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Names approved by
The Nordic Pharmacopoeia Council')y
(INFN Names).

{Recerved February 21, 1962)

The Nordic Phar poera Council 1ts approval of NFN3)
names for the substances 1n the following list These names may be used
should the substances be included 1n the coming Nordic Pharmacopoera,
m one or more of the Nordic national pharmacopoeias and official
formulanies or 1n addenda to them

The substances for which these NFN names have been approved are
wentified by giving first the chemical names of the substances, secondly
the most frequently used nonproprietary mternational names, including
the proposed or recommended International Non Proprietary Names
(denoted pINN and rINN) approved by WHO and tturdly a selection of
the best known registered trade names and other names of pharma-
ceuucalspeimhhes (preceded by theletter B )applymgeithertothesubstance
1self or o salts of 1t of to preparations 1n which 1t 1s the active prineiple
Tlus information 15 given 1n the same manner as n the Council's publica-

ton ‘NFN navne™4), both the volume of wnformation and the vse of
abbreviations

BAN Bnush Approved Name
NND New and Nonofficial Drugs

Names approved in 19612)

NFN Hame Other Names
Aclum ben hew 5 2 acid
calaumsaly calenbenzamido- |- Aminacyl B PAS Bentsopas Benzacyl Benzapas,
2l cyfas Benudo-pas Bepas Therapas
(BANrINN) NND Benzoylpas
{Chemotherapeutic)

') The General Sccretary  Frederikssundsve;
} 378 Copenhagen, B,
’,; ?\‘,“;‘ut;vmwd n l{%o see this ournal vol 18 :“_30'!'%' ronshoy Depmark
revia
Ph;‘m\;‘ow“ ceu:::l" of the Nord ¢ name { Nordssk Farniakopé nxvn ) for the Nord ¢
4 navne 2,
1958 with Addendun agyon Copenhagen Helunglors, Reyljavik, 04fo and Stockholm

Acta pharmaclopis, vol 19 e, | ,



2 NORDIC PHARMACOPOEIA COUNCIL

NFN-name

Acidum docetrizoicum
propyl ester propylt
docetrizoas
(BAN,IINN)

Acidum embomcum

salt with dibromopropamdine
dibrompropamidini embonas

(BVC)

Acidum hevacy clomeum

sodium salt natri hexacyc-

lonas
(rINN}
Acidum jopodicum

calcium salt: calen jopodas
sodium salt natri gopodas

(pINN)

Acidum theocheum

Other Names

3-Dracetylamino-2,4,6-truodobenzoie acid

(X-ray contrast medtum)

4,4'-Methy
acrd-(2))
NND Pamoic acid.

3-hydr

(Anion 1 salts of certain drugs)
2-(1-(Hydroxymethyhcyclohexyl-(1)acetic acid

(Psycho-anafeptic)

boxylic

3-(3-D ¥
nylpropionic acid,

2,4,6-tr1

P

pINN Natru1opodas BAN,NND Sodwum Ipodate

@® Biloptin, Oragrafin sodwum, Sotu-biloptin

(X-ray contrast medizm)

8-Chloro-1,3-dimethyl-2,6-dioxo-1,2,3,6-

salt with pr
promethazins theoclas
(BAN,TINN)

Acidum thvropropreum
(rINN)

Acidum xenazoicnm
(pINN)

Ally loestrenolum
(BANIINN)

Amnoglutethimidum
(1INN)

Aputripty linum
chloride amutriptylin
chlondum
(BAN,pINN)
Amphotalidun
(pINN)
Amphotericinum
(BAN,rINN,NND)

Amstndionum
{(BAN,TINN)

tetrahydrogenp

(Anion in salts of certarn drugs)

e 8-Chlorotheophylline

3-(4-(4-Hydroxy-3 P
propronc acid

y)-3.5

(Agarnst hypercholesterolaemia)

1v1-(4).
)

4-(1-(
benzoic acid
® Xenovis
(Chemotherapeutic)

bonyl)-1

17a-Allyl-17B-hydroxyestrene-(4)

rINN Allylestrenolum
® Gestanin, Gestanon
(Progestogen)

3 (4-Amnophenyl)-3-ethyl-2,6-dioxopipenidine

2-(4-Ammopbenyh)-2-ethylglutanimide

® Elipten
(Sedative)

5-3-D Y
dibenzo[a,d]cycloheptene

® Flavil, Saroten, Tryptizol

(Psycho-analeptic)

)-10,11

Y

1-(4-A )-5-phth

(Chemotherapeutic)

Antibiotic produced by Streptomyces nodosus
fINN Amphotertcinum B (BAN,NND)

® Fungizone

2-(4-Methoxyphenyl)-1 ,3-dioxoindane

® Musdon
(Anticoagulant)

3



NFN name

Aspartocinum
(PINN)
Bamethanum
sulfste bamethans sulfas
(BAN pINN)
Bendroffumethianidum
(HINN NND)

Benziodaronum
GINN)

Bensphetammum
chlonde benzphetamint
chlondum

NFN NAMES

Other hames

Antibiotic produced by Streptomyces grseus var
spiralis
3 L@ N

& Vasculat, Vasculit

{Vasadilator)

3 Benzyl 7 sutfamayt 13.4-dibyd
1,2 4-benzothiadiazinedioxide (1,1)

BAN Bendrofluazide

® Aprinox Centyl, Naturctin Neo naclex, Salures
(Duuretic)

2 Ethyl 3 (4 hydroxy 3 5-duodobenzoyhbenzofurane
2 Ethyl 3 (4 hydroxy 3 S-dnodobenzoyl)cumarone
® Amplivix

(Spasmolytc}

N Benzyl N methyl N (1 methyl 2 phenylethyl) amine
® Didrex.

(Anorexigentc, sympathomumetic)

(BAN pINN)

Bephenum N Benzyl N N dumethyl N (2 phenoxyethyl)
3 hydroxy 2
bephen: oxnaphthoas PINN Bephenn hydroxynaphthoas (BAN)
saltof 44 BVC

(3 hydroxynaphthalenecarbo
xyhicacd (2) bephem
embonas
(BVCpINNY

B persdenum
chloride biperiden chlondum
lactate brpenden lactas

® Alopar
(Anthelmiatic)

} (Bucyclo[2 2 Uheptens (531 )k phenyl 3 pipen
dinopropanol (1)

® Akineton
(BAN pINN NND) (Antiparkinson agent)
Burarujodylum FR¢] 246 2-ethylacrylic acid
sodmm salt fINN (NND)
nattium B® Oratalex
(tINN NND) (X ray contrast medium)
Butadia*amidum 2 Butyl § (4-chlorobenzenesulfonamido)-1,3,4
GINNy thiadsazole
(Antidiabensc)
Butylhvdroxitoluenum 2 6-D1t terg butyl-s BUT
BAN Butylated Hydroxytoluene
R Impruvol Jonol Vianol
(Pharmaceatical necessity)
Butylicopol ¢ of § butyl y-6,7.
bromide butyt N NB
bromidum ® Bulamn, Buscopan
Corbon.it {Parasympatholytic)
arben. 2
lpl:l »‘x )"' 2 (I Phenylethybhydrazincarboryl ¢ acid {1)ethyl ester

(Paycho-analeptic, monoamuncoxydase inhibitor)



Other Nanes

Chinetha onum
(PINN)

Chiorphenoxaminum

2 Carbamoyloxymethyl 2 1sopropylcarbamo

rINN Cansoprodelum (BAN NND)
® Cansol Rela Soma Somadnl

1 (2 Carbamoylethyl) 4 phenylpiperidinecarbotyltc

4 NORDIC PHARMACOPOEIA COUNCIL
NFEN name

Carbodimideal Cal
fINN  Calen carbimidum
® Dipsan Temposil
(Against alcoholism)

Carisoprodatum
yloxymethylpentane
(Sheletal muscle relaxant)

Carpertdinum

(pINN} acid (@)ethy! ester

{Antitussive)

7 Chloro 2 ethyl 4 oxo 6 sulfamoy! 1,2 3 4 tetrahydro
genquinazohine

PINN Quincthazonum

(Diuretic)

2 {1 {4 Chlotopheny!) 1 phenylethoxy) NN

chionde chlorph

chloridum

(BAN pINN NND)
Chlarphenterminum

chloride chlorphentermint

chloridum

(BAN pINN)
Chlorserpidinum

{pINN)

Chy motry pstyum
(tINN)

Cinnamayerinum
(DCF rINN)
Cinnarizinunt

(BAN pINN)
Clomyda olum
chloride clomidazols

chloridum

Clomazinum

dimet.
® Clotevan Phenoxene Systral
(Antihustaminic)

2 (4 Chlorophenyl) 1 1 dimethylethylamtne
® Anicol Lucofen

(Anorexigen )

1C Chloro 2 methovy | methoxycarbony! 3 (345
trimethoxybenzoyloxy) 123442578 (313b14 14

d genlghndolo[2 3 alg 11 10 Chloro
11 demethoxyreserpin

pINN Chloroserpidinum

(Psycho sedatiye)

Enzyme ob from p by extra of its

proenzyme chymotrypsinogen and conversion with
trypsin to chymotrypsin @ Chymotrypsin

® Alpha chymar Chymar Chymolise hymo
trypure Zolyse

2 3 Diphenylacrylic acid (2 wrethylaminoethyl) ester
(Spasmolytic)

rans 1 Cinnamyl 4 diphenylmethylpiperazine

® Glaml Mronal

(Antitustaminic)

1 (4 Chlorobenzyl) 2 methylbenztoudazole

pINN Chlormidazolum (BAN)

@ Futrican
(Fungicrde)

2 (4 Chlorobenzy
benztrmdazole
pINN Clonttazenum (BAN)
(Analgesic euforising)

hyl) 5 nstro

1(2 dethy



NFN name
Clopondum

NFN NAMES

Other Names

7 Chioto 2 methylamumo § phenyl 3H 14 benzodiaze

chlonde clopowidi ehloridum pineovide (4)

Clopyroxtnum

Crotonla tdum
(pINN)

Cyclophosphamdum
(BAN 1INN)

Cyprokeptadinum
hloride cyproteptadin
chtonidum
(BANfINN)
Dichlorisonum
acclc acid ester dichlorisomn
acctas
(INNy
D eldrinum
(BAN pINN)

Dumeflimum
(PINNG

D mepro vnut

D methol smum
rhosphate dimethohzint
fhosphas
[LINNY
D p proverinum
chlotnde Gip proverin
Moridum
{DCF pINY,
0 soprominum
1INy

D tophatum
(BAN pINN)

PINN Chlordiazepoxtdum {(BAN)

& Libnum

(Psycho sedative)

34 Ch y -1 d

pINN Pyrotammum

(Antihistaminic)

2 (Buten (2) yhdene) 1 (pytidyl (4)-carbonybhydrazine

2 (Buten {2) ylidene) 1 isomeotinoylhydrazine

{(Chemotherapeutic)

2 (Bi1s(-chloroethyh)amtno)1 oxa 3 aza 2 phospha

cyclohexaneoxide (2)

® Cytoxan Endoxan Sendoxan

(Nucleotouic agent)

5 (I Methylpiperidylidene (4)) SH dibenzola d)

cycloheptene

& Peractun

(Enteramine antagomst}

9a 11B Dichloro 17a 21 dihydroxy 3 20-dsoxopregna

diene (1 &)

@ Diloderm Disoderm

(Antirheumanc steroid)

Product containing about 85 p>rcent 3456 99 hexa

chloro 1a 2 2a 3 6 63 7 7a octahydrogen 27 3 6 dime
thanoourenofblnaphthalene

{Insecuicide)

8 Dimethylamunomethy! 7 methoxy 3 methyl 4-ovo 2

phenylchromane

(Analept ¢}

903 D 2

TINN Dimeprozanum

{Psycho scdative)

e -4 (3 hy

(Anuhypertensive)

2 Pheny! 2 pipend no acetic acid (2 Piprnidinoethyly
ester

£ Levospasme

(Spasmolytic)

NN Dusopropyt 3 3 diphenylpropytamine

PINN D isoprominum

(Spasmolytic)

1 3 Eshyhhiocarbonyibenzene

B Ctsut

(Chemotherapeutic)



6 NORDIC PHARMACOPOEIA COUNCIL

NFN-name

Enmylcamatum
(BAN,1INN)

Ethambutolum
(pINN)

Ethenzamidum
(pINN)

Ethionamidum
(BAN,DCF,rINN,NND)

Ethosuximdum
(BAN,pINN)

Ltonutazinum

Ferrichohnatum

Flubenisolonum

Fluocinoloni acetomdum

Other Names

3-Carbamoyloxy-3-methylpantans 1-Ethyl-1-methyl-
propanol-carbamic acid ester.

®: Nuncital

(Skeletal muscle relaxaat)

NN -Bis (3-hydrovy pylycthy
(Chemotherapeutic)

2-Ethoxybenzamide

@®: Lucamid

{Analgestc)

2-Ethyl-4-th yipyridine 2-Ethylpyridine-
carbothionarmide-(4)

®- Trecator, Trescatyl

{Chemotherapeutic)
3-Ethyl-3-methyl-2,$
methylsuccinimde,
® Emsside, Suunutin, Zarontin
{(Antiepileptic)

1-(2-Diethyl hyl)-2-(4-cthoxyb
benzimidazole

PINN* Etorutazenum (BAN)
{Anaigesic, eufonsing)

Chelate of ferric hydroxide and (2-hydroxyethyhtrime
thyl ammonium dihydrogen citrate Chelate of ferric hy-
droxids and chohine dihydrogen oitrate

tINN Ferrocholinatum (NND)

® Chel-iron, Ferrolip, Komphfer

(Treatment of rron deficiency)

dioxopyrrolidine., 2-Ethyl-2-

yl)-5-nitro-

9a-Fl 11p,17a.21-trihydroxy-168-methyl-3,29-
d diene-(1,4) 9a-Fluoro-168 \ored
solone

pINN Betamethasonum (BAN)
® Betnelan, Celeston
(Glucocorticard)

6a, 9a-Diflucro-110,21-dihydroxy-3,20 diovo 16a, {Ta
(1,4) 6a,9a-Difluoro-

(BAN,pINN) 1sopropyhdenedioxypregnadiene-
16a-hy ypred: 1 de-(16,17)
® Synalar
{Glucocorticoid)
Fluphenazinum 10 [3-(4-(2-Hydroxyethypiperazinyl-(1)-propyl)-2-
chloride flup trifluor hylp
chloridum trifluoromethylphenothiazine

(BAN,fINN,NND}

Glucagonum

chlortde* glucagon: chloridum

(PINN)

® Moditen, Pacinol, Permatil, Proltxin
(Psycho-sedative)

Pancreatic hormone, polypeptide consisting of 29
amino acids with a minmum molecular weight of 3482



NFN name

Graresh dinum

NFN NAMES

Other Names

2o a d
wifite guanetudine sulfas  ® Ismehn
hydrogen sulfate guanethidini (Sympatholytic)
b sulfas
(BAN piNN) i .
Haloperndolum 4(4Cl DRNERY]
(BAN pINN) hydroxypiperdine
® Haldol Serenase
(Psycho sedative}
Haloponum N (4 Bromobenzyl) 3 (4<tloro $ methyl 2 isoptopyt
thlonde halopons d P d 1
fINN Halopenn chloridum {(BAN)
(Antibacterialy
Haloprogesteronum 17u Bromo 64 fluore-3 70 dioxopregnenc-(4)
(pINN) 17a Bromo 6u fluotoprogesterone
(Progestogen
Hexapropymatum 1 C: y 1 {propyn (2)
(BAN fINN) 1 (Propyn (2) yDeyclahexanol-carbamic 2¢1d ester
® Lunamun Merinax Moduax
(Sedative)
Hexearbacholinum NN i 2
bromide
bromidum (Skeletal muscle relaxant)
(FINN)
Homochlorcychi 1num 1 (4 Chlorodiphenylmethyl)-4 methyl 2345 6 7 hexa
(FINN) hydrogen | 4 dizzepine
{Enteramipe antagonist)
I 1 34 dibydrogen 1,24
(BAN rINN)

Mydromorphiaotum
(BAN pINN)

Hydroxocobem num

Byleainum
form ate ibyleain formias
iloride ibylcant ehlonsdum

Im nophenimidum
GINN)

Isoaminitem
ftrale Bozmin b atray
{BAN JINN)

benzothiazinedioxide (1 1)

@& Hydrenox Naclex Rontyl Saluron Vergoml
(Duuretic)

36 14 Trihydroxy 17 methyl-4 S-eposymorphunanc
14 Hydroxy 7 B-dihydropenmorphine
(Anaigesic euforiung)

a{56.D

PINN Hydroxocobalammum
(Vitamin (B group) haematopo eticy
4A actd (2 1sob

NF Butcthamine Hydrochlonde

@ Monocaime

(Locaf anaesthet ¢)

3 Ethyl 2 6 dioxo-3 phenylpiperanne
(Hypnouc)

¥) ester

3 Cyana-S-dimethylammo-3 phenyl 2 methylhexaae
4D 2 phenyl 2

® Dimyrd Peracon

(Antitussie)y




6 NORDIC PHARMACOPOEIA COUNCIL

NFN-name

Emylcamatum
(BAN,rINN)

Ethambutolum
(pINN)

Ethenzamidum
(pINN)

Ethionamidum
(BAN,DCF,lINN,NNDj

Ethosuximidum
(BAN,pINN)

Etontazinum

Ferricholinatum

Flubenisolonum

Other Names

3-Carbamoyloxy-3-methylpantans 1-Ethyl-l-methyl-
propanol-carbamic acid ester,

@®: Nuacreal

(Skeletal muscle refaxant)

N,N".Bts (I-hydroxy pyllethylened
{Chemotherapeutic)

2-Ethoxybenzamide

@®: Lucarmd

(Analgesic)

2-Ethyl-4-thiocarbamoylpynidine 2-Ethylpynidine-
carbothionamide-(4)

® Trecator, Trescaty!

{Chemotherapeutic)
3-Ethyl-3-methyl-2,5-dioxopyrrolidine, 2-Ethyl-2-
methylsuccimimide.

® Emsside, Suxinutin, Zarontin

(Antiepileptic)
1-Q2-Ducthy!.
benzimidazole.
pINN: Etonitazenum (BAN)

(Analgesic, euforising)

Chefate of ferric hydroxide and (2-hydroxyethyijtrime-
thyl ammomum dihydrogen citrate Chelate of ferric hy-
droxids and choline dihydrogen citrate

rINN Ferrocholinatum (NND)

® Chel-iron, Ferrolip, Komphifer

(Treatment of iron deficiency)
9q-Fl 11B,17a.21-trihydroxy
dioxopregnadiene-(1,4) 9a-Fluoro-16B-methylpredn:-
solone

pINN. Betamethasonum (BAN)
® Betnelan, Celeston
(Glucocorticord)

y))-S-nitro-

y1)-2-(4-cth

16B-methyl-3,20-

Fluocinolon acetonidium 6a, 9a-Dift 11B,21-dihydroxy-3,20-d 161, 17a-
(BAN,pINN) 1sopropylidenedioxypregnadicne-(1,4) 6a,9¢-Difluoro-
16-hydroxyp de-(16,17)
® Synalar
(Glucocorticord)
Fluphenazinum 10-[3 (4-(2-Hydroxyethyl)ptperazinyl-(1))-propyll-2-
chloride fl N
chloridum trifluoromethylphenothiazine

(BAN,JINN,NND)

Glucagonurm

® Moditen, Pacinol, Permutil, Prolixin
(Psycho-s:d:uve)

hormone, polypep! of 29

chlonde glucagom chlondum amino acids with a munimum molecular weight of 3482

(PINN)



NFM name
Guanethid num
sulfate guanethudine sulfas

NFN NAMES

Other Names

Qo 8¢ 1 (1)-ethy!
® Ismelin

hydrogen sulfate guanettuding (Sympatholylic)

bisulfas

{BAN pINN)
Halopendolum

(BAN PINN)

Holoponum
chloride halopons

sgc 143 (4 flworob 14
bydroxypipersdine

® Haldol Sercnase

(Psycho sedative)

N (4-Bromobenzy})-3 (4 chloro § methyl 2 1sopropyl
1 drnethsl

Haloprogesteronum
(pINN)

Hexapropymatum
(BAN 1INN)

P YIprop

tINN Halopenn chlotidum (BAN)
{Antibacterial)

172 Bromo ga fluoro 3 20-dioxopregnene (4)
17a Bromo-sa fluoroprogesterone
{Progestogen
1 Carh

1 tpropyn () yheyel
| (Propyn (2) ylcyclohexanol-carbammc acd ester
® Lunamip Mermax Modirax

1 (4 Chiorodiphenylmethyl)-4 methyt 2,34 56 7 heva

7 6 3 4 dihyd 124

(Sedative)
Hexcarbacholinum NN hylenebisi(Z
bromde y de}
bromdum (Skeletal muscle relaxant)
(FINN)
Homochloreyels num
(rINN) hydrogen 1 4 diazepine
{Enteramine antagonist)
H) ds
(BAN 1INNY

Hydramorphinatum
{BAN pINN)

Hrdroxocobeminum

ricanum
formsate tbyleaim formuas
chionde ibylcaim chlordum

Iinaphentmidum
GINN)

fsoqminitum
Qurate noammili aitras
{BAN pINN}

benzothiazinedionads (1 1)

® Hydrenox Naclex Ronty) Saluron, Vergorud
(Druretic)

36 14 Trihydroxy 17 methyl4,5-¢poxymorphinane
14 Hydroxy 7 8 dihydrogenmorphine

(Analgesic enforismp)

{56 D
PINN Hydroxocobalaminum
{vitamun (B group) haematopoicticy
4A acd (2

NF Butethamme Hydrochlonide

@® Monocaine

(Local anaesthenic)

3 Ethyl 2 6-dioxo-3 phenylpiperazing
(Hypnotic)
3 Cyano-s. 3 phenyl 2
4D ¥ 2 phenyl 2

® Dumynd Peracon
(Antstussive)

ester
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NFN name

Isocarboxazidum
(BAN pINN)

Aetol exazinum
(pINN)

Levocarbinoxaminum
tartrate levocarbinoxamim
tartras

Meblydrolinum
naftalenedisulfonate (i 5)

mebhydrolint naphthalendisul

fonas

(BAN rINN)
AMedroxiprogesteronum

acetic acid ester medroxi

progesteront acetas

(pINN NND)

Mepen~olonum
bramide mepenzoloar
bromidum

Mephenoxalor um
(rINN)
Meph acainum
chloride mepivacaimi
chloridum
{pINN)
Mestanolonum
(BAN rINN)

Metal examudum
{(BAN rINN)

Metaxalon im
(PINN)
Med] aqualonum
chloride methaqualons
chloridum
(BAN rINN)
Met! asty ndonum
(pINN)

Ot er Names

3 ({2 Benzythydrazino)carbonyl) S methyl 1soxazole
® Marplan

(Psycho analeptic monoaminc oxydase nhibitor)
4 6 Dimethyl 3 oxo 2 3 dihydrogenpyridazine
PINN Cetohexazinum

(Hypnotic)

() {2 ((4 Chlorophenylpynidyl (2))methoxy)ethyl]
dimethylamine () Carbmoxanune

pINN Rotoxamim tartras

® Twiston

{Antihistamnic)

5 Benzyl 2 methyl t 2 3 4 tetrahydrogenpyrido[4 3 b)
indofe

® Fabahisun Incidal

(Antthistamanic)

17a Hydroxy 60 methyl 3 20 dioxopregnene (4) 17a
Hydroxy 6a methylprogesterone

pINN  Medroxyprogesterom acetas (NND)

® Perlutex Provera

(Progestogenc)

3 foyloxy 1 1 dimethylpipertdinium hydroxide
fINN Mepenzolatt bromidum (NND)

® Cantil

{Anticholinergic)
5 ((2 Methoxyph
(Psycho sedatine)
{£) 2-(2 6 Dimethylphenylcarbamoyl) 1 methy!
pipenidine

® Carbocain

(Local anaesthetic)

17p Hydroxy |7 methyl 3 oxo 5a androstane

® Androstalone

(Androgen non virihzing)

3 (3 Amino 4 methylbenzencsulfonyl) 1 ¢yclohexyl
carbamide

® Euglyain Melanex

(Antidiabetic)

2 Ovo 5 (3 § xylyloxymethyloxazoldine

(Psycho sedative skeletal muscle relaxant)

2 Mcthyl 4 oxo 3 (tolyl () 3 4 dihydrogenqurnazol ne
® Holodorm Melsedin Revonal Soveln

(Hypnotic)

! dine

Jmethyl) 2 oxor

22 Dimethyl-4 ox0 5 styeyloxazol dine
(Psycho analeptic)



NFN NAMES

NFN name Other Names
Methazolamdum 5 4 methyl 2 sulfamoyl-4 §
{(BANTINN) 134 thiadiazole
® Neptazane
(Carbosnhydrass hibitor)
Merhdla ipum 10-1 1) h
(BAN riNN NND) @ Dilosyn Tacaryl

(Antiystamnic)

(+) 10 (3 Dimethylammo 2 methylpropyl) 2 methyl

(pINN) thiophenothiazine

(Antiemetic)

2 1¢ Dimethoxy | methovycarbonyl 3 (3 4 5 tnmetho

xybenzoyloxy) 1 23 4 42 5 7 8 13,13b 14 14a dodecahy

lindolo [*3 a) )l 11 Dx y 10-

methoxyreserpin

® Decaserpyl

(Hypotensive)

Methyelothia idum 6 Chlaro 3 chloromethyl 2 methyl 7 sulfamoyl 3 4
(BAN pINN) 124

® FEnduron

(Diuretic)

N [4 {(2 4 Diammoptendyl-(6))imethylamino)

benzoyl] glutarme acid

fINN Methotrexatum (BAN USP)

® Amethopterin

{Nucleotoxic agent)

3 Methyl-4 oxochromene

Methiomegrazinum

Methoserpidinum
(BAN pINN)

wn

Methylomunopterinum

Methylchromonum
(BAN fINN)

® Crodimyt
{Coronary vasodilator)
Aeth ydr of § methyl 3 (2 phenyl 3 (propionyloxy)
mitrate hyh mtras

N methyl 0 propionylatropine
BAN Prampine methonutrate

& Pamn
(Antcholinergc)

47 Dimethyl-4 662789 huzhynregzmndulou 319
fiydrogen mateate methyser 1

Methvsergidum

acid OH1 pro
£ 9 bimateas Pylamide) N (1 (hydroxymethybpropyD4 methyl D
(PINN) Iysergamide
® Desert
(Enteramine antagonist)
Afetrontds ofum 102 2 methyl §
(BAN pinn) ® Flagyl Metrom!
Napheh (Against inchomonas)
(l;’ l\":;""’" 2 Hydroxy 1 (2-ovocychohexylinaphthalen,

e 22 H;
droxynaphthyt (1)cyclohexanone ’

(Antitussie)
MNatni carbg ochromsulfonas -
()

{tlaemostatic)
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NFN-name

Neally malian

Nialamidnm
{BAN,IINN,NND)

Nicothizonum

Nifuramizonum

Nifurhydrazopum

Nifuroxtmum

Nifurthilinnm

Norvimsteronum
(PINN)
Octatroponum
bromide octatropon;
bromidum

Oestriolum

Oximetholonum
{BAN,pINN}

Oxindasolum
acetic acid ester
oxmdasol; acetas

Other Names

5-Allyl-2,4,6-tr10x0-5-neopentylhexahydrogenpyrime
dine 5-Aflyl.5-neopentylbarbrturte acid

PINN Nealbarbitalum BAN Neatbarbitone

@® Censedal, Nevental

(Hypnotic)

N-{N-Benzyl-2-carbamoylethy!)-N'-(py r:dyl-(4) carbe
nyhhydrazine N-(N-Benzyl-2-carbamoylethyl)-N'-iso-
nicotinoylhydrazine

® Niamid
(Psycho-analeptic, monoamine oxydase inhibutor)
3. ylpyridine N ldehyd

thiosemicarbazone
rINN: Nicothiazonum (DCF)

(Chemotherapeutic)
1-(2-Dtmeth hyl)-1-(5 furyhidenc-

ammo)carbamide

rfINN Nifurethazonum

(Antibactenal)
1-Acetyl-2-(S-mtrofurfurfurylidene)hydrazine
rINN: Nihydrazonum,

{Antibactetial)

l-Hydroxy hyl-S: 5-Nitro-2-fural-
dehydeoxime.

(Fungteide)

2-Thio-l{S furyl, U

pINN Thiofuradenum
{Antibactenial)
17B-Hydroxy-3.0x0-17a-vinylestrene-(4)

(Progestagen)

1y de of 3.(2-propy! yloxy) 8. Itropane
rINN Octatropint methylbronudum

® Valpm

(Anticholinergic)
3,16a,17p-Trihydroxyestratriene-(1,3,5(10)) Estriol,
Theelo!

® Destriol, Leostriol, Ovesterin, Ovestin, Tridestin,
Triovex

(Oestrogen)
17f-Hydroxy-2-hydroxymethylene-17a-methyl-3-0x0-
androstane

pINN Oxymetholonum (BAN)

® Adroyd, Anadrol, Anapolon

(Anabolic, androgen)
312-A hy1)-5-hyd
methylindole,

TINN Hydroxindasatum
(Enteramine antagonist}

1-(4




NFN-NAMES

NFN name Other Names
hencycl 2.Cyclohexyl-2.p lic acid ((1-methyl-1,4,5,6-
chlonide y 1 ester
chlondum rINN Oxyphencycliminum {NND)
(GINN,NND) ® Daticol, Daricon, Vio-thene

Palmidrolum

(Anticholinergrc, atropine-like)
N (2 Hydroxycthylpalmitamide

timosus and

{sINN) (Antiflogistic)
produced by
sulfate sulfas  other species
(BAN 1IN ® Humaun, Humyen, Pargonyl
Pentopipertdum

bydtogen fumarate penta-
pipends bifumaras
(1INNY
Phanchinonum
GINN

3 Methyl 2 phenylvatonic acid (1 methyl pipendyl-
(4) ester

® Lyspafen

(Antcholinergsc}

5,6 Dyovo-5 € dihydrogen-4,7 phenanthrolin®
4,1-Phenanthrotmequinane (5,6}

rINN Phanquinonum BAN Phanquons

® Entobst
(Amoebicidey

Prebatazinum §4-Bis(2 (2 phenylbutyroyloxylethylypiperazine
(PINNY (Spasmolyticy

? 1 dino-2(N 1 prop:

{BAN pINN) (Analgesic)

Phencyctidinum 11 Phenyleyclohexyhprperidine
chloride phencycliding ® Serayl
chlondum (Analgesic)

(BAN pINN)

Phendimetrazinum (4) 3,4 Dimethyl-2 phenylmorpholine
hydtogentattrate pheadvme- ® Flepme
teazent bitartras. (Anorexigene)

(BAN pINN)

Pherethiclllinam 4 Carboxy 55 dimethyl 2 (1 (2 phenoxypropionamide)
Potassium sall ph B lactam P yethy
kahum pemellin
(BAN pINN)

Phenforminum
chlonde phenformin

® Alfacillin Alfocillin, Bendralan, Browl, Maxipen,
a Oraciflm, Fheno M pensaillin, € p-Pemta, Synapen, Sy-
nerpenin

(Antibrotiey

1-Phenethylbiguanide

® DBI, Dibein, Dibotin, Fenotmsn
<Mondum {Antidiabetic)
(BAN pINN NNDY
Phenglutarimidym 30D 1 .
<hloride ph, 2.2 Dieth 3 horos
chlortdam
Aturba
(BANINN) ® .

