Tyiee, which In 1ts turn hinders the synthesis of the precursor of adrena
T and noradrenalme, dopamime,

The merease in glycogen reserves of the liver and the blood glucose
awsed by corticolds has been recognized for a long time (BrirTov &
SuYEITE 1932 1934) This cffect b due to increased gluconeogencsls
(HAne3 1961) Adrenaline and cortisone together cause & greater rise 1n

glucose than sdrenaline alone (VoLK & Lazaruz 1959).

The purpose of our stody has been to investigate the effects of drugs
'hlhﬂmlheldrmcrgicmguhﬂunofthebloodglmofmudurms
Sther hesia. Adrenall d by the adrenal medulla is the
kmportant metabolic regulator of blood glucose content.

Material and Methods
Tie g

& Bchering Leiras) reserpine (serpusl] @, Cibs), (darentin @
Yarronghs Wellcome & Co). Merck, Sharp & Dohme)
The rrapensa.

'{:'m w n our (Marcway 1 al, 1965)

h:h‘“'m"olm ether anacsthesma without drags (19 rats), fig. 1a,
e a8 in 8 previous sudy and is shown for comparison (from
“"z PINEN et of 1965)
m;;:’"fh+tthnmﬂhufa(12nu).ﬂp 1d. Adrenaline | mg/kg
ed s, ¢ into the rats 15 min. before takimg the first blood
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fig1
a

b
mag/ml ma/ml
200 "¥™ 200 Y™

150 - 150-

v
T\‘K

!

LI A

0_ 60 10 ’ 04 60min
mgyml mgyml

200 200
woﬁ/‘ WM
100-f 100

O 60mn O 60mn

content of rats

Fig 1 Tho blood it

Durlog. ether axsesthosia (from Manaan

after 0 myficp 1 and ldocalsloctl S0 ) (5 g o) Crom
days by

toring ether anscutbesia aficr  drevaBios lojection (1 mefkg -



ETHER ANAESTHESIA AND ALOOD OLUCOSE, IT 33

The glocosz content of the blood rose steeply during the whole perrod of
ether naesthema, reaching 1n 50 min. as high a value as 1 72 - 0 01 mg/mi
wvhich ghows that liver glycogen s strongly mobilued by adrenaline. The
dfkerence between marimal and mimimal blood glocose contents, 110 4+
Q09 and 1 72 + 0.10 mg/ml, was significant (p > 0 001).

3 Adrendline + lidocaln local omaesthesta (12 rats), fig. tb On
sdministermg adrenalme ay described above and ansestheziting locally
the taft with 2 / xylocain @ the basa} glucose content was 1 17 - 013
mg/m! without ether mnaesthesia. The glucose confent also in this group
rosz geeply to & high value, being after 90 mm 1 72 + 006 mg/ml The
dipersdon in this group was great, but the difference between minimal
od maximal blood glucess contents was significant (p > 001)

A Hydrocortitome + ether anaesthesia (13 rats), fig. lc. The curve 1s
taken from & previous study (MANNINEN ef of 1965) and is shown for

i&m-{—:&rmmﬂxrla(lsmu),ﬂg. 2a, When [ mg/kg of

TOXTpine was gven 1 m. over four days, the contral valoe of the blood
Yocose content was clearly mereased to 1,23 + 0 05 mg/ml. The maximum
& the control group of normal rats during the nrtial stage of ether
mheudsdnotminmugmup,butth:rucmthobloodgim
comlent appeared slowly and continted to mereass slightly until the end
of e amasviherin. When the anacstheain had lasted for 150 mm. the
Yood sugar was as high as 1.58 + 0 10 mg/ml. The total riso was 0.32
™/l during 2§ hours ensesthexia, The anmals could not resst the
Prolonged anacsthesls well and showed strong bronchial secretion. The
iif'-ttnccbetmmm.hmmla.udlum.m:mnlblc»odgiuumcocmtcman.l
spifesnt (b > 0.001)

§. Reserpine 4. adrenaltne + ether ancesthesia (18 rats), fig. 2b When
§ reserpine as in group 5 (sbove), along with 1 mg/kg of
“oafing sc. 15 min. beforo taking the first blood sample, the ghicose
Ptent of the blood roso already to 135 < 0 06 rog/ml. Durmg the cther
;’""l'ﬂﬂlﬂnewunmukcdmdnwpmmbloodg}mm«
Mmhhlmdrdlﬁj:olowmlmdmlmmln.llima/ml(un!y
hr;mﬁhwmuhn)hrpimdu:M;hmmbbodﬂmwMt
" marked. The difference between minfmal and maxhmal blood
@)mwmmn, 135 4+ 0.06 and 1.88 4 010 mg/ml, was mgnificant
1 G l)'l
dire + ether hesla (19 rats), fig. 2d. When 20 mg/kg
femettidine had been grven for four days L p. before the test, the blood
hm‘mmmmm&:mlmmmme
Bood ' cther anacsthesia was weak. No diear maxmum sppeared in
Shacose cantent. -~

i
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200 fig3
mg/mil

150
00 £ -

0 60 min

ﬂplmtrcuu{umuhywz}-m 8 p-o. four day1) upon the blood
hacose conterd nudmmm

L Bretylimn + ether anaestherla (17 rats), fig. 2c. Srmifarly when

was given 25 mg/kg p o ower four days before the test, the
=l vale of the blood glucose conteat 099 + 005 mg/ml was lower
Bua fn the control growp It was 1,24 & 0 04 mg/ml 30 min. after the

8 Methyldopa +- ether amaesthesia (19 ran), fig. 3 After administra
Ed*mﬁh!ﬂomﬁmaﬂrgforfourdly:p o through a stomach
ower banal blood glucose content 087 + 002 mg/m! was clearly

‘hminlh:utmtmlgmup Thms there was a clear inithal rise,
Hhouth not  very stecp ane, Hallan-hour after the beginming of the

the blood glucose content was 112+ 004 mg/ml. The
of this group was mare uniform than that of the other groups. The
sy between minmal 087 + 002 and maximal blood glucose
ml(;nnsom) 1.20 + 008 mgml, was highly signrficant
.:,2 Advenalectomy - reserpine + ether anoesthesia (7 mats) Seven rats
her also | mg/kg reserpine was admunistered The
‘&h%dﬂmlumwmmthh!wdﬂmmjmt.
mchfmlmdumnowwnﬂmmmu@mmmmm
%Mﬂmmbycthnmamhain‘oﬂmmmwlhm

Trom the edrenal medulla.

3

i
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Discumion

The mereasmg effect of cther anaesthesia on blood glucose content
appears in our expermments in the normal rats as temparary and swift,
whereas in man it is continued and long lastmg (HENNEMAN & Buvts
1961) This may indicate & depletion of Iiver glycogen reserves and 2 weak
Liver glycogen mobilisation mechanism 1n the rat under ether ansesthens,
which, however combined with exogenous adrenaline injection, caused a
steep contmuous and more marked rise i blood ghtcose content than did
cther annesthesia alone thus the fiver had a good glycogen reserve, bat
the ether anacsthesia was not a sufficent stimulus to brmg wbout the
continuous increase in glucose content s a result of a continuous secretion
of adrenaline from the adrenal medulla. Obviously ether anaesthesia does
not cause as great a secretion of adrenalne from the adrenal medulla &
doea exogen drennl dministration.

The effect of reserpine and guanethidine as adrenaline and noradrens-
line liberators upon carbohydmte metabolism should slso be noted, as
should the blood glucose content during ether anaesthesin. Reserpine
pretreatrent increased the hasal content of hlood glucose kn two groupa of
rats (125 and 1 35 mg/ml) to a higher level than that in the hydrocorthone
group (1 04 & 0.03 mgfml) After reserpine prefreatment, ether anacsthe-
ain brought about a contimuous and slow rise in the blood glucase ©
1.58 4 0 10 mg/ml, as oppostd to just the rapsd mitml nerease in the
control group The tendency of the blood glucose to rise after reserpine
during the cther anaesthena, although slow can be compared with that
of hydrocortrsone or adrenaline group, though they showed a fast mita!
rise Thcrmrpincqulmg,/‘kgdm‘insfmdlﬂ.wnotmfﬁdm!ra
d:pktwncfadmlmgandth:zdrmﬂnrdulhniﬂmmmedmﬂu@
adrenaline to e the blood glucose alowly durmg cther anacsthesls,

The cfiect of ether anaesthesia dxd niot sppear m adrenalectomized
reserpmo-treated rats, showmg that the Hlood glucose merease in the
reserpme group was also due fo adrepaline secretion from the adrentl
medulla. Adrenalime was still eble to cnhance the increase in blood ghose
content reduced by reserpme to 1.35 4 006 mg/mi, darmg ether anack

thena to [ 88 + 0 10 mg/m!
Aﬂugmctihﬂﬁuﬁmmmcrhemhummrmofh!wdm
durmng ether anaesthesm to 1.23 iomm&’mlw"lmwtmmé
lasting than in the controt group The retarded effizet could depend ot
effect of gusnethidme which depletes the postganglionis blood
ncrwmdjﬁommmdrmﬂm:inlmmmmmduood
Elmwnmmumnhrsemﬁdlﬂfhﬂm“ﬁ"m‘m
glucose valoes under 1 10 mg/mb
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Bretylium has a modifying eflect on blood glucose content similar to
ket of guaeethidine The vanation in distribution of blood glucose b~
werved | [ike that m the guansthidine group

a-Methyldopa decreases the adrenaline and noradrenalme contents of
tesues by mohibiting the synthes:s of the adrensime and noradrenatine pre-
corsor dopamine, which Jeads to mereased gluconeogenesis (KORAYASH
1960). In our experiments the control value of blood glucose after treat
went with e-methyldopa was lower than in any other group 0.87 + 0.02
ngml, bot it incressed cleardy to 1.20 4- 008 mg/ml, showmng a wide
satter of blood glucose values during ether anacsthesla

After the antihypertensive drugs reserpine, quanethudine, bretylium or
vmethyldope, the fncrease n blood glucose continued during the whole
of cther anaesthesia, wheres in untreated rats the increase in blood glucose
toatent appears only m the mitial phase of ether anaestheais.

Sarmary
The effect of the pewer antihypertensive drugs on the rise m blood
Picows catwed by cthy] ether ansesthesia of rats hes been studied. The
Hood glucase was determmed by the 2-smmobiphenyl method. In the
coutrol growp the only short fmtial maximum m blood glucose, 134 £
08 my/m), wras obtained 30 min. after the beglaning of ether anaesthesi.
1 camsed a continnous rse in the blood glucose to
+0.06 mg/ml and showed that the glycogen reserves were present.
lghmmwmmbmywmtmtmmlo
£ 008 mgfml and rose continnously to 158 + 0.10 without the
::P’nﬂhlﬂamnmwbemmm:mmmup Adrenalins injec
g the blood glucose content of reserpirused rats from 1.35 +
=g/ml 10 1 88 & 0.10 mg/mlL
[0 the adrennlectomized anfmakt cther anserthes did not increase the
&locose content,
other smtihypertensive drugs, guanethidme, bretyliom, and alpha
Y produced & normal or ow basal blood glucoss content
+0.05 099 1 0.05 and 087 4 002 mg/ml, respectively) and its
1Y e In cther ansesthesia to 1.23 + 0.09 1.36 + 010, 1.20 &+
Mmgm‘-mpccmdy in normal rats ether snacsthetla caused only a
tia] These antihypertensive drugs, espectally @ methyl
In contradistinction to reserpine, did not increase the basal blood
uose coneny.
B A P, vul, 21, e, 4.
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TheEﬂ'cctome}wgchmhnmiwitthdremlhetnOﬂ.
lhuwﬂhSod;lumChlmldemdDeoxymrtmc,m
the Blood Pressure of Rats
BY

hLLIJm.A.Ahn.A.PthndM.LSdﬂnE
(Received November &, 1964)

In smdymg of netiology of expermmental hypertension, retatively little
mnnhnbccnpuidtothcmnphycdbythammﬂomofmodmoﬂ
of tympathetic nervous system fn its production, c. g. “prolongsd”
aremafine and noradrenaline preparations m oil Adrenaline 1 water
anmdinoﬂlnﬂmsadowlythcbloodprwumdurhgpmlunged
(e 3 months) trestment of rats (Hens 1952) and during prolonged
trestment of dogs (EnGER 1940) An accumulation of hyatine in the slings
ol the Tadney glomerul and the walls of the small arteries of dogs Is seen
oo the treatment is prolonged to two years (ENGEx 1940) Bat a
tontinsious noradrenaline fnfusion for several days does not keep tho
'f‘“oodprmumqmmnymmmdmnbbm (BLacker ef o
950). Inpertions of adrenaline u oil or along with sodium chloride treat
®ent in drinking water in our own carlier studies increased tho blood
';‘mofmumﬂmthx,md-dmﬂlmnlongmthmdmmdﬂoﬂde
mh“m'lhﬂnlhemdhm;hlondc treatment alone Adrenaline along
sodrum chloride and desaxycortone or only with desoxycortone
mwwwmrmmthmmdmm chleride or desoxycortone
(AHO et af 1961 AR ef al 1962).
n excretion of noradrenalme in the urine lies within normal limits
v a“’l‘;mﬁm with essentml hypertension (v EULER et of 1954
tom, 1t 1956) hllcmchypcnm.don,owinstowmkﬂmdrmllnnm-
ty may even be decreased (MULLER e af 1957) However it [s known
mlmpkpnpunmthomumdnormﬂblood
m{“”uhﬂmmmgmkhypcﬁcnuonofpm:wm‘
fore mereased peripheral sympathetic tone of blood vessels t
- s 10 be the most probable capse of essential hy
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Capillary hchaemia appears after noradrenalme infosion as well as
dunng paroxysmal merease of blood presure m phacochromocytoma
(GRETUAN 1956 Ler 1956) The effect of noradrenaline upan the circuls
t}onmembfcsthcchnngnmtheurculaﬂonumcdbymcnlblhypa
tenston (PERKARINEN & HeLve 1952 v Eulen 1956), and it could be
thought to be an actiological factor in the mechanism of essential hyper
tension. The blood pressure can be mak d by both pensc and
non-neurogersc mechanisms Noradrenaline in the sympathetic nerve
ends mamtans the perpheral blood vessel tone on the other hand,
adrenalme fs secreted as an emergency hormone from the adrenal medala
and as & metabolic hormone. In the development of hypertension the
pertpheral resfstance 15 important, as 13 also the increased cardiac outpat
m one third of hypertensive patiemts (BARTORELLY & ZANCHETTI 1961).
In hypertension the arterial tone has been observed to be higher than
normsl (CRoUT 1959} In experimental and m human essentia! hyperten-
sion there is a higher than normal reactrvity of blood pressure to vaso-
actrve substances and higher than normal vasoconstrictor respomse in
renal and cutantous blood vessels (BAwTORELLI & ZANCHETT 1961)
Desoxycortons strengthens the effect of noradrensline on the systemic
blood pressore in man (Raab 1953)