(Antiparkinson agent)



12 NORDIC PHARMACOPOEIA COUNCIL

NFN-name

Phemdiemalum

Phemprazinum
chloride pheniprazim
chlonidum
(BAN,pINN)
Phenoperidinum
(BAN,pINN)

Phenprobamatum

{rINN)

Phenprocumonum
(BAN,pINN,NND)

Phenterminum
(BAN,pINN)

Phytomenadiol natru phosphas

Pipanmazinum
(BAN,IINN,NND)

Piperacetazinum
(PINN)

Piperylonum
(pINN)

Pipethanatum
chloride pipethanat:
chloridum
(rINN,NND)
Piprocurarum

1odide piprocurars jodidum

(PINN)

Other Names

5,5-Dicthiyl-2,4,6-trioxo-1-phenythexahydrogenpyri-
nudine 5,5-Diethyl-1-phenyl barbituric acid

fINN. Phetharbitalum

® Pyrictal

(Anticonvulsive)

(I-BenzylethyDhydrazine (1-Phenylpropyl (2)hydrazine
®. Cuatrar, Catron, Cavodil

M oxydase mnt psych ptic, anti
hypertensine)
1-{3-Hydroxy-3 p
xylic acid (4) ethyl ester
(Anafgesc, euforising)
1-Carbamoyloxy-3-phenylpropane 3:-Phenylpropy!-
carbamic acid ester

® Gamaqud

{Psycho-sedative, skeletal muscle relaxant)
4-Hydroxy-2-0%0-3 (1-phenylpropyl)-2H-chromene
4-Hydroxy-3-(1-phenylprapyl} cumarime

pINN Phenprocoumonum (BAN,NND)

® Liquamar, Marcoumar

(Antcoagulant)

1,1-Dtmethyl-2-phenylethylamine

® Duromine, Ionamin (ion exchange complex)
{Anoreigen)

Diester of 1,4-dihydroxy-2-methyl-3-phytylnaphthalene
and sodwm dihydrogen phosphate

rINN Phytonadiols natrii diphosphas

® Kayhydrin, Mephyton DK

(Vitamen (K-group))

10 (3-(4-Carbamoylpiperidino)propyl)-2-chloropheno-
thrazine

® Mormdine

(Psycho sedative, anticmetic)

2-Acetyl-10-[3 (3+(2-hydroxyethyljptperidinojpropy -
phenothazine

(Psycho sedative)

4-Ethyl-1-(1-methylpiperidyl-(4)) 5-0x0 3 phenyl-2-
pyrazoline

® Palerol (mixture with tropenzilont bromtdum)
(Analgesic, spasmolytic)

Benzilic actd (Z-pxpcndmo:thyl) ester

® Sycotrot

{Psycho-sedatine}

1 13-4-phy

ds 2-phenyl

droxide of 2 (1
acclic acid (2«(2-(N,N—dncrhyl-N-melhyhmmomum)
ethoxyethyl] ester
pINN Piprocuraru todidum
{Curare-Jike action}



NFN name
Prampirum
(BAN pINNY

Pratakylolum
chlonde !

NFN NAMES 13

Other Nantes
3 (2 Phenyl 3 (propionyloxy)proplonyloxy)tropane
0 Propionylatropine
(Anticholinergic) )
|(34-D ¥ pheny2 (2 (1 3 iyl (6)

chlondum

GINN NNDY
Pseadoephedrinum

chlorde doeph

® Caytn Caytma Caytine
(Bronchodilating)

(+) 2 Methylamino 1 phenylpropanol
(P hedrine L+

chlondum
{BAN pINN)
Pyrophendanum
(INN)
Rel tetracychinum
(PINN)

Sala o sulfadimid num
{BAN pINN)

Spironolactonum
(BAN pINN)

Styramatum
(BAX (1NN NND)

Sutfamonometho sinum
(pINNy

Sulfaphena olum
(BAN HINNy

Sulfasomi olum
BAN AN NND)

Sulfatotamigym
{BAN 1IN~

® Sudafed

(Bronchodilater sympathomimeticy

1 (1 Methyl 3 pyrrolidinyl (3) methy1)-3 phenylmdane

(Spasmolynic)

4 Dymethylaming-3 6 10 12 12a pentahydroxy § methyt

111 dioxo 442552611 12a oc(:hydmgennnph\hz
yhe acd (1) [

W (Pyrrohidinyl (1) methyitetracycline

® Synmtettin Syntodecin Velacycline

(Antibiotic)

3 Carbovy-4 hydroxy-4 (4 6 dimethylpyrimidyl{2)-

su!rzmoyl)uobenzenc

PINN BAN \

mdine

® Azudimedin

(Chemotherapeutic)

Lactone of 7a acetylthio 17u (2-carboxyethyl) 178

hydroxy 3 oxvandsostene (4) Ta Acetylthio 3 oxoan

drostene (4) 17 spiro 2 (5 oxotetrahydrogenfurane}

® Aldactone

(Any aldostcrone)

2 Carbamoyloxy | phenylcthanol

® Liaras Swnaxar

(Skeletal muscle retaxant)

4 Methoxy & sulfanilamuidopyrimiding,

(Chematherapeutic)

1 Phenyl 5 sulfsnilam dopvrazole

BAN Sulphaphenazole

® Onwt Onsulf

(Chemotherapeuticy

3 Methyl § sulfamlamidorsothiazole

BAN  Sulphasomizole

(Chemotherapeuticy

Satt of 1 Sulf. and &
¥ Salt of sulfathrocarb: and
mafenidum

BAN Sutphatolamide
B Marbadal Marbadal C, M rbeda)
{Chemotherapeuticy
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NFN-name

Tewrabenazinum
{BAN,pINN)

Thiamphencolum
(rINN)

Other Names

3-Isobutyl 9,10-dimethoxy-2-0x0-1,2,3,4,6,7 hexahydro-
gen-11bH-benzo[alquinolizine

® Nitoman

(Psychopharmakon)

D (+)-Threo 2-dichl do-1-(4
phenyl)propanediol {1,3)

@ Thiocymetin

(Chemotherapeutic)

Thiethylperazinum 2-Ethy!thi0-10 (3-(4-methylpip (1)propyl)-
maleate thicthylp h, h
maleas ® Torecan
(BAN,pINN) (Antiemetic)

Thihexinolonum trans-4 (Dithieny! (2) hydroxymethylcyclohexyltre-

bromude thihexinolom
bromidum

Thiepraperazinum

methy! ammonium hydroude

rINN Thihexnol methyforomidum
® Entoquel
(Anticholinergic)
2.Dimethyl

Bl 1)

yipip

y1-10 (3-(4

P
2im methansulfonas
(BAN,TINN)

Thiotepa
(BAN,fINN,NND)

Tharamum
(pINN)

Tolovichloralnm

Tranylcyprominum

sulfate tranylcypromuni sulfas

(BAN,pINN)
Triclazatum

(rINN)
Trichlormethiazidum

(pINN)

Trichlormethinum
{pINN)

propy!
@® Majeptil
(Psycho sedative)
Triazindmyl (1)-phosphinsulfide N', N”/, N""-Triethy
lencthiophosphortriamide
NND Thio tepa
® Tifosyl
{Nucleotoxic agent)

hyl

ylthiocarbam

thruramdisulfide
(Antibacterial, fungterde)
2 {2,3-Bis{i -hydroty-2,2,2 tnchlorocthoxy)propoxy)
toluene
tINN Toloxychlorinolum
(Hypnotic)
trans {£)-2-Phenylcyclopropylamine
® Parnate
{Psychopharmakon, monoamine oxydase snhibttor)
Benzilic acid (1 methylpyrrolidinyl (3) methyl) ester
(Anticholinergec)
6-Chloro 3-d y! 7: 13,4 dihydrog:
1,2,4-benzothuadiazinedioxide-(1,1)
®. Fluitran, Flutra, Mctahydnin
{Diuretic)
Tris(2-chloroethyl)amine
BAN Trimustine
® Trnllekamin
{Cytotoxic}




NFA name

Triclobisonum

NFN NAMES 15

Other Names
Hexamethylenebisidimethyl(1 methyt 3 (226 trime

chionde
chlondum NN Trclobisonts chiondum
(INN NND) ® Trburon chlonde

Trifluapera snums
chlonde tnfluoperazint
¢thlondum
{BAN DCF,iINN NND)

Triflupromazinum
chlonde triflupromazim
chloridum
WINNNND)

Tmecanum
(PINN)

Trimethober amdum
chlonde trimethobsnzamid
cHoridum
(INN NND)

Trimethoprimum
(pINNy

Teiparanofum
(BAN pINN NND)

Trofmitratum
phosphate trolnutratt
Phosphas
CINN NND)

Tropen ilonum

bromude tropenzilont
bromidum

Teopicamidum
GINN
baloctamidam

temthioratum
[EXINN

(Antibacterial)

103 (4

phenothiazine

® Stelazine Terfluzin

{Psycho sedative)

10 (3 DA h;

thrazine

® Vesprin

(Psycho sedative)

N (D, 1246

(Local anaesthetic)

N (4 (2 Dimethylaminoethoxylbenzyl 3 4 5 tnmetho

xybenzamide

® Tigan Hydrochlotide

{Anticmetic)

2,4-Diamno 5 (3 4 5 trmethoxybenzyl) pyfimidine

(Antibacterial)

24 C

1 tolyl (f)<thanol

® MER/29 Trikosterol

(Against hyperchalesterolaemia)

Trs(2 hydroxyethyDanunetninitric acad ester Trietha
acid ester A

® Angtnt Metamine Nitretamin Nitroduran

Praenitrona

{Vasodulator)

Hydroxide of 3 beaziloyloxy 7 methoxy 8 methyl-

tropane

PINN Tropenzilim bromidum

® Palerol (mixture with piperylonum)

(Spasmolytic)

N Ethyl N (pynidyl (4)-m-thyhtrapic acid amde

® Mydmaucum  Roche

(Mydriaticy

2 Ethyl 3 methylvalensc and anmde

PINN Valnoctamidum

{Psycho sedative)

1 {142 D b

phenyt

(Agamst hypercholesterolacmua)

ppropy! »

132
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NFN-name

Tetrabenazinum
(BAN,pINN)

Thiamphenicolum
{rINN)

Thiethylperazinum

Other Names

3-Isobutyl-9,10-dimethoxy-2-0x0-1,2,3,4,6,7-hexahydro-
gen-11bH-benzo[alquinohizine

@®. Nitorman
(Psychopharmakon)
D (+) Threo 2-dichl 1-(4 1 1

phenyl)propanediol (1,3)

® Thiocymetin

(Chemotherapeutic)

2-Ethylthi0-10 (3 (4-methylpiperazinyl (1))propyl)

maleate thicthylr
maleas
(BAN,pINN)

Thihexwnolonim
bromide thihexinolony
bromidum

Thigproperazinum

® Torecan

(Antiemetic)

trans-4 (Dithieny! (2) hydroxymethyl)cyclohexyltri
methyl ammonium hydroxde

1INN Thihexmoli methylbromidum

® Entoquel

(Anticholinergic)

2.D, 1 y1-10 (3 (4 hylpip 1(1)-

metansulfonate thiopropera- propyl)phenothiazine

zint methansulfonas

{BAN,rINN)
Thiotepa

(BAN,rINN,NND)

Thiramum

(pINN)

Toloxichloralum

Tranylcyprominum

® Majeptil
(Psycho-sedative)
Trazndinyl (1) phosphimsulfide N, N”, N "“Treethy-
lencthiophosphortriamide
NND Thio tepa

® Tifosyl

(Nucleotoxic agent)

thramdisulfide

(Antibacterral, fungicide}
2-(2,3-Bis(1-hydroxy-2,2,2 trichloroethoxy)propoxy)-
toluene

fINN Toloxychlorinolum

(Hypnotic)

trans (+) 2-Phenylcyclopropylamine

sulfate tranylcypromuim sulfas ® Parnate

(BAN,pINN)
Triclazatum

(rINN)
Trichlormethiazidum

{(pINN)

Trichlormethinum
(pINN)

(Psychopharmakon, monoamne oxydase mhibitor)
Benzilic acid (1-methylpyrrolidinyl (3) methyl) ester
(Anticholinergic)

6-Chloro-3 hyl 7. 13,4

1,2,4 benzothradiazinedioxide (1,1)

@ Fluitran, Flutra, Metahydrin

(Druretic)

Tris(2-chloroethyl)amine

BAN Trimustine

® Trillekamtn

(Cytotoxic)




STRYCHNINE AND VISION
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Diagram of the set up for tesung Visual acuity

1ty
White square board) 05 » 0 § m) with central Landtolt ring the opening of the latter
can assume any of 4 posiions

E3

Subjects switch box with 4 contacts he presses the button cotresponding to the csti-
mated position of the Landholt ring

€ Ordinate writer moves up one step when the correct bytton 1s prossed

The experimental subj~ct 1s scated 1n 2 moderately lluminated room on a chair four
metres distant from a white wooden box A Landhoit s ting is shown 1n a round
opering in uts front watl as described below A disc A (see figure 1 and 2) with a semes
of transparent rings at equal intervals afong the periphery 1s so placed inside this
opening that one of the nings will appear in the opening Innide this disk there 15 i
addition a transparent disc with an opaque sector of twenty degtees The centre of
this sccond dise will comaide with that of the ning The transparent part of the ning
forms 8 Landholt ¢ rine of 14— caast fon, et -

o ot o
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From the Department of Pharmacology, Unnersity of Lund, Sweden

The Effect of Strychnine on Visual Acuity
By

Vige Osharsson
(Received November 2, 1961)

It was ongnally found by voN HiepeL (1879) that vision (visual acuity,
field of vision) improves after the admmistration of strychmne This
finding lead to an extensive use of strychnine 1 the treatment of am-
blyopia and amaurosis Among later investigators WOLFEIN (1907) was
able to confirm von Hippel's results, SCHLAGINTWEIT (1922) however,
could not Dune-LLDER, 1n Text-Book of Ophtalmology (1932), put
together the available facts and stated that strychnine improves vision by
facilitating synaptic transmission between ganglion cells of the retina,
leading to an increased spread of the impulse generated by light stimuli

As to hearing, GisseLssoR & ToREMALM (1955) found that strychnine
did not improve heaning measured by audiometry Spoken words, how
ever, were distingmshed better agamst a background of disturbing nose
The authors concluded that the effect of strychnine on heaning 1s a cere
bral one, the peripheral organ not bemng concerned

For several reasons a new mmestigation on the effect of strychnne on
visual acuity 1s desirable The works done in this field have given divergent
results The possible effect of placebos has not been adequately considered
TFinally 1 nught be of interest to discover whether there exists any action
of strychmne on visual acuity, similar to that on heaning, descnbed above

Materials and Methods,

For the routine testing of visual acuity the letters of the alphabet are
commonly used as test-types This test, however, mcludes hagher psychic
functions, eg the sense of form, besides the abihty to discern light-
wapressions The interpretation of the pauent’s answers contains sub-
jective elements To elimmate such nconseniences as far as possible the

method described below has been used
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Fig 1| Diagram of the set up for testing sisual acurty

White square board) 0 5 ¢ 0 5 m) with central Landbolt ring the apening of the fatter
can assume any of 4 posiions

Subjects switch box with 4 contacts he presses the bufton corresponding 1o the esty
mated position of the Landholt ring

€ Ord nate wriler moves up one step when the correct button 15 pressed

@

The experimental subj~ct 15 scated in a moderately 1lluminated room on a chair four
ntres distant from a white wooden box A Landholts ning 1s shown in a round
ofening 1n its front wall as described below A disc A (see figure t and 2) with a series
o transparent rings at equal intervafs afong the peniphiery 1s 50 placed mside this
opening that one of the rings will appear 1n the opeming Taside this dik there 15 1n
add tion a transpatent disc with an opaque sector of taenty degrees The eentre of

‘rh“ second dise will cosncide with that of the ning The transparent part of the ring
Aemas o T mmdhal - mmm £ A m L3 € e Ll d [
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box with four buttans in contact with the apparatus, each of them cotresponding 1o
one of the positions of the Landholt’s ring He presses the button that corresponds
with the position of the ring presented as he sees 1t Thereby 1t 15 automatically re.
gistrated by an ordinate-wniter 1f the answer 1s correet Further, a motor 15 set m
action, on whose axis the disc Bis fixed at its centre On the axss there 15 also an won
cross, rotating between the poles of an clectromagnet When the button is released up
the magnet 1s magnetized through a relay h and so 1ly stops the
motor by atttacting two of the wings of the tron cross between 1ts poles This also
cxplains why the motor always stops with the gap 1n the Landholt’s ring 1n one of four
positions 1 & random uncontrollable way After a few seconds, demagnetiration
follows by the action of a condenser that permuts electrical flow only for that time The
subject can then try again After a number of tests on the same ring, 1t 15 automatieally
exchanged for a smaller one In this way a series of erght rings of decreasing diameter
are presented, the Jater ones smaller than the earher Simultancously with the shift of
the rings, the pen of the ordinate writer automatically falls down to the base line and
movres forward one step Thus its markings indicate the number of correct answers
for ecach Landholt's ring

To conduct an 1vestigation, to some extent analogous to that of heaning descnbed
by GisseLssoN & TOREMALM, a special piece of apparatus has been constructed Two
transparent plates of plastic having a pattern with small dark closestanding spots are
placed in the projector They are made to rotate 1n opposite directions close together
The picture 1s focussed on the front wall of the box, producing a disturbing samnng
hight pattern around the Landholt’s ting

Before the beginning of the expersment the subject 1s given time to acquant fumsel!
with the apparatus, during which the illummnation 1s adjusted so that he can easily see
the position of the largest ring but seldom or not at all that of the smallest one In
between the rings are successively smaller and as a rule the number of correct gaswers
will falf correspondingly The subject 1s told to press the button at fauly regular mtet
vals and to guess rather than try his eyes for too long a time As there are four possi-
ilitses, there 1s always a 25°% chance of getting @ correct answer by chance

Two series of experiments, each myolving of 20 healthy persons between 20 and
40 years, have been carned out For each ning the subject 1s given 22 chances From
these 22 answers 1t 1s caleulated how many more or fewer cofrect answers aie got after
admnistration of strychmine or placebo, compared with control results, which are
always determined first All figures so obtaned from all the experiments are brought
together and the arithmetical mean (and 1ts mean deviation) are calculated Thusthe
results sndicate the average improvement ot impairment for each Landholt s ning aftet
admynistration of the drug

Results

Series 1

After determmning the mtial visual acunty, placebo (NaCl) was mjected,
and a new determination was made Then 4 mg strychnme nitrate were
admimstrated intramuscularly and for 20-30 minutes afterwards new
values for visiual acuity were obtained All determunations were made
both with and without the disturbing hight-scatter.
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Fig 2 Details (dmgrzmau‘c)

A Disc with & number of fings of sizes After 12 trials
of the 1ubject with one ring, the disc automatically moses to the next smaller one

B Disc with an opaque wedge, scated on the aws of a motor This 15 started when the
subject presses a button and stops at random tn onc of 4 positions
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box with four buttons in contact with the apparatus, each of them corresponding to
one of the positions of the Landholt's ring He presses the button that corresponds
with the position of the ring presented as he sees it Thereby it 1s automatically re
gistrated by an ordmate writer if the answer 1s correct Further, a motor 1s set 1n
action, on whose axis the disc B 1s fixed at 1ts centre On the axis there 1s also an iron
cross, rotating between the poles of an electromagnet When the button is released up
the magnet 1s magnetized through a relay h and so 1ly stops the
motor by attracting two of the wings of the 1ron cross between sts poles This also
explains why the motor always stops with the gap n the Landholt's ring t one of four
positions 1n a random uncontrollable way After a few seconds, demagnetization
follows by the action of a condenser that permuts electrical flow only for that tyme The
subject can then try again After a number of tests on the same ring, 1t 1s automatically
exchanged for a smaller one In this way a series of erght rings of decreasing drameter
are presented, the later ones smaller than the earlier Simultaneously with the shift of
the rings, the pen of the ordinate wnter automatically falls down to the base Jine and
moves forward one step Thus 1ts markings indicate the number of correct answers
for each Landholt's ring

‘To conduct an investigation, to some extent analogous o that of hearing desenibed
by GisseLssoN & ToremALM, a special prece of apparatus has been constructed Two
transparent plates of plastic having a pattern with small dark closestanding spots ase
placed in the projector They are made to rotate 1n opposite directions close together
The picture 1s focussed on the front wall of the box, producing a disturbing varymng
Iight pattern around the Landholt’s ring

Befote the begmning of the experiment the subject 15 gtven time to acquaint himself
with the apparatus, during which the illummation 1s adjusted so that he can easily see
the position of the largest ring but seldom or not at all that of the smatlest one In
between the nings are successively smaller and as a rule the number of correct answers
will fall correspondingly The subject 1s told to press the button at fanly regular mter-
vals and to guess rather than try his eyes for too long a time  As there are four posst-
bilitses, there 1s always a 25 % chance of getting a correct answer by chance

Two series of experiments, each 1nvolving of 20 healthy persons between 20 and
40 years, have been cacried out For each ring the subject 15 given 22 chances From
these 22 answers 1t 1s calculated how many mare or fewer correct answers aie got after
admimistration of strychnine or placebo, compared with controi resuits, which ate
always determined first All figures so obtained from all the experiments are bronght
together and the arithmetical mean (and 1ts mean deviation) are calculated Thusthe
results indicate the average improvement or impairment for each Landholt’s ring after
adminmistration of the drug

Results

Sertes T

Aftes determining the imtial visual acuity, placebo (NaCl) was myected,
and a new determmation was made Then 4 mg strychnine mirate were
admumistrated ntramuscularly and for 20-30 munutes afterwards new
values for viswal acuity were obtamed All determmations were made
both with and without the disturbing light-scatter.
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Fig 2 Details (dragramatic)
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box with four buttons in contact with the apparatus, each of them corresponding to
one of the positions of the Landholt’s ring He presses the button that corresponds
with the position of the ring presented as he sees st Thereby 1t 1s automatically re
gistrated by an ordimnate writer if the answer s correct Further, a motor 15 set
action, on whose axis the disc B 1s fixed at its centre On the axis there 15 also an tron
cross, rotating between the poles of an electromagnet When the button 1s released w
the magnet 1s magnetized through a relay h and so 1ly stops the
motor by attracting two of the wings of the tron cross between 1ts poles This also
explamns why the motor always stops with the gap n the Landholt s ring in one of four
positions 1n a random uncontrollable way After a few seconds, demagnetization
follows by the action of a condenser that permits electrical flow only for that time The
subject can then try agam After a numbser of tests on the same ting 1t 1s automatically
exchanged for a smaller one In this way a series of eight nings of decreasing drameter
are presented the later ones smaller than the earlier Simultaneously with the shift of
the rings, the pen of the ordinate writer avtomatically falls down fo the base line and
moves forward one step Thus its markings indicate the number of correct answers
for each Landholt s ning

To conduct an investigation, to some extent analogous to that of hearimg descnibed
by GisseLssoN & TOREMALM a special piece of apparatus has been constructed Two
transparent plates of plastic having a pattern with small dark closestanding spats are
placed in the projector They are made to rotate in opposite directions close together
The picture 13 focussed on the front wall of the box, producing a disturbing varying
light pattern around the Landholts ring

Before the beginning of the experiment the subject 15 given time to acquaint himself
with the apparatus, during which the illumination 1s adjusted so that he can eastly see
the position of the largest ring but seldom or not at all that of the smallest one In
between the rings are successively smaller and as a rule the number of correct answers
will fall correspondingly The subgect 1s told to press the button at fauly regular mter
vals and to guess rather than try his eyes for too long a time As there are four posst
bilities, there 1s always a 25% chance of getting a correct answer by chance

‘Two series of experiments, each nvolving of 20 healthy persons between 20 and
40 years, have been carried out For each ring the subject 1s given 22 chances From
these 22 answers 1t 1s calculated how many more or fewer correct answers aie got after
adnunistration of strychnine or placebo, compared with control results which are
always determined first Al figures so obtained from all the experiments are brought
together and the arsthmetical mean {and 1ts mean deviation) are caliculated Thes ot
results indicate the average improvement or smpairment for each Langholt s ring after
admumistration of the drug

Results

Series 1

After determiming the imtial visual acuity, placebo (NaCl) was mjected,
and a new determmation was made Then 4 mg strychnime mitrate were
admumstrated ntramuscularly and for 20-30 minutes afterwards new
values for viswal acuity were obtained All determmations were made
both with and without the disturbing light scatter
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a Without bight scatter
Placebo-control -0 70 - 0 34 cotrect answers,
Strychmine-control +130 = 030 correct answers
Thus there ate 0 60 - 0 45 more correct answers after strychmne than
after placebo for each nng
b With hght scatter
Placeba-control 4125 + 0 32 correct answers,
Strychmine control «+ 183 £ 0 35 correct answers,
‘Thus post strychmne exceed post placebo correct answers by 058 &
045

The effect of strychnine appears somewhat to exceed the effect of
placebo bud the difference 15 not sigmficand Owang to the duration of
the testing (two hours) fatigue 1n the end might have Jowered the results
for strychmne On the other hand, this drawback may possibly be counter-
balanced by the effect of tramning

Sertes IT

After control determination 4 mg strychnine mtrate were mjected intra-
muscularly and visual acusty was determined 20-30 munutes later A few
days later the same experiment was repeated with placebo (NaCl) n
place of strychmne Every second person got strychnme on the first and
placebo on the second occasion The expetiment was over in 45-60
minutes so that the effect of fatigue was diminished compared with that
in senies § Only determinations with light scatter were carnied out The
results were

Placebo-control +-143 34 0 23 correct answerss,
Strychnine-control +091 4 0 24 correct answers
Thus a greater 1mprovement was obtamed after placebo than after

strychnine (difference 052 + 032 not significant) The effect of placebo
1s statistically sigmficant

Conclusion The expenments have shown that a placebo ympr
acuny tested as above Strychmne does not xmpfovc the T;’n?r‘:ls‘gixl
by more than the effect of the placebo It thus seems that under no s\
conditions strychmine has no other effect on visual acuity than 1halm;a
placebe, whether on the penpheral or on the central {cerebral) pathwc y
Slot was it possible to find an effect of strychmne when the subject ha:yls
istngassh the Langhol's nng aganst disturbing hight scatter ?
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C 4 contacts, coupled in senies with subject switchbox, enabling correct answers only to be
recorded
D Electric bulbs with diffusing screen illuminating the Landholt rings from behind
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Morphine as an Inhibitor of Brain Choli ases in
Morphine-Tolerant and Non-Tolerant Rats
By

Torkell Jobannesson
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BERNHEM & BERNHEIM reported 1n 1936 that morphme 1s cholmesterase
infubiting Smce then several authors, particularly SLAUGHTER and his
collaboratars (1940 a, b, c), have tned to explain some of the effects of
morphune as bemng cholinetgic Later work by KnNoLL & Kowds (1951),
Parszasz et al (1951), bE Jongu (1954) and other investigators, however,
did not support this assumption about the analgesic effect. Thus results
have been y, and the g of a close rel tup between

morphune (and kindred substances) and cholinergic receptors s still
unsettled

Even Reowucne # Drm s veye o 41
cated t . . .
stresse - . .

has of

concentration, and KRAYER et al (1944) and GOLDSTEN ef of (19:19.)
emphasized that results from expenments with chalinesterases and
reversible inhubitors are misleading 1f the necessary dilution of the tissue
15 disregarded

P a—a-

Ia our expeniments with morphine and cholimesterases m rats® bramns
we have attempled to reduce the dissociation between enzyme and
mhl'fu'!ir"m smuch as possible by correcting the difution and hy swenn

=-+% ws wu eslunale e cholinergic effect of this agent.
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Summary.

The effect of strychnine on visual acuity has been mvestigated Land
holt’s nings have been used as test types mn a self-recording apparatus
Visual acusty sometimes improves after strychnine, but not more than
after placebo, and strychnine has no sigmficant pharmacological effect on
visual acity The experimental conditions were further complicated by
introducing a disturbing light scatter around the Landholt’s ring i an
attempt to show any central (cerebral) effect of strychnine on vision, but
there was no such effect
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BernuEm & BERNHEIM reported 1 1936 that morphine 1s cholinesterase
inhibiting  Since then several authors particularly SLAUGHTER and fus
collaborators (1940 a, b, ¢) have tried to explain some of the effects of
morphine a5 being cholmergic Later work by KwolL & KoviLos (1951),
Pdrszasz et al (1951), DE JonGH (1954) and other mvestigators, however,
did not support this assumption about the analgesic effect Thus results
have been dictory, and the q) of a close rel hip between
morphune {and kindred substances) and cholinergic receptors 1s still
unsetiled

Even BerNHEIM & BERNHEM, and later Kunw &
cated that morphine 1 2 ble chol

SURLES (1938), nds

hub BURGEN (1949)
stressed the fact that the physiologieal smportance of reversible inhbitors

has often been mimmuzed, as the intubstion depends on the substrate
concentration and KRAYER et af (1944) and GOLDSTEIN ef af (1949)
emphasized that results from expenments with cholinesterases and

reversible mtubitors are misleading if the necessary dilution of the tissue
1s disregarded

In our expenments with morphine and cholinesterases in rats’ bratns
we have altempted to reduce the dissociation between enzyme and
inhibuor as much as possible by correcting the dilution and by usmg

Achol
at Jow sub cone We have th
to obtam a of the 1nhyt us endeavoured

» veva, this should
to some degree enable us to estimate the chohnergic effect ot', thus agent
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Summary,

The effect of strychnine on visual acuity has been nvestigated Land
holt’s rings have been used as test types 1 a sclf-recording apparatus
Visual acuity sometimes 1mproves after strychmine, but not more than
after placebo, and strychmine has no significant pharmacological effect on
visual acuity The expenimental conditions were further complicated by
mtroducing a disturbing Iight-scatter around the Landholt’s ning i an
attempt to show any central (cerebral) effect of strychnine on vision, but
there was no such effect
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B Polarographic Determination of Small
Amounts of Morphine

Al were perfc d on a pi h, (RADIOMETER type Po 3b)
By the method employed, described by MiLTiErs (1958, 1959), the morphine base 1s
transformed 1nto morphine chionde before the polarographic determimnation The
senstivity of the method 1s -2 pglg, when approximately 1 g bram tissue 18 used, and
the average recovery 1s about 95%

C Matenials

Male albino rats (120-260 g) were used After decapitation the whole bram (in-
cluding the brain stem and the cerebellum) was taken out, weighed and hamogenized
mechancally for 1-2 munutes, with an appropruate volume of 6 9% sodum chionde
solution, 1n a PorTer & ELvEIUEM homogenizer By means of anice bath the tempera-
ture was kept Jow before, during and after homogenization Homogenates were then
diluted with 0 9%, sodwm chloride solution (in graduated 10 mi tubes) 10 give final
concentrations of approximately 20-30% (wiv)

Morphine tolerance in the rats was by dady d
of morphune 11 progressively increasing doses The 1mtial dose was approximately
25 mgfkg, and the final doses varied from 125 to {55 mg/kg daily, reached about 4
weeks later About 15% of the rats died during the period, most of the survivors Jost

Symbols used

[ChE] Chohmnesterase activity
PS The negauve loganthm of the substrate concentration

Results,

A Morphine as an Inhibutor of Cholnesterases
n Rat's Bram

Brains from 3 non-tolerant rats were used 1 the expenment

The brams were h d together in a of 2087 ¢
(Wi¥} The total
rse;cuon volume was 25 mlat pS = 201047 50 miatpS = 3 and 100 x)nl atcpS =l
e ‘a)z;;i ‘5( ;sThe;:,trause; ghmd s 100 mM-NaOH 28 pS = 201037 20d 10 mM-
=471 e substrate sof d
2pS =20t 37and 5 mM at ps =<45?’\::-)105ﬁ9“5= B0, duag cperatiens

The results show how changes in the sub
morphune-produced mhshsty
AL pS = 40, morphine at

fi
on of {CRE] m bramn homogenates (fi
the three concentrations employed Wlll(rfdulc)e
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Methods and Matenals

A Titrnmetric Deternunation of Cholinesterase
Actvity

The techmque used for determining cholinesterase actvty 1n tissue
homogenates 1s based on the method described by JENsEN Horm LAUSEN
MiLTHERS & MoLLER (1959) but various later modifications from our
Department have enabled us to work at substrate concentrations con
siderably lower than are usual (Jensen Howm 1960, 1961, and JOranyEs
SON & LAUSEN 1961)

Apparatus Activity measurements were made by continuous automatic
utration with a titrator (Radiometer type TTT 1), and ttrigraph (Radio
meter type SBR 22/SBU 1) An infusion apparatus independent of the
titrator enabled us to add reagents to the reaction mixture at a constant
but vanable rate by which procedure any non specfic acid or base
liberation may be compensated (JENSEN HorM 1962)

Reagents Where nothing else 1s mentioned the gtration flurd 5SmM NaOH and the
substrate SmM acetylcholine jodide were used The enzymatic process was begun by
adding an adequate volume of this solution to the reaction mixture with a pipette
Morphine was added 1n the form of a 10mM solution of the chlonde (Ph Dan 1948)
Botled re distilled water was used in the eXperiments

detny deter For the deter of ch activy we used
0 5 ml of 2 20-30% homogenate of rat s brain diluted with sufficient 0 9% NaCl solu
tion to give a total reaction mixture (after addition of inhibitor and substrate) usually
amounting to 100 m! Nitrogen was bubbled through the muxture kept at 38°C and
during the estimation of activity the reactron vessel bemng kept covered the space
above the reaction mixture was swept out with nitrogen to avord absorption of carbon
dioxide The activity was determuined at pH 740 with constant magnetic stunng
Acetylchohne jodide was usually added 1 amounts giving a molar concentration of
63 x 10 6 {pS — 52) and morphine was added at concentrations corresponding to
those found 1 rats brans after mjections of morphine (see later) For practical
reasons the brain tissue was tncubated with morphine for 10 minutes before adding the
substrate although pilot experiments showed that the equilibnia between enzyme
nhibitor and substrate are reached almost mstantancously
The basis for calculating any existing activity 1s the difference between the nchma
~ & tatannant tn tha t tr oraphic curve one munute before and one m nute aﬂcpr
.

eram tissue
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Table {

Brain cholmesterase activity [ChE] 1n 9 non tole
rant and 5 morphine tolerant rats weighing 150-
240 g The substrate was acetylcholing 10d de 2t a
molanty corsesponding 1o pS $2 (63 X 10 6 M)

TChE] TChE]
Normal | cotymn /g | TOKr2R¢ ‘MH\OI/mm 3
rats bran brain
i 047 Y
2 l 051 2 052
3 0355 3 055
4 055 4 0w
5 060 5 072
6 063
1 064
8 o7 |
9 087

2) In the presence of morphine

In this expeniment we employed tolerant and non tolerant rats, which
were given mtraperitoneal 1njections of 600 700 or 780 mg/kg morphine
The tolerant rats were put on experiment 20 hours after final daily
admunistration of morphune and the experiment was carried out at room
temperature (about 20°)

Excitation and convulsions were seen m most of the rats, often with
subsequent respiratory arrest which was considered a sign of death We
were interested 1n the primary toxic effects of morphine and the duration
of the expenment was therefore himited to 90 mnutes Some non tolerant
rats survived the first 90 minutes, they were therefore removed from the
expenment The experiment now mvolved 19 non tolerant and 16 tolerant
rats (tables 2 and 3) Of the non tolerant 18 and 3 of the tolerant rats died

within 60 minutes of administening morphine, for com|

anson the re
Ma Mno 12 talarant et P A

aal MaA7C ANL £Aen .
lar

poluol was meanwhile stored at —20  Activity measurements were then

carned out The activity was measured first without any addition of

morphine and then after sufficient morphine had been added to obtan a

morphine concentration 1n the reaction vessel identical with that found

the brain on morphine determination (in tables 2 and 3 * before * and
after y) As we used acetylcholine at a

uon of 63 % 106\ (pS = 5 2) *

Morphine determinanons showed 20-40 pg morphne per g tissue In

-
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BRAIN HOMOGENATE (20% }, RATS

_NMOR,%!/NE
1107°M

MORPHINE
7 907°M
MO/‘?P/-/A/é'
4 70

f T
5957 53 47 37 29 J
7 N 3 2 yo5 Ak
Fig 1 Homogenate (203, w/v) of brams from 3 rms
Abscissa pS 1s the negative loganthm of the conce of
1odtde (AChJ)
Qrdinate The ord) ', X as p ge of the control actuaty, denotes the re
maming chol ase actvity after b; for 10 minutes with morphtne at three
different molar concentrations

PER CENT OF
CONTROL ACTrviTY

'\

the activity to 20%, 40%, and 75%;, respectively, whereas at pS = 471t
was reduced to 09, 209, and 507 of the mtial normal value

B Brain Cholinesterase Actnaty in Tolerant
and Non-Tolerant Rats

1) In the absence of morphine

Without any preceding acute admumistration of morphine 9 non-tolerant
and 5 morphine-tolerant rats (150-240 g) were hilled, and [ChE} was
determined 1n therr bran homogenates without addttion of morphine
The substrate concentratton was 6 3 x 10-6M It s seen from table }
that [ChE] for the two groups 1s found m the same region (05-09
pmol/mun /g)

The tolerant rats were killed 20 hours after the final dmly dose of
morphune For comparnison another three tolerant rats were fatfed, afso
20 hours after the final daily dose of morphine; therr brains were homo-
genzed, bulked and exanmined for morphine contents Analysis showed no
measvrable amounts of morphine
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the brams of the tolerant rats we found an average morphine concentra
tion of 30 3 pg/g, 1n the non tolerant rats 217 pefe

[ChE] before addition of morphine (“before” 1n tables 2 and 3) was
found to average 0 77 pmol/min /g 1n the tolerant and 0 68 pmol/mm /g
10 the non tolerant rats Afier correction for the uissue dilution (1 e
morphune added to the reaction muxture up to a concentration identical
with the concentration meastired 1n the tissue) and after ncubation for
10 minutes, achvity measunngs were made (‘after” m tables 2 and 3)
These measurements gave the mean values for [ChE] (t ¢ the average
remaining activities) 1 the tolerant rats of 042 pmolfmun /g (~54 5%)
and 1n the non tolerant Tats of O 40 ymolfmun fg (~58 8%)

Before the addition of morphine [ChE] came up to the values given 1n
table T and will be compared with these results Table 1 records the results
of actwity Taeasunngs with morphine absent 1 § tolerant and 9 non-
toletant rats Thus activity determunations were made m all on 21 tolerant
and 28 non tolerant rats without any additton of morphine, and the mean
[ChE] 1n the tolerant rats was 0 67 ymol/mun /g and in the non tolerant
rats 0 65 pmol/mm fg

Discussion and Conelusions

M 15 necessary when measuring {ChE] to distingish between reversible
and irxe bie chol ase mhit This d 15 observed 1n
all enzymatic studjes on these sub but sts phar logical and

togieal \ fhave d surprisingly d

nfubition of cholinesterases by irrererstble tnhibitors (1 ¢ orgamic
phosphorous compounds) results 1n the formation of stable compounds
of enzyme and mhubitor, which can be sphit only under certain conditions,
If on the other hand, 1t 15 a matter of inhitution by any of a number of
reversible inhibitors (¢ ¢ morphine) the condinons are entirely different,
smce both any difuton of the hissue and also addmon of substrate wall
dissocrate the 1mitial compound of enzyme and nhibitor to 2 greater or
lesserertent Asalj current methods for deternuning cholinesterase actmity
mply difution of the tissue as well as additon of a substrate, most fre-

quently ot {ugh concentrations, the resuits of such activity measurements
will be ding 1f the connid dare d

inour ;xpcnmcms, on the basis of chemucal d:\:nmnauonsu;[ morphine
m(samp es taken from the precise bram tissue whose cholinesterase
actvily we wanted tg examine we have added sulficie:

Nt
rmc}:nen muxture to give a o A - q:!em\'vhmc 1o the
n the removed issue We then had to d on
eade wha
priate substrate concentratson for ch was the most appro

T our purpose From fig 1 1t wall be seen
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Table 2.

Non galerant vats (19) gien morphine 600-780 mg/kg intra;
pefitoneally Brain chohneste
rase actvity, [ChE] 15 expressed as pmol/mun /g * Before™ means [ChE] before incubation
- =~ 7 e

1
1
'
[
1
1
[

.

Number Z <5 -4 . £ZE E Tirge after
5 B e £ gzt 2 Inyection
O
ES Zg [ LF | 5 [ £28| &
Koy 160 192 064 | 045 70 780 | 20 min died
Kag 140 184 085 | 057 67 780 | 20 mmn died
hs 260 264 050 029 8 780 | 22 mm thied
Ray 160 238 071 050 65 700 | 23 mm died
Ko 160 276 0s2 | o030 58 700 | 25 mn died
Rs2 195 139 100 0355 55 600 | 25 min dred
K 260 272 048 028 58 700 | 26 mun died
Ko 160 280 059 033 56 700 27 mun died
hse 145 286 102 055 54 780 | 28 pun died
Kio 260 | 340 046 | o022 a8 700 | 31 run died
Kiz 60 | 362 066 [ 029 4 700 | 34 min died
| 150 | 254 038l 052 64 600 | 36 min died
Kn 180 201 053 036 | 68 600 | 36 min died
Ka 150 300 tio 060 55 700 39 min died
K 180 272 063 35 600 | 42 nun died
Ka 200 436 061 | 034N 56(M] 780 | 45 mn died
Kis (80 236 051 033 65 600 53 muin died
Kis 180 250 0ss | 034 62 600 | 58 mn died
Kss 200 { 216 o 042 59 780 | 90 min died
i
Table 3
Morphine tolerant rats (16) given mofphine 600-780 mg/hg
intraperitonea(ly For explanations, see table 2
=
gE gs < )
= E g ® ) ExE g Time after
Number | 5 a5 | g5 5 | EE8 ) 4 Injection
k3 G0 =9 < S0 & 14 {
E =23 | ©° N r =<2 | Q
T 140 369 Lot 646 46 | 780 | 25 mun dued
Ts 155 340 095 | 047 49 600 | 35 min dred
Tis 155 251 07 | 050 67 700 [ 35 mun killed
Tis 145 21 080 | 043 54 700 | 35 mun hilled
Tis 140 194 104 | 069 66 7 35 tun \alled
Ta 160 310 053 | 028 53 780 | 40 nun died
Ta 145 321 D57 | 030 51 780 | 40 run killed
Tn 120 360 066 | 031 47 780 | 40 mm )k‘-geg
T2 185 288 G646 | 026 57 780 | 40mun Xilled
Tas 165 290 076 | 043 57 790 | 40 mun hilleg
Ts 150 290 061 035 57 700 | 60 mun hilled
Ts 153 276 085 | 049 s8 00 | 60 min killed
i 165 272 084 | 050 60 700 | 6 mn klled
T 160 404 100 050 40 700 60 mun
T 190 | 296 | o083 | 042 st 600 | 60 min killed
e 200 252 061 038 62 600 | 60 min_hilled
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cholinesterase activity, as stated by KnoLL et of (1951) It further appears
from the mvestigation mentioned that nissue ditution was not taken into
account and that the substrate concentration used was extremely hugh
In rats’ bramn the amount of extractable acetylcholine will increase after
injecting Jarge doses of morphine (HERKEN et al 1957), and this ncrease
can hardly be explaned 1n terms of increased synthesis of acetylcholine
(¢f Morrus 1961) It appears from our expeniments that large doses of
hune will appreciably ntubit the chol ase actvity of the brain,
and 1115 well known that large doses of movphine, particularly lethal doses,
wll cause excitation and convulsions in both rats (JotL & ETTINGER 1926)
and rabbyts (CorraDo & LONGO 1961), as well as 1 other spectes, but not
In man (Woops 1956, REYNOLDs & RANDALL 1957) It therefore scems
hughly probable that the excitation caused by large doses of morphine may
be cond d by chol b 1 the central nervous system,
and JoHANNESSON & LAUSEN (1961) advance the argument that motor
excitement after large doses of chlorpromazine may be simlarly condi-
tioned
Most of the non tolerant rats were dead 40 nunutes after admumistering
morphine, whereas most of the tolerant rats were still alive The tolerant
rats were kitled 35, 40, and 60 munutes respectively after the injection;
we then found a mean concentration of morphtne 1n their brams shghily
ugher than that of the non talerant rats (tables 2 and 3) The question
arose theref of a pr d phar \! 1 tolerance, since the
concentration was the same or higher, and the effect — expressed as lethal-
1y m our experuments ~ was shghter 1n the tolerant than n the non-tole-
rant ammafs {t 15 probable that a centrally conditioned respiratory de-
pression from acute morphine ntoxication may be the direct cause of
death in rats (¢f SCHAUMANN 1958) The reduced lethality to the solerant
vats may therefore p y be explained as a develop of tolerance
owards the depressing effect of morphine on respiration, as tolerance 1na
number of animal species (SEEVERS & WooDs 1953), imcluding rats (JoEr
& ETTINGER 1926 and KAYMAKCALAN & WOODS 1956), 1s manly developed
aganst the depressne effects of this substance On the other hand,
expeniments with dogs, rabbits and rats (ScminT & Livisgstov 1933’
Grixot & Hursoey 1937, Gisss & Bops 1938) seem to indicate that xhé
occurrence of death {rom acute morphine poisoning 1s not caused bya
centrally d d resp y lysis, but seems fo be
with convulsions 1f excitation caused by lethal doses of
observed 10 our expeniments also, contnbutes k
s would smply a development of to} much o the
exetave effects, but th CTANCE I rats agamst the
> but the point of attack 15 presumably el

sewhere than
the cholinesterases of the central nervous system (see belaw) o

prog
assacrated
morphine,
fethality,
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that the degrec of inhibition after reversible cholmesterase mhibitors hike
morphine will nise with decreasing substrate concentrations The results
of activity measurings will thus depend on the substrate concentration
used It 15 therefore clear why LAVINAINEN & MATTILA (1959) could not
demonstrate any inhibition of rat bran cholinesterases after morphine
injections, since they diluted the tissue 100 times without taking the
morphine concentration mto account and used a substrate (metacholing)
of as lugh a concentration as 3 x 10 2M

The dissociation, resulting from the addition of substrate, can be
greatly reduced 1f acetylchohne 1s used at as low molar concentrations as
10 5-10 ¢ We therefore dectded to work with a substrate concentration
of approximately 6 x 10 6M On the basis of work by AcHEsow (1948)
and WasER (1960) Jonsen-HoLm (1962) later estimated the “physio
logical” concentration of acetylchohine to be approximately 10 6M at
the motor end-plate If we had used this substrate concentration, the
remaining activities after incubation with morphine would have been both
absolutely and reltively lower than those we in fact found (tables 2 and 3}
It should, however, be emphasized that on the whole we have only an
imperfect know ledge of the physiological environment {substrate, electro-
Iytes, etc ) that largely determune all cholinesterase activity 1n the central
nervous system wm ino Further, homogenization will elminate cell
boundary lines, so that 1n the bramn the cholinesterases, demonstrated by
KorLr and collaborators as “functional” and as *“‘reserve” enzymes,
(HOLMSTEDT 1959) will be artificially confounded Moreover, in our expert
ments the tissue dilution was often considerable (several hundred times)
Assuming that we could only make a poor mmutation of the physiological
conditions under which the splitting of choline esters takes place naturally,
we therefore used a 0 9% NaCl solution as diluent

After njecting large doses of morphine (600-800 mg/kg) into rats, we
found 20-40 pg morphing per g bram 1 both tolerant and non-tolerant
rats In the reaction vessel, however, the dilution was so constderable that
activity determinations (“before” 1n tables 2 and 3) showed [ChE] as
being of the same order as n the results given tn table 1 It ts obvious,
therefore, that 1n our investigations, the activity measurements 1n presence
of morphine, but without any correction for the tissue dilution employed,
are fully comparable with the results obtained from activity measurements
1n the absence of morphine Having corrected for tissue dilution by addmg
morphine to the reactton mixture up to a morphine concentration 1dentical
with the concentration measured 1n the tissue, we found the activity
reduced by 30-60% 1n both groups (“after” in tables 2 and 3) It 15 there-
fore a matter of considerable doubt whether morphine 1n small doses (¢ g
5-10 mg/kg) would be able to induce any apprectable inhibition of brain

_=

g~
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determuned, first without morphine and then by mcubation for 10 minutes

with such amounts of added morphine as would give morphine concentra
" 14

tions 1 the reaction mixture (organ with

with the concentrations 1n the ussues of the corresponding bramns at

death,

3 Applying acetylcholme 1odide as t at molanty 63 x 1075,
bramn cholmesterase activity was found 10 be of the same order i mor-
phne tolerant as 1n non tolerant rats In both groups also the activity was
teduced by morphane to the same extent, 7 € by 30-60%,

4 It1s assumed that the exatation seen 1n both tolerant and non
tolerant tats after large doses of morphune, may be explamned m terms of
cholinesterase inlubition 1n the central nervous system

The { sesults ate & d 1t relation ta the phenomena
of morphine tolerance sn animals
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When sdentical substrate concentrations, with or without addition of
morphine, are uscd, 1t scems a matter of great doubt whether there are any
differences between bran cholinesterase activities 1 tolerant and non
tolerant rats (tables 1, 2 and 3) The results of the experiments therefore
argue 1 favour of the assumption that the ability of the bram to spht
acetylcholing 1s the same in tolerant as in non-tolerant rats and that i
both groups, morphine will inhibit brain cholinesterases fo the same extent

Investigators have tried to explain the development of morphine tole-
rance 1n ammals by established differences between cnzyme activitres ;n
tolerant and non-tolerant orgamsms In several studies, AXELrRoD (1956),
AxeLroD & CocHiN (1957), and CocHiN & AxtLrop (1959) tred to
parallel the defective ability of the ltver microsomes to N-demethylaie
morphine 1n tolerant rats with the development of tolerance towards the
analgetic effect of this substance We did not find this difference for
cholinesterase, the ability of the bran to split acetylcholne under the
given experimental conditions was the same in tolerant and n non-tolerant
rats It should, however, be emphasized that at any given concentration
of morphine the resultant from the compound of enzyme, mhibtor and
substrate will be ughly dependent on the amount of the last-mentioned
(cf fig 1) Though there 1s every reason to believe that the two first
mentioned factors may be present to the same extent 17 vi10 tn the bramns
of both tolerant and non-tolerant rats, we have no further knowledge of
possible differences in the amounts of the Iast-mentioned factor The
unchanged ability to spht acetylcholine, which we found 1 our expern
ments, seems to indicate, but it does not prove, that the cholmesterase
activity of the bran 1s the same n tolerant as i non-tolerant rats

In this connection 1t may be of 1nterest to mention that TORDA & WOLFF
(1946} and MoRris (1961) found that morpiune will to some extent
reduce the synthests of acetylchohine m the bram and SCHAUMANN (1956,
1957) demonstrated that morphme will inhibit the liberation of acetyl-
choline from nerve ends, but that the results of expenments confirming
these assumptions are apparently not available for morphmne-tolerant

organisms

Summary,

1 Large doses of morphine (600, 700 or 780 mg/kg) were admumstered
mtraperltonea”y to morphine tolerant or non-tolerant male albino rats
The non-tolerant rats died between 20 and 60 minutes after being 1njected,
for companson the tolerant rats were killed at the same tmes

2 In the brauns of rats of both groups the morphine concentration was
found to be 20-40 pg/g Subsequently brain cholinesterase activity was

o



MORPHINE AND CHOLINESTERASE 35

Slaughter, D & E G Gross Soms new aspects of morphine action Effect
on infestine and blood pressure, toxicity studies J Pharmacol 1940 b,
6-

Sloughter, B & D W Munsell Some new aspects of morphine action on
pamn J Pharmawl 1940 ¢, €8, 1 12

Tordz. & H C Wolff Effect of alkalods on acetylcholine synthesis

Arck Bigchem 1946, 10, 247-250

Wasn P G The cholmgenic receptor J Pharm Pharmacol 1960, 12,
577 59
Woods, L (N al h

of
Pharma:al Rtv 1956 8, 175-198



34

T. JOHANNESSON

Jensen-Holm, J The influence of substrate concentration on cholinesterase
actvity in the presence of intubitors Acta physiol Seandinar 1960, Sp

sence of

1961, 18, 379-397 : oot

Jensen-Holm, J, H. H Lausen, K Milthers & K O Moller Determination

of the cholinesterase activity in blood and organs by automatsc titration

With some observations on serious errors of the method and remarks of

;féi g;nflomcmc determination Acta pharmacol et toxicol 1959, 15,
Jotl,r_E & A Ettinger Zur Pathologie der Gewdhnung TII Mutterl

SR M .

'K
D . . .
J6hannesson, T & H H Lausen Chlorpromazine as an inhibitor of brain
chalinesterases Aeta pharmacol et toxicol 1961, 18, 398-406
Kaymakealan, 8§ & 8§ A Woods Nalorphine-induced “abstinence syn-
(lh"gmc" 1 morphine-tolerant albino rats J Pharmacol 1956, 117, 112-
Knoll, J} & E Komlés Dic analgetische Wirkung des Atropins und setn
fS)%'ng;gtsmus mut Morphin und Prostigmin Acra Phys Hung 1951, 2,

- ' - mung
1 and

Kuhn, H H & D Surles The action of various members of the morphine
sertes and emetine on the choline esterase of the brain Arch it Pharma-
codyn 1938, 58, 88-92

Lavikamen, P & M Mattila The convul: and the bramn
metabolism after morphine and nalorphine Ann  Med Evper Biol
Fenn 1959, 37, 133-140

Multhers, K Polarographic deter of small amounts of h
bleod and plasma Acta pharmacol et roxicol 1958, 15, 21-28

Milthers, K Palarographic determunation of small amounts of morphine in
ussues Acta pharmacol et toxicol 1959, 16, 10-12

Morris, R W Effects of drugs on the brosynthesis of acetylcholme pento
barbital, morphine and morphwnan derivatives Arck it Pharmacodyn
1961, 133, 236-243

Pérszasz, J . 1. Knoll & E Komlés Wirkung der Parasympathomimetika
auf dte Analgeste Acta Phys Hung 1951, 2, 469477

Reynolds, A K & L O Randsll Morphne & Allied Drugs, Umiversity of
Toronto Press 1957, p 47-48

Schaumann, W Influence of atropine and morphine on the liberation of
acetylcholine from the gumnea pig’s intestine Nature 1956, 178, 1121~

2

w

112

Schaumana, W Inhtbitrion by morphine of the release of acetylcholine from
the intestine of the guinea-pig. Brr J Pharmacol 1957, 12, 115-118

Schaumann, W Antagomstische Wirkung von Morphuin und Cholinesterase
Hemmern auf das Atemzentrum Arch exper Path u Pharmahol 1958,
233, 98-111

Schmidt, ¢ F & A E Livingston The relation of dosage to the development
of tolerance to morphine in dogs J Pharmacol 1933, 47, 443471

Seevers, M H & L A Woods The phenomeny of tolerance Am J AMed
1953, 14, 546-557

Stapghter, D, 1 C Parsons & H D Munal New clinical aspects of the
analgesic action of morphine J A M A 1940 a, 115, 20582060



LEAD POISONING 7

nitrogen m the effiuent solution from the 1on-exchange cofumn, was measured by the
mnhydon colorumetric procedure of CocRING & Yereg (1954 The amumo acids
present 1 the effluent solution were separated by high voltage electrophoresrs For
this purpose use was made of the  pherograph descnibed by WIELAND & PRLEIDERER
(1955) The buffer pH 12, consisted of glacial acetic acid formic acid and water
(100 150 750 by vol) 20yl solution was placed & cm from the anode end of a
Whatman No 3 MM filter paper The runnmng tume was 3 hours at 50 voltsfem
After electrophoresis the paper was dnied for approximately 2 hours at a temperature
of about +60 C ft was then sprayed with a minhydnn sofution pr't'patcd by tl';:
3 - - ' - v
ously run. to permut qual
m the urine

The glycine areas were cut out and the copper complexes were efuted with ethanol
The exunction was read m a Beckman spectrophotometer Model B at 504 rap
2 1 em cuvetts aganst a corresponding paper blank

The concentration of protemn in the unne was estimated by means of albustix ®
{Ames analytical reagents)

The urmary lead was measured by the method of Bessuan & Lavne (1955) as
sf ghtly modified by HAEGER ARONSEN (1960)

The &-amunolaevulic acid (ALA) 1n the unne was determuned by the method of
Mavzerawr & Grasick (1956)

The 1 the unne was by the Jaffe reaction

Normal values found 1n a previous mvestigation (HAEGER ARONSEN 1960) for
urnary ALA fead and ¢reatining 1n rabbnts were used

and of the amuno acids

Results

During the expenmental period the rate of excretion of creatimne
the urine 10 the 7 lead poisoned rabbits was faurly steady (52-98 mg%,
Mean = 71} and never exceeded the upper normal hmut The unnary
o ammo mtrogen ALA glycme and lead were therefore caleulated per
unit weight of creatmine in the samples

The mean excretion of ¢ ammno nitrogen 1 the unne n 10 healthy
rabbuts was 9 8 pmolimg of creatintne (SD = 37) The corresponding
figure for glyone was 23 pmol/mg (SD — 08)

During the first few days after admumstering the lead the excretion
of the @ amino nitropen was increased (fig 1) 1t fell on the 4th-Sth day,

but ros‘c agamto rcalch anew maxinum on the 81h 9th day The excretion
Wwas aimost normal on the 10th-1dth day afy
N, y after which #t agam rose

Electrophotenic sereenyy,
g of the unmary amuno aads before
at different intervals afier administering lead showed that the gly:l:(:

fraction varied most (Bg 2) The co
ncentration of hustidine, fike thag
glycine was incrensed durmg the first 2 days , Tike that of
a
Ao ol v 8 a1 ¥s and fel o the 3rd day,

3
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From the Department of Clinical Chemstry, Unnersity of Lund,
General Hosputal, Malmo, Sweden

Urinary Excretion of Amino Acids in Lead-Poisoned Rabbits
By

Wilfried von Studnitz and Birgitta Haeger-Aronsen
(Recened November 14 1961

In a related imvestigation of urmary porphynins and their precursors
m lead-porsoned rabbits the a-amino mtrogen was found to be moderately
mereased This mcrease, which was demonstrated already mn the acute
stage of the posomng, comerded with the rise 1n excretion of 8-amino
lacvulic acid (ALA) noted 1 a previous study (HAEGER ARONSEN 1960)

An rcreased urinary excretion of amuno acids i human chrontc
lead potsoning has been described by various authors (WILSON, THOMSON
& Dent 1953, BICREL & SoucHON 1955, ChisoLM HARRISON, EBERLEIN
& HARRISON 1955, CLARKSON & KENCH 1956) A search of the literature,
however, fatled to reveal any reports on the urinary excretion of ammo
acids during the acute phase of such a porsoning

Material and DMethods

Urne samples from 10 full grown rabbits were used for determining the normal
values for @ amuno nitrogen and glycine Seven of the rabbits (4 males 3 females),
werghing between 2 5 and 3 5 kg afterwards received a single dose of 4% lead acetait
subcutaneously 1 the bick The dose corresponded to 125 mg of lead acetate per
kg of body weight The animals were kept tn metabolism cages and the uring w1
collected over pertods of at Jeast 15 hours without addition of preservatives

The concentrations of @ ammo nitrogen and creatimine n urine samples from 3
potsoned rabbits were determined before and on 18 subsequent occisions within 31
days of, imjecting the lead 1cetate The concentrations of glycine, ALA lead and
creatiine were each determined 1n unine simples from all the poisoned anmmals
pefore, and on 9 occasions within 19 days of the Electrophoretic
of ammo acids was made 1n urine samples from these 7 rabbigs before and en 7
occasions witha 25 days of, the injection

The free amino acids were isolated from the urme by means of a sutphonated
jon-exchange resin as recommended by CLARKSON & KFNCH (1956) The & amuno
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ty excretion of glyome 8 ammnolacvulic acid (ALA) and lead (Bb) 1n
7 rabbuts Arcow 1

ndicates ume each animal receved lead acetate s ¢ at a dose of 125
mg/kg bw

fising again continuously for the rest of the expenmental peniod Screen
ng on the 20th and 25th day after administering lead showed the con-
centrations of tyrosine and glutamuc acid to be raised

Dunng the first 15 days after imjecting lead the concentration of serine
was below normal 1n all of the animals On the 20th and 25th day the
concentration of this amino acid was, 1f anything, increased

Fig 3 shows the mean excretions of glycine 1n the unnes of 7 rabbyts
before and after admmistening lead The figure also shows the simultane-
ous mean excretion of ALA and lead 1n the unine

The excretion of glycine rose on the day after admumstering lead, on
the 1st-4th day at reached maxunum . corresponding roughly 1o twice
the value of the upper Limit of the normal range (mean +28SD) At
the same time the unnary ALA and lead showed peaks corresponding
roughly 10 7 and 40 times the values of the upper normal linits

Alfter these inttial peaks the curves declined unti) about the 10th day
and then rose continuously again

No proteinuna coutd be demonstrated at the tme of the first glycine
peak During the ascent of the elycine curve towards its second maximum,
2 moderate protemuna was noticed ’



38

W v STUDNITZ AND B HAEGER-ARONSEN

[}

pmo\/mn
CREATININE

] 10 15 20 25 30 DAYS

Fig 1

Uninary excretion of @ amino nitrogen tn 5 rabbits before and after admimstration
of lead Arrow indicates time at which each ammal received lead acetate s ¢ at dose
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1t should also be mentioned that corticotropin has been shown 10 increase
the excretion of glycine 1 human beings (ROBFRTS RoNZONt & FRANKEL
1951

Ea)rhcr papers describing dura n fead p are based
on chronic cases WILSON, THowsoN & DenT (1953}, Bicket & SouchoN
{1955) and CrusoLsl, HARRISON, EBERLEIN & HarrisoN (1955) described
one patient each, all boys 2 1o 4} years oid who after a long hustory
of pica for painted things loped p of lead p The
3 boys had not only severe amunoaciduria due 10 the mamn to mereased
excretion of glyaine § aminoisobutync actd afanine, glutamic acd setine
and threonme, but also glucosuria The boy deseribed by Crusoty et al
had hyperphosphaturia as well This t of signs localized the
aMtack of lead 1n the kadneys to the proxumal tubules where amino zeuds
gluicose and phosphate are normally re absorbed Crarksov & KENcH
(1956) found the concentration of total amino mtrogen in the unne to
be wereased m 6 of 27 workers exposed to lead Analysis showed the

imerease 1o be in the main due to alanine methyliustidine, tyrosine and
threonine

The increased concentration of unnary amno acids observed n the
rabbits 2025 days after the ad 1on of lead cor ded roughly

1o the type of amnoaciduna that might be expected m tubular mjury

Summary.