There is a certaun correlation between the increased biood pressure and
emotionality Alto m our studies of student examination there was &
emotional increase of adrensline excretion 4-5 thn&l:fbﬁw '-ht;]’:y":
average (PEKKARINEN ef al 1961) In the inltal stage of essen
t:nnvnpsydmhygimc,lmducuonofcunﬂictmmﬂwnndw
stram both m occypational and family hife, sufficent rest at night, propes
muxnﬂononSundny:debdnlmdummknowntohnntﬂw*
peutio effect (MoesGaLIN 1961) Tranguilzers alone are not sufident to
lower the dustolic blood presyure the salt dinretics are moro effickent at
this. The therapeutic effect of the e sslureies, as rell 1 the inceasieg
frequency of hypertention camsed by excessive use of salt, arc abo
known (Cma 1961

mzsspomcaf)zhctrmpﬂmwmmmmm"m
mtofmnﬂhywannmmmwﬂmm
mmportance of noradrenaline as an actiologoal

mmwmtdhmmmm%'ﬁ;
methyklopa (BRODE & KUNTZMAN 1960) cazss refease of rodi e 89
amount of noradrenabine in necve ends at e same
thgy}ommcbloodprmmemthidinﬂdm‘h‘ 1960
content of brain and heart (Cass ef al 1960 Bmm&slé{wwﬂ—“”‘lm
Costa 1961 KRavER ¢f of 1962 Kronegsemo &

PrerreR et af 1962)

1
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«Methyldopa, the dopa decarboxylase inhibtor depletes the cate
chobimines fn brain and heart (PorTER er o 1960 Hess ef af 1960
Stz et al, 1961 Gorpaera ef af 1960).

Reserpine depletes (PLUMMER 1961) noradrenaline in heart and adrenat
finds (CARLISON & HILLARP 1956 CARLSSON ef af 1957 PEKKARINEN
el 1958 hrAYER & FUENTES 1958 FAASONEN & KRAYER 1958 WAUD
¢t .. 1958) and 1n bram (BronE ef al 1957) and in sympathetic ganglia
(Muscniows, & Voat 1958), as well as In spleen, intestine and Jiver (PEKKA
XNEN et ol 1958) According to HETMANS & HEYMANS (1957) simux
earotieus-denervation increases experimental blood pressure and causes
murogene hypertension. The new sntihypertensive substances can
diminish ths expernmentsl neurogenic hypertenslon.  Guanethidine
dhnlnnhuth:rbcufuoodprunmlucumudocdmlomﬂ]mhllso
then a tendency for the occurrence of orthostatic hypotension (MAXWELL
¢ al 1960). Bretyhum tosylate (in 100 mg intravenous doses) canses a
blockede of some sympathetcally mediated refiexes (Boura et al 1959
BOURA & GrEEN 1959 Conway 1960 MAXWELL ef af 1960). Bretylium
docx not deplete the adrenaline and noradrenalin stores, as quanethidine
nd reserpne do (Costa 1961 PEKKARINEN et #f 1962), but Inhibits the
P and reterph duced release of noradrenaline (PEKKARINEN
€t al 1962 CALLINGHAM & Cass 1962 HIXTTING ef af 1962) a3 well as
the release of noradrenaline after quanethidine (CosTa 1961 CALLINGHAM
& Cas31962). It acts on the sympethetic nerve terminal by inhibiting the
secreton of noradrenaline

In ow prefiminary teat the acute effect of long-acting noradrenaline
b“‘m"‘ﬂndlonmuumedndmtrnsembloodpmrmmmdld
:g:nhmnrt:rndnsleh}a:ﬂonofnlmgdoscmoﬂ(ﬁg.l AHo et al
in )'In°“rmld¥“hswn'iedtoproduccexpcrmulhypcnmdonln

ct ity by prolonged treatment with noradrenaline bitartrate in ofl
saly of by prolonged sdministration of noradrenaline bitatrate and
sodlim chioride together or poradrenalme bitartrate and deoxycortone
i Actrvate the vasoconstnctive mechunbsm, the renin mecha

iidneys or the sodium chloride retaining mechanism of the
w by continuous long-actmg morsdrenaline bitartrate injections,
and noradrenaline constrict the rensl blood vessels

TROTE Mrongly than other blood vessels.

Materisl and Methods
T g 44 ormoal o razs about § mendte oid, thele sverage weight wes 200 g
C0trol group there ware 10 mty, i the noredrenaline group 9 raty, In the
ienaline + sodmm chloride group 13 rats and In the porsdreaaline + sodium
+ deoxycartone group # rats.
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The ofl sohition of L-noradrenaline bitartrate (kevophed ® a3 base | 200 or
0.5 ¢/100 ml, Winthrop products Ltd) contained ackd. ascorb. 0015 crra aBa 0.02,
adeps fon. 0.04 and okesom arackidls ad 1.0 ml) The nordremallng bitartrate dose,
1 mg/day was injected subcutaneously into the mid-line of the back. The control
group recetved the ofl solution with the addith bert without norad,
fioe. The d tone used was deoxycorth tate (primocort depot @,
Schering, Leims) 25 mg decxycortone was hnjected intrammscutarly every 10th day
Sodium chloride was given as 2/ soluthon as drinking water

The blood pressure was d by a photoclectrc (veetro
without anscsthesia (KeRsTeN ef @ 1957), the animals being tranquifized for 310
minutes In animal holdeny, The mensurement was repeated three times,

As food ordinary laboratory food for rats wes given. Most of the animab endured
the test falrly well. However 7 of them died during the test, and somo became infeesed
at the site of Injection in the back. The noradremaline injections cairsed fewer mbections
than the adrenallne in previous corresponding tests (AHo of af. 1961 & 1962).

o et

Resuls

The acute test (10 rats, fig. 1) Noradrenalins bitartrate m oil as a single
iq}ealunoflnlgmc.muscdlhcbloodprmminlhnmmlhe
average from 110 & 25 mm Hg ta 146 -+ 3.3 mm Hg. The blood pressure
had returned normal 1n about 6 hours

The control group (10 rats, fig. 2) The initial blood pressurc was
111 & 2.6 mm Hg After one months miections of sobvent (the oll
preparation without noradrenaline) the average preasur was 114 + 25
mm Hg. After two months 1t was ll7i7_2mmHgmdnﬁnamonlh

F|q1

men — o ine [my ac. Mra's
“r —— Adrenaline Img 28, W reds
"o _

o

e _

s \‘

!

~ ! i v 8 ¢ hns

t 1 3 * "

betarirate
Flg. 1| The cffect of mm tuj-cdodw:mllln- m‘md
hau(ln;m'&nuumwy)a mrﬁodwmofnmmwnd-uh
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Fig. 2. The effect of profongsd treatownt with sobreet only 1 the
blood pressurs of raty. Individoal yakoes and meens.
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Fig. 3. The effect of prolonged treatmant wih poradrensiine briartrate | afl
(x.c. | g sach day) on the Bood premwre of rats.

U84 17 mm Hg The maximum blood prewsure, 123 + 3 mm Hg,

Cumed on the 75th day The maxmal rise was thus only 12 mm Hg.
g the 2nd and 3rd month of mjections the blood pressure was only
of the measurements 2130 mm Hg in 36 / it was £115 mm Hg.
The noradrenaline bitartrare group (1 mg daily to 9 raty, fig. 3). The
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Fig. 4 The effect of comblned and treatroent with noradrenshine bitarirate 1s o
(1 mg 1. ench day) wnd 2 NaCl in drinking water

initl sverage blood pressure was 111 + 2.8 mm Hg. After ane month s
treatment it was 125 + 30 mm Hg. Then the blood pressore
somewhat, but it rose agam to reach 129 + 5 1 mm Hg on the 60th day
The mcrease i blood pressure was significant compared with that of the
control group (P = 0 05) After 90 days treatment the blood pressure was
130 -+ 40 mm Hg and the difference highly significant (P < 0.01) The
maximal rise mn the blood pressure was 22 mm Hg and the maximum
blood pressure 133 4 2.6 mm Hg on the 75th day After the 2nd and 3rd
month of treatment the blood pressure was 130 mm Hg in 36 / of the
measurements There was no single nse in blood pressure above 150 mm
Hg. In 24 / of the measurements the blood pressure was 211S mm He.
After the treatment the blood pressure remamed increased for 12 days
and then decreased slowlv

The noradrenaline bitartrate + sodium chloride grosp (15 raus, fig. 4)-
Thelnithlbloodpmumms]wiwmmHg.Oncmmﬂ\hww
bloodpmsurewullsi34nmﬂgundmm]mdluhatkvdumﬂlhc
681h day when 1t began to decrease On the 90th day the average blood
Pmﬂwllll‘)t3,8mmHg.OntheZmdfmd3rdmunthofimcdlﬁﬁ:
the blood pressure was zl30mmHgln4l/othcmcnnm:umu.h19n
it was 2150 mm Hg. m 4 messurements 160 mm Hg and in one 170 mm
Hp. Tt was zllSmmHgml2/o!thcn-muremmB.

The poradrenaline bitartrate + deotreortone + sodism chloride grov?
(9 rats, fig. 5) The mutial blood pressure wes 111 £ 2.4 mm Hg. Aler ome
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L2
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1 oamars ¢
W’Mﬁm"mﬁ’v"ﬂ
N B R B I R T
fﬁxmwmo(mum nd pod trestment with noradrenaline

Bitartrate in
| mg e cach day) and 2 £ N Q1 In draking water and DOC octunibats (25 oag s.c.
every second week) on the presre of rats.

senppuraeavaynl

month the blood pressure was only 114 + 4 4 mm Hg. after two months
124 29 mm Hg and after three months 120 4 17 Only in 9/ of the
Deasurements durmg the 2od and 3rd months the blood pressure was
zmmmﬂg,mdunmmbloodprmmmamndmmmmHg.

Discomlon

lnlhemlobgyofhypa‘tmonthmbcbv{omlylrdn&vdylms
So-called “preparative” phase, bcforel.hnhypcrtm.\lunb\:ﬁ.mtodcvelop.
Inﬂuﬁmmlhzdcwlyd:vdopmgmdlcnshrpmmﬂvepmumd
the gher frequency of hypertension at mercasing age. A psychic trauma
may sctivate hypertenmon. The blood pressure 1 maintained by
both genic and genic mechanism. Usually the cawse of
hypertension is multifactorial (SMrx, persanal communication, 1961)
The activity of the sympathetic nervous system, and in that conmection
nomd:m.lmbhnponmtlnth:m:tmzmnmcflhcnumnlpeﬂphm
blood vessel tone. This 13 mdicated among other thmgs by the fact that
lhesm;]jon—blockingdmgslmlh:bloodpmnum,ﬂucxpuimm
studies have given relatively Uﬂl:dlrnctnidmceoflhﬁhnpormmo[
Roradrenatine in the netiology of essental hypertenmon. It has, for
Instance, not been ascertained whether or not the excretian of
Jne [ essential hypertennon is hugher than normal (v Buven 1956) -
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some hyperteraive patlents have a higher than normal noradrenaline
excretion (v EULER 1956) Only in neurogenrc hypertension, as for
mstance in phacochromocytoma, 1 the secretion of nomdrenalme often
an sctiologreal factor (PEXXARINEN & PrreANen 1955 (ProrAnex 1957)
v EULER 1956 MANGER efaf 1959 GOLDENBERG ef gl 1954) When the
phacochromocytoma has been removed, the neurogenre hypertension
may sometimes continue (RAAB 1953) The excretion of noradrenaline
in the urine is lower than normal In severe hypertension (MOLLEX,
Buus & BrermiNG 1957) The conditions in our studies with noradre
naline in ofl can be compared to those of phacochromocytoms. The
effect of the endogenous noredrenaline comtng directly from the nerve
ends upon the receptors s difficult to imitate Later we have bem
able to produce prolonged hypertention m rats after 7 months treatment
with adrenatme and noradrenaline adsorbed 1n glycerol percutancously
(Konu Laatokt & PERKARINEN, untpublished)

In our test the acute blood pressure increase cansed by noradrensline
in oil solution (fig. I) was stronger than that of an equal adrenatine dose.
The reaction fs, however small campared with the dose of noradrenaline.
The increase m blood pressure only lasted for 5-6 hours after the xmge
myection of noradrenaline m oil. It would be an advantage 1f a noradrens-
fine preparation of still longer effect could be developed. On the other
hand, noradrenaline mjections in oil along with sodium chloride treatment
1 drinkang water or with deoxycortons inpections were not as effective in
mereasing the blood pressure of certain anmals a3 adrenaline (ARO ¢! &
1961 & 1962) The mt i1 somewhat insensitive to adrenaline (GoLDZEHER
i
9‘;Gli)rcnoct.\rtjcu.l hormones, ¢. g hydrocortisone and atdosterone have &
permissive and moddying rok in the astiology and maintenaace of
assential hypertension The overproduction of these sub does not
geoerully occur in essenual hypertension (Gross (9628 & b).