On examining the excretion of uninary amino acids by lead poisoned
rabbits changes were noted mamnly 1n the amounts of § aminolaevulic
acd (ALA) glycinie and scrine duning the acute stage of the poisomng
The curves for the excretion of ALA and of glycine were biphaste, with
an watial peak on the is1-4th day after admmsienng the metal The
curves then fell to nse continuously again about 1 week later The intial
ascent of the curves for excretion of the two amino acds was probably
due 1o a prerenal disotder but the second fise was ascribable at jeast
partly to tubular injury with decreased re absorption of ammo acids

The excretion of serine fell imtially but then rose a
g20n on the 20th—
ZJS&\\ dﬁy)aﬁt! the admimstration of the lead 1t 15

s N suggested that the
senine combined wit d f ALA
and glyome i acute lead porsoning may be 0

o Shyeme i scu P ing may be explaned by blockage of
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Dascussion.

The findings showed that the increased urinary excretion of glyeme i
the lead-posoned rabbits was a major contributory cause of the increase
noted n the excretion of @ amino nitrogen

Of the urmary ammo acids studsed during the first week after admn
istering the lead, the only one besides glycine and ALA found to be
excreted 1n increased amounts n the urine was histidine

This abnormal excretion of amino acids in lead poisoning 1s probably
ascribable to a disorder n prerenal metabolism or renal injury resulting
in mmpaired re absorption or both

Judging from a preliminary analyss, the imtial increase mn the excretion
of glycine 1s accompanied by an clevation 1n plasma glycine Correspond
ing findings have been made for ALA (HAEGER-ARONSEN 1960) This
suggests a prerenal disturbance 1 metabolism of the two substances No
simultaneous protetnuria was noted, so that tubular tnjury appears less
likely mn this stage of the poisoning

During the later rise impaired re absorption 1s probably a contributory
cause of the increased excretion of glycine and ALA, for the excretion
of other amino acids such as histidine, glutamic acid and serine, was
then also increased

The mechamism by which the lead interferes with the metabolism of
glycine s not properly understood Lead has long been known to be 2
powerful enzyme poison The simultaneously ncreased excretions of
glycine and ALA, combined with a decreased excretion of serine, suggesta
disturbance 1n the synthests of porphyrins For glycine and succinyl CoA
are condensed to ALA (SHEMIN & RusseLL 1953), which 15 mvolved
partly 1n the synthesis of porphobilinogen and subsequent formation of
porphyrins and partly 1n a cyclic process during which the a carbon
atom of glycine can be used n the synthesis of various substances re
quiring one carbon fragments (SHEMIN 1955) Tlus process meludes trans
amination (Kowarski, Dancrwicz & SzoT 1957) after which there 15 2
further conversion tnta succinate plus a one carbon fragment which 15
used for, among other things the synthesis of serine (GATT & SHEMIN
1955
Pa)mal blockage of ALA transammase which catalyzes the above
mentioned transarmunation (KOWALSKI DANcEWICZ & SzoT 1958) should
presumably decrease the excretion of serine and ncrease the excretion of
ALA and glycine

Since the possibility of enzymatic interference 1n other biochemical
reactions 1n which glycine 1s an essential component cannot be excluded,
the mncreased excretion of glycine and ALA and the decreased excretion

of serme 11 the acute stage of lead porsomng need not be nterdependent
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It shoutd also be mentioned that corticotropin has been shown to increase
the excretion of glycine i human beings (ROBERTS, RONZONI & FRANKEL
1951

Ea)rh:r papers describing dunia 1n lead p g are based
on chrome cases WitsoN Trowson & DenT (1953) BICKEL & SoucHoN
(1955) and ChisoLM HARRISON, EBERLEIN & HARRISON {1955) descnibed
onc pateent each all boys 2 to 4} years old, who after a long history
of pica for pamnted things developed symptoms of lead pososing The
3 boys had not only severe aminoaciduria due 1n the main to ncreased
excretion of glyeine, § aminorsobutynic acid, alanme, glutanue aad, senne
and threonine, but also glucosurta The boy described by Crusom et al
had hyperphosphatuma as well This combination of signs localized the
attack of lead 1n the kidneys to the proximal tubules where amuno acids
glucose and phosphate are normally re absorbed Crawhson & KencH
(1956) found the concentration of total amino nitrogen in the unne to
be increased 1n 6 of 27 workers exposed to lead Analysis showed the
1ncrease to be 1n the mamn due to alamne, methyltustidine tyrosine and
threomne

The increased concentration of urnnary amino acids observed 1n the
rabbits 20-25 days afier the ation of lead cor ded roughly
10 the type of amnoaciduna that might be expected 1n tubular injury

Summary.

On examuning the excreton of urinary amwmo acds by lead possoned
rabbits chaages were noted mamly 1 the amounts of 8 amynolasvulic
acid (ALA) glyane and serine during the acute stage of the poisoning
The curves for the excretion of ALA and of glycine were tiphasic, with
an mtial peak on the Ist-4th day after admnstening the metal The
curves then fell to nse continuously agamn about 1 week later The ymital
ascent of the curves for excretion of the two amuno aads was probably
due 10 a prerenal disorder but the second mse was aseribable at Jeast
partly to tubular inyury with decreased re absorption of amno acids

The excretion of senne fell wally but then rose agamn on the 20th—
Esmh d:\yl after the admimstration of the lead It 15 suggested that the

of serine combined with d ex
and glyeine 10 acute lead [

POPN, posoning may be explammed by blackage of
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Discussion.

The findings showed that the increased urinary excretion of glyeme m
the lead-poisoned rabbits was a major contributory cause of the merease
noted 1n the excretion of a-amino mitrogen

Of the urinary amino acids studied during the first week after admm
wstering the lead, the only one besides glycine and ALA found to be
excreted 1n increased amounts 1n the unine was histidine

This abnormal excretion of amino acids m lead poisoning 1s probably
ascribable to a disorder 1n prerenal metabolism or renal injury resulting
1 imparred re-absorption or both

Judging from a preliminary analysis, the imitial increase tn the excretion
of glycine 1s accompanied by an elevation 1n plasma glycine Correspond
mg findings have been made for ALA (HAEGER-ARONSEN 1960) This
suggests a prerenal disturbance 1n metabolism of the two substances No
simultaneous protemuria was noted, so that tubular injury appears less
Iikely m thss stage of the poisoning

Duning the later rise impaired re absorption 1s probably a contributory
caunse of the increased excretion of glyeine and ALA, for the excretion
of other amino acids, such as lustidine, glutamic acid and serine, was
then also increased

The mechamsm by which the lead interferes with the metabolism of
glycine 1s not properly understood Lead has long been known to be 2
powerful enzyme poison The simultancously ncreased excretions of
glycine and ALA, combined with a decreased excretion of serine, suggesta
disturbance 1n the synthests of porphyrins For glycine and succinyl CoA
are condensed to ALA (SHDMIN & Russtir 1953) which 1s molved
partly m the synthesis of porphobilinogen and subsequent formation of
porphyrins and partly n a cyclic process during which the a carbon
atom of glycine can be used mn the synthests of various substances re-
quiring one carbon fragments (SHEMIN 1955) This process includes trans
amunation (KOWALskI, DANCCWICZ & SzoT 1957) after wiuch there1s 2
further conversion 1nto succinate plus a one carbon fragment, which 1
used for, among other things the synthesis of scrine (GATT & SHEMIN
lgf’i)ma] blockage of ALA transaminase, which catalyzes the above
mentioned transanunation (KowALSk1, DaNcewicz & SzoT 1958), should
presumably decrease the excretion of serme and mcrease the excretion of

cine
Aléﬁ]:em:hgclypossm]luy of enzymatic interference in other biochercal
reactions 1n which glycine 15 an essential component cannot be excluded,
the increased excretion of glycine and ALA and the decreased excretion

of serine 1n the acute stage of lead poisoning need not be interdependent
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£t should atso be mentioned that corticatropin has been shown to merease
the excretion of glycine in human beings (ROBERTS, Rovzont & FRANKEL
1951

E.a)rller papers describing dura 1 lead p are based
on chromc cases WiLsoN, THOMsON & DENT (1953), Bicker & SoucHoON
{1955) and CritsoLM, HARRISON, ERERLEIN & HARRISON (1955) described
one pattent each, all boys 2 to 4} years old, who after a long history
of pica for painted things developed symp of lead p The
3 boys had not only severc arunoaciduria, due 1n the man to mcreased
excreuion of glycie, B-aminarsobutyric acid, alanine, glutamuc acid, senne
and threonine, but also glucosussa The boy descnbed by CHisoLn et af
had hyperphosphatuna as well This t on of signs localized the
attack of lead m the kidneys to the proximai tubules, where amino acids,
glucose and phosphate are normally re-absorbed CLarksoN & Kench
{1956} found the concentration of total amino mitrogen 1 the unne to
e increased m 6 of 27 workers exposed to lead Analysis showed the
increase to be  the main due to alanine, methylhusudine, tyrosine and
threomne

The wcreased concentration of urmary amno acids observed 1n the
rabhts 20-25 days after the ad 100 of lead corresponded roughly
1o the type of aminoaciduna that might be expected i tubvlar snyury

Summary.

On examuning the excretion of urinary amimno acids by lead-poisoned
rabbsts, changes were noted mawly in the amounts of S-arunolaevulic
acd (ALA), glycine and serine during the acute stage of the potsomng
The curves for the excretion of ALA and of glycine were biphasic, with
an imtial peak on the Ist-4th day after admmistering the metal The
curves then fell 1o nise continuously agan about 1 week later The ymtial
ascent of the curves for excretion of the two amimno aads was probably
due to a prerenal disorder, but the second nise was ascribable at least
partly. to tubular inyury with decreased re absorption of amno acids

The excreion of senne fell mually, but then rose agan on the 20th~
25th day after the adminsstration of the lead It 1s suggested that the

dcgca;cd excretion of serine combined with ncreased excretion of ALA
and ghyane 1n acute lead poisorung may be expla
LA e i 2cu g may Pplained by blockage of
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Discussion,

The findings showed that the increased uninary excretion of glycine m
the lead-porsoned rabbits was a major contributory cause of the increase
noted in the excretion of e-amino nitrogen

Of the urinary amino acids studied during the first week after admm
istering the Jead, the only one besides glycine and ALA found to be
excreted tn increased amounts 1in the urine was histidine

This abnormal excretion of amno acids 1n lead porsonig 1s probably
ascribable o a disorder 1n prerenal metabolism or renal injury resulting
n impaired re-absorption or both

Judging from a preliminary analysss, the imtial increase 1n the excretion
of glycine 1s accompanied by an elevation in plasma glycme Correspond
ing findings have been made for ALA (HAEGER-ARONSEN 1960) This
suggests a prerenal disturbance in metabolism of the two substances No
simultaneous protemnuria was noted, so that tubular injury appears less
Iikely 1n this stage of the potsoning

During the later risc imparred re absorption 1s probably a contributory
cause of the increased excretron of glycine and ALA, for the excretion
of other amino acids, such as histidine, glutamuc acid and serine, was
then also tncreased

The mechamism by which the lead nterferes with the metabolism of
glycine 1s not properly understood Lead has long been known to be a
powerful enzyme powson The simultaneously increased excretions of
glycine and ALA, combined with a decreased excretion of serine, suggesta
disturbance 1n the synthesis of porphyrins For glycine and succmyl CoA
are condensed to ALA (SHEMIN & RusseLr 1953) which 1s 1nvolved
partly 1n the synthesis of porphabihinogen and subsequent formation of
porphyrins and partly 1 a cyclic process during which the a carbon
atom of glycine can be used in the synthesis of various substances re
quiring one-carbon fragments (SHEMIN 1955) Ths process mncludes trans
anmunation (KowALSKI, DANCEWICZ & SzoT 1957), after which there 15 3
further conversion 1nto succinate plus a one carbon fragment, which 15
used for, among other things, the synthesis of serine (GATT & SHEMIN
1955)

Partial blockage of ALA transaminase which catalyzes the above

mentioned transammation (KOwALskI, DANCEWICZ & SzoT 1958), should

presumably decrease the excretion of serine and increase the excretion of
cine

Alé‘:l::(:hs:ypossmnhty of enzymatic mterference 1n other bwchemlcs|

reactions 1in which glycine 1s an essential component cannot be cxcluder;

the increased excretion of glycine and ALA and the decreased excretio

of serme in the acute stage of lead poisoming need not be interdependent
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Effect of Temperature on the Action of Reserpine
By

Bengt Werdimus
(Recaved Navember 13 1961)

In several recent papers the influence of ambient temperature on the
action of reserpine has been reported LESSIN & PARKES (1957 a, b) found
that reserpine produced 1n ruce no apparent sedation at ambient temper-
atures of 32°C or more, when the usual fall of body temperature caused
by reserpine was prevented GARATTING & VaLZELLI (1958) reported that
previous exposure of the rat to heat (37°C) or cold (0°C) abolished the
sedative action of reserpine as well as its depletion of bramn 5 hydroxy-
tryptanune (5 HT) Surser & Bromie (1960) and BRODIE ef a! (1960)
made simalar observations on the effect of cold {+4°C), further, they
stated that the hiberating effect of reszrpine on brain noradrenaline per-
sisted after exposure to cold According to BRODIE and ¢o workers these
observations support the view that the sedative action of reserpine 1s to
be aseribed (o the release of bram § HT rather than of noradrenaline
Other investigators have stressed the tole of the catecholammes 1n this
connection (CARLSSON ef af 1957, CARLSSON 1959, PLETSCHER ef af
1959, KARKI & PAASONEN 1959)

In the present savestigation attempts were made o reproduce the
results mentioned above

Experimentat Methods

Rats weighing about 200 to 256 g were used, generally male albing

anmals They were exposed to cold (+4°C or —10°) or heat (1379
for vanous periods, up to 16 hours Reserpine at a dose of 10 or 25
mg per kilogram was then given intrapentoneally  After a fucther 4
hours 10 the same environment the rats were kalled, and therr brains

of exposure to heat had o be
shottened somewhat, because the anmmals became exhausted and could
not tolerate the heat eflect for more than 6 10 7 hours jn a)]
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Faculty of Medicine, Unwversity of Lund, and the Swedish Medical
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Reserpine lowered the 5 HT content of the brain considerably

No obvious difference 1 § HT content was noticed as a result of the
thermal changes, whether among the reserpine treated ammals or among
those not treated In the two reserpine groups the values for the heat-
or cold pretreated rats seemed somewhat lower than those for the amimals
kept at room temperature, but the reverse was true of the two non-
reserpimized groups The differences were not statistically significant

No certain differences 1 the behaviour of the animals could be de-
tected between the reserpine treated groups All the amimals treated with
reserpine were sedated, with ptosis and charactenstic hunched posture,
AITESp of thermal

Discussion

The expeniments were planned 1n such a manner as 1o permut direct
comparnsons with nvestigations performed earlier (GARATTING & VAL~
26111 1958, BroDIE et af 1960) The same reserpine doses and temperature
conditions and the same time 1ntervals wese used except that the time
for the heat prewreatment had to be reduced somewhat owng 1o the
ammals’ exhaustion

The results obtawned have not confinmed the conclusions of the previous
reports that heat or cold pretreatment prevents the sedative or 5 HT-
liberating, effects of teserpine Nor could these preventve actions be
reproduced by varying certamn expenmental condittons such as the sex
and stran of the rats or the duration and wtensity of cold exposure

A noteworthy circumstance was the relatively large fluctuatons of
bran 5 HT content from one experiment to another, even n the wholly
untreated control ammais These vanations are statistically significant
{P< 0005 from an analysis of vanance) Methodological errors do not
séem o account for these vanations since *“internal standards™ were
used 1n the analysis for each single determination, with only small

LA AtAn o a

4 Vv ouie alltiiass tirougnout the twenty four hours
The exptnments desenbed above were, however, all carned out at ap-
proumately the same time of the day after the reserpme injection Scasonal
\‘ :‘r‘::;o:; ;xrc!al;u f:mxwab\: m view of the varying deration and m-
ayhght Among other fact
AT Mlsmg actors having a possible influence are
The 5 HT concentray,
ons of the cantrol animals, 0 59 to 0 93
brain tissue with mean valyes of 0 71 4g pec g were scmvwha‘:gh?;;s!i
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In each experiment one group of amimnals was treated in the manner described
above, while another group recened no thermal treatment As additional controls
were used both normal rats without treatment and rats cxposed to heat or cold
respectively, but not to the action of reserpme Within each of these four groups
as a rule two pooled rat brains were analysed The animals’ behaviour was obsenved
during the experiments

Analysss of the brawns for 5 HT was carried out by the method of Bereer (1961)
shghtly modified The brains were rapidly removed and homogemized n 1ce cold
04 M perchlonc acid, and the homogenates were then centrifuged The subsequent
determination of 5-HT 1n the supernatant extracts invohes chromatographic separa
tion of the amune from interfering substances on the cation exchange resin Amberlite
XE 64 Elution was with a small volume of N-HCI The fina! determination of the
amine was carried out as described by UDENFRIEND ef al (1955) Theconcentration of
HCI 1n the eluate was made 3 N by addition of 12N HC) and the fluorescence was
read at 550 mp with the activating wave length at 300 mu (uncorrected sastrumental
values)

In all individual determnations the recoveries were cheched by adding
a known amount of 5-HT to one half of each homogenate The recoveries
ranged from 70 to 85%, the values given i table I have been corrected
accordingly

It 1s important that the ttme between homogenizing and centrifuging
should be as short as possible It should not exceed 30 minutes, after
which recovery becomes lower

5-HT determinations carried out by thus method and by that of BoG
DANSKY ¢f al (1956) on the same brain homogenate agreed to within

10%
Results,
The different experimental conditions and the results are given

table 1
Table 1

Effect of Reserpine on Bram 5 HT 10 Rats at Vartous Ambicnt Temperatures
| ] | | Bramn S HT pe/g

Time | Reser
Temp | (before 4 pine Reserpine 'No reserpiné
Strain Sex o after reser dose Col T Cold

pine) hours | me/kg [Room| or‘“Room
temp ] heat ’ltmp heat

M 4 4 16 + 4 1 017 | 028 | 069 -
ﬁ:g::\): F + 4 16 + 4 [} 042 | 037 g;lg g.ﬂlg
Black and white M :g g j : ; s g:g. 822 0%l e
Black and whiee k“l +37 143 25 [048% 033 093%] 099
,’:\‘:g;;g M +37 3+3s 25 J016 014 [ 059 [ 065

The number of rat brawns tn each group was 2 except in those groups marked®, tn which

only 1 brain was analysed
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The Effects of Morphine and Nalorphine on the small Intestine of
normal and Morphine-Tolerant Rat and Guinea-Pig

By

M Mattila
(Recerved January 8 1962)

Morphine has a depressant effect on guinea pig intestine in sifu (DREYER
1933) and 1t prevents its contractions i vitro The inhibition 15 effective
1f the simufant (5 HT, micotine, barmum) acts on the nervous structure of
the intestine (SCHAUMANN ef of 1952, SCHAUMANN 1955, Gapouy &
PICARELLI 1957, KosTERLITZ & RoRiNSON 1958) The site of action 15
perhaps the post ganghomic nerve fibre, the amount of acetylcholine
released from uts ending being dimimshed by morphune (Paton 1957)
Morphine also has a weak bitory effect on ¢ caused by
fustamine and acetylcholine (KOSTERLITZ & ROBINSON 1958, Lewrs 1960)
Nalorphine prevents the intubitory effect of morphune on the nicotine and
barum contractions but enhances the effect of morphme on the 5 HT
contractions (KOSTERLITZ & ROBINSON)

Morphune mcreases the tone of rat intestine i situ and i vitro (DREYER
1933, Gruser 1935) The purpose of our investigation was to study the
receptor mechamsms of morphine and nalorphme m the rat intestine

and to discover any abnormal reactions provoked by nalorphune 1n the
mtestine of the tolerant rat

Matenal and Methods

Male 2lbine rats wesgh noahn + 1800 wars allruad #0 fact Auae~ L 100 ot
¥

¢ .
L v Bain puompine chonide  batum chlonde and S-hydr
cteatimne sulphale Morphine chionde and nalorphine bromide :moxml::‘x:
bath fluid 30 seconds before stumutation The degree of infubution 15 here expressed "
ratios of doses Bving ar equal Tesponse with and without 2n antagonist ™ ®
agonist + antagonist
agonist
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than the “normal” value given by BrODIE et al. (1960), i. ¢, 045 g per
8. This difference may be at least in part due to the fact that the former
value but possibly not the latter has been corrected for recovery. GARAT-
TINI & VALze1 L1 (1958) reported normal values of about 090 pg per g,
by a less specific fluarimetric method.,

It thus seems essential always to run control animals in parallel with
the test animals, otherwisc the variations in normal value may be the
cause of serious errors.

Summary.

The observation by other worhers, that exposure of rats to cold or
heat prevented the action of reserpine on behaviour and brain 5-HT,
could not be confirmed.

Because of variations in normal brain 5-HT from one experiment to
another, the importance of running control and test animals m paraitel
is emphasized.
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From the Department of Pharmacology University of Helsinky

The Effects of Morphine and Nalorphine on the small Intestine of
normal and Morphine-Tolerant Rat and Guinea-Pig
By

M Mattila
(Recened January 8 1962)

Morptune has a depressant effect on guinea pig intestine i situ (DREVER
1933) and 1t prevents 1ts contractions m vitro The inhibition 15 effective
if the stimulant (5 HT, mcotine, barium) acts on the nervous structure of
the ntestine (SCHAUMANN et al 1952, SCHAUMANN 1955, GADDUM &
PicareLLt 1957, KosterLiyz & RosmsoN 1958) The site of action 1s
perhaps the post ganglionic nerve fibre the amount of acetylcholne
released from 1ts ending being dimimished by morphune (PAtoN 1957}
Morphine also has a weak inhubtory effect on c caused by
Tustamune and acetylchohine (KosTerLITZ & RopmsoN 1958, Lewis 1960}
Nalorphune prevents the mhubitory effect of morphine on the mcotine and
barum contractions but enhances the effect of morphine on the S HT
contractions (KOSTERLITZ & ROBINSON)

Marphune inereases the tone of rat ntestine m situ and 1 witro (DREYER
1933, Gruser 1935) The purpose of our mvestigation was to study the
feceptor mechanisms of morphune and nalorphune 1 the rat mtestine

and 1o discover any abnormal reactions provaked by nalorphine 1 the
wtestine of the tolerant rat

Matenal and Methods

Male atbino rats weighing about 150 g w
killed Preces of the small intestine were tak

Stimutation was at § min intervals The dry,
une bitartrate Prlocarpine e nico-

chlonde bay chilor:
crentm slphone v e barum e and S-hydrotytryptamme
bath flwd 30 seconds before
atios of doses gving an equ:

agonist
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than the *“normal” vatue given by BRODIE et al. (1960), i. e. 045 pg per
g. This difference may be at least in part due to the fact that the former
value but possibly not the latter has been corrected for recovery. GARAT-
TINI & VALZELLI (1958) reported normal values of about 0.90 pg per g,
by a less specific fluorimetric method.

It thus seems essential always to run control animals in parallel with
the test animals, otherwise the variations in normal value may be the
cause of serious errors.

Summary,

The observation by other workers, that exposure of rats to cold or
heat prevented the action of reserpine on behaviour and brain 5-HT,
could not be confirmed.

Because of variations in normal bramn 5-HT from one experiment to
another, the importance of running control and test animals in parallel
1s emphasized.
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The Effects of Morphine and Nalorphine on the small Intestine of
normal and Morphine-Tolerant Rat and Guinea-Pig

By

M, Mattila
(Recenved January 8 1962)

Morphune has a depressant effect on guinea pig ntestine im situ (DREYER
1933), and 1t prevents 1ts contractions tm yro The inhubition 15 effective
of the stimulant (5-HT, nicotine, barium) acts on the nervous structure of
the intestine (SCHAUMANN e al 1952, SCHAUMANN 1955, GADDUM &
PIcARELLL 1957, KOSTERLITZ & RoBInsoN 1958) The site of action 1s
perhaps the post ganghomic nerve fibre, the amount of acetylcholne
released from its ending bemng dimimshed by morphine (PATON 1957)
Morphune also has a weak intubitory effect on ¢ caused by
tistamine and acetylchohine (KosTERLITZ & ROBINSON 1958, LEws 1960)
Nalorphine prevents the inhibitory effect of morphine on the nicotine and
banum contractions, but enhances the effect of morphune on the 5-HT
contractions (KosTerLITZ & RosivsoN)

Morphune increases the tone of rat intestine in sttu and 1 vitro (DREYER
1933, GRUBER 1935) The purpose of our 1nvestigation was to study the
receptor mechansms of morphune and nalorphine 1n the rat mtesune

and to discover any abnormal reactions provoked by nalorphine 1n the
wtestine of the tolerant rat

Matenial and Methods

Male albino rats, weighing about 150 g were allowed to fast over naght beft

3 ore be
killed Picces of the smal intestine were taken 15-20 cm proxumally from the caecuu::xg
The preparation was stimulated at 25°C 1n a flutd bath {volume 5 ml) containmng rat
m_l?n Runger s solution (NaC190 KC104 CaCly 003, NaHCOs 115 g1 mrea 1 4

agonist
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Table 1.

The analgesic effect of morphine on tolerant and non folerant rats
Time in seconds from first stimulus to withdrawal of tail

Reaction time

Tolerant rats l Controls

nBon s

After morphine

|
Before morphine F12110 1l 20 ‘ 8118 { 5 | 16 :3! 9
(50 mg/hg1 p) j

n 15(30 28145

[

i
25 } 29 |>180

\IS!)‘ >18()I>180[>180
i

Tolcrance and addiction were produced by imjecting doses of morphine
twice danly for 3 weeks Initally the injections were subcutancous, later intrapenitoneal
because of the Jarge yolumes of morphine soluhion needed and the changing absorp-
tion from the subcutancous tissue (MILTHERS 1959) Morphine was given to 7 rats,
while 5 controls recenned a similar amount of saline

Criteria for tolerance 1) At the end of the 3-week period the rats withstood lethal
doses of morphine chloride (600 mg/hg twice a day)

) The analgesic effect of morphine decreased as tolerance developed The tails of
the rats, treated with ether and electrode jelly, were stimulated by electric impubes
(70 v, 20 H2), and the time from the first impulse to the withdrawal of the tail was
measured The differences between the tolerant and normal rats can be secn from
table 1 Before the morphine treatment all rats reacted 1n the same way as the control
rats at the end of the 3-week period

3) Abstinence symproms were provohed by nalorphine (15 mghg 170) at the end
of the third week (HANNA 1960 The rats became restless and quarrelsome -2 mimn
alter njection and showed a positive masseter symptom, hyperpnoca and diarrhoea
Neither the rats given morphine nor the control rats showed any symptoms Morphine
{500 mg/khg 1 p ) ehmunated the symptoms withun 10 mun

Four guinca-pigs also recened 30-100 mg/hg morphine chloride subcutaneously
once daily for 3 weeks At the end of this period, the analgesia induced by morphme
was decreased Electric (50 v, 2 Hz) lses were tr to the lar
region via needle electrodes (WEGER & AMSLER 1936) Gunea-pigs normally react 10
cach impulse with a squcal * Complete analgesia™ 1s taken to mean 100 successive
impulses without a squeal Aftermorphine(20mg/kg), the tolerant guinea-pigs squealed
alter 1-6 1impulses, whercas the control ammals tolerated 100 impulses without
squealing The guinea-pig tleum was stimulited at 37° in Tyrode's solution in the same

way as the rat intestine

Results.

A. The Normal Intestine

The rat intestine 1s comparatively resistant to morphine. There was no
effect from 10 pg but 100 pg inlubited the mcotine contractions weakly and
500 pg strongly The last-mentioned dose corresponds to a concentration
of morphine of 10~ Morphine mereased the tone of the intestine

~
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Table 2

The inhubitory effect of morphine and malorphine
on the contractions of the non tolerant rat intestine The antagonism 18
agomist + antagonist.
expressed as a ratio of doses ————- e P

agonist
\ Morphune 10 4
Spasmogen Morphime 10 + Natorphuge Nalomphume 10 5
i

SHT 12,1 15,1 2,23,2 12,15
Micotine 6,18,4 10 8,35,6 \ 10,7
Barum 2,18 15 I 25 253 1 225
Pilocarpine tizi2t | 18228 l 23,133

The inhibitory action on the contractions caused by varous drugs 1s
shown 1n table 2 Morphine imhubited micotine contractions strongly, but
those caused by 5-HT and pilocarpne only shightly (fig 1, 2 and 3) The
reum and the yejunum reacted similarly to different sumulants

Nalorphine did not increase the ntestinal tone, on the contraty, its
effect could be relaxing fig 2 and 3} Doses of 100-300 g (final concentra-
tions 2-6 x 10-5) prevented contractions caused by various drugs Table 2
shows that nalorphine had a stronger mhubitory effect than morphne on
all contractions, including those caused by pilocarpine This imphes either
@ more potent effect or a more “distal” site of action

The effect of morphune and nalorphune combined showed an mhubitory
effect on vartous contractions sumilar to that of nalorphine alone (table 2)

No mutual could be d d mn the rat with
the techmque used

(f&,-%m-‘""-l

I
. s I
b F. '
! !
{ h
Y , i |
R N g \
2
Fig 1 The Aicotine and 5 HT "
D contractions in the small intestine [
AL HT 0,602 €8 1,10, 104 55 pOSNg Do ox‘:u:::m’:ozkfc'f"m s
8.7, b, %, 025 g m 95 . ug. d 15

[ % q60
Morphine 15 3 poor inhibitor to the 3 11T contractions
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0 1m

Fig 2 The effect of morphine and natorphine on contractions of the small intesttne of the
non tolerant rat Doses of sumulants pilocarpine a, g 15 ug, d 12 ug, k, m 10 pg Barlum
b500ug h 1 0750 ug Nicorine ¢, {150 ug, e, 1, n p 100 pg
Nalorphine 1s 2 more patent snhibstor than morphine

B The Tolerant Intestine

Possible withdrawal symptoms (increased sensitivity or unusual response
to nalorphine) 1n the 1solated 1ntestine were studied

Morphine and nalorphine prevented contractions caused by varous
drugs, just as they did in the normal intestine The inhibitory dose of
morphine needed was usually twice as large as for the normat mtestine
The intestines of 4 rats showed an abnormal sensitivity to nalorphine
a dose of 100~200 pg provoked a strong relaxation (fig 3), which was
counteracted by a large dose of morphine In the other three intestines
this did not appear Thus abstinence symptoms could not be confirmed in
the 1solated rat intestine

The 1ntestine of the tolerant guinea-pig was less sensitive to morphine
than that of the normal guinea-mig To prevent nicotine contractions,
10-50 ttmes larger doses of morphine (100-500 pg pro 10 pg) were re-
quired Inhibition of the 5-HT contractions was also weaker than mn the
ntact intestine In nerther intestine was there any inhubition of histamine
contractions The 1leum of the tolerant guinea-pig showed no abnormal
sensttivity to nalorphine No abnormal tonuc effect on the intestine of the

NA 9 N MD-'iLn_q__‘a,
[
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/ i .
t.
l L \.»-»_JLﬂ' — L\ L‘\ L V‘j
- - ¥ . . ) oy . . . -
. . . H . "
r - £ 4 F 2 ik o -
hi
Fie 3 The effect of morphine and malorphine on ll’:e small intestine g{ !I\e‘ Tvolrgol;;‘;
me
N -



MORPHINE AND NALORPHINE 51

tolerant gumea prg (LEvy & Camen 1933) could be observed 1n these
expeniments The ntact intestine was more senssuve to micotine stimulus
after morphine but not after nalorphune

Drscussion,

‘The small intestine of the rat showed some charactenistic reactions

1) Nalorphine did not prevent the inhibitory action of morphine on
nicotne-nduced contractions In the gwnea-pig sleum, however, nalor-
phine 15 able to abohish the mhibitory effect of morphine {KOSTERLITZ &
ROBINSON 1958) Because nalophune also prevents pilocarpine
more eff than does pt 1t may be d that nalorphine
has a different site of action from that of morptune Nalorphine acts more
peripherally, perhaps directly on the smooth muscle cell Some antago-
nustic action between morphine and nalorphune was demonstrated 1n the
tolerant mntestine, where morphin¢ increased the tone of the mtestne
depressed by nalorphine 1t 15 dilficult to say whether this antagonism is
specific or nonspeafic

2} M receptors (GADDUM & PICARELLT 1957) could not be demanstrated
so clearly 1n the rat intestine as mn the gmnea pig's Nor does morphune
prevent the 5-HT contractions in the mouse ntestine (unpubhished obser-
vations] This may be because the rat mtestine preparation 1s not suf-
fictently sensitive to S-HT Another possible explanation is that the site of
effect of S-HT 15 more distal than that of morphine, but 15 more easily
reached by nalorpune

Morphine caused an abnormal relaxation 1n the intestne of some
tolerant rats (fig 3), where the nicotine contractions were prevetted
Tlus phenomenon was not observed 1n the tntestine of all tolerant rats,

though 2 tolerance to morphime was established The tolerince war
matkad = eta

a .

s L =+ pasigluy Inne central nervous system and not
s the peripheral organ It 1s not clear, however, whether or not the
tolerance 1n the intestine was equal to that 1t vive, a finding that has beep
quesioned eathier (Mituen & PLaNT 1926) 1tos possible, 100, that the
acquired tolesance mechanisms were disturbed by the admmxs;rauon of

nalarphine and that the mtestine did -
1d not react as an **
should do an “addicted” intestine

Summary,
The 1solated intestine:
s of the normal and the morphne 1,
guinea Pig were sumulated with micotn ~ g et and

¢, pilocarpine, batwm, S-HT ang
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histamine. The action of morphine and nalorphine on these contractions
was studied,

. 1) Morphine is an effective inhibitor of nicotine contractions in the rat
intestine, a poor inhibitor of those caused by 5-HT and pilocarpine. Nalor-
phine prevents all these contractions more effectively than does morphine.

2) No morphine-nalorphine antagonism was demonstrated in the rat
Intestine.

3) The intestine of the “addicted” rat was extremely sensitive to nalor-
phine m individual animals. This phenomenon was not observed in the
mtestine of the tolerant guinea-pig, which showed a marked tolerance to
morphine.
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Helsinky Finfand (Dr Heikki Suomatainen)

Changes in Respiration of Rat Brain Cortex Slices Induced by
some Aliphatic Alcohols

By

Ralph Lindbohm and Hennk Wallgren
(Recetved January 22 1962)

Duning studies 1n these laboratores of the action of ethyl alcohol on
brain cortex tissue stumulated electrically i vitro by a method developed
by McILwAIN (1951), 1t seemed desirable to obtain information about the
effects of other closely related aliphatic alcohols BELR & QuUAsTEL (1958)
have reported results for brawn tissue stimulated with potassium 1ons, ~a
preparation, less sensitive, however, to alcohol than electrically stmulated
tissue (WALLGREN & KULONEN 1960)

Fercuson (1939) pointed out that there exists a large and heterogeneous

group of * physical” anaesthetics, incInding the aliph lcohols, which
display narcotic actvities correlating roughly with their thermodynamc
Is or ™ " Ths rel h

P p was later supported by the
expeniments of BRInk & POSTERNAK (1948)

The thermodynamic activity™ of a compound 15 2 measure of 1ts
partial molal free energy According to BRINK & POSTERNAK (1948), an
absolute scale for the notion has not been established, but changes 1
energy dunng the reversible transfer of a substance from one state to
another at the same temp ¢ have been calculated and pive a
of the molal free energy Thus reflects the work performed 1n the transfer
between any two phases and thus also the distnbution, for instance,
between a pure hqwd and air or a water phase 1n contact with a ]:poxé
phase FERGUSON (1939) and Brink & POSTERNAK (1948) have based therr
st on the that many na
reach an equilibrium m every part of the system in w)}'\mhrf;::;;g;::z
oceurs The thermod activity of a p d at equibibrium 1 a
system 1s then the same m all its phases Thus if the concentration of th
narcotic 1n the water phase of the system, and its activi <

ity coeffictent, f, ar
known, then us actmaty 1n the phase where the narcosis 15 induced can b:

s
4
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calculated (For equations, sce BRINK & POSTERNAK 1948) Espectally for
the members of a homologous series, such as the normal aliphatic alco
hols, equal narcotic potency has been shown to occur at the same thermo
dynamic activity (BRINK & POSTERNAK 1948)

In a way this concept 15 a reformulation 1n more general terms of the
MEYER-OVERTON lipoid theory of narcosis This theory has recently
received support from experiments performed by Skou (1958), who showed
that the abilities of several narcotic compounds to penetrate a monomole-
cular layer of nerve-tissue hipoid are closely correlated wath their powers
to block impulse transmission n peripheral nerves In view of this, we
deeided to make the molar concentrations of the alcohols employed
inversely proportional to thetr thermodynamic activities, using as refer
ence point ethyl alcohol at a concentration causing intoxication but not
death in the intact ammal It was expected that the effects consequently
obtained would be of about the same magnitude

Material and methods

All experimenis were performed n conventional Warburg constant-
volume respiratory manometers Oxygen uptake was used as a measure
of the activity of the brain tissue

A detailed description of the apparatus for electrical stimulation, which was simlas
i principle to that developed by McILwAIN (1951) has been given elsewhere {WALL
GREN & KULONEN 1960) A phosphate glucose medium (MclLwaAN 1951) contarming
6 mM glucose was used in all expertments, the temperature being 37 5°C, and the gas
phase was pure oxygen Adult rats from the laboratory stock were useéd 1In all ex
penments, 2 standard and 2 electrode flasks were used From cach brain hemisphere
three shees were cut one shee (20-30 mg) was used for determining the respiration of
unstimulated tissue and two shees (40-60 mg) that of stimulated tissue The shces
eaty o frermmspitens were enployad 85 Coninos v drase fron the goler, akich were
exposed 10 alcohol A volume of solution (0 2 ml) contamung the required amount of
alcohol was pipetted into the stde arm of each flask after these had been flushed with
oxygen and tipped 1nto the main compartment after about 10 mn equilibration The
alcohols used n these expertments are listed 1n table 1 The ethanol was Alko
Aas (for spectrophotometric work) the others Merck’s pro analy st grade The concen
tration of cthanol used was 0130 M (06%) which from experience Was
considered high enough to give a marked eflect, yet would correspond to “physiolog
1cal® conditions representing ca 2/3 of the blood concentration lethal 10 1ats The
molar concentrations of the other alcohols were mversely proportional to their
thermodynamic activities relative to that of ethanol

1n the statistical evaluation of the results the t test for correlated measures was
applied 10 the values for the difference between control and experimental tissue in
each alcohol group, since tn each experiment the slices were from the same b
Student’s t test was employed for comparing the effects of the different alcohols

Tam
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Table 1

Thermodyname acuvny cosfficients (f fiowm Bumiw 1918

nc(-ordmgy 10 Brank & PoSTERNAK 1948) of the alcahols used

and thexr molar concentrations (M) 1n the incubation medium
for the Bram shces

Alcobol } t 5 M
Pt 369 qu
n Flopy) w4 aai
Isopropyl 71 ocsz
Byl 529 000
7 Bu! ns 004§
Resolts

Ethy! alcohol at the concentration employed reduced the respiration of
shmulated hissue by 11 5% (table 2) The effects of the other alechols were
close to this value The shghtly higher figure obtamed for butyl alcohol
(1599 dd nov dffer ficanily from those ob d with the other
alcohols

No such umformaty of action was found 1 unstimulated tissue (table 2)
Ethyl aleohol and n propanol caused significant increases in respiration

Table 2

Respiration of the bran cortex tssue 1 vanous expenmental conditions pmoles Oyfg
fresh tissue/hr  mean values (standard deviations) The P values ndicate she sigmificance
of the differences in effect of the alcohols

Unstimulated tissue Sumutated ussue
Alcahot o of .t Per ceat Per c:
ofy Con Ao 3T No of Con | Alo oo
expts | trol t ol SR8 lexpts | wrol | ot ‘“,“g)’
Ethyl 12 1299 | 1388 | 9 12 1993 11763 |t
{ RETIMETEY k ©os) ayjon (néosu
n Propy) ot Lizss a4 | 402) 8 198 |
45 |
BN s k @y a6 {3y m‘;;)‘
fsopropyt 8 1282 | 1230 ~42 8 195 4
1707 |-
[ \un) sy ‘(nou [23] e (\\“6) (e‘é)ﬁ)
» Bunyt 12 T fane } 75} 1
! ~ W83 1182 -
y o faan | ooy ate | dis oo
¢ Buyl 1138 {1203 85
p ~ 2w |y
i A
[ an 03D motsgn @29 {042 |poos
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calculated (For equations, sce BRINK & POSTERNAR 1948) Espectally for
the members of a homologous sertes, such as the normal aliphatic alco
hols equal narcotic potency has been shown to occur at the same thermo
dynamic activity (BRINK & POSTERNAN 1948)

In a way ths coneept 1s a reformulation tn more general terms of the
MEYER OVERTON lipoid theory of marcosts This theory has recently
recerved support from experiments performed by Skou (1958) who showed
that the abilittes of several narcotic compounds to penetrate a monomole
cular layer of nerve tissue Iipoid are closely correlated with their povers
to block impulse transmission in peripheral nerves In view of this we
decided to make the molar concentrations of the alcohols employed
mversely proportional to their thermodynamic actvities, using as refer
ence point ethyl alcohol at a concentration causing mtoxication but not
death in the mtact ammal It was expected that the effects consequently
obtamed would be of about the same magnitude

Material and methods

All experiments were performed 1n conventional Warburg constant
volume respiratory manometers Oxygen uptake was used as a measure
of the activity of the bram tissue

A detailed description of the apparatus for electrical simulation which was similar
18 principle o that deseloped by McILwaIN (1951) has been given elsewhere (WatL
GREN & KULONEN 1960) A phosphate glucose medium (McILwain 1951} containtng
6 mM glucose was used in all experiments the temperature being 37 5°C and the §3s
phase was pure oxygen Adult rats from the laboratory stock were used In all ex
periments 2 standard and 2 electrode flasks were used From each brain hemsphere
three shices were cut  one shice (20-30 mg) was used for determining the respiration of
unstimulated tissue and two sl ces (40-60 mg) that of stimulated tissue The sltces
from one hemisphere were employed as controls for those from the other which were
exposed to alcohol A volume of solution (0 2 ml) contarning the required amount of
alcohol was p petted into the side arm of each flask after these had been flushed with
oxygen and tipped 1nto the main compartment after about 10 min equilibration The
alcohols used m these experiments arc listed izt table 1 The ethanol was Alko
Ans (for spectrophotometric work) the others Merck s pro analys1 grade The concen
tratton of ethanol used was 0130 M (06%) which from experience Wwas
cansidered high enough to give a marked effect yet would correspond to physro'l‘c_f
ical conditions representing ca 2/3 of the blood concentration lethal to rats . :
molar concentrations of the other alcoh;)ls were‘ inversely proportional to theil

1c activities relative to that of ethanol

‘hclrr:n(ohdcy:taar:sucal evaluation of the results the t test for correlated measures w?:
applied to the values for the difference between control and expenimental us:::m
each alcohol group since 1n each experiment the shices were from the lscnr;:z .
Student s t test was employed for comparing the effects of the different alcol
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Table 1

Thermodynamic acuvity coelficsents {f, from Bumts 1935

according to Brivk & POSTERNAK 1948) of the alcohots used

and their molar concentrations (M) In the meubationt mediym
Sor the brasm shoes

e

Atcohol > f l M
Tl ‘ 369 o130
 Propyl 144 003}
Jsopropyt \ 11 0062
a Buty) 529 [
1 Butyl { e [
Results.

Ethy! alcohol at the concentration employed reduced the respiration of
stimulated ussue by 11 5% (fable 2) The effects of the other aleohols were
close to thys value The shightly Tgher figure obtained for butyl alechal
(159%) $id not dffer sigmficantly from those obtaned with the ather
alcohols

No such umformity of achon was found 1o unstimulated tissue {table 2)
Ethyl alcohol and n p 1 caused sig) n fespiration

Table 2

Respiranion of the brain cortex tissue m vanous expetimental condmons pmoles Ozfg
fresh tissuethr  mean valves (standard deviations) The ¥ values indscate The sigaaticarce
of the differentes 1n effect of the alcohols

Unstimulated tissue Stimulated tissue
Alcohot e e T
oo Mo of Con | Mea Ferent {Mo ot Con | Ao [PEreeat
expts Gl | hot Fangs 1cxpls‘ trol | hol ‘(*“,“f;
Etnyd 199 | 138 + 691 13 jwon
1763 ]-115
30 S @4 { o5 ! \(m) © %) ooy
 Propyl woles s, w02l s
1968 {1795 { ~
j@n {cony | ooy 76 (138 |ooh
fsopropyl 8 1282 11230 —42
2 8 {1954 {1707 <126
’ 1uu) jusy }(nohlgﬂ) L8 1116 ooy
» Butyl 12 11447 | 39 l 75
- 10 2083 |1m23 |~
t i @n taan | oy TR (\!L!:y ‘Jéo’;,
¢ Buyl VI NS | 120
13 ) -85 ) W 2021 )1
an a3 5 lotans
! .( ) klnomgv\)‘ Q28 {43 {0008y
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Iso propyl alcohol did not exert any clear-cut effect, whereas n butyl and
t-butyl alcohol both depressed the respiration

With both stimulated and unstimulated tissue the alcohols were uniform
1n action throughout the one-hour experimental period

Discussion.

In table 3 1s shown the striking parallehsm betwcen the action of the
alcohols on all the m virro preparations examned and their thermodyna
mic activities The mtoxicating effects observed 1n rats also fit mto this
pattern reasonably well, considering the complexttics involved n expent
ments performed with intact amimals As pointed out by FERGUSON (1939)
and recently by PAULING (1961), the close correlation with the thermody
namic activities does not give any clue to the actual mechanism of these
compounds’ action The data would fit any hypothesis attributing tointer
molecular forces the deetsive role 1n the induction of narcosis From this
point of view 1t 1s worth stressing that, ike the results quoted from Skou
(1958) 1n table 3, our results in all probability reflect interference with the
response to stimulation of nerve cells Smce the membrane structure 1
primarily involved 1n impulse conduction of cxcitable tissues, our results
are also compatible with the 1dea that the site of the anaesthetic action of
alcohols 1s located in these membranes Various authors have recently
been led to the same tentative conclusion on the basis of different hinds of
biochemical, electrophysiological and pharmacological evidence (QUASTEL
& QUASTIL 1961, JARNCIELT 1961, KNUTssON 1961, WALLGREN 1961)
It also seems reasonable to suppose that the effect 15 brought about by the
alcohol molecules themselves and not by their metabolites

Tablc 3
Relttive effects of some aliphatic alcohiols in four different
test systems compared with tharr relative thermodynamic activities
AP

amnn nd

Colunm ~a ste |
. N
1 2 3 | ‘ s
Thermo Inhibitory Blocking Penetrating Molar
Alcohot dynamic potency potency potency | Intoxicating
activity sttmulated peripheral nerve hpord | effect rats
coefficient tissue | ncne
Ethyl 1 ! ! s
nI’ropyll ;? ;‘;’ :g ;{Z 33
Isopropyl - < 63
157 129 "7
n Butyl 1‘; g 14 a8

1 Butyl
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Any interp of the g of the diffe between the results
obtamed with the lated and the lated pr must,
with the mformation avarlable, be lughly hypothetical Perhaps the alco-
hols at thus fevel of concentration act mawly by interfering with systems
intimately hinked 10 the cycle of d it
However, 3t cannot be concluded that the pi observed m un-
stmulated tissue are irrelevant for an understanding of the effects m
stimulated tissue POSTERNAK & MANGOLD (1949) showed that methanol,
ethanol and the propanols depolanzed penpheral nemves whersas the
butanols had no clearcut effects on the membrane potential, and
tugher homologues hyperpolarized the membrane The different effects
of these pounds on the of fated uissue might
reflect their differsng actions on the resting membrane

Summary.

The efiects of the ethyl, » propyl, isopropyl, n-buty), and ¢ butyl
alcohol at “physiological* concentrations (130, 33, 62, 9 and 41 mM,

P 1y) on the resp of electncally Jated and lated
shees of rat-brain cortical tissue were studied In the stimulated tissue,
Tespiration was depressed by about 129 the effects of the alcohols being
m close agreement wath therr thermody in fated
lissue the effects were vanable These results are wterpreted as wndicating
that the alcohols at the concentration levels employed act prmanly by

mferfering with mechanisms closely related 10 the excitation cycle
conducung membranes
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Iso propyl alcohol did not exert any clear-cut effect, whereas # butyl and
t-butyl alcohol both depressed the respiration

With both stimulated and unstimulated tissue, the alcohols were uniform
1 action throughout the onc hour experimental period

Discussion.

In table 3 1s shown the strihing paralichsm between the action of the
alcohols on all the i vitro preparations examined and their thermodyna
mic activities The intoxicating effects observed 1n rats also fit mto ths
pattern rcasonably well, considering the complexities involved m expen
ments performed with itact ammals As ponted out by FErcuso (1939)
and recently by PAULING (1961) the close correlation with the thermody
namic activities does not give any clue to the actual mechanism of these
compounds® action The data would fit any hypothesis attnibuting to ter
molecular forces the decisive role 1n the induction of narcosis From this
point of view 1t 1s worth stressing that, Iike the results quoted from Skou
(1958) 1n table 3, our results in all probability reflect interference with the
response to stimulation of nerve cells Since the membrane structure 18
prmarily involved n impulse conduction of excitable tissucs our results
arc also compatible with the 1dea that the site of the anaesthetic action of
alcohols 1s located in these membranes Various authors have recently
been led to the same tentative conclusion on the basts of different hinds of
biochemical electrophysiological and pharmacological evidence (QUASTEL
& QUASTIL 1961, JARNCFELT 1961, KNUTssON 1961, WALLGREN 1961)
It also seems reasonable to suppose that the effect 1s brought about by the
alcohol molecules themselves and not by their metabolites

Tabl. 3
Relutne effects of some ahiphatic alcohols 1n four different
test systems compared with their relative thermodynamee activities
o n

amenn i

N !

Column 1
-~ 2
3
5 .
1 2 3 4 5
Thermo Inhibitory Blocking Penctrating Molar
Aleohol dynamie potency potency potency | ntowicattng
actrvity sumulated | peripheral | 0 pord | effect rats
coefficient tissue nerve
I ]
Ethyl ! 25
u Propnl X 3 3 H 27
Isopropyl - 5 129 "7 63
n Butyl |‘;; 'iz 2 43
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Helsinki Finfand (Prof Kai von Fieandt)

The Effect of Ethyl Alcohol on a Conditioned Avoidance
Response in Rats
By

Hennk Waligren and Simbka Savolamen
(Recerved January 8 196%)

Although the cond d dance resp (CAR} has been widely
used 1 studies on drug effects (cf e g Herz 1960), Iitle has been pub-
Iished about the effect of ethanol on this type of reactton Using WARNER's
(1932) shutile box, as modified by GrLLHORN, KESSLER & MINATOYA
(1942) BATTIG & GRANDIEAN (1955) found that the reaction time of rats
was significantt d after ad g 2mi(! 6 g)alcohol/kg body
weight HOLTEN & Sonwe (1955), using the same type of apparatus, did
Tiot study the CAR per se, but the manifestations of tension or fear durng
the conditionmg With doses of 025-0 5 m} alcohol per tat {appr 1-2
mg/g), o effects were observed In expeniments by the oniginal WARNER
technique FisCHER (1956) concluded that alcohol n doses of 1 5 or 3 glkg
did notaffect the acquisition of the car m rats but did nhibit extinction

In Atko’s laboratories, we are resied 1n oby hods of
measuning the behavioural effects of alcohol, for we need such aids to
studues of the physiology of and the develop of tol
to alcohol The expeniments recorded here were undertaken ip order to
aseertamn a) the effects of small and moderate doses of aleohol an the
CAR of non hab " ammals diately after
level of performance, by the effect of alcahol on the CAR of ammals

habrtuated " 10 alcohol and c) the effect of alcohol on the CAR

of ammals
that have undergone further traimng after learming the response

g 2 gnen

Expenmental.
ux»;pplu‘n:‘v‘us A shuttle box of the fype mntroduced by GELLHORN ef af (1942) w.
i rr::xu:yda“ % 30 em, with walls 45 em tigh and was divided 10ty mas
Partition with 2 6 x 6 cm hole at the fevel of the
f‘:d‘:n lg::coc: 3 mm brass tods spaced at 15 mm intervals and scp:mtcgl?":v?:?: :::e
st be separately charged The stimulator was a hxg;x
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after the ammal had reached the requured level of performance, previous experience
of alcohol might also influence the results For an evaluation of these possible effects,
10 rats were dvided nto three groups 1, 9 females and one male, 1, 9 females and
one male, and 11, 6 females and 4 males {(Onigmally, all groups consisted of § females
and § males However, all animals that had not learned the response adequately after
456 trals were discarded, and this occurred mostly among the males, which
were then replaced with females ) Traumng was a3 1 expt 2except that theinterval
C€S-US was 3 seconds Reactionstme and number of UARs were measured asinexpt 2

Group] Reaction time after admimistration of § 5 m1/100 g of water was measured
the day after the amimals had reached the required level of performance After this,
4 zdditional daily traimng sessions (30 trials) were given The test session after admimi-
stration of water was repeated, and on the final day of the experiment the effect of
3 mg'g of alcohol was measured

Group Il Each amimal recerved 3 mg/g of aicohol ten tumes atintervals of one day.
After the animals had reached the required level of performance, the reaction time and
number of UARS were d on days after Ing water and
after 3 me'g of alecohol To make learning of the CAR and termunation of the alcohol
treatment casncde as closely as possible, alcohol was given a few times before traning
was begun Even so rapidly learming animals sometimes acquired the response before
the end of the “habituation™ peniod, and there was some delay before their perfor-
mance could be measured During traiming, the animals were given akohol tmmediately
after sessions and were rested the following day, 1n order to avoid any after-effects of
akohol on learning

Group IIT served as a control for groups 1 and Il Traming was as 1n group 1,
and the reaction tyme and number of UARs were measured as in group I,

Results.

Table { shows the results obtamed m expt 1 Both measures of per-
formance, the reaction ume and the number of UARs, appeared 1o be
mncreased by aleohol Only with the larger dose, however, wasa sigmificant
effect obtained, that on reaction time barely exceeding the 5% confidence
hmit Fasting had no apparent mfluence on the reaction to alcohol,

Table 1
Performance of the rate i ovans - .
a . T, .
roo .- . N . ..
< . - !
: (LI - Ca s Tt
mg aleohol Reaction time
£ e f No UAR ’ P
<
M
1 L 0803 |
N 3 } not sign 2302
T fastedr 53} P 005 € ”63 not sign
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voltage (1100 V) low current (200-700 pA) device, giving approximately the same
strength of shock independently of variations in the resistance of the animals A
crambling device ly and 1rregularly changed the polanity of the rods The
ringing of a bell served as the conditioning signal The shuttle box was covered witha
transparent lid and placed in a quiet room, but it was not sound proofed

The reaction time was measured kymographically The switch for the bell also
operated a magnet and pen, which recorded the beginming and end of the signal on the
kymograph paper The drum of the kymograph was run at a speed of 1S mm/fsec
during trials and stopped between these In this way the reaction time was easily
measured to within 1/10 of a second

General procedure Al the rats used were from the laboratory stock Groups of 7-
10 animals were housed 1n cages with grid floors and maintained on a standard diet
and water ad /15 Traiming was begun when the animals were 3 months old At the
begmning of the first training session, the rats were allowed to explore the apparatus
for 15 minutes Usually, they had access to food and water yntil the sessions began
Alcohol was always given as 2 20% (w/v) solution 1n tap water and adminstered by
stomach tube The shock employed was generally 400 pA, although some large males
were given up to 700 pA The bell signal (conditioned stimulus, CS) was given for
erther 3 or 5 seconds before ct the grid di d tus, US) The CS
was stopped when the antmal had run to the other compartment The usual interval
between the begmnings of the trials was 30 seconds

The measures of performance used were a) reaction time = time taken to run into
the other compartment after beginning the CS, b) number of unconditioned avordance
responses (UAR) = avoidance responses occurring only after the ammals had e
cewved electric shocks

Experiment 1 This was a pilot experiment  Eight female rats and one male were
given 10 trials daily (interval CS-US 3 sec ) until the ammals made 9 correct responses
during ten trials Subsequently, the reaction time and number of UARs were measured
without pretreatment on two consecutive days After this, the effect of alcoho! 1n
100 trials was d ding to the schedule | mgjg, 3 mg/g 1 mgfg, 3 mp/g
The smaller dose of alcohol was admunistered 45 minutes before the sessions and the
larger one 75 min before After an mterval of 3-4 days, the anymals were fasted ovet-
night and re-tested with 3 mg/g alcohol, this treatment being repeated after one day
of rest

Experiment 2 The pilot experiment suggested an smprovement i the performance
during the second session with the same treatment The procedure was therefore
altered n this experiment, which was designed to show whether the dose-performance
relationship 1s Linear or nonlinear Twenty female rats were given daily sessions of
30 trials {nterval CS-US 5 sec) After the ammais had made 27 correct responses
during onc traming sesston, they recetved 2 mi/100 g body weight of water on ',};;
following day, and the reaction time and number of UARs were measured after
min 1n 20 trials Immedrately after this, 4 mg/g body weight of alcohol were admun-

wtered and the ammals were allowed to rest duting the following day On the third
~  ~ an~anmaensyred after

the fourth
tested for
"1 ARVOLA, SAMMA-
. - - ) and WALLGREN

A~ TYemad ntely hefore the reaction HmMe was 3 tusu cuy was
\ .
:\RVOLA & SammaListo 1960) o
Expermment 3 The pilot expeniment had indicated that, besider
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after the ammal had reached the required fevel of performance, previous experience
of alcohol mught also influence the results For an evaluation of these possible effects,
30 rats were divided mto three groups 1, 9 females and one male, I1, 9 females and
one male, and {11, 6 females and 4 males (Ongmally, all groups consisted of § females
and S males However, all amimals that had not learned the response adequately after
450 trials were discarded, and this occurred mostly among the males, which
were then replaced with females ) Traimng was as in expt Zexcept that the imterval
CS-US was 3 seconds Reacttonitme and number of UARs were measured asinexpt 2.

Groupl Reaction time after admunsstration of 1 5 m1/100 g of water was measured
the day afser the animals had reached the required level of performance. After this,
4 additional daily traiming sessions (30 tnials) were given The test session after admim-
stration of water was repeated, and on the final day of the expsriment the effect of
3 mgig of alcohol was measured

Group Il Eachammal received 3 mg/g of alcobel ten times at intervals of one day
After the amimals had reached the required level of performance, the reaction time and
number of UARS were measured on consecutive days after administering water and
after 3 mg'g of aicohol To make fearning of the CAR and termination of the alcohol
treatment coincide as closely as possible, alcohol was given a few times before tramning
was begun Even so raptdly learning animals sometimes acquired the response before
the end of the “habituation™ period, and there was some delay before their perfor-
mance could be measured Durningtraming, th \ nalcohot

after sessions and were rested the following day, 1n order to avoid any after-effects of
aleohol on learming

Group IIT served as a control for groups I and 11 Tramnmg was as in group 1,
and the reaction time and number of UARSs were measured as in group 11

Results,

Table | shows the results obtamned 1 expt 1 Both measures of per-
formance, the reaction time and the number of UARSs, appeared 1o be
tncreased by alcohol Only with the larger dose, however, was a significant
effect obtained, that on reaction tme barely exceeding the 5% confidence
hmit Fasting had no apparent influence on the reaction to alcohol

Table I
Performance of the rate i avmas mame s *14 4
a =
v .

< P .

mg alcohal g | Reaction me
e

S
° No UAR I B
o
1180 2

0 2 0803

| 5(9); ig :3} no;s‘)n;n é.s Q 7: s ot sign
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Reaction Gime secs, ang nr of UARs
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g 2 "

mg altohot /g
Fig 1 Pcrrormnnce of the rats in e(pcnment 2 Reaction time (O -~~~ = ~0) number of
#——— &) The points répresent the avecsge per

formance of 20 rats 1n 20 trials wath cach trestment Vertieal bats indicate standard excors
of the means

In fig 1, the performance of the rats i expt 2 15 shown as a2 funchion
of dasage of alcohol Alcohol clearly increased the reaction time and
number of UARs (for statistical significance, seetable2) Theregressionof

Table 2
P values for significance of the effect of aicohol on varsous
measures of performance In eXperiment 2 talculated by medns
of the t test for correfated measures

Difference
Alcohol | Alcohol ’
M 2 mg-4 m.
feasure ! 2mplg P < [amggk < ?g e
Reaction time t oms 0t [ oo2s

f
ARs ooof | o005 | o002
Tilted plane | ooo ; 0001 3 0003
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reaction tme on dosage deviates significantly from hineanty (F for non-
lnear refationshup = 13 749, P < 0 005) For the mcrease n number of
UARs, the corresponding values are F = 7903, P <0 025 Inthe tilted
plane test, 2 mgfg of alcohol reduced the angle of shding by 11t £80%
(average £ itsstandard deviation),and 4mg/gby 194 £ 11 1 % Thelevel of
stgnificance 1s shown 1n table 2 This performance-dosage relationship
does not deviate sigmficantly from linearty Impastment of performance
in the tilted plane test did not correlate with reaction time at the Iower
dosage level, but there was a sigmficant correlation (r= 4053, P <
0025) after admmistration of 4 mgfg alcohol

The marn results of expenment 3 are summarized m table 3 In group 1,
continuation of tramming improved performance When first measured, the
reaction time was 197 4 022 sec and the number of UARs 17407,
the reactian time being sigmficantly (P < 0 05) longer than in the second
session with water (table 3) However, continuation of trasming had no m-
fluence on the effect of alcohol, as was shown by the fact that the imparr-
ment of performance 1n groups I and 111 after administering alcohol was
almost wdentical On the other hand, repeated admimstration of alcohel
reduced 1ts effect, since the performance of group If was not sigmficantly
impared by the dose employed

Finaily, the resuits show that reaction tme was influenced by the ume
tnterval CS-US, which was 3 sec 1 expts 1 and 3, and 5 sec 1 experi-
ment 2 The values for reaction time after admunistration of water 1
expts 1 and 3 have been pooled, and the significance of the difference of
their mean from that of the value obtained 1n expt 2 hasbeen ca'culated
by means of Student’s t test The means and their standard errors are
170 + 027 see (3 sec nterval) and 2 51 -+ 073 sec (5 sec interval)
Thus dufference 35 fughly significant (P < 0001) Varation 1s also signifi-

Table 3
Performance of the rats maven — 4 1 4 .
Group Water Alcohol . P<
1Ry |
163 (043 226 (051, l
i 031

“ g"\_ | 10 (o8 41 (33) gg?’