An important polut about the mode of action of noradrenaline s the
duration of renal vasoconstriction, when we consider the possible prodac

tion of experimental hypertension. Renal vasocorstnction & & very
sitive indication of line and noradrenaline. As # of the minute

volame of the heart patses throu the rens! circalation, we can under
stand the mmportance of renal mitommhninmemm\ogofhm{
tensron and in the retention of sodium chloride. Indivdual mﬁﬁty‘:l
the rens! clrculation may vary conuderably 1t coutd explamn the indrvid
pr:nur:mamsom:o(ou:ta!innmll-

blmmum of noradrenaline m ofl over three months cln:rtdm:
mﬂmmbbodpxmumtolwlﬂmrﬂmnﬂyh@mmlhﬂtm
control group although not as much as did prolonged treatmen
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adrenaline m ol in our earfer experiments (Ao ef al 1961). Neither had
soditm chioride or depxycortone the same potentiating effect upon the
focrease of blood pressure caused by noradrenalme as upon that caused
by adrenabine. An explanation to this can perhaps be found in the diretic
effect caused by small doses of noradrenaline and the fact that adrenahne
Is & stronger vasocomastrictor for the kidneys than noradrenaline. The
small blood pressure incresse produced by noradrenalme and sodium
chioride in chronec tests is remackable, 1f we take mto account the fact
that the pew antihypertenstve drugs e g. guanethidine, bretylum and
emethyldopa as well as reserpine decrease the blood pressure by wn-
foencing upan the noradrenalt 1 hanism from the nerve
eds on the norsdrenslme content or the decrease of the content of
Wradrensline in tasues (BRoDE & KUNTZMAR 1960 Conwar 1960
RICHARISON & W30 1960 SI0ERDSMA 1960) a decrease in blood pres-
sure that is still enhanced by the saluretics or the avoidance of extra salt
(Fumness 1960)

Depending on the degree of vasoconstriction and of the blood pressure,
Soradrenaling can be efther dinretic or antidiuretic. An increased blood
Presure can promote diuresis. Too great an merease m hlood pressure
ard a gl nction can, h d diurests,

In our eartier tests, on the other hand, adrenaline alone ar together with
sodium chloride and deoxycortone clearly increased the blood pressure
(ARG ef af 1961 & 1962) There 5 only a difference in degree between
bypertensive and pormotensive individuals.

Seremary

The combined ¢ffect upan the blood pressure of subcutancous fnjec
tong of noradrenaline bitartrate in ofl (1 mg daily) and of 2 £ sodium
chloride in drinking water as well as of noradrenalme bitartrate slone and
of the combination of noradrenaline bitartrate, deoxycortone and sodtum
chloride was stodied during 3 months in 44 notmal rats. The control
FOup was treated with ofl solvent alone. The blood presyure was measured
without anaesthes:a and without bleefing by a photoekctnc ten-
wmeter In the noradrenaline hitartrate group the mean control
blood pressure (111 + 2.8 mm Hg) incressed In 75 days 22 mm
Hg (to 133 + 26 mm Hg) The increass In the mean blood
pressure was small ofter the secopd and thitd month of treatment
there were valpes 2130 mm Hg i 36/ of the measurements.
Thtrewmmnnﬂebbodmr{seumlsomﬂgp[nuwm
adrenaline bitartrate and sodinm chloride group the tnitial blood
(118 + 19 mm Hy) increased In one month to 138 434
Temined nearly &t that level during the second month and
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225i3€mmHgdurmgtheﬂ1hdmumh_Dmin;th:mndlndthud
mm\h&heb\oodprmmwuk]som){ghmﬂﬂ/ofmmu
In the control group after injectyans of ofl solvent alone the blood pressure
(111 4 2.6 mm Hg) Increased in 2. and 3 manths to 118 & 1 7 mm Hg.
The combinatian of noradrenaline butarirate, deoxycortons and sodinm
chluﬂdemcxmwdlhebloodprurm(lll;b?immﬂg)onlylﬁghﬂy
n two months to 122 4 2.9 mm Hg. Only m 9 / of the measurements
dunng the second and third months were the blood pressores Z 130 mm
Hg.
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Prolonged Decrease in Vanilmandelic (3-Methoxy—4-Hydroxy
mandelic) Acld Exeretion by Man daring
and after Nialamlde Treatment
By
Aleo Pekknrimen, Urpe Rinec and Eske Ikalo
(Roccived January 4, 1963)

The monoamine cxidase (MAQ) inhibrtars Increass the excretion of
both exogenic (Cornz & GRAHAM 1957 CrAwFoRD & Law 1958) and
endogenic (PEKKARDNEN ef of 1960) adrenaline and noradrenalme in
Some test animals, though not atways (CRAWFORD & LAw 1958), and not
In mam (Cancsson er af 1959 Brunies ef al 1963).

In man vanilmandelic acd (VMA) forms most of the total adrensline
md it \ bollt d (AxaoTRONG ¢ ol, 1957 AxEirop
1960 LaBRomss ef of 1961 ZIEGLER 1960 GoopaLL & Ros 1963) The
MAO-mhibitars decrease 1ts excretion after an adrenahne infusion fn test
wmmals (Axezxop 1959 Kinauner 1960) and m man (GOODALL ef af
1958 REXiCK e1af 1958 GOODALL 1959) The excretion of van{lmandelio
acld decreases during MAO-mhibiter treatment of short duration (von
STUDNDIZ 1959 ZipaLEx 1960 IsHIDA 1962), and as & result of O-methyla
thon the excretion of phrine and nor brine |
by the text animals (RRaUPP ef of 1962) and by man (CrouT et af 1961
lomma 1562 Brunses et al. 1963)

In our work the effect of prolonged treatment with the MAO-fnhitdtor
nlalamide on the excretion of vanulmandelic acid in man was studied, and
the duration of the effect afler treatment was followed.

Material and Methods

mwmawmﬂmmwmmh
M(hmmﬂmlh’m“mmmhwfum;
Thero bas not been asceriained sny reoal or fver discase,

Tumdmpxmu‘mmﬂmtdmlvmmudnhhmm}mu
M\Mmommmlyl«!ﬂhuhﬁlwhﬁmO/

@
+
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begirming of and duthng the nislambde treatment the had 6o other
mmmmma!zomma?mmhMm ohudnia
memlmdlﬂmherpnﬂmuhsdheudvmcbpm!hhnl(&nﬂmlolm
aCc)fromJOtoﬁnunday).mmmhucmumlpm:uumVMA-mmm
uudg&dannﬂaurmm

urine was atways coliected for two comseourtive days, Jmmedatcly before
the beginaing, 3 times durlng and € times after the nabunide treatment. The ket
collectton was performed 6 months after {see table 1) V et
acld (YMA, Fmeth A-hydn delic acid) was d " by
cation (PaxxARpeN & HAXUUNTN unpublithed) of Poano s o &f (196) method
on 08 ml utine for VMA snd its blank. Two vohumes of perfodats 2nd bimiphite
Mynh'?;dlnmﬂwmbumnnmmdmmm

The recovery
78.5Y and 2.6 / for 4,8 and 16 xx of YMA, respectively 21 cormared to the colour
reaction fn KOH for the epaivalent amount of vanillin, Standard deviation for the
method standard (n present serles s = 54 4, + 28/ and = 1.6 4, respeat

added
vely (4,8 tad (6 xg VMA).

Resuits

1 The control excretion of VM A (tebles 1 and 2).

The nlalamide group The average diurnal excretion of YMA in the make
anergic schizophrenscs before ninlamide treatment was 44 and 46 mg
for two consecutive davs.

The group without nialamide treatment (table 3). In the control
group the excretion of VMA waz 4 1 and 4 1 mg in the patients receiving
clopenthixol treatment and correspondingly 4.3 and 3 6 mg a day In those
mﬁmﬂrmdvinxnomdlmlmhnmLLumnhtuwnmmupo{lﬁ
patients it was 49 and 4.2 mg & day Thit was the contro! groups used to
determine the level of excretion in the nialamide group 6 months afier

treatment.

2. The VMA excretion during nialamide treatment (tables 1 and 2)

Nialamide treatment wn.hn)mgndayforsdny:deauxddmdy
significantly (P < 0 001) the YMA cxcretlon to 2.7 and 30 mg per day
(dmsuorﬂmds«/‘).nuﬂngmhcmmthVMAcxmﬁon
decreased continually Aﬁulsd:phmllmdzlmgldly(&m
°f51md54/.)and|ﬁcrﬁdnpmmtllmd\3m
(decrenses of 73 and 72, Tho VMA excretion gemerally T
wniformly during treatment except In 3 patients (Nos. 3 7 and 16) rhose
umﬁonhaﬂdmsedbysdmmmclmnwwhnmmdd

the whole treatment.
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Table 3
Excretion of vasilmandebe acld (:fmn)l control paticnty
Individeal values,
Clopenthtrol e
Nember of pathent
Wit Whhom
bt bl I pr pn p1 pn
! 34 29 13 X [X] 4
1 66 43 ae 13 38 32
3 43 40 3 43 74 5t
4 23 EY) 60 51 29
H 12 30 o7 3 33 35
§ 4] el [V 23 s 6
H 18 I ) 73 15 13
4 33 a1 24 49 4
! &1 46 40 16 -1 19
L 6.1

Dl=lsdsy DIl = 2nd day

3 The VMA excretion after nialamide treatment (tables | and 2)

Afler treatment the excretion of VMA rose gradually This rise was
greater duning the first 17 days (the excretion was then 2 6 and 2.6 mg a
dsy). The excretion 123 days after the treatment was 3 3 and 3 3 mg a day
14 177 days afier the treatment still 2.8 and 3 5 mg 2 day Compared to
te pretreatment contral excretion the 123 days mean value was stll
kowered (P 0.05), The excretion 177 days after the treatment wes
Umicantly d d (P < 001) compared to the emul control
wihout nulamide treatment (table 3) and also compared to the pretreat
ment value (P < 001), In two patients (Nos. § and 10) the incresse in
€cretion taok place considerably more slowly than in the others.

N The pryehic effect of the nialamide treatment
lnlbufthenhhmjduumtcdpuﬂcnumm. 1-10) & clear mcrease m
EﬁtmfymobmtdnhaaZ—JmhumImenLMhm
oz and even slight agitation in ali these patients. Of theso
(No 1) became 50 aggrenaive sfter 4 weeks treatment that the treatment
Mormbe continued. Moreover the hallucinations were activated in
o o2 patients (Nos. 7 and 9) The stimulating effect of the treatment
8 arule gtll be observed about two weeks after nfalamide admini-
1% had ended In the above-mentroned patient (No 1) who became
T e ibete symptoms did not disappear untl 4 weeks later
Patients in whom the nialamide treatment caused & clear
but one (No 9) had duning the whole time of u
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wpake of the circulating catecholammes Into the liver celis (INNES 1963)
The mhibation of adrenaling and noradrenaline release from adrenergc
oerves, a3 indicated by iproniazid treatment of hypertensive patients
mght also partly explain our findings on the decrease in excretion of
ther main metabohte, VMA. However nialamude does mot as clearly
decesse blood pressure during treatment as proniand. The determina
ton of the excretion of YMA duting treatment with MAQ inhibitors
ahvays provides further possibilities for evaluanng the magnitude of the
botic mhibition of adrepaline and noradrenaline

Sommary

With chronfc anergre schizophrenic patients the effect of a 5 weeks
MAO inhibitor (mialamide) treatment upan the excretion of vamimandelic
4 (VMA) and the durntion of that effect afier the treatment were

Before the treatment with mualamide the average diwrnal excretion was
for two consecutrre days 4 4 and 4 6 mg. An 8 days treatment (300 mg/day)
decreased the excretion to 2.7 and 3 0 mg/day (P < 0 001) for two conse
cutire days ( decrease of 39 and 35 ) The decrease contrnued during the
vhoke perfod of treatment to | 2 and 1.3 mg/day after 35 days treatment
Afer the malamide treatment the VMA excretion increased gradually fn
17day3 t0 2.6 and 2.6 mg, and after 123 days to 3 3 and 3.3 mg/day Then
the difference also is lightly significant (P < 0 05) At 177 days after the
ghlamude treatment the excretion was still 2.8 and 3 5 mg/day or slightly
decteased compared to the pretreatment valuc (P < 0.01) or to the
snmltaneous late control group (P < 0.01)
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From the Research De; AB Kabhl, 5t Bweden

Biochemistry and Toxicology of Amikspron ®,
The Antifibrinolytically Active Isomer of AMCHA.
(A Comparative Stody with e-Aminocaproic Add)
By

B. Mclander Glaela Glimleckl, B. Gramstrand and G. Henshoff
(Racetvod Janvary 13, 1965)

ORAMOTO ¢t af (19624, b ¢), afier their introduction of c-aminocaproic
acid (EACA) as an antifibrmolytic drug, contmued thelr search for more
potent agents and selected p-ammometh: carboxylic actd
(AMCHA,) for further evaloapon. The chemial formulae are gven in
fig 1

nx cn o, CE, o, OB, coou

xana

B-cr, (i) cooe
AMCHA

Clnmmeca! for s of 8-smiascapess acid (IACA) wad
P miamemeecley! € icas eartryies ackd (AMCTLA)
Pagure L.

Having studied for 8 number of years ammocaproic acid i a vanety of
tcst systems, we became mterested in Okamoto s recent contributions and
initiated investigations on AMCHA. Analysing AMCHA chemscally wo
roundthnuhuynﬂmlcrmtmnlwunmmlfom.butwmpﬂwdmuom
The svnthetic pathways described m the chemical literature for AMCHA
result in 2 mixture contammg from about IO/mIbomZS/Ofg
uomthatwrfoundtopouwuﬂthzanﬂﬂbrmolﬁkuﬂﬁlyofﬁ;cd
mixture. The two Isomers have been separated, charactenized and st
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in 2 serdes of test systems. The compounds were studied 1n the form of
smikepron @ (actve AMCHA isomer) and epsikapron @ (amino-
aproic ackd) prepacations.

Oxanoto ef al (1964) have confirmed that their first studies were made
with 8 wmilar AMCHA mixture of somers.