R 15727 179 (034 not sign
- ) : ;I ‘() l_:) )‘?‘v (‘17 ? not stgn

VAR IS T8y 88;
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In fig 1, the performance of the rats in expt 2 1s shown as a function
of dosage of alcohal Alcohol clearly increased the reaction time and
number of UARSs (for statistical sigmficance, see table2) Theregressionol

Table 2
P values for sigmificance of the effect of alcohol on sarious
measures of performance Iin experiment 2, calculated by means
of the t test fot correlated measures

Dufierence
Aleohol Alcohol
Measure (2 melgP < [4mglgP < | TMEETE
{
Reaction time 0025 001 i 0025
ARs 0001 0005 002
0001 0001 I 0 005
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The results of all three expenments confirm earbier observations
(HoLTEN & SONNE 1955, FisCHER 1956) that the CAR 1s relatively un
affected by aleohol A mayor ab 0 resp 15 to be expected only
m comunction with gross motor disturbance, as evidenced by direct
observanion and the use of the tlted plane test after admuustenng 4 mefg
of alcohol BATNG & GRANDIEAN (1955) report a sigmficant increase of
Feachion timein a group of 6-8 rats after admmistenng as litleas 1 6 mefg
of alcohol This may be due to the cntenon employed, 507 correct
respomses, which was much less ngorous than the one used by us Also
according to one report (WINTER & FLATAKER 1951} 2 positively remn-
forced (food reward) conditioned response 15 not easily affected by alcohol
and 15 cfearly impatred only when motor disturbance becomes visible

Fear 1s supposed to be an important factor m the CAR 1f this1s so, the
rather small effect of alcohol upon 1t appears to be somewhat at vanance
with results obtamed 1 studies on the effect of alcohol i approach
avordance conflicts CONGER (according to MILLER & BarRY 1960) has
produced good evidence for the view that alcohol reduces the avoidance
tendencies without much mfluencing approach However, among possible
explanations for ttus apparent discrepancy the mode of admimstering the
fear inducing stmulus may be important In the shuttle box technique,
electric shocks are usually avoided only when the animal escapes to the
safe compartment, whereas the amimals can more freely regulate the
amount of current received when some kind of shock 1s given m approach-
vordance situations The shuttle box techmque may thus induce a more
deeply rooted fear reaction KORMAN {1960} has found that alcohol may

teduce anziety more effecuvely in low anxiety than i fugh anxiety”™
fats

{t 15 3 penenally accepted view that recently acquired and less well
mastered reactions are more easily disturbed by alcohol than earher
acquired and better controlled ones In our snvestigation, forther tramimg
after iearming o the leveldefined by the critenion adopted improved the per
Tormance of sober rats but did not influence the effect of aleohol {expt 3,
table 3) One concenable explanation 1s that owing to the ngid cmenor;
of 27 correct responses out of 30 tnals the rats learned the reaction so

:\:u '\h:xi further trainmg did not 1mprove petformance <nffimanst N

- o aiuLor ditet prolonged use of the dru
:c v«;:‘c ;:;\‘\:\ phcn:menon {ef JeLLinen 1960) Tius wlerance appe:n'sg ll:
0 psycl omolorcompcnsn\oryrmc!lonsa d
<hange especually in the nemous o meaplogicst
system though the mechams
tatter 1s unknown 1n eapenment 3 admimstration of 3 mg/g o?\afcl;);):cl
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cantly greater in the expermments with a 5 sec interval (P <0001} The
effect of alcohol was rot significantly affected by this change 1n experimen
tal procedure

Discussion,

It seems appropriate to begin this section with a few notes about the
technique used in this imvestigation. MiLLeR & BARRY (1960) have pornted
out certan difficulties involved m using the ordinary shuttle box Among
these are development of conflict about re-entenng the compartment
where a shoch was just recened and the fact that ammals gnven long
sessions may loose the avoidance habit after having acquired 1t Such
complications were encountered duning the expenments reported here
Prelimunary tests indicated that they were aggravated if the rats had to
sump over a hurdle i order to avoid the shocks Difficulties were also
more frequently with males than wath females, partly because many male
rats developed freezing reactions These observations have some bearing
on the design of experiments performed by the shuttle box techmgue One
question ts, whether one should usc parallel control and expertmental
groups, or use the experimental subjects as thetr own controls as we hase
done The Jatter method may seem the less acceptable in studies on drug
effects because of the possible loss of response and of the tendency, when
reaction ttme 1s measured, to improvement 1n repeated sesstons Howevrver,
if parallel groups are used, between ndividual vamation appears to be
excessive The vartation i the number of UARSs 1slarge, irrespective of the
tme mtenal CS-US In the expeniments described hete, vanation in 1eac
tion time was reduced by diminishing the interval from 5 to 3 seconds, but
1t was still very large On the other hand, the direction of change was
fairly consistent for each individual Also the results of repeated tests
without drug adminsstration, as m expt 1 and expt 3, group 1, mdicate
that loss of response 1s not a sertous drawback Use of the experimental
subjects as their own controls thus seems fo be the method of choice with
thus technique

Admmistration of alcohol to any fasted subjects results i a higher
blood alcohol level than admmistration to satiated ones It was thus
expected that the performance of the animals would be more affected
after fasting (expt 1, table 1), That this was not so may have been due,
first, to the fauly long interval between admimistration of alcohol and the
test sesston, which perhaps mmmmzed the effect of differing absorption
rates, and secondly to increased tolerance More weight should perhaps
be given to the latter factor (cf expt 3 effect of repeated admmstration

of alcohol)
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The results of all three expenments confirm earher observations
(Howten & Sonwe 1955, FISCHER 1956) that the CAR 15 relatively un
affected by alcohol A major alteration in response 1s to be expected only
In conjuncuon with gross motor disturbance, as evidenced by direct
observation and the use of the tilted plane test after administening 4 mg/g
of alcohol BATTIG & GRANDIEAN (1955) report a significant merease of
feaction time in a group of 6-8 rats after admimstermg as httleas 1 6 mgfg
of alcohol This may be due to the cnterion employed. 503/ carrect
responses, which was much Iess ngorous than the one used by us Also
according to one report, {(WINTER & FLATAKER 1951) 2 positinely rem-
forced (food reward) conditioned response 15 not easily affected by alcohol
and 15 clearly impaired only when motor disturbance becomes visible

Fear 15 supposed to be an important factor 1n the CAR 1f thus s so, the
rather small effect of alcohof upon 1t appears to be somewhat at vanance
with results obtained 1n studies on the effect of aleohol in approach-
avoidance confiicts CoNGER (according to MILLER & BARRY 1960) has
produced good evidence for the view that alcohol reduces the avordance
tendencies without much mfluencing approach However, among possible
explanations for this apparent discrepancy the mode of administering the
fear inducing stimulus may be smportant In the shuttle box techmque,
electric shocks are usually avorded only when the ammal escapes to the
safe compartment, whereas the amimals can more freely regulate the
amount of current recerved when some kind of shock 1s given m approach-
avordance situations The shuttle box technique may thus mduce a more
deeply rooted fear reaction Korman (1960) has found that aleohol may
feduce anziety more effectively 1n “low anxiety” than mn “high anxiety™
rats

It 15 2 generally accepted view that recently acquired and less well
mastered reactions are more easily disturbed by alcohol than earlier
acquired and better controfled ones In our investigation, further tramng
;::I; ;tr:lcl;n::\rgs\qu b!;er‘;\ eldefined by the criterion adopted improved the per

s, but did not influence the effect of alcoho) {expt 3,
table 3 One concewvable explanauion 1s thay, owing to the ngid Cn!cnoy;
of 27 correct tesponses out of 30 trials the rats learned the reaction so
well that fusthes traming did not wmprove performance sulficiently 1
affect sensmaty to alcohol Thus it seems that the techmque emplo yd o
not suitable for studying the effects of learnmg on the Teaction topalcy:ha‘ls
. I:hl: Ll'x‘crc:sc §( tolerance 1o aicohol after prolonged use of the drug 15

OWn Ul
e due borh w‘:‘:rg“\mun «f JIELHNEL;%O) Th\S.'t'\‘:}::)anc; appears to
:““‘“Ee- espeenally 1n the nervous system though the me;,‘;,,,y:,: 13;; ‘c}?l
atter 15 unknown In etpenment 3 admimstration of 3 mgfg of alco:;oel
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every second day for 20 days evidently produced an increase m tolerance
This was probably of physiological origin, since alcohol had not been
given dunng the avoidance traming sessions Recently, HoGANs, MorReno
& Bropit. (1961) have reported development of behavioural tolerance to
alcohol in monkeys when the drug has been administered once dalyna
dose of 2 g/hg1v for as little as four consecutive days In Alko's labora
tories, tncreased tolerance after a stmilar short period of habituation has
been demonstrated by means of the tilted plane test (WALLGREN & Lixp
BOHIM, 1n press)

Summary.

The effect of alcohol on a conditioned avoidance response (CAR) was
studied 1n rats A two compartment shuttle box with a hole 1n the parti
tion was used The conditioned signal was the ninging of a bell, the un
conditioned stimulus was electric shocks from the gnd floor given 3 or
5 sec. after the beginning of the signal A learming criterzon of 27 correct
responses out of 30 trials was used Reaction time and number of un
conditioned avoidance responsss (UARs = responses only after shoch)
were measured 1n test sessions of 20 trals

Reaction time and number of UARs increased after admunstration of
alcohol However, the CAR was rather insensitive after admmnstration of
alcohol, major impairment was observed only 1n conjunction with overt
signs of motor incoordination The smallest dose with which any signif-
1cant changes were observed was 2 mg/g (orally admimistration) The per-
formance dosage relattonship was non-linear

Interindividual vanation 1n reaction time was smaller with a 3 sec than
with a 5 sec interval between signal and electric shoch However, the
variation 15 1n any event so large that in studies on the effects of drugs use
of the experimental subjects as their own controls seems preferable to the
use of parallel control and experimental groups

Performance was shghtly improved by continuing tramng after the
ammals had learnt the response Thus factor did not appear to change the
mfluence of alcohol on performance Admunistration of 3 mg/g alcohol
outside traning sessions every other day for 20 days resulted 1n a diminu
tion of the effect of alcohol, apparently due to increased physmololsIcal

tolerance
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every second day for 20 days evidently produced an increase 1n tolerance
This was probably of physiological ongin, since alcohol had not been
given during the avoidance training sessions Recently, HOGANS, MORENO
& Bropic (1961) have reported development of behavioural tolerance to
alcoho! in monkeys when the drug has been administered once daily ;na
dose of 2 g/hg 1 v for as hittle as four consecutive days In Alko’s Jabora
tortes, increased tolerance after a similar short pertod of habituation has
been demonstrated by means of the tilted plane test (WALLGREN & Linn
BOHM, 1n press)

Summary.

The effect of alcohol on a conditioned avordance response (CAR) was
studied 1n rats A two compartment shuttle box with a hole 1n the part:
tion was used The conditioned signal was the ringing of a bell, the un
conditioned stimulus was electric shocks from the grid floor given 3 or
5 sec after the beginning of the signal A learning criterion of 27 correct
responses out of 30 trials was used Reaction time and number of un
conditioned avordance responsss (UARs = responses only after shock)
were measured 1n test sessions of 20 trials

Reaction time and number of UARSs increased after admimstration of
alcohol However, the CAR was rather insensitive after administration of
alcohol, major impairment was observed only 1n conjunction with overt
signs of motor incoordination The smallest dose with which any sigmif
1cant changes were observed was 2 mg/g (orally admimstration) The per
formance-dosage relationship was non linear

Interindividual variation i reaction ime was smaller with a 3 sec than
with a 5 sec nterval between signal and electric shock However, the
variation 1s 1n any event so large that in studies on the effects of drugs use
aof the expetimental suhgects as thew awn cantrals seems preferable to the
use of parallel control and expenmental groups

Performance was slightly improved by continuing trainng after the
antmals had learnt the response Thus factor did not appear to change the
influence of alcohol on performance Adminsstration of 3 mg/g alcohol
ocutside traming sesstons every other day for 20 days resulted in a dimintt
tion of the effect of alcohol, apparently due to increased physldOg'Cﬂ‘
tolerance
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From the Rescarch Laboratory of A/S H Lundbeck & Co

Hydroaminacrine I
Its Influence on the Interaction of Edrophonium
and Suxamethonium

By
V. Dyrberg*, W. Hougs and S. H. Johansen*

(Receved January 22 1962)

Hydroammacrine (1,2,3,4 - tetrahydro - 9 ~ ammo acridine) 1s a potent
mhubitor of cholinesterase (SHAw & BENTLEY 1953, JEnsEn-HowM et al
1961) 1t follows that the drug antagonizes the effects of () tubocurarine
and gallamomum, which both produce a non depolanzing block, and
prolongs the effect of the depolarizing suxamethonum (GERSHON &
SHAW 1958) It does not produce muscle paralysis by itsell

It has been demonstrated on animals (ZAvis 1953) and man (CHURC-
HILL-DAVIDSON & RICHARDSON 1952, BRENNAN 1956) that prolonged
expostre of the neuromuscular junction to depolarzing substances alters
the characteristics of the block 1n such a manner that a non-depolanization
block ensues This mode of action 1s described as “dual block™ (Zams 1953)

Typical features of the dual block arce

a) Imtial relative insensitivity of the muscle towards the drug,

b) development of tachyphylaxis during the block,

¢j that tetanc stimult are poorly sustained and antagonize tie dlock

tetanic facilitation),

d) that the block 1s antagomzed by cholinesterase inhibitors

In some species, such as dogs and rabbuts, a dual black s rapdly
nduced, whereas in others, 1 e cat and man, 1t may take a constderable
time to develop (ZAvs 1952) In man, CHURCHILL-DAVIDSON & CHRISTIE
(1959) found evidence that the block of suxamethonium may change after
doses of 500-1500 mg, gtven within one hour as a continuous nfuston

The fact that hydroaminacrine prolongs and enhances the block of
suxamethonum was first made vse of chnically by CraNKsHAW (1960),

* Departments of Anaesthesta Copenhagen County Hospital
in Gentolte Hellerup, Denmark
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Goror & WAnLN (1961) advocate this combination, because they feel

that by reducing the amount of suxamethomum used they may protect
their patients from the occurrence of dual block

The atm of our mvestigation was 1o test whether hydroaminacrine has

any mfluence on the development of dual block Theblock was malm,amen}

1y by t and the 1 10

single doses of edrophomum were observed

P

Techmque,
Since dual block develops speediy 1n rabbts, (Zarvis 1952), these
anumals were used A hesia was by a t of chloralose and

urethane

The ammals were artificially ventilated during the experiments through a tracheo-
demut he Thanan e wc & L - .

were cannulated one tor contrmuous infusion the other for single injections

A mfusion of! 1odide (WHO,NFN) (= succinylcholine =
curacit ®) was admurustered to 10 rabbits of which five were pretreated with hydro-
aminactine 1 mgfkg After about 15 minutes of partial neuromuscular blockade the
first dose of edrophomumn (WHO NFN) (tensiton ®) 02 mgfkg was 1njected and
subsequent doses were given at intervals of 15 minutes

Results,
During fusion of b droph prod; three
different alterations in the neuromuscular block  synergism, biphaste
(brief ded by briel ) and The

reactions were mostly small and lasted for 2-3 minutes
The usual response to the first dose of edrophomum was one of syner-
gism In two ammals however, one of which was pretreated with hydro
amnaenne the first dose gave an p In the 4
rabbits the biphasic response to edrophonmm was observed m zll five
ammals i three of them more than once, this reaction was only observed
once 1 the unireated group Antagomism was eventually observed 1n ali
amm‘a\s and the sequence of events 11 the tWo £rOUDs susoacts shas L

A biphasic re;ponse was taken as the first sy
of a
The amount of Achol d tored el

d before
developed, and the ume when this occurred, are sho

Wnin table 1 Onall
Acta prarmacologica, voL 19 faac §
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From the Research Laboratory of A/S H Lundbeck & Co

Hydroaminacrine I
Its Influence on the Interaction of Edrophonium
and Suxamethopium

By
V. Dyrberg*, W. Hougs and S. H Johansen*
{Recened January 22 1962)

Hydroaminactine (1,2,3,4 - tetrahydro - 9 — ammo acridine) 1s a potent
mhubstor of cholinesterase (Suaw & BENTLEY 1953, JensEn-HoLM et af
1961) 11 follows that the drug antagomzes the effects of () tubocurarine
and gallamomum, which both produce a non depolarizing block, and
prolongs the effect of the depolanizing suxamethomum (GersHON &
SHaw 1958) It does not produce muscle paralysis by 1tself

It has been demonstrated on animals (Zaimis 1953) and man (CHURC-
HILL-DAVIDSON & RICHARDSON 1952, BRENNAN 1956) that prolonged
exposure of the neuromuscular junction to depolarizing substances alters
the characteristics of the block 1n such a manner that a non-depolarization
block ensues This mode of actionis described as “*dual bloch” (Zanus 1953)

Typical features of the dual block are

a) Imual relanve insensittvity of the muscle towards the drug,

&) developiment of taclypliytaies durig ¢he Slock,

¢) that tetaruc stimul are poorly sustamed and antagomze the block

tetame facilitation),

d) that the block 1s antagonized by chohnesterase inhubitors

In some species, such as dogs and rabbits, a dual block 1s rapidly
mnduced, whereas 1n others, 1 ¢ cat and man, 1t may take a considerable
tme to develop (ZArvs 1952) In man, CHURCHILL-DAVIDSON & CHRISTIE
(1959) found evidence that the block of suxamethonium may change afier
doses of 500-1500 mg, given within one hour as a continuous mfuston

The fact that hydroammacrine prolongs and enhances the block of
suxamethonium was first made use of clincally by CRANKSHAW (1960),

* Departments of Anaesthesta Copenhagen County Hospital
In Gentofte Hellerup Denmark
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Goron & WAHLIN (1961) advocate this combimation, because they feel
that by reducing the amount of suxamethomum used they may protect
their patients from the occurrence of dual block
The aim of our mvestigation was to test whether hydroaminacrine has
any nflucnce on the development of dual block The block was mammlnc‘j
ly b t and the It to
swmple doses of edrophomum were obsenved

P

Techrique,

Since dual block develops speedily n rabbuts, (Zanas 1952), these
ammals were used A \ was by a b of chloralose and
urethane

The an male mave ort faall  am 1 ad 3 cus L -

wete cannulated one tor continuous fusion the other for single mjections.

A mfuston of 10dide (WHO NFN) {— sucanylcholme =
curacit ®) was admumstered to 10 rabbits of which five were pretreated with hydro-
ammacnne 1 mg/kg After about 15 munutes of partial neuromuscular blockade the
first dose of edrophonium (WHO NFN) (tensilon ®), 02 mg'kg was injected and
subsequent doses were given at ntervals of 15 minutes

Results.

During nfusion of suxamethomum, edrophomum produced three
different af m the block  synergism, biphastc
(bnief antagomsm succeeded by brief synergism) and antagomistic The
reactions were mostly small and lasted for 2-3 runutes

The usual tesponse to the first dose of edrophonum was one of sypes-
gism In two amimals, however, one of which was pretreated with hydro-
ammactine, the first dose gave an In the d

P
rabbuts the biphasic response to edrophonium was observed n all & a
ar ~ -
or -
ar
qeLaue OUEVEILS U0 (De tWO roups Suggests that the
usual N 10 edroph 1n the given 15, first, syner-
gism, then a biphastc response, especiaily when esterase a y ‘
S ctivity 15
and finally antagomsm 15 weduced,
A biphasic response was taken as the first sign of antagonism
The amount of Achol d d before ant
developed, and the tme when this occurred, are shown sn table 1 Onalj
Ac pharmaolagica, vol, 19 e 1

3
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Table 1,

Amounts of
infused at onset of antagonism to cdrophonium, 1n five rabbits pretreated
with hydroamtnaceine and five controls

Suxamethonium Duratio;
mg/kg minutes. mg/kg/min
35 16 022
Hydroamnacrine 70 45 016
1 mg/kg 71 45 016
132 45 029
70 45 016
Average 1 76 392 020
209 k3] 059
240 35 069
Controls 527 90 0359
224 17 132
188 55 0132
Arverage 278 46 4 070

occasions but one, the antagomsm was observed within one hour, and the
average times for the two groups were remarkably alike The amount of
succinylcholine was reduced by 76 % when the animals were pretreated
with hydroaminacrine

Discussion.

Edsophonium has a bimodal type of action being partly an mhibitor of
cholinesterasc (BARLow 1955), and partly exerting a direct acetylcholine
rmmetic effect at the muscle end-plate (RANDALL 1951) Investigations by
Houcs & Jouansen (1958) mdicate that the cholinesterase infubitory
effect 1s the predomunating one, although the “sttmulating” properiies are
greater than those of neostigmme The two effects, however, both give
nise to 2 pharmacological picture of mncreased acetylcholine congentration
at the neuromuscular junction Edrophonium was chosen because its
action 15 so brief that 1ts accumulative effects may reasonably be diste-
garded

The antagomstic action of edroph m the p of sux
mium-induced neuromuscular blockade has been used previously (FOLDES
1959) for demonstrating a dual block Such an antagomistic action was
observed 1n all our experiments, mdependently of pretreatment with
hydroaminacrine The antagomsm was m 8 out of 10 ammals preceded
by a synergism The time taken for the antagonism to develop varied 1
both groups, but there was no indication that hydroamnacrine had any
mfluence on this The antagorusm was observed on the average 1n less

than an hour 1n both groups

tho-
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The amount of succmylchol d d before I was
observed was reduced by 76% 1n the group treated with hydroammactine,
a figure close to that obsened wn man (BENVENISTE & DyrpeRG 1962)
Thus fact need not be mterpreted asa sign that hydroammacnine mterferes
1 the development of dual block wath succinylcholine 1t 15 natural to
expect a smaller dose to be needed when the enzymaue breakdown of
this muscle relaxant 15 mlubited and the effect of a given dose consequ-
ently prolonged After all, 1t must be the concentration of the curanzing
agent at the neuromuscular junction that determimes the degree of muscu-
lar paralysis It 1s dafficult to accept the suggestion of GOrRDH & WAHLIN
(1961) that, because smaller amounts of succinylcholine are needed for

paralysis m the p of hydr e, this drug post-
pones the development of dual block
¥n our expenments dual block, asnd d by the 1nft of edroph
num on i induced lar paral seems to develop

mdependently of the action of hydroamunacrine

Summary.

The contractions of the anterior tibial muscle were recorded dunng
mfusion of t n rabbits  Single wyjections of
edrophonium were given at regular intervals A companson was made

between a control group of ammals and a group treated with hydroamina-
nne

A between edroph and suxamet} develap
mdependently of the action of hydroamnacrine

a
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From the Biological Institute of the Carlsberg Foundation, Copenhagen

Variations in Non-Specific Activation of Fibrinolytic
System in Sera of Different Species
By

E S Olesen
{Recewed February 10 1902)

1t 15 possible fo induce fibnnofytic activity 1n guinea pig serum by treat-
ment with peptone or with various anionic and cationic agents (ASTRUP
& OLESEN 1957, OLEsEN 1957, 1959 a, b, ¢, 1960 a, b, ¢) Simular experi-
ments have been carried out on samples of serum from other ammal
species, including man, and their results are teported here It was found
that serum from different anumal species differ 1 their abibty to produce
fibrolytic activity under various fl s The findings hen the
view that a special hit system 15 lved 1n certamn paths
of activating fibrinolysis 1n the blood This possibility has received little
attention, althongh pertment observations were repurted by UnGarR &
MisT (1949) and UNGaR, DAMGAARD & HUMMEL (1953)

Matenals and Methods

Serum was obtained by spontancous coagulation of fresh hlaqd camntac ~ *
a tem
{
t -
. “ar LU L DOween exner mente
fiby . PR YY )

- ~ b Ly Qus eaperitiients on guinea pig serum and
:x:r:::eﬂy o\.:hl::(d bc:nw 1 the Expenimental section Actwty 1s expressed as the

ameter product (mm?) of the ysed zone after 18 hours mcubati

at 37 (average of 3 deternuoations) ationofthefbrin plates
anc
pre '
tv BT
sinigie Datch of fibringg - .
set of serum samples [
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2 Actnation by Peptone and by Taurocholate

The observation by Ungar & MisT (1949) that fibnnolytic actvity
could be produced 1n guinea-pig serum by peptone has been confirmed
by us (OLESEN 1957) [t was further d ated that 2 more effectry

‘punfied peptone d' could be prepared from { peptone

by an aad ethanol precipitation (ASTRUP & OLESEN 19570 Prnsane »ms
e

¥ auuulULGIdie were theretore compared 1n different

Mg serum yielded
mian, bovine, horse
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Fig 1 Fibrinolytic activity on normal and heated fibrin of serum from different species
after 1soclectric precipitation 1n the presence of various concentrations of B heparin (Bo

vine, human and rabbit serum also tested 1n this experiment produced no actrvity}
Abscissa mg of B hepanin per ml of origimal serum volume (loganthmic scale)
Ordinate  Fibrinolytic activity as diameter product (mm2) of lysed zone

Experimental,
1 Activation by Acid Polysaccharides

Isoelectric precipitation at pH 54 1n the presence of various actd
polysaccharides 15 an effective method for producing fibrinolytic activity
1n guinea-pig serum (OLESEN 1959b) Among the compounds 1nvestigated,
B-heparin was effective over a particularly broad range of concentrations,
and cellulose trisulphuric acid produced huigher activity than most other
compounds The results obtamned when etther of these two compounds
was applied to serum from different species are shown 1n fig 1 and fig 2
With B hepanin the highest activities were formed n serum from guinea-
pig and dog, smaller actvities were produced m pig and horse serum,
no demonstrable activity appeared 1 human, bovine and rabbit serum
A similar order of succession was found for the activating effect of cellu-
Jose trisulphuric acid, but rabbit and bovine serum also became shightly
fibninolytic, though the activity of the bovine sample was only demon-

strable on heated fibrin
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FIBRINOLYTIC SYSTEM IN DIFFERENT SPECIES
o

EUGLOBULIN OR SALINE WITH

X BUFFER O SK~1 ® SK~2,9 K-1 ¥ LK~3

{1953}, kinast duced ly lugh actvaty 1 human serum,
especrally when tested on norma) fibrin

In each of the species, almost dentical results were obtaned with 250
and 500 umts of streptokinase pcr ml of lh: test sol\mon

Although X d no of the
bovine euglobulin, the fact that 1t produced shght lysis on the normal
{bovine} fibnn ind: that streptok has some g effect 1n
a more punfied bovine system

ase
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PURIFIED PEPTONE  TAUROCHOLATE

Fig 3 Fibninolytic activity of secum after isoelectric
precipitation with purified peptone or taurocholate (In this experiment
bovine horse, human and rabbit serum produced no activity)
Abscissa  mg of added compounds per ml of serum (logarithmic scale)
Ordinate  Fibrinolytic activity

3 Actnation by Streptokinase

The production of fibrinolytic activity by streptokinase seems to be
different in type from the activation caused by peptone (OLESEN 19593)

In the expeniments described below the englobuhin was prepared by
1soelectric precipitation at pH 54 after dilution of the serum with 19
volumes of distilled water The precipitates were then dissolved in one
volume of barbital buffer (pH 775, 005 M, contaimng 0 1 M-NaCl)
Aliquots of these solutions were mixed with equal volumes of saline or saline
containng either 500 or 1000 umts per ml streptokmase (Varidase ®
‘Lederle, kindly supplted by the manufacturer) Corresponding concentra-
tions of streptokinase in saline were also applied as controls to the fibrin
plates The results are shown n fig 4 Streptokinase alone produced 2
trace of lysis on normal fibrin, but no lysis on heated fibrin The euglobulin
samples alone produced no lysis on any of the substrates, except the dog
sample, which showed weak lysis on heated fibrin The lysis recorded on
heated fibrin shows that addition of streptokinase produced activation in
serum of all species except the bovine and possibly the dog, which showed

only an msigmificant r1se 1n activity
As would be expected from the investigations by MULLERTZ & LASSEN
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Fig 4 Fibrinolyic activity produced 1n different species by streptokinase or uroksmase
The test sofutions contained saline or setum euglobulin , from the species indjcated between
e ugper and fower parts of the figure and either buffer only of streptokinase 250 umits

(SK 1) or 500 urts (SK 2) per m! or wrokinase 0 25 mg (UK 1) 0r 0 § mg (UK 2) per ml
Ordinate Fibrinolytic activity

(1953) steeptok produced 1
especially when tested on normal fibrin
In cach of the species almost 1dentical results were obtamed with 250
and 500 uriits of streptokinase per ml of the test solution
Although streptokinase produced no demonstrable activation of the
bovine euglobuiin, the fact that 1t produced slight lysis on the normal

(bovine) fibnin 1ndicates that streptokinase has some actvahng effect 1n
2 more punfied bovine system

hugh activity 1n human serum,
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Fig 3 Fibrinolytic activity of serum after 1soelectric
precipitation with purified peptone or taurocholate (In thts experiment
bovine horse human and rabbit serum produced no actnity)
Abseissa mg of added compounds per ml of serum (logarithmic scale}
Ordinate  Fibrinolytic activity

3 Actsation by Streptohinase

The production of fibrinolytic activity by streptokinase seems to be
different 1n type from the activation caused by peptone (OLESEN 19592)

In the experiments described below the euglobulin was prepared by
1soelectric precipitation at pH 54 after dilution of the serum with 19
volumes of distilled water The precipitates were then dissolved 1n one
volume of barbital buffer (pH 7 75, 005 M, contaiming 01 M NaCl)
Alquots of these solutions were mixed with equal volumes of saline or saline
containing either 500 or 1000 umts per ml streptokinase (Vandase ®
Lederle, hindly supphed by the manufacturer) Corresponding concentra-
tions of streptokinase 1n saline were also applied as controls to the fibrin
plates The results are shown m fig 4 Streptokmase alone produced a
trace of lysts on normal fibrin, but no lysis on heated fibrin The euglobulin
samples alone produced no lysis on any of the substrates, except the dog
sample, which showed weak lysis on heated fibrin The lysts recorded on
heated fibrin shows that addition of streptokinase produced activation 1n
serum of all species except the bovine and possibly the dog wiuch showed

only an msignificant nise in activity
Ays would be expected from the investigations by MULLERTZ & LASSEN
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seN & MacLeop 1945)

Samples of serum used for these expenments were subjected to a unt-
form and simultaneous treatment with chloroform

to plasmm (e g CHRISTEN-

G £t . L -’ .