Methods asd Resulis
A Amttfibrinolytic actlvity in vitro

The procedures used are described by CHRISTENSEN (1949) and WAsser
MAN et al (1953) They involve measuning the amount of active AMCHA
komer necessary for producing 50/ inhibition of streptokinase-indoced
fibrmolyss in wirro The syxtem consists of fibrmogen, plasminogen and
thrombin, to which is added 6 umts of streptokmase, whreh produces
Iysh. The 50/ inhibition determmed corresponds to a lytic sctwvity of 3
umits of atreptokmase Results are presented m table 1

B. Serwm levels in and urtnary excretion by rabbits

Serum samples are deprotenized by pressure dialysis, and the filtrates
ure freere-dried The resulting residues are re-dissolved in small volums of
distilted water the amino acids arc separated and identified by the nin-
bydrn reaction, with eluation and spectrophotometric assay

Rewuls on serum levels from groops of three mbbits injected wath
100 mg/kg of the various drugs are presented in table 2.

Results of urinary excretion of the drugs and of possible metabolites
are ghven in table 3 Groups of from three to six rabbits mjccted with
250 mg/kg of the drugs have been studsed for 72 hours.

In & paraliel series the antfibrnolytic activity of serum from groups of
three rabbits has been studied /n vifro agamst streptokinase (kabikinase @)

After a control blood sample, aminocaproic acid and AMCHA at dose

Table 1

et e RS SR LT
30 mlubsion SLreplok ey
7 (6 USK kntakinase ®)
Rebathve Trus Amount
Drug l Activiry of Dreg
ocaprokc Aad 1 5
AMCHA contaimng 10 wower 1 2%
Awnikipron @, Actvs AMCHA momer 0 azpy
Tracthe AMCHA momer <ot

>30py
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Table 2
Sernm levels in of three rabbits efter hatrevenom
In| of 100 mp/kg at roro tlme.

Serum levels, mg/100 mi, at varlous times after fnfectlon.
Rangs of valoes within brackets.

Drug After S min } 60 min. } 40 mhn
t-Aminocaproic Acid 192(10.5-204) | 59(43-71) | c4@od D)
AMCHA 2210275 | LeEs9N) 22(1.049)

Amikapron @, (acaiys AMCHA
somer) 166(158-17.8) | 5.5(5.0-6) 1000319

Table 3

Uﬂuryrtwv«ﬁlnmﬂ'thrtnlodxnb&nmcr
Intravenons infectlo  of 250 my/kg at zero time.

Par cont recovery ¢ various thmes afier bpection.

Range of valoes within brackets.
Toud
Drug After 24 h ‘ 4k ( T2h f recovery
per et
s-Ambocaprode Ackd 46(11-7D | 37 (4379 s.mou.xuh}nw-m
AMCHA 57(51=68) | 61 (M-65) |Bamsas t43h| 6105+89
Paralel excrethon of ctrvs and inactlyo bomer
No metabolltes detected.

levels of 10, 25 50 and 100 mg/kg were admmistered mtravenously
Serum samphes were tested for antifibnnolytk actmity s rifro The ume
intervals were 4 6, 7.5 18 24 30 and 48 hours after administration of
the drugs.

The results are m agreement with those o serum Jevels and wmATY
umﬁon.m.dth:ylhmcun.ﬁnnth:np:ddbppannmohhcldmﬂ
from the blood

C. Absorption studies

In arder to stady absarption, AMCHA was given crally at dose levels
of 1000 and lS(Ing/kgtonu.Samnkvcbothndmgmdet e
between 1 and 17 hours after administration. The results are presen
table 4

D Texicology
The acute toxiaties of aminocaproic acad, the
mixture of AMCHA 1somers, and the antifibrmotytically

synthetically obtafed
active AMCHA
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Table 4
Absorpilon of AMCHA in $; Da (Amicimex) rats after oral
ndnlnnnmn,wl‘a%pd'b‘;’mm lfwh). ul

Serum Lovels (y/ml) 1 variows times aftar oral adminiutretlon of 1300 and 1000 my/kg.
Total nember of rats 36, Range of vilues within brackets.

Drgmgky Alewlh 3k 4k sh 78 17h
AMCHA 1300 *7(14-37) 63 (14-100) 63 (15-96) 12(2049) 32(2045) 19 (10-35)
AMCHA 1000 - - e - - ~lo

Table 5
Acwte taxicity LD (mg/kg) 48 boors after dminftration.
Niumber of ansmsls within brackets.

Doy L po
pores 3000 30 2,000
c-Anlaocaproic aad ) 1
AMCHA 1600 () >u.mof%
Anfkepron @, (actirs AMCHA fomer) 1300 (40} -
‘-:nﬂ.mpmku:lﬂ 3200
« (30 16,500
AMCHA umﬁ >|m(‘m
Amixapron @ (actve AMCHA leomer) 1200 (40} Availabie

brore i
btratlan to 3000
vk

homer were determined as LD50 values at 48 houry
oral admnistration. Results are goven Ia table 5} [AXRVEROUS of
Inordcrmumblhhwhcﬂlﬁornutwmmuhmm
mmM{wmmmmmomm:m“mlm*c
carried ovt on mice and Tats, In groups of ten, Tn oac of yhesg wero
imately one fourth of the calculated LDS0 valoe was given o oo 2pproX
umwday:,andmymulun;mmmmymwhth “rm“’:'f
these the experimentally found LDSO valuo was given foge (oo
Nommhtyduotoncmmulnﬂoncfﬂxdm’m ded, No
pathological changes were found!) No abaorma) val nu}
glucose, SGOT SGPT or allaline phosphatase werp ues for serur
N T abavetory Tt o, Sttrar Nyset, Ve, SarpPom
£
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E. Influence of AMCHA and EACA on fertllity conception and foetal
development in the rat

The Experimental design was a combmed two-generation and chromso
toxinty study m the rat Mature white rats of the Sprague-Dawley (Anti-
dm)mnmofbothlexumdmjh10+10m.tmnhpcrdoamupm
used. Double sets of female rats were used, one of the scts being wsed in
the study of the drug effect on conception and foetal development and the
other for a normal chronic toxiclty study of three months duration.

The study was a comnparative one, with s-ammocaprorc acd as a stand
ard and with a control group receiving water in the same marmer as the
drugs,

The lowest dose chosen was 500 mg/kg p o daily Thus approximates to
the highest daily dos¢ used dimwcally for aminocaproio acd. The next
Tugher dose level was 2500 mg/kg p o dafly and the highest dose Jevel
studied was 5000 mg/kg po daily The same dosage scheduke was
employed for both ammocaprok acid and AMCHA.

The AMCHA materis! used contained about 25 / of the active Bomer
In acute toxicity studies similar LD50 values were obtaimed for the
naturally occurnng somer mixture and for a preparation contammg 55/
of the active AMCHA isomer Thus, with a stmilar degree of toxiaty for
aminocaproic nddnndAMCHA,ﬂwufctymdcxw[ﬂbemnddmbIY
higher for AMCHA than for aminocaproic acsd Further the same excre-
tion pattern exists for the two compounds. It has, therefore, been con-
sidered adequate to use AMCHA mstead of the active msomer In this
study especially since the same dosage schedules were chosen for
AMCHA and ammocaproic acid.

Conduet of stud)

The compounds were edmmustered in agueous solution, and the
controls were given orally 20 m! water per kg daily Groops of ten animak
wuenxd.uudtwnwuoffcmnhmummumchdmkvdhmf;
to sausfy the design of the study as & combined two-generation
chromc to: test for a longer penod

Thamxn;i:jl:ymmwdfmmmmlh,mdmnmdthﬂfmabm
wnu.h:nal]uwrdtomm:w:t.hunlcsfmmucnrx:spondlnsdumeﬂF""“.l‘_"~
Vagmnal smears were taken daily nndth:mluwmmnm'eduml
oonccpdonhndbccnamﬂmwd.?‘b.edmpnmgdmmbw'ﬁdlko i
the rating period, which was extendsd to ten days 1n ordef 10 COVET
oestrous cycle W'h,cnpreg,n.'mcyd.idnotoecm‘dllf'lﬂlﬂll’m‘d"'”’cj
the result of the mating has been considered negative. s

On the 21st day after a pontive vaginal smear cesarean sectiod
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performed, and the young were studied as well as the mother Gross!)-
and histo-pathological?) examioation were carried out en foetuses and
mothere, The foetuses were then cleared, and the akeletons were stained
with alizarine red by the method of Lorxt (1963) Histo-pathology was
performed on the mothers (lung, beart, kidneys, Liver)

Further blood and urine samples were taken for clmical chemnistry?)
fn the same way as was adopted for the chronk toxkaty studies.

The female rats of thrs two-generation study thus received drug treat
ment for at least one month and twenty-one days and most of them for
two months, The males and the parallel set of females continued to recefve
the compounds during three full months for the chronic toxicity part of
the investigation. Thete results will be discussed separately under the
beading  Chronle toxclty”

The results from the two-generation study are presented in tables 6
and 7

F Chronic toxicity

As indieated 1n the description of the two-generation study groups of
Sprague-Dawley (Antiamex) rats of both sexes were treated orally for
three months with aminocaprole acid and the synthetically obtained
mixture of AMCHA homers. The use of the isomer mixture nstead of the
antifibrinolytically active AMCHA fsomer was justified by the close
relationship betweent the mixture and the pure isomer in their acute
toxicities and excreton rates. When plannung thess stodies we disregarded
the fact that the active AMCHA bomer is twenty times more potent than
aminocaproic acid a3 an antifibrinolytic agent, and the same dose levels
were chosen faor both druge.

The anfmals were dosed five days weekly for three months at dose
levels nnrealistically high from a practieal point of view but chosen so
as to produce detectable changes in tho groi

The results obtamed are presented in tables 8 and 9 In table 8 males and
females have been treated as ane homogenom group, but in table 9 the
results have been broken down for the two sexes.

G Antlanaphylactic and antl-allergic activity

Clatms have been made that amlnoc:proh.nddponcnumh—unnphyl—
actic properteet. Based on the studies of Karios & Measner (1959)

s (:ouﬂ;‘nfD( Gunmar Nystrdm, Vet Sargeom, N towal Racteralogical Labocs.

)Dum.:ryof.l)t & E. Bjcklund, DV M A.-ar.NPmL,layﬂ umhnuq‘

l]b(?‘m.' of Dt B. Absrg. M.D., Amoc. Prof Clin. \ i
am—u'zy Lab., Royal Vetsrimary Collrge,

v
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Table 6
Two-geaeratio study Adult fomals rate

Ten Sprague Da (A ticimax) femalo mother raty dose

mmmomh:'kZoouoo nd 5000, T e dow gronp. Myfkiity . e for
ross patkelegy 1t has not been possibls to prodecs ledons and with the modics-
tons studsed. No gross pathological changes wors found that can by referrad t Lbe drop
mnder study
lero-’-rbobq N p-tbnlo’ialuamodampdlhzﬁmhamm.p Kidowys were
f:]unﬂlntbu 17 3 to be 'ﬂhlbnm »d-

Stathatical evalmmtion of laberetory results!)

Significant differencen between tho valoes for treated and controls wers
obtuined for the following pairs of femake raty

€ Aminocaproid acld AMCHA
Dose
mg/kg/day Flgure for treated group F gure { r treated groep!
p-o Higher than Lower the Hligher than Lower than
conirols controly control controh
500 No dgniftcunt chenges No significunt changes

yersas coatrols vorrms controb
2500 Alk, phosph. Pody welght Imouters

Ha bin SGPT

Red

Haematocrit

Immatures

dhcation { dehrydration)

5000 Hsamogiob! Body welght Alk. pbosph.

Red Liver weight Haemogiobla

Haematocrit Heart weight Immateres

Eosinopinly 8GPT

Nentrophl

(Indicatson of dobydratioa)

) Laboratory data  vailable for evalusno ~ Weghts of body Hver heurt hat
hd.nc{. 5GOT 'SGPT k. pbosphatase, serum creatizins, hamnogioben, red

cefls, haematocrt, throm| o, whits cells, banded
! basophil,

we have developed a reproductble test invohang sensitinng mice with
horse serum and subsequent challenge with the same foreign protela.

Thcmioemscunﬂudbyrubcumneoustnpctlonnflnﬂorhoﬂr:
serum repented four thmes in one week. Beginning on the day afler
fourth mjection the antifibrinolytically active AMCHA bomcrorkmzf:g
omﬂyfortwomdlhmmnmpcmhrlymmodoukwk o
500 mg. [nuavmomchnumgcbylnﬂol;:ﬂmmmbﬁ‘mm‘m

the first horse serum injectron. The ts are p

nﬂ;r' a further control on any possible anti-allergic effect of the t:;
AMCHA homer l(l)mg/kgn.c.mcwtangoupo“guinﬂ
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Table 7
T don study Foetal
:r'unﬁ wley (Anticime) femake mother it per doss group.
b p/hgday p. o. for up to two montts 500 2500 mda‘!ﬁn
CONTROLS Prrpnncylun}nlafttnfmh Two resorptioas. Minor develop-

daturbances [n foar ane.

300 mg/kg/day p. o
t-Aminocaproke sckd Pregaancy In e of ten femaks. No deviatom verun controls.

AMCHA Pregrancy | nine of ten femalex N deviations verses co troh.
2500 my/kg day p
s-Aminocaproke acid in thres of teo femalcs Ons foetus dbipl ylng  double
wct-up of hind legs.
AMCHA Proguancy fn e of ten females No devistlons versy controb.

5000 mg/kg/day p. o
Aminoeapeok ackd No pregnancy!

AMCHA Pregoancy [ five ften femraict No deviatiom versus controb

exposed to & histamine aerosol The time for development of broncho-
spasm was the same In the treated group as in the control group of 4
guinea pigs.

Discradon

The observation that the antifibrinolytic actrvity of AMCHA is exerted
by one of its stereosomers opens the route to a drug with a potency
considerably above that of aminocuprow acid

Dupser, McNIcoL & DouGLas (1964e, b) found the active AMCHA
Isomer to be about ono hundred times s1 potent a3 aminocaproic ackd
in vitro 1 & urokinasc activated system. OXAMOTO ef o/ (1964), in a
system umilar to the one used by ux, found the active AMCHA Isomer to
be 26 times more potent than aminocaproic acid, a figure of the same
order a3 we have found

In rabbits we Jound serum levels and excretlon mate to be about the
ame for aminocaprofc ackd and AMCHA. In studies in which an somer
mixture was used, & parallel excretion of the active and the ingcthve
isomers was recorded. We were unable to find any metabolites detectable
by ninhydrin.

As judged by the absorpiion studies In rats AMCHA iy rapidly
torbed after oral administration.

”~
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Table 10
Evaluation of aati-anaphylactio effect,
Twenty white mice per d M. da
ﬁ!::gwsgl& yp.o.fo twooc

Acttro AMCHA fsomer | Medfcation Nm;udu‘yn:mm
L cba

my/kg/day p. o perind
0 (coatrols) - 14120
30 2 woeks 10720
300 16720
50 3 wesks 1020
500 " 1620

Durser, McNicoL & DougLas (1964b) gave 200 mg of the acthve
AMCHA 1omer orally to volunteers. Demonstrable antfibrinolytie
effect was observed at 15 mi after admmistration. A effect
waus noted at 2 hours and mantained up to 5 hours. At 12 hours a rafsed
antifibrinolytio effect was still present, equivalent to the effect produced
after about 4 hours by 2 grams of aminocaproic acd.

The acute toxiclty studies reveal no problems in the usc of any of the
drugs tested all results give a picture of compounds withont dramatc
toxio effects.

In the rigorous two-generation test described, a decreased
rate and developmental disturbances were found with aminocaproic addd
at the Jowest dose tested carresponding to & high clinal dose. With
increasmg doses this trend continues, and no pregnancy occurs at & dally
dose cotresponding to about ten trmes the highest clinical dose recom-
mended. AMCHA affects conception and foetal development consider
ably less. It should be noted that the two drugs have been admumistered
at the same dose level, although AMCHA is considerably more potent
than aminocaprox acid m antfibnnolytic activity

The results of the chronic toxicrty studses, both in pregnant and noz-
pregnant rats, confirm the results on acute toxicity pamely that both
ammocaproic acid and AMCHA display a low degreo of toxity In the
pregnant rat groups nothing remarkable occurred after administering
AMCHA in doses up to and incloding 5000 mg/kg po dajly Amino-
capror acd under the same conditions prodaced signs of dvhrdfiﬂﬂf;

Application of results from animal two-generation studies to the
11 difficult, eapecaally with the lmmuted mﬂ} uhﬂlﬂ:jicgm

wE o
son of the two drugs, however tho i faras prokc ackd

bles studied
armonocaproic ackd with the varia ] Tonw of child

{3 concerned, caution must be applied in
age.
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W'hmglvcnfurlhrccmonthstop'ou;nortenmakmdtmfermlcnu
at each dose level, stanstienlly significant dufferences from controls were
resched fn the large amount of lsboratory results, but no tissve damage
could be found.

Ararnocaproto ackd caused an unustal pattern of effects 1t dgnificantly
decreased rerum creatinine st all doss Jevels and at the higher levels also
affected the SGOT and SGPT It i not possible to decide if this reflects
nnyeﬁcnonlddmyfmmmunykmdofhnpmvcdpmtdnuﬁuuuon.
A slight anacnun seemed to be a result of Aminocaproic acid administra
ton at the higher doso levels

The renilts of AMCHA administration at about ten to about two
hundred times the expected clinical dose level were of a more cormmonly
found type. Increase in SGPT and alkaline phosphatase Is the rule rather
than the exception after drug admmstration. The increase an AMCHA
medication is moderate, The average controf value, 143 unite, is increased
to 171 192, and 169 respectively at the three AMCHA dose kevels The
corresponding average figres for alkaline phosphatase are 11 (for
controh), 20 and 19 respectvely

In the AMCHA high dose groups also signs of anaemia were recorded.

When the laboratory figures are broken down for sex, thereby redocing
the group tize from twenty to ten ammals, other aignificant differences
from controls came to lght. Some of these differences substantiate the
conduslom dmwn. from the undifferentiated materfal, of which some,
etpecially fn the aminocaproic acid group, are not easily explained. The
sigmiicant merease In body and organ weights seen in the 500 mg/kg/day
fermle groups stresses the ptability of caproic aad and
AMCHA by animals.

The anti-anaphylactie properties of aminocaproic asd have been
discugsed on the basis of exparnmental and clinical results. In a text system
smilar to the one deseribed here, we had found carller that aminocaprosc
cid, given m dosss up to 100 mg/kg miravenously at the time of challenge,
did not inftuence the anaphylactic reaction, as udged by mortality rates.
lnmnpmmtofthnnmetype,AMCHA:hamdwhhmmocapmlc
acud this lack of protective effect.

As a seonlt of the above data, cllreal mvestigations of
AMCHA somer have been initiated. the actrvo

Saamary

1 p obexane carboxylic ackd (AMCHA), originll
ﬂndkdbcmnsnoﬂum@brmo]ﬁlcpmpema,hisbcmfnﬁn?lmnh{
ntwonu:oiwnmofwhhhoﬂyampowmﬂﬁbrhmlyuuuh v
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& Ammocaprox: aad (EACA), an established antfibrinolytic agent, has
been used throughout the study as reference substance.

2. Invitro studies on inhibition of streptokmnase-induced lysis, expressed
as the amount of a drug necessary for 50 / reduction of Iytrc actmity
lhowcdthcactlveAMCHAuom:rtabetwmlydmmompotmtlhm
aminocaproic acid,

3 The two AMCHA usomers and ammocaproic acd displayed
similar urmary excretion patterns.

4 Results from up to three months medication of raty show a fow
degree of toxicity No tissue damage was found

5 Stodies of conception and foetal development in the rat demon-
sirated a d inp rate after i g doses of
proic acid AMCHA did not inflnence the test system to the same degree.

6. No anti-anaphylactic effect of either compound was found.

7 The active AMCHA 1samer appears safe for clinical use.
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Bitten Stripp
{Recetrod January 29 19695)

Dunng unpublshed experiments with ribofiavin SoREN NORGAARD
RASKUSSEN in our laboratory notrced that an increase in oral mtake of
riboflavin phosphate above 100 mg did not lead to an Increase in its
urmary excretton, LANE ef al (1958) 1n experiments with riboflavin
antagonists presented results mdicatmg that the percentage of an oral dose
of riboflavin appearmg in the urine decreased with increased dose These
facts suggest that the intestinal absorption of riboflavin is restricted to a
fixed amount Little is known about intestinal absorption of riboflavn,
although many mvestigations have been made to establuh the daily
requirement of the vitamin. In our study some problems of its absorption
h:vebeminv:nipled. After different oral doses of riboflavin or flavin
iboftavin phospt (= FMN) the concentrations
offr:erfboﬂavhxFMNnndﬂnin—cﬂmln:-dlnudeo&dc(FAD)hphm

and erythrocytes were followed, and the amounts excreted in the urine
were deterruned.

e =T

Methods

Sot normal adalt mekes, oo xn fcted diet, were a8 expord 1 g1ebt
The expertments were begun between 8 and 10 a.m. The sodium skt of FMN in
doscs from 5 1o 500 mg disolved In about 30 ml of waier or ribofvin snpended la
mnmmdnwmdmmuyhduhumdmlmwyum
of riboflavin diwotved in 1000 ml 0.9  Nx(l wers adminkstered o3 a drip Infusion.
moodnmphmnkmlmdhtdybd'on.ui—lbﬂtwlmmhunwmd
Inchoding 8 hours sfter the sdministration and afier 24 hours. Genenafly 0.5 ml blood
was taken from the kobo of the ear into & small beparinized tube occasionslly biood
mhmhmlhncuﬂulvdummdmmmmdrwn.nﬁ

ring the drug wes d 23 the total excretion tn M hours corrected
B A prarmmaniegica. vol. T, fove. 4,




Amatyrical principle.

Total riboflavin, free riboflavin, FMN aod FAD were determined In phasom,
exythrocytos amd urine by & modification of the fuarometric method of (Bunce ef of.
1948} Riboflavin i o i w1 the dij in f between a direct
reading and after sddition of Nas$,04, which reduces ribofiavin, FMN and FAD to
non-ffuorascent

The determination of total ribofiavin and separtion of the cortents of free ribo-
fixvin, FMN and FAD were basell oa the facts given below

At pH &6, equimolar concentrations of FMN sod riboflayin have the mmes -
temity of finoreacence, wherews FAD has a flo ntersity 1ponting 1o
ooly 15 / of that of riboflayin (BUcH ef o, 1945). FAD f5 completely hydrotyed to
FMN in 10 4, trichloraceth acid in 20 hourn at 38°C (Brnzy o of 1549). Hy distribo-
tion between pphenylethunol and the agoeons phase (pH 6.6) the distribation

for

dentt at room in, PMN 25d FAD were found o be
3.06, 0.018 and 0.042, respecthrety

Matertais,
Riboflavin UBP
Ribofarin monoancieotide (FMN) &s soditm st (Siems) Fivia edenios dawe

Jeotide (FAD) (Sigro)
Trichloroscatic scid 10, (Fot+* freo with redistilied water)
i ted with

All prepurations wers carried out i the dark or in & darkeed room cuipped
with red Hght,

thndM&—ﬁnMvﬁ+M+MDhm .
Scparate hiood celis from plasma by centrifgation. Blow 100 ul plasa kxto L0
onuuumum-dmmhw:u.mdmmmrmumimm
{wldnﬁum@ﬂl)rpm;mnﬂ«m:karmmnmmnmmm o0,
cork stopper Mhmwmrwmummnmmaﬂ:‘mr
peutralized with 800 al M. K;HPOy, 00 a “Photoveit™ fiwer fluotometer ko
o4 primary and “B-$40 a3 secondary Alter Carcfully £33 50 of 107 Mas5204
5 4 NaHCDs, and meesure the WAMW‘“‘M‘WW‘
mdM(lOnﬂmﬂhlko-ddmhded
muudmihdm&mdhmmct/mwm

fogy from day 10 day However a variation of only 2 5 7 wis
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Clcwdation,

The diffrence between the two readings before and afier addhion of N2%;04 to
the test solntion (x) i mubtipBed by 22 (dlhrtion factor) and corrected for the resdings
of the standard sofutlon (b). Thus, the concentration of total rfboftavin In plagms &

a 21 10
Dasermination of fres riboflarin, FMN and FAD ix plaswe or erythrecrter.

Blow 1.0 ml pleuma or ery Y lon Into 10.0 ml trichl ackd at

o after k

lize 6.0 m! of the supernatant with 6.0 ml
M K;HPO, at room temperature, and measuro the fuorencance on a 5 ml portion

'
Bhake 7.0 m! of the peutralired sodation with 100 m) pphenylethanol for two
mimctes. Ceatrifoge for 5 minutes, transfer 6 mi of the lower agqueous layer to 2 ml
chieroform, shake for 3 mimite. After compiets separation, remove the upper layer

o total ik vin (H) on the cetic acid afcr 24 hours,

If 7.0 ml neutralized solution sTo extractod, a3 deacribed, with 0.0 m! p-phenyl
ethenol, and the distrtution coefBoents of 3 06, 0.018, and 0.042 aro used, 18.5%
ribaflcvin, 97.5 £ FMN and 9.4 X FAD will be keft In the aqoeous phase. The PAD
mummm-ﬂmml!/htdmww

of ribolievin. The apparent rfboflavin determined as described above will thoy re-
Presat

A = free rboflavin + FMN + 0.13 FAD
B = [res ribafevin + FMN + FAD
C = 0.185 free riboflavin + 0.975 FMN 4 0.14 FAD

From thes equations # may be calculated that

FAD —A
1) FAD = um
2) FMN = 137C — 0169 — 00672 A
3) free ribalilevia = B — FMN — FAD

I which FMN and FAD are aalenlated as riboflavin,

Determination of ribofiarm in mrine
“The urtne from 2 persons beforo and after

negligrbie xmounts of FMN_ The detarmination of riboflevic & mpw _:"‘m“

simpiified.
w,w;o,dg{mmlamlbuﬂ‘d’amkupﬂu(w o s of M-h3
HPO, aad 104 ), meusure the #nd compart
rmdmpwﬁblhamo(lhmmr[boﬁvhloiﬂbnm%

of dboliav bn the urine sampiet.

£
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Table 1
%mh;mﬁgﬂwmm?m: T——
rmm&w resuhts was foand for 19 ng/ml,

Added to  Total nboftamn  Freo nboflamn FAD FMN
wnipmes I Tk ey ey
[ a1 m 77 1.3
62 pg riboflavin |F: R 7 ®
6.1 pg FAD 1240 92 ™ Bs
44 ug FMN 1103 96 21 N
Recorery

Recovery of riboflavin, FMN and FAD added to plasma i ritro b shown in table |
Recovery of §30 pg riboflavin edded to 100 ml urine was 92%.

Resulty
Normal values for riboflavin and 1ts dertvatives in plaxma and in urine
are shown 1n table 2. The concentration of total riboflavin in plasms was
52 ng/ml (range 36-81 ng/ml) of which FAD constitnted approxumately
two thirds. The average concentration of riboflavin m urme was 14

pg/ml (range 0.2-3.5)
The concentrations of free riboflavin, FMN and FAD 1 plasma and

Table 2
Average concentrations of total riboflavi  nboflavin,
FMN dFADmph.lm.llemnf&no‘rmllpawn

{ Plasme ag/c ’ Urlne ug/ond

Riboflav

-12 133-28 -
FMN

-1z (1 2
FAD

-12 (17 14 |
Toul rboflavin 320481 | 140239

= umber of observations higheut and lowest vatecs
I bracketa
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b
bt %

Fl.lenc:uLﬂ

Tampmy rn
tion of fres riboflavl (th.),ﬁvhmmﬂ'ﬂ’umlndﬂlﬂn-
dlnndnac:; (FAD) b plasmm and er

FMN onDunckotel Abacima after admiskiration. Ordisel n
mf phwma or eythrocyte of Hbolarin (—8—), FMN (——0—~), FAD vy

erythrocytes after admmstration of 500 mg FMN are shown m fig. 1
The concentration of free riboflavin m plasms increased from 6 to 245
ng/ml durmg the first two hoors, but the concentrations of FMN and
FAD remamed almost anchanged. In the red blood cells the concentra

uops of free riboflavin and FMN were practically unchanged, whereas
the concentratians of FAD rose from 0 to 120 ng/ml

Fig. 2 shows the urmary excretion after admumnustering varfous doses of
FMN From 0 to 20 mg there was approxmmate Uncarity between the dose

Aoy
Fug L Excretion i the uriow after ore) adu]
moconocleotide).