an open Petnr dish and aerated for 15 munutes by a current of aur to remove residual
chioroform After this treatment samples were apphied to fibna plates The rematning
samples were placed in the refuigerator at 4° and assayed on subsequent days

As mdicated 1 table 1, the dog serum showed fibnnolync activity from
the first day The guinea pig serum was active at and after the assay
petformed two days later the activities probably went on mcteasing for
the next few days None of the other sera (human, horse, ox and pig)
became active duning the course of one week The actwity produced in
dog serum was about the lughest ever observed 1n Our experiments on the
activation of fibnnolytic actvity 1n serum from different species

Table 1
Fibrnolytic activity of chloraform treated dog serum and guinea pig serum
at vanious intervals after treatment (The same treatment of bovine, human horse, and pig
serum produced no activity)

Days after treatment \ o ‘ 2 \ 3 } 4 6
Dog beated fibnin {es 130 308 1 470 484
wnm g0 L N S N B )
Guttea pig beated Rorm o 755 707 T2 )
serum normal fibrin o [ } S50 l [1H t [{0)

& Inlubitory Effect of Serum

The hughly active chloroform treated dog serum, obtamed m the
expenment mentioned above, was used for companson of the mhditory
eﬁ":ctsdproduced by whole serum from different species These sera
gléu(c ‘l 10 or 1 25 wath 0 9%, NaCl, were added to equal volumes of \he’
w ln:s!y::lc élogssmzm The mxtures produced the fibrinolytic activities
ton, d'g“ 5 _Bovme aad guriea pig serum produced the stenwns >
between thas
the correspo . v
parailef, however, asueuglon o oot s i D are ot stactly

bulin from the pig and
guinea pig produced the strangest ‘“h‘blugng and whole serom from the
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4 Actnation by Urokinase

Urokinase, a compound solated from human urine, ts an activator of
plasminogen Aliquots of the cuglobulins used for the above experiments
with streptokinase were used m parallel experiments with urohinase
(kindly supplied by the Leo Pharmaceutical Co, Copenhagen) The
euglobulin solutions were mixed with equal volumes of saline contaming
per ml either 0 5 or | mg of uroknase (fig 4) and were compared with
corresponding concentrations of urokmase alone 1n salne

Since urokinase alone produces lysis on normal fibrin, but no Iysis on
heated fibrn, 1ts activating effect on the euglobulins has to be evaluated
primarily from the results on heated fibrin, which represent the true
protease activity of the test samples Urokimase produced protease
activity of nearly the same magnitude 1n all seven species, though some
what hugher 1 bovine and dog serum than m the others In human serum
the protease activity was almost the same as that produced by strepto
kinase In the other spectes urokinase produced much higher protease
activity than did streptokinase The plasminogen activation obtaied with
streptokinase was apparently far from complete The smaller concentra
tron of urokinase usually produced less protease activity than the hugher
concentration, but only i pig ox and guinea-prgserum wasthe difference
fairly pronounced

On normal fibrin, lysts represents the combined effects of the protease
activated 1n the euglobultn and of the plasmun formed m the fibrin from
its contents of plasmmogen Only the mixture of urokmase with dog
serum produced as high activity on normal fibrin as the same concentra
tion of urokinase alone 1 saline The net effect of the euglobulin samples
from other spectes was an mhibition of the urokinase effect Thrs wnbubt
tion was most pronounced for the euglobulins from pig ox and gumea p3
serum (which correlates the madequate protease activation prodnced‘m
these samples by the smalfer amount of urokinasej The dog euglobul
appears to have the least mhibitory effect sf 1t has any at all

These results with urokinase show that serum from each of the species
here 1nvestigated contans a pro enzyme (presumably plasminogen) that
1s activated by urokmnase to a protease (presumably plasmn), the euglo
bulins produce varying degrees of inhbition

s dctoation by Chloroform Treatment

It 1s well established that treatment with chloroform can mduce fibrino-
Iytic activity 1n serum, plasma or some plasma fractions This phenomenon
1s widely accepted as due to mactivation of mhubitory agents and subse
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FIBRINOLYTIC SERUM INVESNGATED FOR FIBRINOLYIIC ACTVITY
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Fig 6 Magnitudes of fibrinolyue
actvity recorded for serum from different species after
different procedures

[ I I ssotlectric precipitation in absnce of added compounds 31 11 Streptokmase
or urokinase added after precipitation

IV V VI VIL ssoelecteically precipitated in presence of the camnn ad s o

th
or

punified peptone  rell taca oo 1 1
more effectinve T
lysis dffered co

. = sV oM O serum was
affected in the same way by these substances with the differences in degree
mentioned above

mstannal evidence for the concept that

) and of a -
sac’ch;ndzs :‘rc the same 1 ponciple, (cf Ovesen 1959, p, c) = poly.
nhig 6 the species are arranged according to the lév:’\
of fibnno,
actvity produced by precipitating their serum 1 the presence ;F (:h{:sxg
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v, HEATED FIBRIN
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200,
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Fig 5 Fibrmolysis inhibiting cffect of whole serum fram different species The test sotu

f10ns contain dog serum activated by chioroform treatment muced with an equal volume

of either saline (control) or untreated serum from the species indicated drtuted @128
or (b)) 10

Ordinate  Fibrinolytic activity

Discussion.

The results described above and additional comparative observations
hase been put together and summarized schematically n fig 6 and table 2
We can now describe some general trends 1n the formation of fibrinolytic
activity m serum from different species 1n response o treatment with
different compounds

A. Fffect of Various Compounds
1 Peptone and Acid Polysaccharides

Within each of the species mveshigated, there 1s a fair degree of corse-
spondance of the effects produced by peptone, by ‘punified peptone’ and
by the actd polysaccharides B-heparin and cellulose trsulphuric acid The
‘purified peptone’ was more effecttve than the crude peptone m sndecing
fibpnolytic actvity; p-heparn  produced almost the same effect as
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11 Cationic Compounds

Produchion of fibnnolytic activity n guinea pig serum by quaternary
ammonium bases of by protamine sulphate has been deseribed (OLEsEN
1960b, ¢) The most effective of these compounds, cety pynidine chlonde,
produced fibrmolyuc activity also on simple addition to gumea Mg serom
Direct addition to whole serum from other species gave positve results in
dog and horse serum, but negative ones n human and bovine serum
These findings are consistent with the possibuiity that thus type of activa-
tian also 1s mediated through the same activator system as the actnation
tnduced by peptone and anionic compounds (cf OLEseN 1960b)

Il ‘Spontaneous Activation’

The sunple 1soefectric precipitation of serum at pH 5 3-54 i the ab-
sence of added pound: produced fibnnolytic actwvity,
which has been catled ‘spontaneous activity’ It appears from fig 6 that
the occurrence of thus phenomenon and the level of activity attained in
different spectes showed a correlation wath the fibnnolytic actwity tnduced
by peptone or acid polysacchandes This observation suggests that the
formation of ‘spontaneous’ activity depends on the same plasminogen
actator system as the *peptone-activation’, a contept n agreement with
our previous fesuits on guinea pig serum (OLESEN 1959a), corroborating
the hypothesis proposed at that time, that the effect of peptone represents
amodifi and reinf of the mech
tion of fibrimolytic acuvity by simple fractionation procedures

for forma-

IV Chloroform

The actvation of fibrinolytic actwity m dog and sumnea pig serum
readily mduced by chloroform treatment has been confirmed on other
batches of serum from these two species The absent or occasional effect
@ some of the other species may mdicate that the ackwation 15 caused by
the same activator system® as the ong mentioned above

V Urokinase
The effect of urokmase on serum from diffs
Srent species presents
il\‘emﬂ pattern from the activation by peptone and aniome copmp;undsa
cuvation of a serum protease (plasmn) 15 eastly obtamed 1n all the
species by simple addition of urokinase o the euglobulin Even bovine
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compounds Guinea-pig and dog serum have the highest potential actmaty
At the other end of the scale are man, ox and sheep, and other speces
(horse, monhey, pig, rabbat, rat) in an intermediary position

Our studies on gumea-pig serum (OLESEN 1957 a, 1959 a, b) have shown
that this type of activation mnvolves the release of an agent that comerts
bovine plasmmogen to plasmin and that this plasminogen activator i
probably distinct from the activated serum protease as well as from the
activator produced on adding streptokinase

Similarly we have observed that dog serum and horse serum, fibrioly
tically active after precipitation in the presence of ‘punfied peptone’, can
activate bovine plasminogen Production of fibrinolytic activity in serum
by peptone or by acid polysaccharides mn general seems to be a pheno
menon depending on the interaction of a special ‘activator system’
According to this view the activator system mvolved must be available
in large amounts 1n dog and gumnea pig serum, but hardly present n
human, sheep and bovine serum

The distribution of this activating system 1 different ammal species
as outlined 1n table 2, 1s 1n accordance with various observations (1)
Treatment of guinca pig serum with several other anionic compounds will
readily produce fibninolytic activity (OLESEN 1959 b, ¢) (2) Precipitation
of serum from vartous species in the presence of another amoniccompound,
sodium taurocholate (¢f OLrsEN 1960a), produced fibrinolytic actvity
n guinea-pig, dog or pig serum, but no activity in bovine, horse, human
or rabbit serum (3) Tauroglycocholate and a tocopherol phosphate,
which produced fibrinolytic activity by simple addition to guinea pig
whole serum or serum euglobulin (OLESEN 1960 a, 1959¢), have been
found to produce a similar effect 1n dog and pig serum but none 1n human
or bovine serum This varied response, showing agreement in the ndivid
ual species with the results obtained by the precipitation procedure,
suggests that both activations depend on the same system

Table 2
Relative potency of component factors i the fibrinolytic systems of serums l‘mrkn d;gern;n;
- S e- ek
- s observed

» at

Gu';:-ngca Dog Pig Horse l Human | Bovine
[oR; R R e ¥ +++J+++ 4+t
{2y Pro activator + (+) + | A '_(’((‘—+)) -
3) Actnvator system B e ot e ot e | M (+) +_:-+
@) Euglobulin inmbitors ++ o+) |++++ + +++ LT
(5) Whole secum whibitors + 4+ F r T
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11 Cationic Compounds

Production of fibninolytic activity sn guinea pig serum by quaternary
ammomum bases or by protamne sulphate has been described (OLESEN
1960b, ¢) The most effective of these compounds, cetyl pyndine chlonde,
produced fibninolytic activity also on simple addition to gminea pig serum
Direct addition to whole serum from other species gave positive results 1n
dog and horse serum, but negative ones 1 human and bovine serum
These findings are consistent with the possibility that this type of activas
t10n 2lso 15 mediated through the same activator system as the activation
induced by peptone and antorc compounds {cf OLEsEN 1960b)

Iif *Spontaneous Activation’

The simple 1soelectne preaipitation of serum at pH 53-54 1n the ab-
sence of added compounds sometimes produced fibnnolyuc actvity,
which has been called ‘spontaneous activity’ It appears from fig 6 that
the occurrence of this phenomenon and the level of activity attamed in
different species showed a correlation with the fibrmolytic activity induced
by peptone or acid polysacchandes Thus observation suggests that the
formation of ‘spontaneous’ actiity depends on the same plasminogen
activator system as the *peptone activation’, a concept 1n agreement with
our previous results on guinea pig serum (OLESEN 1959a), corroborating
the hypothesss, proposed at that time, that the effect of peptone represents
amod and renf of the ponsible for forma-
tion of fibrinolytic actvity by simple fractionation procedures

IV Chloroform

The activation of fibnmolytic actmty i dog and gumea pig serum
readily induced by chloroform treatment has been confirmed on other
batches of serum from these two spectes The absent or occasional effect
1 some of the other spectes may tndicate that the activation 15 caused by
the same actvator system’ as the one mentioned above

V Urokinase

The effect of urokimase on serum fro
m different species presen
dAlITex:n! pattern from the actation by peptone and anomc cu!ix\pourllsd:
clivation of a serum protease {plasmun) 15 easdly obtaned i al} the
species by simple addition of urokinase to the cuglobulin Even bovine
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serum, which 1s about the most resstent to activation by the other com
pounds, gives ligh activity with urokinase These observations ndicate
that a lack of plasminogen cannot be the Iimiting factor when defectne
activation 1s observed with some of the compounds mentioned

VI Streptokinase

Our results with streptokinase in different spectes confirm the well
known difference between human serum and serum from other species
The formation of extremely high fibrinolytic activity on normal fibna s
an ndication of the potent plasmmogen activator produced by additon
of streptokinase to human serum Monkey serum (one sample, examined
twice) was not activated by streptokinase In samples of dog serum and
bovine serum we found either no unequivocal activation by streptokinase
or occasionally slight activation In the other species (guinea pig, horse,
rabbut, rat and pig) streptokinase produced slight to moderate activation

The complete lack of proportionality between the activations produced
by streptokinase and by the other procedures under consideration in this
paper (except urokinase activation) supports the view that streptokinase
acts on a different precursor system (cf OLESEN 1959 b}

B 'Non-Specific Acrnation®

The experimental results presented n this paper show that sera from
different species differ considerably n their responses to various forms of
treatment aimed at producing fibrinolytic activity Special attention has
been paid to those forms of acttvation produced by 1soelectric precipiid
tron, erther ‘spontaneously’ (in the absence of added compounds) or 1
the presence of peptone or various amonic compounds Then the course
of events, leading to the formation of fibrinolytic activity m the absence
of any compounds having a dircct effect on the fibrinolytic system (such
as streptokinase, tissue activator or trypsin), seems to depend on 1nterac
tions of a non-specific character with certain serum constituents Qur
results suggest that the formation of fibrinolytic activity duced by
chloroform treatment belongs to this type of activation

The combined evidence from our experiments suggests that an ‘activator
system’ 1n the serum 1s a prerequisite for ‘non-specific activation® It also
appears that the potency of this ‘new activator system rather than the
amount of plasminogen, 1s of importance for a serum’s capacity for
‘non specific activation’, since plasminogen seems to be somewhat uni-
formly distributed mn the species mvestigated The amount and chamct(eir
of inhibitory agents 1n serum probably also play a role On the other hand,
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the potency of the ‘pso-activator” system 1 serum, as indicated hy’ the
effect of streptoknase, has no relation to the ‘non specific activation’

Smce our expenments have been carried out on serum they may not
be rep ve for the cond prevailing 1n the blood of the anmal
species used Experiments with human plasma (OLESIN 1961) have shown
that plasma differs from serum i that 1t regwlarly yelds ﬁt:nnelync
actmty when prectpitated n the presence of ‘punfied peptone’ or aad
polysaccharides Human piasma must therefore be considered to possess
an activator system more potent than that n serum

Summary,

The fbnnolyhic systems m serum {rom different ammal species have
been compared by proced Iving 1soclectric precip: of serum
1n the presence of peptone or anjonic polyelecitolytes, simple additon of
streptokmase or urokinase to serum euglobulin and chloroform
of whole serum

Considerable differences between species were recorded Streptokunase
and urokmase produced their own patterns of activating effect with no
relation to the ather types of activation The results suggest 4 relationship
between the different non specific 2 P d mvestigated, as
distinct from the duced by sub acting directly as
hnases or activators of the fibrinolytic system, such as streptokinase and
urokifiase

Non specific activation” of fibnnolytic activity apparently depends on
a special activatar system Thas system seems 10 have fugh potential
activity 1 gune pig and dog serum, moderate potential activity i pig,
horse and rabbit and low activity 1n human and bovine serum
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Central Depressant Activity of Some
Thiaxanthene Derivatives
By

1. Moller Nielsen and V. Hougs
(Dept of pharmacology), N. Lassen, T. Holm and P. V. Petersen
(Dept of synthetic chemustry)
{Recewved October 12, 1961)

In previous publications (PETERSEN et gl 1958, MOLLER NrLsen &
NEUHOLD 1959) we have reported the central effects of some thiaxanthene
dervatives, as well as detaled pharmacological studies of one of them,
chlorprothixene (WHO)

A close parallehsm was demonstrated between the central depressant
effect of th h and the corresponding phenothiazines Further,
1t was shown that the double bond between C-9 and the side chain was
essential to any powerful central effect One compound, chlorprothixene,
was separated as two ysomers (c1s and trans), the trans being about ten
times more active than the cis form

Many thiaxanthenes have since then been synthesised and examined
pharmacologieally, 1n order further to study the structure activity rela-
tonship of thiaxanth d with the corresponding phenoth
azines, and also, when the 1somers could be separated, to compare the
biological activities of cis and trans forms Thus paper presents the results
obtamed with 66 denvatwes 1 a few tests that are, 1 our exprience,
well suited for ranking phenothiazines and thiaxanthenes as to central
nervous depressant (neuroleptic) effect Detasled phanmacological studies

of a selected group of compounds, which are being submits,
3 d -
caton elsewhere, have lar; . et

gely confirmed the rankin
means of these tests § esublished by
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Materials and Methods,
A Chenucal !

The compounds all contain the thirteen carbon and one sulphur rng
structure

RRI 3507

The compounds were prepared as the most convement water-soluble
salts, (table I, column 2) When no switable salt was obtamnable the
solutions of the bases were prepared by adding hydrochloric acid The
results shown 1n columns 5 to 9 arc based on the substances as weighed

The assignment of &1s or trans configuration to an 1somer was based
on measurement of refractive indices of the base m the amorphous
state The details are being submitted for publications elsewhere

B Pharmacological

Acute tovieiy was determined by intravenous injection 1nto muce LDSO0 based
on a mimmum of 4 dose-levels (5-10 mtce per group), was determined according to
the method of MILLER & TAINTER (1944)

Monlity Spontancous motor activity of mice was determined m motility ¢2ges
as previously described (Kopr & MoLLER NIELSEN 1959) DRSO represents the dos¢
{mg/kg) that reduces motility to 50% of that of control mice

Potentiation of enhexymal anaesthesia i nuce Groups of 10 mice were given 25
or 25 mgfkg 1p of the test compound 30 minutes before 1v ingection of 50 mg’ke
enhexymal sodium (hexobarbital (WHO), evipan ®) The potentiating factor was

caleulted as
Sleeping time of test anmals
Sleeping time of contral animals
Effect on body temperature of rats Rectal temperatures of rats were determined
with a thermocouple seadings bemng made cvery [5 munutes for 5§ hours Test

compounds were tnjected 1 p at a standard dosc of 5 mg/kg

Results.

Chemucal and pharmacological results on 66 thiaxanthene derrvatives
and eight selected compounds 1n the phenothiazine series are shown 1
table 1 The compounds have been listed 1n groups accordmg to the
nature of the side chan at carbon9 In the followmng discussion the
compounds will be 1dentified by their serial number 1n the table (column
1, above bar) rather than by their laboratory code number (column §,
below bar) The trans or cis 1somer of any given compound 1s indicated
1n column 1 by the letter torc, respectively, as suffix to the code number.
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°¢| Ternp Fall

6
15
68
0
2 &
4 47
46
70
52 "
53
10 8
&7
73 %
1 2 3 4 5

1
ORsg
Fie 1 Relauionshp berween motility reducimg power and hypothermic

actiwity of thaxanthenes and some known phenothiazines

v

Abssta Mot ty reducing power  Grsg
Ordinate Temperature fall after injection of 5 me/kg test compound 1 p The most out
standing compounds are sdentificd by therr serial number m table 1 (3 = N 716 4 =
NT003trans 6 N 714 trans 8 N 756 wans 10 = N 787 trans 15 = N 796 trans
17 N74ltrans 30 N 765 trans 32 - N 753 trans 46 = N 746 47 = N 190 52 0
NI SN 6L 67 68 6~
! 7

70—
n- 74 =

From the table 1t 15 evident that the thiaxanthenes Tepresent a group
of potent central d drugs, although d vanation exists
among the compounds With one exception (compound 60) the double
bond between ning structure and side chain appears essential for any
appreciable central effect OF the unsaturated compounds the most potent
(numbers 6, 8, 10, (5, 17, 30, 46, 47) have a central depressant activity
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Substitution 1n the 2 position generatly fead to increased actvity This
Jwas true for halogen substitution (compounds 4, 6 8, 10 vs 3)
Substitution with CF, or OCH; also appeared ughty effective pound
15and 17 vs 3, 50 and 52 vs 45) Among the 27 dihalogen subsututed
compounds the dichloro dervatives were the most active, though less
active than the trans 1somers of the 2 monohalogenated compounds
{comp 12vs 6}

On companng the tesults obtamed m the three tests n fauly good
cosrelation appeared to ewst between motility reducing power and
temperature reduction In figure § maximai fall in body temperature
after § mgfkg compound 15 plotted agamnst the refate motility reducing

pawer (ﬁ?& The overall impression 15 that of an increased temperature

effect with ncreasmg oty reducing power, N 714 trans (chlorprothit-
ene) bemg one of the most effective compounds inboth tests Attention s
catled to the relatwely weak hypoth effect of perpt ace-
promazine and N 756 trans (compounds 74 69 and 8), compared with
their strong motibity reducing power

In figure 2 motthity reducing power 15 plotted aganst the barbiturate
potentiating factor (enhexymal sodsum) of a standard dose of 2 5 mg/kg
of the test compound This diagram also appears to indicate a certam
relanonship between the two qualities perphenazine and N 756 trans
(«ompounds T4 and 8) dgain 1ep striking e with low
potentiatsve effect compared with a strong motility reducing effect Of
these two compounds perphenazine 1s even more outstanding, owing to
its extremely low potentiating effect at the high dose of 25 mg/kg (table
1) It 1s noteworthy also that N 753 trans {compound 32} 1 spite of
a comparatively low motihity 5 POWET, 15
the enhexymal potentiating test

P ly active m

Summary,

Tests have been carrred out ou 66 thiaxantivene dervatives for motilty
redueing enhexymal (hexobarbital) potentiating and temperature reduc
ng properlies Like the phenothiazines the thiaxanthenes represent
graup of very potent central depressant drups There 15 a fauly clos:
g:;rgil:l;r;x{ between the relative potences of phenotlazines and those
e sor: ::ii?cgln_g, thiaxanthenes Three features appear essentigt fnr
9ar

tior
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pot factor 25 mg/kg
16 69
14

132 6
12
10 L
8 115
31

6 5 17
4 68 73 46 8

. a0
2%, .

S 67 47
of %

0 1 2 3 i 5
Fig 2 Relationship between mottl ty power and enhexymal 1 fut

Absaissa Moulity reducing power —j3R%sg

Ord -
ip

iden N
N 787 trans 15 — N 796 trans 17 N 741 trans 30 N 765 trans 31 — N i)

32 N753trans 46 N 746 47 —N 790 50 N 7009 67 ~ promazine_68 — ch!
69 70 — I 73 74 - perpl

N

T T P P
nazine)

of the same order of magmtude as the most active phenothtazilt
acepromazine (69) and perphenazine (74) and several times greater thi
that of chlorpromazine (68)

Of the 2 substituted compounds 13 were separated as the two 1some:
These compounds are histed between numbers | and 35 1n the table
11 of these pams of 1someric compounds dentsfication of the cis al
transform was successful For the remaining 2 pairs the 1somers 2
referred to as A or B Of the 2 substituted compounds with side chat
contuning more than one hetero atom only one 1somer was obtane
which mndicates that the other 1somer either 15 unstable or was forme
1n quantities too small to permut 1solation Among the 11 compounds
which identification of trans and cis 1somers was successful, the tral
form consistently appeared several times (5 to 40 times) more act’
than the cis form (examples 6-7, 8-9, 10-11, 15-16 and 30-31)
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Substitution i the 2 position generally lead to ncreased activity This
twas true for halogen substitution (compounds 4 6 & 10 vs 3)
Substitution with CFs or OCH, also appeared highly effective {compounds
15and 17vs 3 SO and 52 vs 45) Among the 2 7-dihalogen substituted
compounds the dichloro denvatives were the most active though less
actve than the trans 1somers of the 2 monohalogenated compounds
(comp 12vs €)

On companing the results obtamed 1 the three tests a fairly good
correlation appeared to exist between motility reducing power and
temperature reduction In figure 1 maximal fall 1 body temperature
after 5 mg/kg compound 15 plotted agawmst the relative motility reducing

ower (ﬁl—{g—o) The overall impression 1s that of an increased temperature

Hect wath increagng motility reducing power N 714 trans (chlorprothix
n€) bemng one of the most effective compounds 1n both tests Attention 1s
alled to the relatively weak hypothermme effect of perphenazine ace-
romazine and N 756 trans (compounds 74 69 and 8) compared with
heir strong motility reducing power

In figure 2 motiity reducing power 1s plotted agamst the barbiturate
otentiaung factor (enhexymat sodium) of a standard dose of 2 5 mgfkg
of the test compound This diagram also appears to indicate a certamn
elationstup between the two qualities perphenazine and N 756 trans
compounds 74 and 8) agan rep g stnking with low
potentiative effect compared with a strong motility reducing effect Of
these two compounds perphenazine 1s even more outstanding owing to
s extremely low potentrating effect at the fugh dose of 25 mgfkg (table
1} it 15 noteworthy also that N 753 trans (compound 32) spie of
a comparatively low motility reducing power 1s
the enhexymal potentiating test

paratively active 1n

Summary
Tests have been carned out on 66 va
thiaxanthene den
« y ¥ ) tives for motiity

aiong cxfexys 2 and temp reduc
properties Like the phenotluazines the thiaxanthenes represent a

Eroup of very potent central depressant drugs There 15 a farly ol

parallelism between the relative patencies of phenothiazines ang lhose
of the corresponding thiaxanthenes Three features appear essential ?Se
maximat central depressant actvity 1) a double bond between cl:,b:,:

9 and the side cham 2) §
o at e bm:‘ ubstitution at carbon 2 and 3} trans configura
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From the Department of Pharmacology, Unnversity of Copznhagen
{Professor Knud O Moller, M D)

The Effects of Adrenaject and Administration
of Desoxycorticosterone on Formation of Granulation Tissue
By

Ole Jorgensen
(Recerved January 23, 1962)

tis 1 d that the adi tical of the gluco-
corticond type have an m}ubllory effect onthe proccss of healing The roles
of d 0, NFN), deoxycortone

{BP)) and the other mineralocorticoids tn th\s process are less umversally
agreed upon

In connectiont with the effect of the adrenal cortex on the process of
hcalmg 1t should be of mterest to esmbhsh how healing proceeds after

when the p 1 secrenon of adrenocoriical hor-

mones has been abolished
e lable results of 1ons 1nto this problem seem to be
contradictory The work recorded here has been carned out to throw bight
on the nfl of ad y and of d tone

on the granuiation tissue produced by the techmque due to Rubas (1960)

Methods
Female rats weighing 80-100 ¢ were used throughout

The adrepalectam cad am ~ N -
™rod The ope -
control animals . . -
operatively the ¢
contumng 1940 - -
w“‘l"‘f::d anumal. it Udyy )

e desoxycortone treated ammals were given dasly mjections af 0.5 mg desonycor.
:;r}:r::l;l:x:' '(\l':fs:‘l.v::i ‘l: 06‘m_3‘o_f arachis 0 The 11fections were beer n & eag R
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Formation of granulanon tissue The techmque described by Rupas (1960) was
employed With the rat under ether anaesthesia a circular prece of skin was exsed
medially and distally from its back A plastic ring was inserted 1n the resulting g2p
The diameter of the ning was larger than the gap, so that it rematned fived thert
Further, the ring was provided with flanges to prevent sts shpping All the rings had
exactly the same inner diameter (20 mm), so that quantitative analyses of the granula
tion tissue formed :n the rings were possible The animals were killed 8 days later 20d
the rings were removed The granulation tissue formed was then easily removed by
blunt dissection from the muscular fascia The tissue was weighed on a torston b
lance immed:ately after excision and then dned

Deternunarion of water content  After weighing, the tissue was frozen at about -5
and dried tn a destceator over silica gel at a pressure of 1-3 mm Hg for 24 hours Ths
procedure was repeated until the tissue reached constant weight The tissue was then
defatted by shaking several times with a solvent 1n small perforated metal cases First
light petroleum was used twice for 45 minutes each time and then anhydrous ethet
for 45 minutes at a time, unti constant weight was reached (usually four times)

H deter The h content was determned i dried de-
fatted tissue by BLix s (1948) modification of ELS0N & MORGAN s method The tissue
was hydrolysed for 15 hours with 2 N-HC] tn sealed glass ampoules at 100° The
1 content was d as mull h per 100 g dried defatted

tissue

Collagen d In the lation tissue the content of collagen was
determined as hydroxyproline multiphed by the factor 746 The dried defatted tissue
was hydrolysed with 6 N-HC for 24 hours at 100° 1n sealed glass ampoules The hydro-
Iysate was filtered, and the amount of hydroxyproline was measured by MARTIN &
AXELROD s (1955) modification of NEUMANN & LoGAN's method

Statisties For statistical purposes we used the t test

Results

In table 1 are recorded the weights of wet and dry defatted granulation
tissue n the treated and the control groups It s clear that there was no
difference between the groups

Table 2 shows the contents of hydroxyproline and collagen as well as
the hexosamine concentration m the various antmal groups The hydroxy-
proline content has been converted 1nto collagen content by multiplying

Table 1

The weights of wet and dry defatted granulation tissue 1n the different groups
S e m, standard error of the mean, n, number of ammals

Wet Werght Dry Weight

n mg sem mg sem

Control animals 14 460 25 ! 73 3
Desoxycortone treated 15 478 2% | 76 3
Control animals 16 416 17| 63 §

drenalectomy 14 , 436 25 ' 65
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Table 2

f hydroxyprofine and collagen and the
s ?ny SR tissues The values a1e expressed
asmg g aod mg per 100 g dry defatted tissue

{ n
Control ammals ‘ 1

4
Besorycartand treated IV‘I?_—J
Control apimajs 16 278
e |
)

Hydrory Cotlagen Hevatamuae
prolwemg | g sem | ° mg sem

10 1869 29
1317 054 9 1063 23

16 26 u«s} s’ 1023 [¥)

1927 ) 1438 05

1768

Adrenalectomy 2180 1626 084 3 1038 14

by 746 The collagen 15 expressed as grams collagen per 300 g dry defavied
tissue No changes n the parameters were found dunng the treatment
gven

Discussion

All reported histological examunations appeat to have shown that myec-
ton of desoxycortorne nfitences the pracess of wound healing Prraxt,
STREPTO & SUTHERLAND (1951) administered the compound to gumea pigs
and found that 1 Liparstomy wounds the hatmane stunutated prolifera-
ton of fibrobfasts and delayed maturation of the collagenous fibnls was
seen at the samie time Doning the entire process of healing they observed
an increased number of reticular fibrils and a reduced number of collage-
noys fibrils

TAUBENHAUS TAYLOR & MORTON (1952) submitted to Tustological
analysis i ussue produced by g wrpenting and showed
that desoxycofione d the wntubitory nfi of cort,
Under the combined treatment wath these tho substances, abundant
granulation ussue was formed but the tissue did not become normal, the
fibroblasts facking the regular onentation wth cells Syng parallel with the
abscess cavity

1n previous studies TayuBENg,
same analytical techmgue, fo
during the development of

AUS & AMROMIN (1949, 1950), using the
und that treatment witk desgxgeartone gnen
the turpenting abscesses had lntle effect on
granulation ussue, whereas

with the sub; resulted 1n
formaty
ﬁbn\: on of many mwtpolar fibroblasts, but with few collagengus

RoBERTSON & SANBORN (1958), on the other hand, by Quantitave
measn;remcn!s of collagen m carfageensn prosvoked granulomas 0 guinea
s, found that (he amount of collagen was ncreased after treatment