358 BITTEN STRIPP

' {f=
B & bk ox = 3

Flg. 3. Concentration of total riboflavin fn plarma (parson E) after oral adrinturation of

30, 100 or 500 wg FMN (Mavia mononncheotide). Abschwa time of day ko howrt,

wrrow” timo of  take. Ordinsts concentratlo Im ng per ml (—e— X0y

(—0O~) 100 mg, (—V—) 50 mg Total excretion after mg 147 mg 100 mg
03 mg, SOmg 141 mg.

and the amount excreted. An increase m the dose above 50 mg dd not
cause any further mcrease in the excretion.

Fig. 3 illustrates the concentration of total riboflavin in plagma a3 2
function of the tme after various single oral doses of FMN The highest
value (240 ng/ml plasma) was observed 14 hour after the administration
and was mdependent of the dose,

The results of a similar expermment in another persan, F are shown fn
fig. 4 only there riboflavin was pdmimstered mstead of FMN The
concentration of total riboflavin m plasma reached its maximum after
the same interval as afier adminutration of FMN  the value again being
independent of the dose. Fractionation of the plasma showed gn fncreast
in the concentration only of free riboflavin.

The urinary excretions of riboflavin were 17 0, 179 and 14.0 mg after
administermg 100 and 500 mg riboflavin and 200 mg FMN vely

Administering 2.5 g dried, defatted hog stomach mucosa ples 500 m§
riboflavin to person F yielded the same results as shown in fig. 4 the
excretion being 18.7 mg.

The effect of administermg 4 doses of 50 mg FMN at dntervals of 90
minutes is shown 1n fig. § The time during which total riboflavin concer-
umhuhﬂnphmmltpnkkvdmwmmdm‘“mn
of riboflavin was slightly over 100/ more than that found after & singk

ose of 50 or 500
¢ After h\mvcnonl:s& admnistration of riboflavin, the plasma “’“,'.
riboflavin concentraton was 6 times higher than after an oral dos &
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e
200 F
-p-
~w

)abuhu ©

Fod G { total ribofiavin ba plse (person F) after oral admisistration of
132 5 520 g hoflevin or 200 mg FMN (Barin s mSon. AbCcima time of day
lno'un-o(lnnh.od.lmm wmlbn(hﬂlp""“’m( —)
r‘l‘boﬂ.n‘h,(—-V——)’W riboflavia, (—O

atter S0 12p m‘bm‘!wmd avie 15 . 200 me

ng/md posma

100
-
L -3 -]
Lol S i i
L Coscmmtration of total nbatevin b (enon B afler sdmbulurasioa of
T TN (ks ot g o e T e of 0 g At
bows, wsrow Laeake. Ordiassy tn ng por ol plasma. Total excre
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W0 agre

= -l
—— Orwl mivhe of XN my S bulves

-] -

-0 .

-

H;&Cuuc:mnﬂonollm]d‘boﬂ.ﬂhluphlmlﬂnwhﬁdu(ba‘u
arrows) { B4 mg (—O—) or oral Intake of 100 g riboflavin (—V- Excretion of
riboflavin In orine in pg per mintte s fodicated the columns. Total excracion
81 mg (9730 after oeal intake 17.0 mg.

100 mg riboflavin (fig. 6) mmﬂonofn‘boﬁlvmmm'lncmfmmd
to be 81 mg, 97/ of the dosc administered

Discwsslon

mmultxlhowt.hntnotmomthm14—18mgn‘boﬁlvmisucrttudin
Ummmhd:pmdmtofmcomldouwhcnmhbmxdnbowwms
m smgle doses. UPIOdomonOmgFMNlheex:rcumofﬂboﬁamin
mm:wufolmdtobemwmtwdmu:muluom{mmﬂ&
CasPreLL (1960), who showed that siboflavin exeretion, 1n contrast with
cxcretion of thismume, was proportronal to the oral itake thelr doses,
however did not exceed 20 mg. When the doses were
SCI:'1113-1'10ﬁm.hcl‘i.v:n,'reu.s:inm-uuryr'l’bn‘:f’lavm\vasi'mmd tndeed, small
decreases were observed ﬁ&rﬂﬂlumlnlpccﬂl;;ﬂt;lhlhmf‘::
LANE et af (1958) who presented figures mdicating that ¢ percen
mthzurmaﬂcrmomldoscﬁomwtosd)mgdcamxdwhhmmﬂzs
dose. After oral intake of FMN the mse In concentratian of FAD

that of free riboflavin 1n plasma
within 9 hours was only 20 / e No fractiona

within 2 hours thmfar:,on}yzheplasnnwwm
tion was necessary smce free riboflavin was the anly frection
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The plasma concentration of riboflavin was found to be inde-
mﬁgﬁmmmommmommm&mﬂmmwm
stration of riboflavin gave & much higher peak level of plasma riboflavin
ard almost complete excretion in the unine, showing that riboflavin 1s not
rcuimifnLhnorgmmn.Thmtheourputlnmhnfujdygoodmcawm
of the amount absorbed and the limited excretion therefore snggests &
lmited abtarption. 1t is unlikely that destroction In the small intestine
exphlmth:h;mnmlctuﬁomliomnmeurmgrycmmnofn‘bomﬂn
after doses from 0 to 20 mg i consstently 30-50 / of the given umount,
and thus mcreases with the dose Because of the amount of urnary
excretion 1 18 therefore assumed that the absorption of riboflavin or FMN
camot exceed approx. 18 mg after a single dose.

Further studies have been initiated m order to investigate the crreum-
stances of the absorption,

Yact (1954) showed that subcutancous lngection of nboflavin Info raty
caued an increase of FMN and free riboffavin in the mucosa of the small
intestine The increase in FMN was explained as & result of a phosphoryla
tion of rboflayin in the small intestme, A synthesis of FMN made from
tiboflavin and 2 phosphate donor by action of the phosphomonoesterase
from the small mtestinal mucosa has been effected by YAar & Ocupa
{1958) #n vitro These in vivo and by vitro resulis also suggest that phospho-
rylation takes place in small intestine in vive but do not Indicate whether
the process o necemary for the absorption of riboflavin. The fact that
only frec riboflavin is mereased in the blood after adminktration of FMN
indicates 1bat a dephosphorylation of FMN occurs romewhere before it
reaches the blood stream.

SPENCER & ZAMCHECK (1961) cancluded from i rirro experiments with
mﬂmtmmctmmm&rb:tﬂbo&svmnnhsorbedbyrﬁnplcphydml
diffusion. This & not in agreement with our results. If diffusion were the
only path of absorption, the plasma riboflavin fevel and the excretion 1
the urine would rse in proportlon to the increase In oral intake.

Slnce gastric mucosa was shown {o have no effect on the amonnt of
fiboflavin excreted or the peak Jevel m plasma, the sbsarption of tibo-
flavia cannot be analogous to what is known of the abzorption of cysno-
cobalamin (vitamun By The facts that the essential absorption of
tingie dose Is almost complete withum 6 hours and that mereased thaorp.
Uoa Is seen when 200 mg s given In divided doses may indicate that only
part of the small mtestine — probably the proximal end - can absorb

ribaflavin. It also caggests that the absorptuve ca, ret ormal
valuex within a few houns. & pacity retuns to

It it concluded that ouly @ limited amount riboflar absorbed
from the intestinal tract o t can be

¥ A rmtepion, oL 2. fa. &
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Summary

1 After oral administration of riboflavin or Ravin mononucleotide to
human subjects, a riss in the concentration of free Hboflavin occurred
only in plasma, and only riboflavin was excreted m the unine.

2. An oral intake of riboflavin or flavin mononucieotide above 50 mg
caused no further merease m the unnary excretion of riboflavm.

3 The “absarption curves™ of nboflavin in plasma after oral intake of
riboflavin or flavin mononucleotide in amounts from 50 to 500 mg have
quantitatrvely and qualitatively a shape mdependent of the dose.

4 Recovery in the urme of riboflavin adminstered mtravenously
was 97 /.
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Localizaton of Catecholamine Uptake in Rat Braln Slices
BY
Bertll Hi and David kaT)
(Recetved Febroary 1 1965)

By means of tho histochemical fluarescence method of Farck &
Hirawe recently described in detail by DARLSTROM & Fuxe (1964) and
by Nompera & HAMPERGER (1964), It has been demonstrated that not
only the terminals bat also the entiro peripheral adrenergsc neuron have
a specific mechanism for uptake and concentration of noradrenalive
(NA) and related amines. This mechanism fx localized at the level of the
cell membrane and is blocked by certaln drugs (1. ¢ cocame, chlorproma
zint and dexmethyhmipramine), bat it b msensitive to reserpane (Haw-
BERGER ef al 1964 Hiraxe & Malaross 1964 Maruross 1965) The
important problem whether the recently discovered NA and dopemine
ncurons in the bran, which 1n 2ll probebility use these armines a3 tram-
mrtters (sec DAHLITROM & FUXE 1964 Fuxs 19652 & b) also possess
wch & mechanism iy difficult to study i vho as a barrier mechanhm for
the uptake of catecholamines from the blood has been demonsirated
(Wen MarHrree, WHITSY & AXELROD 1961) Labelied catecholamines
have been thown to be taken up and concentrated by beain shces
In vitro (DENGLER ef al. 1962), but the cellular focalization of this uptake
T not been eluckdaied. Yt has, however been found that central perve
termunals of the adrenergc type in the median eminence, which Iacks the
tbove-mentioned blood-hram barrier readily take up and accumalate
exogenous NA f1 viro (FUXB & HILLARY 1964). - In our study the in vitro
technique was comhined with the specfic fluorescence method for

Comunonwealth 1364 Prossat Addrem
Ras Labe, l‘{“A.MHup.. Sepatyeds, Calf Phxusnh‘ypm
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Material and Methods

M:hnfb{mnu(SmDnvky)mpmutzdwfd\mim(}an.
lZ—l!bmn)(cdeph:thnhﬂmn!Mu!:dmehhm&(lwm
L p.) wus administered to some of the animals 24 hours before Killlog them by bleed-
h;mnmdahjhi:thalnmbuh_mbu,mbytblcchniqwo(Mdem&
RODMGHT (1962), were taken from the ceretral cortex, beain stem and, for comparkson
and control, the vas defercos and were Incubated at 37 In a modifled
nate medium (AXTLacD ¢1 af. 1962) containing ghocose (10-2M). The amines {—)-NA
ar (—)a-methy] NA were added at the b ing of or after preincuh
for 15 mimutes, end the Incubation tine was 20 minotes. After incubation the slices
were immediately frozen, freeze-dried, treated with formakeyds gas, embedded und

d for Tnce (for detalls see Damistadu & Fuxx 1964
Noxsero & Harzerarx 1964). The NA and a-metiryl NA taken up are cotverted

during the formaldeh :
f to yellowgreen 3 4-dihydrolsoquinolines (Comeos & Horaar
1963 1964).

Results and Discrasion

The synaptic termumals of the central catecholamune neurons and the
penipheral adrenergro termrmels huve a characteristic appearunce, showing
abundent enlargements, varncosiies, which represent the prefymaple
structures specialized for synthesis, storage and releass of the catechal-
amines (tcc DAHLSTROM & FUXE 1964 MAaLMPoRs 1964 Nomperd &
HAMBERGER 1964 Fuxe 1965a) Control slices (from reserpime or fext
pine and nialamide treated animals) directly frozen or incubated without
amines showed that the reserpine treatment had caused total dthUOhl:
of the endogenous catecholammes stored m the terminals. Incubatfon
nmedlummnmmMgumcmﬁNArmﬂmdmmclppﬁmmdl?}E]e
adrenergic synaptic termnals, which according to the concentration
amme (001-1 pg/ml), showed weak to strong green to ycﬂo"ﬁ
fluorescence (fig. 1) These termunals seemed to have the same durldml
tsc appearance and drstribution as those observed in the braln from po Iy
animals, and n0 such terminals were seen in broin reglons that normal
Iack catecholamme terminals, There s thus Ditle doubt that the of ot
termmals are rdentical Mthlhesyrupncm—mmnhoflbcqxﬂ-ﬁcc;“mk
amine nevrons In some parts of the cerebral mﬂunfﬂﬂydﬂ‘”m ol
of thin fluorescent terminals could be observed. Both m th:;o " ot
brain stem there were also smooth flbres without VM:d'nwly
showed about the same fluorescence as the vancose mm#;m p
ran in fibre bundles (fig. 2) There js littlo doubt that these bres
terminal axons belongmg to catecholamine neurons. Th::' ey exblbl
ally contain such (ow concentrations orx:un:n::‘mlmﬂlﬂ]ﬂ%4 o 19655
10 or only weak fluorescence (¢f DanLsTRDM & FUXT
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The adrenergre terminals and non terminal axons Jn slices from the vas
deferens always showed a somewhat higher amine uptake than those in
the braun slices, probably owing to the greater thickness of these structures
in the former

The termmals in shces from reserpine and nislamide treated anfmals
showed a mmilar uptake and accunmulation of both NA and a-methyl
NA. However if the animals were not pretreated with ths potent mono-
amune oxidase (MAO) whibitor nialamide, there was almost no accumu-
laton with 1 pg/ml NA m the medium and only & weak to moderate
accumulation with 10 pg/ml. On the other hand, the a-methylated amine,
which is not readily attacked by MAO accumulated to about the same
degree whether the anmals were pretreated wath malamide or not. These
findings support the view that MAO {s present in the central catechol-
amine termunals (see CARLESON & HILLARP 1962 CARLssoN 1965 Dant
sTROM FUXE & HILLARP 1965), as seems to be trus for the peripheral
adrenergic termunals (HiLiaxe & MArurors 1964 Nomaers & Haw
BERGER 1964 MALsFORS 1965 NOREERG 1965) end o th

Our experiments show that the synaptic terminals axons c
central catecholamme neurons - like those of the peripheral adrenergic
neurons — have an efficient mechanusm for uph(a.kt;;ntf (c;_m}tqﬂmﬂmg

the fluorescence ORBERG

:AmmommNgdudglnsM“mby 3 1965), amine levels In the order of 1 000-
10 000 ug/gwctwushtmnybcmnhtdlnthetumimhbyimhﬂm
in & medmum containmg 1 pa/mi of NA or o methyl NA. Since there 13
strong evidence that reserpine blocks the uptake and uamg:nn:hm‘;mgs
of the amine storage granules (sce DARLSTRDY, Fuxe & HiLLare

secumulate m all probability in the
ropiaan wikot coapersion of 0 ules. The fact that the

e e
GER ;ndm;g“)s also nccun(:uhte exogenous n’m.f:us tohwllwds:uorﬁly
;ﬁmmﬁpﬁﬂd concentration of NA that seems
wbﬁmﬁigmﬁﬂmfmmummﬂwrm
capillary wall (but not of the larger vessels) showed the capatity to take

u—mctthAtoth,hlwds(ﬁg. »in
O o aod odon ccﬂ!ysttm to be kdentxcal with pericytes

appearance and localzntion these

(f LaNDERS ef of 1962 Wourr 1962) No dmmwmnhn,hma
been observed in the cells on intravenons adm ures
(Fuxe & HitLare 1964). If the animals were not pmrcalt(:d with
mld‘-mb’ﬂmﬂhﬁNAhnnutNAnmuhMMV ro, indicating

7
tobe
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in the mpoﬁdbmlythﬂllmdthnllhcpaicﬂu
ﬁA&wﬁﬁuﬂm&y m;orbmhmyﬁmmimpomt functlon
inthemmﬂlfmmmdmcdﬂcbuarmcchomwlmhtbmin.
Owupumenumw(hnth:tuchnlqmmcdilofvnlmrordxr&t
n‘ndbormmmlnndexmn.eumnluptueoratcdwhminalnuu
mmmmqmmmmmwhﬂhbrmnudﬂnguw
elfects of drugs on the uptal.e and storage mechan) for

Thus,
it wa found that cocaime (10~ to 10-3 M) strongly nhibed the neu
ropal uptake of NA.

Srooary

The In vitro uptake of norsdrenaline (NA) and a-methy! NA by rat
traln way studisd divectly at the collular level by o sensitive histochermeat
Ruorescence method The safmals were pretreated wath reserpme o
deplete the brain stores of thelr eodogenouns monoemines. The axons and
synaptic terminals of the central catecholaming nearons were found to be
capabit of sccumulating the amines to hgh levels showing that the
central, like the peripheral, adrenergic nenrons have an efficlent reserpme-
maemrirve uptake and concentration mechanism for NA, which seems to
be Jocalized at the cell membrane Cocalng strongty uihibated the neetonal

Ceriam cells, probably perwytes, in the walls of the capillanes also
chowed an efficient mechanism for amma uptske and seem 1o possess hugh
monoamine oxiae actrvity This suggests that they may have an m
mfmmmwmmmdmmmmm
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mark (L Maller Niclsen, D Y M., M.5c)

nfleenice of Antirbeumatic Agents on the Release of
Histamine from Rat Perlioneal Mast Cells After
an Antigen-Antibody Resction
By
Srend Noral)
(Reveived February 10 1965)

The role of histamine m varjous allergle or anaphylactic reactions s of
great mtcrest, as histamme » one of the mediators of the allergic and
inflammatory response Thus, the release of histamme from senstized
argans has been demonstrated in vivo as wellas [n ritro and histamine has
been detected in the blood or perfusion fluid after the administration of
antigen (TELroRD & WEST 1963)

Most of the histamnine in the body i stored in mast cells (TELFORD &
WesT 1963) During the anaphylactic reaction the antigen-antibody reac-
tlon damages the mast cells, and histamins 13 released. This phenomenon
has been elucidated by Kerier (19628 & b) on isolated peritoneal mast
celis from the rat.

The 1 1 1 reaction is bly an important factor m
elicitmg th d arthntis and collagen diseases (MaCKAY & BURNET
1964) Cortlsone nhibits the immunological reaction. This i abserved in
animal expermoents in which cortrone medication mhibits antibody
formation (GERMUTH 1936 FISCHEL et af 1952 Mackay & BURNET
1964) and prolongs the survival fime of skin homografts (MEDAWAR &
SraxROw 1956). It I doubtful whether cortisone inhibits the union of
antigen and antibody but ri may reduce possibly the sensitvity of the
cells to the antigen-antibody action (GOODMAN & Griuman 1955 Sors
MANN 1957 MACRAY & BURNET 1964)

Our study was deugned to mvestigate the effect of soms glococortico-
sterords as well as of non-sterordal antitheumatic agents and other sub-

) Presest sdre Dx of Unherahty of ¢
Mane Vo, Copenmyem, Dermsrk. nhages, 20 Jullane
T Ao prerwessieries, vl 12, .
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mnccsonthcrdeueofhnmmm:aﬂ:rmanﬂgm-mu"bodymuionh
anupm:mofpaitonnlmmcdh&ommﬂﬂmdmultmmm
treatment of the rats with antrheamatic agents towards the end of the
senntization period, as well as in vitro experiments in which the substance
wes added direct to the mast-cell suspension before adding the antigen,

Experiments and methods

Adult male albino rats (Wistar) welghing sbout 120 g were

Doses and infection solutions Tho sab were adroint b ly ba
the quantitics thown In table 2. When the substance was soluble in water K was
admitistered a1 an squeous solntion  otherwise It was srspended In a mixture of 1
part of Acacia Mucllage (US.P 47) and 6 parts of water In cither event the dosige
s 2.00 mlfkg.

Semsitization of the rats The rats were sensitized to horse serom by 2 sobertaneons
Injection of 1 0 ml horse scrnm (Insctivated by beating for balf an hour at 567 mbxed
with 10 mi (107 bacill) pertussis vaceine. At the end of 4 duyw the treatment was
repeated with 0.5 m} horse serurn and 1 0 ml pertasis vacchne, The rats were used &
scrultized antmals (HBGReRo & UvNAS 1958) in expertments 3 weeks after the first
treatment. Their body weights now ranged from 150 to 200 g.

In vitro expertments Into each sensitized rat 18 ml of 1 modified Tyrode sokstion,
heated to 38°C, were injected [ntraperitencally this is & buffered sohution (o 7.9
containing 144 x 101 M NaQl, 3 x 10-3 MK, 8 x 104 M-CxCh, 2 HO
8 x 10~ M Na&;HPO4, 2 H2O lnde]O'JM-KﬂzPO.‘.ﬂnntmmﬁ

st

2.00 ml modified Tyrode solution wero sdded, and the substances

"yrode

samples). The concentrations given in the table refer to the fioal

all samples 0.50 mi horse serum (antigen) was mdded, and the mirture
SEIHMnﬂLﬂnmuoIthﬂmmh:dbmlh:mcdbhv&w;;
y resction were (1400 x g for 15 miiL) "
rnm—cd]immpﬂmhmwhhhmdcuumm‘mwddcdﬂﬁmllixl:&
trichloracetic acid and 1.50 ml 4 N sodlum acetate, 3 HyO. The mixiurt w38 o
rmto.mmmmmmmmdmmmm
d h rically s pr y described (Now 1965). The S50 )
of rcleased histamine In the samples were corrected for the amounts determined
maniputation of the mast-cell suspension. This qusatity wes o parafil
Jmupinonmmummthomaupoommbdwhﬂb"mmw
mmmlmmmmwmﬁwmmdmw'mm
mmunrhhtnmhtlntbennmbmoved&wmcmaﬂmﬂ” o
mined 1 3 samples of 8.00 ml. To rekease the intraceiiuhir histamine, o (or 20
Mﬂm-m«owmmmhwd“wm
pufn. the mixture was centrifuged (M00 X § for 15 min) T0 the S (o oy
added 1.2 ml 4 N sodhum scetate, 3 HzO and tho mixtare w3t
cohmnthu-mlyﬂ:wnthmmmlnncdnda:rﬂmdlm
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In Tive experiments Half the sensitired raty were treated, during the lut 3 dayy of
ﬂr:nﬂhaﬁunpabd.wﬁhuhﬂynbammhh:ﬂwdomdmm
fisted fn tablo 2 Tho treated rats are calied test rats and the untreated ooet control
ats. A vohue of 18 m] of modifad Tyrode sohution (38°) was Injected Intraperitone-
llyhi.ubathts!n:dcmtmlnn.dnt:uwbdn‘hﬁﬂdl}bom:lh:rlh:
fast dowe of the substance to be tosted. The rats were killed 30 sec. after adminks-

1n orer to obtain a suMfickent qmntity of peritoncal mast-cell suspention per wmple,
the eomtents from 2 rats [n the test or the contro) grovp weve pooled. The robtures are
dexignated test and control semples. From esch of these seopics 2 portiond of 10.0 m!
were removed 050 ml hora serum way added to ane (specinen o) and the mame
vokme of modified Tyrode sokution 10 the other (zpeckoen b). Specimens a and b
were fncubated at 33° for 30 min efter centrifugation (400 X g for 15 min) the
reloesed hes of bt in the wers ined a1 described under
the ¢ wiro expariments, The diference between reicased histamine in ample & and b
cotrezponds to the rejessed content per 10.0 mi test or control sample, as & correction
b dof, + e oaltion. The total hlstamd

et per 10.0 ml test ar control mmplo was calcubated &3 the sum of the hitamine
coohzorty o eapermatant and sediment from spectmen b Tho letter comteat wes detec
mined a3 described beow The histumine was freed from tho mest-cell sediment by
careful shaking and standing for 15 min, with 2.3 ml 20,/ (w/¥) trichloracetic add.
After 18ding 5 ml modified Tyrode solation and 1.0 ml 4 N sodiem acetats, 3 HyO
the mixture was contrifuged, and the decanied fidd was poured on to 2 Decalto
column, and the amlysis continoed a3 already described.

o mastcell “The of mast celly was
determined in mest-cell suspentions from control and tert Tats ey advocuted by Baay
& Axsom, (1961). M the & ck

of tota! cells and of
were detormiped in suapenstions from some contral rats.

Resalts
In slro experiments

The substances mentianed in table 1 were added, at variows concentrs
tom, 10 & sspensian of peritoneal mast cells from sensitized rats (test
samples) After incubation with antigen the quantity of released htamine
was determined. The releass of histamune after incubation without
prrvmnsndd!tlonoflubstmce(contmlmmpia)kmuﬂymundw/
of the total content of the sample The inhibitron of

the test samples, & given in table 1 cakenlated i
was
p sccording to the
(His — Hiy x 100
Hy — Hila -

m which the symbols represent the quantity of histamine released
control sample (Hi), test sample (Hiy) and mast-cell suspension “‘&Z};
additlon of substance or antigen (Hia). Amnngth:wbmmuh:vuﬁpmd
chlorprothixene and amitnptyline showed the greatest effect, a
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Table 1
T itre cxporiments,

Inhibkory effect of antf heumatio a and other sabstances oa the releass of bitaming
mlﬂ:mmﬂmnﬂbodyr‘cibn o & sasponsioa of perttoneal mast celly from senitoad

Percentage Inhibitiom of bivtamise releese.

Added pg substance per ml
must cell smsp,
Substance
al 10 10| 100 ' 1000 'Im)
H o !
[ydrocortuons o o - -

Phﬂ‘:ylptcdnim.\cnu ] o a - ; -
ylbutazone [1] 0 0 n 9. -
Sodlom salicylat 0 0 o 3 ™ 58
te 0 0 2 1€ 11 n
[} [} 0 0 € ”
o [} [ - -
o o 50 - -

AmMdopyrine
ek sl

tion of 10 pg/ml giving a 50 / inhibition of histamme release. At higher
concentrations the mast cells will be destroyed, so that histamme
released in larger quantity than in the control samples. No inhibition was
obtained with hydrocortisane or methylprednisolone the solublty of
these substances does not permit & study of concentrations abave 10
pg/ml, Phenylbutazane and todium salicylate showed an Inhibitory effect
between % and and sodiam-y-resoroylate and amidopyrme m effect
between rhy amd those of chlorprothixene and amitriptyline.

In vivo experiments
Sensitized rats were treated :mdamemdormm:m&mp?*od
with the substances listed in table 2 (test group) From these rats, and from

# suspenson of peritoncal mast cells was removed and
with antigen. The released histamme was corrected for o e
liberated during the mampulation and determined s & percentage o
total amount in the sample Inthccomroluwd]uinthclslnmm
the total contents d to 8.8 pg ! i !:uscm}cuhl.tgwl“;‘ul
(s. = 31) (n0 mgnificant difference i contents 2ccordmg ‘C'“hcww
P> 005) Th.crdcnscduetomm}puhtionwnbomlS/g
nmoummth:umplaﬂmwunonpjﬁcmtdm’mw!;‘_be o
tlon release™ between control and test samples (P > .05 m"framﬂ
relense of histamine elicated by the antigen-antibody f““k":‘m'“'kd
spectmen to specimen within the control group As aruk, bet
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X and 50,4, of the total amount in the specrmen, more rarely betwern
2 10d 60 . The day-to-day variation exceeded the vartation mihm cach
dry and there could be signuficant differences between the rekeases from
oo day to another Accordingly the test samples were always compared
wrth contro! samples for the same day

The inhibstion of histammne refense In the test samples was caleulated
sccordmg to (e formale,

Hie-Hla _ totHL
R S g i AL

Invthhhl'ﬂ..}ﬂn.Hl.delam\h:lmomuofhblmncrdcaxd
hnmplanmdbmlhetmmdconuolnmpla,mpmhﬂy The
expressions tot Hh and tot Hie mdicate the total hntamine contents in
mhibition s revorded in table 2,

!mbthhmlmu:dmgrof?jmg/kg.
Nshlynn:ﬁm:mhruﬂmom,(. did phenytbotazone, P
amm&uwmmszz‘mammdwm

m‘mr“:kd%i4(ltm)mmrm 15 sensitized
fuundlnummb::f/w ."amlnu:hmd.ﬂ,_l mm(“b:ﬁ:
content of hiStamni DT 1quare mp
ml.-ndm:t?u:l,mn "“Qaiul(%);m” The mean
31 g bistaming O U= st ol way, ghegepora o PET
contamed very gy B per 108 magt e ore, calculaed
The concmmragir, 522 H5Ei00 (L ory 4 U2 8¢ other cey
dxmnwu,mh Dmmlgeg)_
deterneg iy total congent of
bydrocorifygp, fr
Neither the
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Toble 2
I rivo experiments.
Inhibltory effect of antirheumatic agents and other snbetances oa the rebesse of hisiamios

after an antpen-antibody reaction in a suypention of porttoneul mast el from
Tt diffe from contral epocl are {wdicated | tormm of P by the tdest.

Lnhiblition of histamine relesss
T Test Control Dally dose
3dim
numbec number mifky

Hydrocortbsone 200
100

I
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DAHﬁﬁbﬂwwnmhpmwﬁnm&whnmdmmmdwmﬂﬂm”
and peritonith,

complets conformity with the findmg on suspensions from sensitized
control rats {P > 0.05).
Distussion

\ized control fats
A suspension of peritoncal mast cells from sens] o
owed n mast.cell conoentration of 26 & 4 (s ) celiymm? a4
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Table 3
Must el connts wnd valpes fu bons of perhoscs] mast cefls from now-
scrmftired asd geneitired mats. The ltier included comirol &3 well as tremied asimaty,
s | eiam
dose per m
Sabsitnce 3 days mg/ks Tpocimen pecimen
Man + tem, | Mean £ pem
Non-perahined control - 3544 as + 0l
Centrad — §i4 g:lliﬂ.l
Hydrocortisone 200 +3 +0l
Phenyibatarons 200 1743 Q7 0.4
Sodiom wurothlogaiphat 25 mis 0.6 £ Q.1

total histamune content of 0.8 + 01 (s¢.m ) pg base/mlL These values
are in agreement with those found for non-sensitzed rats. Thus no redue-
tion of mast cells occurs in the peritoneal cavity during sensitization. In
the removed mast<cell suspenson from non-sensitzed rats Bray &
Arspet, (1961) found a concentration of mast cells and a total content of
histamine 5 tomes ugher than we heve done, This i presumably dus to s
difference in tho strains of raty wsed and the difference in their body weight
or possibly to a mare effective removal of cells from the peritoneal cavity
The histamine content of the mast ceils was catculated by us as 31 pg
histamine basc/106 mast cells. This 13 in good agreement with the findings
reparted for non-tenutized rats (Bray & Arsoer 1961).

After jncubation of the mastcell suspennon with antigen (horse
scrum) a release of intraccllular histamine of ebout 30-50 / of the total
amount in the sample was found. This agrees with the findings of Keoss
(19622) If the rats were treated with ntitheumatic agents towards the
end of the sensitization period, steroid a3 well as non-steraid mbstances
gave rise to a significant inhibution of histaminc releass, to an extent
depending upan the dotage used. As the admmbstration of these sub-
stances does not alter the concentration of mast cells, the total histaming
content of tho specimen or the amount of histamme released by the mani-
pulation, the reduced histamine relcase must be doe to s decrensed [ibera-
tion of mtruceilular histamine from the mast cells in the specimen after
the antigenantibody reaction.

Admmistration of any of the glucocarticouds studied led to a significant
Inhibitzcn of histamine rolease, and the calculated EDSO doses (corres-
ponding to a 50 / mhibition of histamine release) amounted to 75 65,4
and 2 mg/kg for hydrocortisone, fI holane, methyl predalsol
and betamethasone, respectively As the clinseal potency ratio of these
substances is | 2 5 30 (WesT 1958 Boiand 1962) it may be seen that
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the relative activities of these substances correspond fairly well with their
clinical anti-nflammatory potency

Phenylbutzone inhibited histamme release significantly at a dosage of
200 mg/kg, but oxiphenbutazone and monophenylbutazone thowed no
change in histamine releasc. Salicylate, acetylsalicylic acd amidopyrne
and chloroquine had no effect, whereas sodtum aurothiosulphate at a low
dosage gave rise to significant inhitution. It has been demonstrated that
mepyraming, and also chlorprothixene and amitnptyline, show an effect
m several antr-mflammatory tests. The two last mentloned agents, at &
dosage of 25 mg/kg, mhibit dextran and carrageentn-induced oedems as
well as gmnul formation induced by subcutancous implantation of
carrageenim peliets Into rats. Mepyramune, chlorprothixene and smitripty
line have 1o effect on hustamme refease Among the substances mvestigated
only potent antirheumatic agents were able to whibit histamine release.
The method accordingly appesrs to be applicable for evaluatmg anti-
rheumatic substances,

The in ritro experiments show no mhibitfon of hustamine rekease oa
eddition of corticords to the mast-cell suspension before incubation with
antigen On the other hand, the relezse was mhibited by phenylbutazone
at concentrations of 100 and 1000 pg/ml and by sodium slcylate at
cancentrations of 1000 and 10,000 pg/ml The results are m compkis
conformity with the alterations in histamine release obtained by i v

ts on perfused lungs from senaitzed gunes pigs (TRETHEWE
1957 & 1958) The effects of sodwum-y resorcylate and amidopyrmé
correspond 1o that of sodwm salicylate, The most marked effect wis
abtamed with chlorprothuxene and amitrptylne, which inhibited hisze-
mmne release at & concentration of 10 pg/ml. According to the ressits
there 13 no paralklism between the effects of the substances 1n the f
vitro and In the i riio tests.

Sammary
A method has been developed for determuning the ability of m‘:
ichibit the release of hrstammne after an antige-antibody react
suspension of pentoneal mast cells from sensitzed rats. e enl of the

smsrﬁmtlonpcﬂod.upomufmzrmwvtdiw

to antigen (horse serum) will result m the liberation of & Jower pereeuiage
of the total tustamune content than in & control group Onlo’;pncrolds.
potent antirheumatic agents, corticosteroids 83 well -_sml;‘

showed a significant inhibition of histamine refense, o wrm:wmcl
is due to a decreased [iberation of mtescellular hista
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mast cells after the antigen-antibody reaction. The relathve potencies of
the gl 1reosteroids tested corresponded fairly well with thelr clmical
ant-inflammatory potencies

On direet addition of anticheunatic agents to the mast-cell suspension
before addition of horse serum, no correlation was found between the
cimscal potency of & substance and 1ts ability to inhibrt the histamine
release.
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Hepatotoxicity of Inhaled Trichloroethylene
and Tetruchloroethylene. Long-term Exposare
By
Bengt Kylio, Istvan Stmegl snd Sren Yiner
(Recytved Janmry 13 1965)

Comperative Investigations into the hepatotoxicity of in particular the
solvents trichlorocthylene and tetrachlorocthyiene to mice after single
exposures were reported in an carlier paper (KYLIN ef of,, 1963) The
hepatotoxic effect was estimated by histological examination together
with determination of extractable liver fat and of serum omnithine carbe
moyl transfernse (S~-OCT) After 240 minutes exposure of the anmals,
uﬁﬂurocthylencpmducedanlylllzh!fmydmmﬂonulmcmun—
tion as high a3 3,200 ppm, whereas caused
futydcsmmm-tﬁ!)ppm.W‘nhndtherwlv:mmUmmﬂnccmth
observed. In terms of fatty depeneration the hepatotoxic effects of tri- and
tetrachloroethylens were approxtmately as 1 10,

The experimental stody reported here was designed to elucidate the
hepatotoxc effects of trichloroethylene and tetrachlotocthylene over a
period of weeks to mice recelving repeated exposure.

leu'hlnthtbod:

Sofrents. Tr (< sl Te (<054
trichloroethylens and <0.5/odtr|.nw‘l.UaL

Antmals. Two hundred end forty fermlbe albdno mice of one straln mean weight
19 grame. They reechred the standerd dist previouly described (Kyirs of of, 1963)
with water s Lbireme.

Expotere mmwmmmmmmmmnilm&
Expoture was for four hoes dafly six Mlvttk,mpn-bd:nlom,mu
and cight weeks, twenty rmico belng exposed [n cach of thes sabgroaps.
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Liver txt mg per g
bedy w {ght

Controls
Trichioroethylene MR
¢ Tetrachioroethylene I
5
4
3 x -
| b3 ? -
, : g
X
S N R
* N\ 5 3 §
3 § 3 N
u s S =
™ aw ”"w Exposurs lime
W

of wreks

Flg. 2. Hmnlmnunlmbumlnmmdmhuhuduhﬂag:th
5 200 i

«xposed to | €0 ppm trh or 200 ppm bosn
for dx days  week.

came from livers that contained onlv small amounts af extractable fat
A plausible explanation of thn d pancy 1 that ] prepar
were ot representative of the organ as a whol, for n some tections
exammer noted heterogenerty of fat mfliration, and this in tumn impeded
evaluatron of the section m its entirety

Discaston

In the previous mvestigation (KYLIN ef af 1963) the hepatotoxi: effect
on mice of & tinglk exposure was approumately ten times greatet for
tetra than for trchloroethylene. A high incdence of moderate f:ﬂuyl
mflltraton was observed after an exposure tme of only four hours ¥
mmuﬂwﬂomﬂhﬁmc.b\nonlyulowhﬁdmwwhhmwﬁ:
trichlorocthylenc Theprmmmni}\s.mwhlchmhcmﬂpwfd'
regular mtervals for perods of up to c{@twe:b.mdfnﬂh“‘m?h‘*
to the difference in hepatotoxicity of the two solvents. With U*dll"‘h};
ethylene the fatty degeneration was only slight at -m"ﬂ‘m{;m p
ulmppmwhmmmtanch}orwhrlﬂ'“mwmm'ﬂ
Inttle s 200 ppm. Even the development of the morphologica!

icity of the two sub The Histolopally observed ¢
tawards regressian of the hiver lesions with Increasin)
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Fat.mg %-_r g body welght

Degres of
taity
—“g_'r_f_—:r-r__ Intilt atin
P 1. G betweon histologically evaleated degree of Nty degencration 4aq
Imouat of extractablefat mLhvers of Setrachl

Y

be mterpreted as an

to trichlorocthylens may perhiaps cnhancement of
td:rmc:mmnwlvmt. memmmmmmw be
wowwlﬂl&dmmmmw&n

Worthy of note Is, further the dose mm the histolog-
cally cvaluated degree of fatty degeaera I AMONN! of [tyer fat
determined Here the comrelation cocfhioeny way 4 74
For quantitative estimation of fatty demm::ro-u, u"ﬂ'd'o:re. histological
evaluanon may frequently Y sections are taken
from different part of the lver

HOTLANDER
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triglycerides are released from the liver Pronounced fatty e
the lver 1s usually accompanied by necrosis of liver cells, »
SPECTOR (1961) demonstrated, however that fatty

ctll necrosis are two mdependent processes, clther of which
appropriate agenis, be produced separately

Thus the hepatotoxx effect of tetrachloroethylens may 1t
consmt m an Inhibition of lipoprotem synthresls, leaving the
structure largely mtact. Consistent with suck & mechanrem i
tlon of KYLIN e af (1963) that even masstve exposure to
lene caused no elevation of serum transaminase. Although fatty
tton dots not substantially of itself alter liver functlon,
morphosis™ of long duration, clmical or expenmental, it
capable of leadmg to liver cirthosls (PorPER & SCHAFFRER O/
1961) However none of our mice, despate the pronounced fatty
tion, developed cirrhoms during eight weeks exposare to
cthylene This penod, constituting approximately 7/ of the
average hife span, was possibly too short for the development of
lestons. With necrotirng agents such as carbon tetrachlonde ag:
18, none the less, suffiaent for the production of curhosis m '
anfmals (ADAMS ef o 1952)

In single exposures of human subjects to
threshold for neurological manifestations is approxmately
(STEWART et al 1961) This appears to have constituted the norm
most widely accepted hygiemc threshold of 100 ppan, the average
tration for & normal workday & conditien “nnder which it b
that neardy afl workers may be repeatediy exposed day after day
adverie effcct™ (AMERICAN CONFERENCE OF GOVERMMENTAL L
HYGIENTSTS 15964)

Experimental studses with tetrachloroethylene an human sy
disclosed no apprecisble liver damage (STEWART ef af 1961
1963) However faurly substantial fatty degencration may devel
showing pathologcal values m conventional hepatic function
hustologcal investigation that might definitively resolve Qi3
has been reported. Corer & RoswmLex (1953) studied & groop
workers employed at a dryleaning establshment where
ethylene was used. They noted pathological liver findings in
nals, one of whom also had cirthoms.

Pending further mvestigations on humans exposed to this
evaluation of the hygienkc threshold must be bused proucipally
results of animal expermments

Our studics reported here show that exposure of miceto 200y
chloroethylene for four hours a day ~ equivakent to the hygen*
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of 100 ppm for eight hours & day - gives rs¢ to pronounced fatty degenera
tion of the liver In view of this finding. the acceptability of 100 ppm as a
lygieniic threshold 13 questlonable rather docs it scem advisable to
xduce the permissible Jevel to 30 ppm, the threshold that, for other
wasons, 1s recommended in Scandinavia.

Sorwuary

The hepatotoxiaty of tnchlorocthylene and tetrachlorocthylene was
studied in mice submitted to long-term exposure by inhalation. Duratlon
of cxposure was four hours daly for alx days a week over periods of one,
quurmdeightwecks.Eﬂ'ecﬂonth:Uvﬁmwﬂuawdbym“o_
logical ination and detesmination of ext ble liver fat.
The most prcuous histological change sisted of fatty o
ﬁon.Whhu{d:}oma.hyimethhlcdonmlﬂghtmu.m‘l‘nm
;"I’lﬁmppun,bmwimmchlumemylmi!mmmtnn,mu
PPm.
};lfhh:rlxvcrcenrm'odjnordrrho:hwdhcemjbk,
Lhzbamofthneﬂndhlaithﬂhyﬂmk threshold for
ehylene bs docussed. tetrachloro-
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