104 OLE JORGENSEN

with desoxycortone They state that the amount of granulation ssie
scemed to be more abundant after treatment with desoxycortone, though
they did not wegh the tissue formed However, VAN CAUWENBERGE &
Lecomtr (1957), after having mserted a cotton plug, observed no chanee
m its weight duning treatment of the animals with desoxycortone, com
pared with the conditions 1n controls

In agreement with the latter result, our experiments gave no change
weight, either of the wet of the dry defatted tissue (table 1), and the
collagen content was also found to remain unaltered after desoxycortone
treatment

Histological studies by TAUBENHAUS & AMroMIN (1950) on the effect
of adrenalectomy on granulation tissue 1n the walls of turpenting prosoked
abscesses revealed an inhibited fibroblast reaction, with small and scaret
fibroblasts and slhight collagen production The collagen lay arranged
partly 1n fibres and partly in masses

In contrast with these results, ROBERTSON & SANBORN (1958) found 2
sigmficant increase m collagen production by quantitative examnation
of carrageenin provoked granulomas 1n adrenalectormsed guinea PIgs
PERNOKAS, EDWARDS & DUNPHY (1957) nserted tvalon sponges subcu
taneously mto rats and measured the amount of tissue formed and also
determined the hydroxyproline content The values did not alter after
adrenalectomy The results of these investigations accord completely with
those of our work

Investigations mnto the hexosamne concentrations in granulation tissue
during treatment with desoxycortone and after adrenalectomy have not
been previously undertaken PRANI, STREPTO & SUTHERLAND (1951)
claim to have found an increased amount of imntercellular substance 1t
abdominal wounds under desoxycortone treatment, and they state that
it showed ncreased staming In our work neither adrenalectomy not
desoxycortone treatment caused alterations 1n hexosamine concentration
(table 2) However, this by no means precludes the occurrence of changes
m the ground substance, since hexosamine concentration 1s no relrable
indicator of changes mn the connective tissue ground substance during
wound healing (vide ScuMIDT 1960 and JACKSON, FLICKINGER & DuNPHY
1960)
The force required to disrupt laparotomy wounds m rats seems not to
have changed significantly after adrenalectomy (CHassIN et al 1954)

Considering the large doses of adrenocortical hormone required t0
inhibit the healing of wounds, cessation of the normal secretion by the
adrenal glands seems unlikely to result in appreciably ymproved healing
A companson of our results and those of PERNOKAS, EDWARDS & DUNPH;
wnth those of ROBERTSON & SANBoRN makes 1t surprising that they foun
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d collagen prod after 1 1t may, perhaps be
explaned by the fact that the Jatter workers had difficulty m’ keeping
the ammats alne without 8 tone Ad of this

sumulated the collagen production n therr experiments when given to
non adrenalectomised ammals

With stresses of different kands, such as artifically provoked fractures,
excsion of large preces of skin and mfiiction of burns, the tensile strength
of 5 day old laparoatomy wounds was impaired, while at the same time the
werght of the adrenal glands was sigmficantly mereased This fact argues
1n favour of the view that the ad ucal may be
a factor of importance 1n the bealing process (CHasSIN ef al 1953) Ttis
not certain, however, that the mereased waight of the adrenal glands 1s
the direct cause of the retarded healing The possibibity must be considered
that the injury causing the weight increase noted directly mfluenced the
general state of the amumals to such an extent that this alone interfered
with healing The hypothesis of an mhibitory effect of a former stress on
the process of healing 1s also 1n disagreement with the results of previous
mvestigations by TAFFEL, DoNOVAN & LAPINSKY (1951) These workers
showed that a previous soft tissue lesion did not interfere with the healing
of subsequent wounds 1n the rat stomach

The hustol 1 findings reported after adrenal and ad
ton of desoxycortone seem to be with the biochemical
d of an d or unct 4 content of hydroxyprohine

i granulation tissue duning these treatments We cannot deny, however
PR

ehoe SL. w

s ugeu, wiatluesting tnemselves by reduced fibnl formation, need
not be inconsistent with the results of biochemical determinauion of the
collagen content of granulation tissue, measured as bydroxyproline A
possible 1nhib of the 1t of collagen may result
m a reduced number of collagenous fibnls without the hydroxyproline
content being dimuntshed, as the immature forms of the collagen contam
hydroxyproline 1n the same amounts as the final protem As, however,
wound strength afar adrerak 5 1S A0 I g, b ’ﬁﬁnl For-’
maton 1s not expected mn this condition

To conclude we would say that, under the experimental conditions
described  nesther adrenalectomy nor mjection of desoxycortone seem:
to have wluenced granplation ssue formanon i senarat e —-A-f
particularly collagen production
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with desoxycortone They state that the amount of granulation tsue
seemed to be more abundant after treatment with desoxycortone thowch
they did not weigh the tissue formed However, VAN CAUWENBERGE &
LecomTE (1957) after having mserted a cotton plug observed no chanze
1n 1its werght duning treatment of the ammals with desoxycortone com
pared with the conditions n cantrols

In agreement with the latter result, our experments gave no chaneen
weight, either of the wet of the dry defatted tissue (table 1) and th*
collagen content was also found to remain unaltered after desovycortont
treatment

Histological studies by TAUBENHAUS & AMROMIN (1950) on the effct
of adrenalectomy on granulation tissue 1n the walls of turpentine provoked
abscesses revealed an mhibited fibroblast reaction, with small and scarce
fibroblasts and shght collagen production The collagen lay arranged
partly in fibres and partly in masses

In contrast with these results, ROBERTSON & SANBORN (1958) found a
significant increase i collagen production by quantitative examination
of carrageenin provoled granulomas m adrenalectomised gumea P
PERNOKAS, EDWARDS & DUNPHY (1957) inserted 1valon sponges subcu
tancously mto rats and measured the amount of tissue formed and also
determined the hydroxyprolme content The values did not alter after
adrenalectomy The results of these nvestigations accord completely with
those of our work

Investigations nto the hexosamine concentrations n granulation tssee
duning treatment with desoxycortone and after adrenalectomy have not
been previously undertaken PIRaNI, STREPTO & SutaERLAND (1951)
claim to have found an increased amount of intercellular substance It
abdominal wounds under desoxycortone treatment, and they state that
1t showed ncreased staining In our work neither adrenalectomy nor
desoxycortone treatment caused alterations in hexosamine concentration
(table 2) However, this by no means precludes the occurrence of changes
m the ground substance, since hexosamine concentratton s no rehable
indicator of changes 1n the connective tissue ground substance during
wound healing (3 rde SCHMIDT 1960 and JACKSON, FLICKINGER & DUNPHY
1960)
The force required to disrupt laparotomy wounds n rats seems not to
have changed significantly after adrenalectomy (CHAssIN ef al 1954)

Considerng the Jarge doses of adrenocortical hormone required to
nhibit the healing of wounds cessation of the normal secretion by the
adrenal glands seems unlikely to result in appreciably 1mproved healing
A compartson of our results and those of PERNOKAS, EDWARDS & DUNPHY
with those of ROBERTSON & SANBORN makes it surptising that they found
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increased collagen production after adrenalectomy It may, perhaps, be
explained by the fact that the latter workers had difficulty 1n keeping
the animals afive without desoxycortone Admintstration of this hormone
lated the coll prod n therr expeniments when gnen to

non adrenalectomised anymals
With stresses of different kinds, such as artficially provoked fractures,
excrston of large pieces of skin and infhiction of burns, the tensile strength
of 5 day old lap wounds was impaired, while at the same time the
weight of the adrenal glands was significantly mereased Thus fact argues
1 favour of the view that the adrenocortical secretion may sometimes be
a factor of importance in the healing process (CHass!N ef al 1953) It s
ot certan, however, that the increased weight of the adrenal glands 15
the direct cause of the retarded healing The possibility must be considered
that the mjury causing the weight increase noted directly influenced the
general state of the ammals to such an extent that thss alone interfered
with healing The hypothesis of an intubitory effect of 2 former stress on
the process of healing 1s also 1 disagreement with the tesults of previous
mvestigations by TAFFEL, DoNOVvAN & LAPRSKY (1951) These workers
showed that a previous soft uissue lesion did not interfere with the healing

of subsequent wounds in the rat stomach
The histological findings reported after adrenalectomy and admnsstra-
tion of desoxycorione seem to be with the Moch \|
d of an of unct d content of hydroxyproline
tn granulation tissue dunng these treatments We cannot deny, how ever,
that fibroblasts displaying an abnormal morphological prcture can never-
ﬂ;‘cl:ss take a normal patt i collagen production Histological changes in
:‘ Uct ;:le;gcen mamfesting themselves by reduced fibrl formation, need
onsistent with the results of biochemucal determmation of the
collagen content of ussue, d as hydroxyproline A
possible mhbr of the 1l of collagen may result
1 2 reduced number of colfagenous fibnls without the hydroxyprolme
content beng dimmished, as the tmmature forms of the collagen contain
hydroxyproline n the same amounts as the final protein As howeves
wound strength after adrenal 1 B0t 3, mtubsted fibrd fe n
mation 1s not expected m this condimon i o
. To Lm:\clude, we would say that, under the expenmental condions
aerther adrenal nor of desoxycarton:

to have influenced granulation usswe formation m general ;o
patticularly, coffagen production @ or, more
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Summary.

The effects of adrenalectomy and administration of desoxycortone ot
the formation of granulation tissuc have been studied No signs have beea
found to indicate that these procedures influence granulation trssue forme
tion, when assessed neither on the basis of the total amount of tisue
formed or by the contents of collagen and hexosamine
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From The Serum and Toxoid Department, Statens Serumunstitut,
Copenhagen

Toxin of the Weeverfish ( Trachinus Draco)
Experimental Studies on Animals*)
By
Emar Shere
(Recenved February 21 1962)

Ever since suspicion was aroused about the venomous nature of the
weeverfish (Trachinis draco), Teports have appeared at sntervals on the
effects of Ws powson on various ammals The eatler work falls 1nto two
mam groups experiments carnied out by admuustenng the venom to
amimals, and then describing the effect by simple observation, and ex-
pertments in which some form of apparatus has also been used to record
the effect of the toxin

The first mentioned group 1s by far the larger ScHvIDT (1874) used
frogs and rabbits and carrted out implantation of weeverfish glandular
tissue besides sunging the ammals with the spines of the fish However,
he used mainly fish that had been stored 1n spinit, and no effect could be
observed Since then 1n the man GressiN (1884), BoTTarp (1889),
Pinsauix (1899) and Briot (1902a) have carmed out studies with weever
toxn on smaller animals The results of these expenments differ greatly,
probably owing to the heterogenerty of the toxic matenal available Only
BRIOT seems 1o have worked wath faitly strong toxin He carmied out his
expenments on vanions ammals and gises paralysis of the respiratory
mauscles as the cause of death

The second group comprses only few studies EVans (1907) published
a study 1n which he recorded the blood pressute and respiration of a cat

after injecting a lethal dose of weever venom He found that the blood
pressure fell considerably immedintely after the o an oo
was
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1 Patt of the work was carved out at the Pharma
cological Department
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performed extensive expeniments on the haemolytic effect of weeverfish
toxin and were able to show that 1t produced i1 vitro haemolysis of the
blood corpuscles of various ammals De MARCO (1936) observed 2nm
crease tn potassium permeability 1n the central nervous system of Bifo
viridis after mjection of weeverfish venom and was of the optmen that
this poison enhanced the iertability of elements of the central nervous
system In 1937 he observed increased reflex irntability with cramp and
paralysts i frogs injected with weeverfish toxm In a studv dating from
1938 he found more rapid exhaustion of 1solated frog gastrochnemius as
the effect of weeverfish venom On the basis of guinea pig experiments
MaRreTic (1957) assumed that weeverfish toxin contamns hyaluromdast
The most recent mvestigations 1n this group have been carnied out by
RuUsstLL & EMERY (1960) They performed cardiovascular experiments on
cats and observed among other effects a rapsd fall 1n blood pressute
simultaneously with an increase 1n venous blood pressure after imjection
of a lethal dose They also found electrocardiographic and electroence
phalographic changes but no effect on the neuromuscular junction it
nerve diaphragm preparations from guinea pigs

All the studies reported hitherto suffer from the disadvantage that no
stable preparation of well defined toxicity has been available Jt has there
fore been 1mpossible to carry out the experiments m a quantitatively
satisfactory way, because of this the results have been rather haphazard
As mentioned previously (SKElE 1962a) we have been successful 1
finding a method for extracting and storing weeverfish toxin Several
experiments have been carried out with this toxin on vartous ammals and
some of these will be reported here

Experimental Methods

The same batch of weeverfish toxm (Fy A) from Trachinus draco was
used 1n all the experiments It contamed 640 lethal doses per ml*)

White nuce weigh ng 16 to 18 g were tnyected with various concentrations of the
toxin either subcutancously on the back 1ntrapentoneally or itravenously mto a tail
vein Guinea pigs also were mjected with various concentrations of the toxin mtra
venously into an ear vemn The effect of the toxin on the amimals was observed and
autapsy was performed on large b with sut m croscop ¢al
examination of the organs

Blood pressure and resprtationwere
fore duningandafter daffe
Far the latter the expertmental procedures and technique used wel

te m ce weigh ng 16-18 ere g ven the toxin intravenously in doses
*y Groups of white m ce weigh ng + gw } e e DRL 00 of

ma group Generally

d andel d weretakenbe

attons of the toxin 1nto rabbits and cals
re as described below
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Rabbits Anaesthenc Utethane 25% § mi (1 25 g)/kg intravenously The structures
. of the neck were exposed Tracheotomy was performed and a cannula inserted and
connected directly by wbing 10 a tambour for recording the sespirauon A recordet
" was also attached to vepyster every { 100 respiration excursion By means ofa supple-
" mentary tube with a Jaquet valve with low dead space, the cannula 1n the trachea
1 stayed alfixed to a Giid gas meter for the \ & secordes
registered a mark Sor every bire of air expired The carotid arfery was connected to A
mefcury manometer A cannula was inserted mto the left jugular ven for mgections
duning the experiment
Cat Anaesthetic 1% chloralose and 25% urethane 1n the ratio of 5 2 Dose
6 ml'kg (426 mg urethane and 42 6 mg chloralose/kg) One third of this was mjected
mrap eally and Two-third: ly Canoulas were mseried into the
femaral artery to measure the blood pressure and 1nto the femoral vern for iyjection
Otherwise the experiment was carried out 1 the same way as those with rabbits All
the anumals were previously gaven 500 unuts heparin {Leo) kg
An attempt was made 10 examine the effect of weever toxin on the pertpheraf
circulation by means of a preparanion of the hind quarters of a rar by the techmque
deseribed by Burn (1952), with some The was.
briefly as described delow The abdoramal cavity of an ether anaesthetized rat was
opened The rectum was divided off with ligatutes The superior and infenior mesen-
teric arteries were tied, after which the intestines were removed from below in an up-
wards durection A cannula was fixed 1n the abdommal a0na, and the body of the rat
was severed proumate to the cannulation The vascular system was petfused through
the canmula with a modified Ringer solution heated to 37°C under 300 mm water
pressure By means of a side tube the toxin was ntroduced 1nto the perfusson flurd
The flusd 1ssumg from the venous side was collected on the slantmg pad on which the
ammal was iying ‘The fwd was allowed to dnp past a photo cel), from whick the
tmpulses were transferred to an ordinate recorder
I with the above (BRIOT 1902b, Evans 1907,
able 10 demonstrate & haemolptic effect of weever toun on the blood
corpuscles of various ammals i viero In order to judge whether and to what extent
this effect 15 of n the d of weever
cIpeTImen was performed —
Various concentratione ~f sa- - a=n . .
about 2kg Blood sampt

n
1910} we were

, another

ngestions Control atan -

W0XUR Tha Kland  —at R ; "
examines B

asa peces

means o - .

Results
Direct Qbservanens on Mice and Guinea-pigs
de:?xger 1atravenous injection of several lethal doses nto white mice,
occurred mstantaneously There was Just time to obsenve a rapl(i

Spasm 1n the extremities and body di
ly during the injection, but aft
espiration and heart action ceased at once ' fter that the
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Fig 1 Ear nccrosts 1n white mouse 8 days after injection of toxin
the night ear 1s about to fall off

After ijection of 1 DML of the toxin strong motor disturbances could
be seen mmmediately The mice began to run round n circles and after 2
few seconds fell on their sides or backs 1n opisthotome postures Tome
and clonic spasms developed n the extremities Respiration became
gasping and slower Sometimes a frothy discharge could be seen from the
nose and mouth The amimals usually died in a few seconds to mmutes
The reactions observed in mice were also seen 1n guinea pigs

An immediate reaction sometimes also succeeded injection of sub Jethal
doses The mice became dyspnoerc and quiet but recovered quickly The
periphery of the thin, transparent ears of the mice rapidly became white,
and no blood vessels could be seen because of the vascular contraction
In ammals obscrved over longer periods, 1t was noted that already 24
hours after the myection the pertphery of the ears and the tip of the tail
had become darker 1in colour The colour became mtenstfied during the
subsequent 24 hours, and ischaemic necrosis of the ears and tip of the tal
developed In four to five days the greater part of the ears became ab
solutely desiccated, suff and black There was a clear zone of demarca
tion between the fresh and the necrotic tissue, and finally the ears fell off
(figs 1and 2) The same applied to the tip of the tail

Four to five days after the injection the hair of the mice mjected with
sub lethal doses began to fall out 1n a peculiar way, beginmng 1n the form
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Fig 2 Both ears have fallen off as the result of necrosis
Photagraph taken § days after injectton of toxn

of a cross on the back and spreading out to the sides Sometumes large
flakes of sk covered with hair fell off at a later stage (fig 3) These
1schaemme consequences have briefly been described previously (SKEIE
1962b)

The tolerance for weever toxmn differs from one animal species to
the other and 15 greatly dependent on the mode of admmistration Com-
parative expefiments with gumea pigs, rabbits and mice showed that after
mtravenous mjection 1 DML for gmnea pigs weighing 700 g was equal
to 4 DML for mice weighing 16 to 18 g and that 1 DML for rabbtts
weighing 2000 g was equal to 8 DML for mice Thus shows that, on a
weight basts, guinea pigs are about 10 times and rabbuts about 25 times
mofe sensitive to the toxn than mice

Four times more toxmn 1s needed to hill white mice by intrapentoneal
than by intravenous impection and sixteen times more by subcutaneous
wjestion

The symptoms also differed with the method of mjection After sub-
cutaneous and intraperitoneal imjection, except after extremely large
doses, no spasms were seen ke those generally obsenved after mtravenous
ijection The amimals became dyspnoerc, quiet and immobile They be-
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Fig 1 Ear necrosis in white mouse 8 days after injection of toxin
the night car 1s about to fall o

After injection of 1 DML of the toxin strong motor disturbances could
be seen tmmediately The mice began to run round m circles and after a
few seconds fell on therr sides or backs in opisthotanic postures Tome
and clonic spasms developed 1n the extremities Respiration became
gasping and slower Sometimes a frothy discharge could be seen from the
nose and mouth The ammals usually died 1n a few seconds to munutes
The reactions observed in mice were also secn in guinea pigs

An immediate reaction sometrmes also succeeded 1nyection of sub lethal
doses The mice became dyspnoeic and quiet but recovered quickly The
peniphery of the thin transparent ears of the mice rapidly became white
and no blood vessels could be seen because of the vascular contraction
In ammals observed over longer pertods 1t was noted that alrcady 24
hours after the injection the periphery of the ears and the tip of the tail
had become darker 1n colour The colour became intensified during the
subsequent 24 hours, and 1schaentic necrosis of the ears and tip of the tarf
developed In four to five days the greater part of the ears became ab
solutely desiccated, stuff and black There was a clear zone of demarct
tion between the fresh and the necrotic ussue and finally the ears felt off
(figs 1and 2) The same applied to the tip of the tal

Four to five days after the myection, the hair of the mice myected with
sub lethal doses began to fall out 1 a peculiar way, beginning in the form
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Fig 4 Record of respiration and blood p;e:s‘ure after
injection of weever toxin 1nto a Fabbt!
A B lon in litres & frequency 1 100 D Artenal blood

pressure E Injectionscale F Time scale 1n mtautes The small letters on curve D sndicate
at what stages parts of electrocardiograms are shown

1 11 and HI on ijection scale E indicaté injections of 2, 4 and 40 mouse DML respec
tvely

and 1 1th,

zh falling, rt d ‘hat mgher than normal
Doses of 2 and 4 DML were admimsstered 45 and 58 minutes after the

first mjectton Both had a raprd but transient effect on the blood pressure
Another 4 DML were given 66 minutes after the first injection (posnt 1T}
This caused a sharp fall 1n blood pressure for half a mmute and then a
shight fise and a subsequent fall to 30 mm Hg Respiration frequency was
mcreased, this time to 130/mun , and increased depth of respiration and
increased ventilation to 2900 mi/min were observed In the course of
about 60 mmutes the values were almost normal again At this stage
(pont I11) 2 hours 50 minutes after the first injection, 2 dose known to be
lethal for the rabbit (40 mouse DML) was given In the course of a few
seconds the blood pressure fell sharply There was apnoea for about a
minute Respiration then began agamn suddenly, became deep and gasping
and then ceased completely after 14 minutes At the same tume the blood
pressure fell to mi, and the heart action ceased mmmediately after the
tespiration stopped

Fig 5 shows part of an efectrocardiogram lead 11 taken during the
expenment The small letters refer to the corresponding letters on the
blood pressure cune At point b there was shight sinus arrhythmia and
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Fig 3 Necrosts of ears and tip of tail and loss of hair
Photograph taken 10 days after injection of toxin

came absolutely stuff 1n the “normal anatormc” position, gradually be
came gller and died tmperceptibly without premortal excitation

After subcutaneous and mtramuscular injections large areas of necrosis
appeared at the site of injection However these were not seen aftes
repeated injections, which could be nterpreted as indicating the develop
ment of immumty

Recorded Observations

Fig 4 shows the record of resprration and arterial blood pressure mn 2
rabbuit under the mnfluence of various concentrations of weever toxin
expressed as mouse DML/100 The imtial values were, for arterial pressure
90 mm Hg, resprration frequency about 100/min and ventilation about
2000 mi/min There was no effect on respiration or blood pressure aftet
wection of 1 DML of toxin Three minutes later 2 DML were admunste
red, again withont effect Seven munutes after the first imjection (pomt 1
on myection scale E) 2 DML were given After 30 seconds there was &
sharp fall 1n blood pressure from 90 to 60 mm Hg in the course of one
minute At the same tune the respiration frequency mcreased to 120/mn
and the ventilation to 2500/min The blood pressure became almost not
mal again after about 20 to 25 munutes, whereas the resprratron frequency
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Fig 5 Section of electrocardiogram lead 11
The small letters refer to the corresponding letters on curve D in fig 4
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at pomnt ¢ a shightly broader 1nitial complex with severe depresston of the
ST wave The same changes can be seen at pornt d Ventncular flutters
occurred just before death, corresponding to point e

Fig 6 shows a similar experiment carried out on a car Respiration was
affected 1n the same way as in the rabbit, with mcreased respiration
frequency and depth after administering the toxin, but the effect on the
arterial pressure was somewhat different At the beginning of the expert-
ment the arterial blood pressure was 120 mm Hg with a shghtly decreasimg
tendency At stage I oninjection scale E a dose of 2 DML was given This
resulted 1n a gradual increase 1n blood pressure of 20 mm Hg during two
minutes Then came a somewhat slow decrease back to the slightly
decreasing basic level At 22 minutes later (point 1f) 4 DML were ad-
mnisteted This resulted in a steep rise 1n the blood pressure in the course of
10 seconds and then a slow decrease to 60 mm Hg 1 e 20 mm below the pre-
1njgection level, where 1t remained A dose of 2 8 ml weever antitoxic rabbit
serum was given 70 mmutes after the first injection (point I1I) Immediately
after the mjection a rapid swing m the blood pressure occurred, with @
subsequent transient shight elevation lasting about 15 minutes Doses of
4,32 and 128 DML were administered 25, 39 and 45 mnutes, respectively,
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The smatl letters refer o the corresponding letters on curve D 1n fig 6
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Fig 5 Section of electrocardiogram lead 11
The small fetters refer to the carcesponding letters on curve D n fig 4

at point ¢ a shghtly broader mitial complex with severe depression of th
ST wave The same changes can be seen at pont d Ventricular flutter
occurred just before death, corresponding to point e

Fig 6 shows a similar experiment carried out on a car Respiration wa
affected in the same way as m the rabbit, with increased respiratio:
frequency and depth after admuustering the toxmn, but the effect on th
artenal pressure was somewhat different At the beginning of the expern
ment the artenal blood pressure was 120 mm Hg with a shightly decreasin
tendency At stage I on injection scale E a dose of 2 DML was given The
resulted 1n a gradual increase in blood pressure of 20 mm Hg during tw¢
minutes Then came a somewhat slow decrease back to the shghtly
decreasing basic level At 22 minutes later (point 1) 4 DML were ad:
mimstered This resulted in a steep rise 1n the blood pressure in the coursc of
10 seconds and then a slow decrease to 60 mm Hg,1 ¢ 20mm below the pre-
imection level, where 1t remained A dose of 2 8 ml weever antitoxic rabbit
serum was given 70 minutes after the first injection (point 1) Immediately
after the injection a rapid swing 1n the blood pressure occurred, with a
subsequent transient shght clevation lasting about 15 mnutes Doses of
4,32 and 128 DML were administered 25, 39 and 45 minutes, respectively,
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Fig 8 Ordinate curve from perfusion expersment on the
hind quarters of a rat
A Basic level of ordinate curve B Injection scale C Time scale 1n m nutes I Risng
time of ordinate recorder K Drum speed
a Shows the sudden drop in the curve after injection of 2 DML
b to ¢ Shows the more gradual slope Dunng this period the hind quarters of the rat
became tense and oedematous

after the serum injection (pomts 1V, V and VI) These had only a shght
effect on blood pressure and respiration About 400 DML were given 50
minutes after the serum myection (pomnt VII) A marked nse 1n blood
pressure occurred immediately and then a rapid fall to ml In the cat
apnoea of about one minute’s duration also occurred after the Iethal dose
had been given, with a few extremely decp respirations just before
death

Fig 7 shows part of the electrocardiogram taken during the experiment
As 1n the previous expenment, the small letters refer to the corresponding
letters on the blood pressure curve The first important changes occurred
after the weever antitoxic serum injection was given (pont IIT) when
considerable bradycardia was seen (c) Just before death (d) the ST wave
was depressed, the T wave was negative, and finally (e) therc was ventr!

utter

cuI;‘;ﬂs shows an ordinate curve drawn durning perfiision of the lund quarters
of a rat At constant perfusion pressure equilibrium 15 attaned The
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beginmng of the curve 15 3 straight fine up to pomta A few seconds after
weever toxin has been introduced into the system a vertical fail of
the curve occurs from pomnt a to pomt b During the next five minutes
there 13 2 more gradual decrease up to point ¢ During this period the hand
part of the body of the rat becomes greatly swollen and 15 tense and
oedematous  An equibrium is then established, and the cune agamn
takes a honzontal course

The haemoly sis expeniments showed that 1n the blood samples taken
up to 1o minuies afier the injection of { DML (8 mouse DML} to a
rabbit werghung 2000 g there was about 20% haemolysis Alfter imjection
of a sub lethal dose (4 mouse DMLY) there was about 39, haemolysis The
same results wese found 1m blood samples taken 2 hours later In the
control ammals no haemolysis occurred

We have carned out autopsies on many arumals — miuce, guinea pigs and
rabbits The pathological change most frequently found was pronouaced
stasts, pnmanily in the lungs and hiver Frequently a frothy discharge was
seen in the Tespiratory system In one rabbit the secretion was bloody,
with severe haemorrhagie discoloration sub-pleurally The heart was
always full of blood on the nght side The left ventncle contamed no
blaod Sometimes the heart was dilated Microscopy of the organs showed
no pathological changes, except for the stasis However, this could hardly
be expected, 1n view of the short period of illness, but the mice with severe

1schaemic ear changes also were found to be without pathological pro
cesses in the other organg

Distussion
Ammal potsons are { pl several
that often have different effects It would be natural to assume that the
same applies Yo weeverfish toun
The most abvious and characteristic macroscopic effects of weeverfish
toun are the necrosis of the ears and tip of the tail and the pecubar loss

of hair . mice These processes are undoubtedh
vascular ¢ with Y ey Sttong

q! h and mal
wssues lnutnition of the

(hThls ;zascular effect has been clearly demonstrated expenmentally i

¢ e:lpcr l!l‘smn expenment with the rat hund leg preparation The slanting

°Cd\m\l 10 ¢ on the curve m Fig 8, where the preparation becomes
:r:;\ 0us 15 presumably caused by the lugh content of hyaluromdase*)
*) The kyaluron dase concenr

o afion \n the batch of weever 1o;

;Mv;t:x;r‘x:‘r’:;nuuu turbid metnically and viscosimetncall L N g the

y found 4
e e was made by the counesy of Messes Lundboek & &b:,?: ::?s:: ,'_',";
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Fig 8 Ordimate curve from perfusion experiment on the
hind quarters of a rat
A Basic level of ordinate curve, B Injection scale, C Time scale in munutes I Rising
ume of ordinate recorder K Drum speed
a Shows the sudden drop in the curse after injection of 2 DML,
b to ¢ Shows the more gradual slope During this period the hind quarters of the rat
became tense and oedematous

after the serum myectson (points 1V, V and VI) These had only a shght
effect on blood pressure and respiration About 400 DML were given 30
minutes after the serum jection (pomnt VII) A marked nse mn blood
pressure occurred immediately and then a rapud fall to ml In the cat
apnoea of about one minute’s duration also occurred after the lethal dose
had been given, with a few extremely deep respirations just before
death
Fig 7 shows part of the electrocardiogram taken during the experiment
As m the previous experiment, the small Jetters refer to the corresponding
letters on the blood pressure curve The first important changes occurred
after the weever anutoxic serum njection was given (pont 1H), when
considerable bradycardia was seen (¢) Just before death (d) the ST wave
was depressed, the T wave was negative, and finally (¢) there was ventri-
cular flutter.

Fig 8shows an ordinate curve drawn dunng perfusion of the lund quarters
of a rat At constant perfusion pressure equilibrium 1s attained The
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As would be expected, the toxiaty was greatest after ntravenous
admimistration  presumably because of the rapidly resulting vascular
contracuon In white mice 1 DML intravenously 15 equivalent to 4 DML
intrapentoneally and 16 DML subcutaneously With the two last routes
of injecnion, the sharpness of the effect 1s Jessened because of the spreading
phenomenon and the more gradual absorption

Itwill be seen from the experiment on the cat mentioned previously that,
wheteas early m the expenment admmistration of only 2 DML had a
marked effect on the blood pressure and respiration, such reaction was
almost absent, even after myection of a total of about 150 DML, i 2
speaific antserum had been given beforchand Thus the most important
effect of weeverfish venom can be neutralized by specific antibodies

Summary

A brief survey 15 made of the expenmental studies wath weeverfish
toxn previously carned out on ammals Several of the author’s expen-
ments on varrous species of antmals are desenbed and particufar re-
ference 1s made to the vascular contracting effect of the toxin as being of
fund 1 sigmifi This effect 15 d exper lly by
perfusion expermments with a rat und leg preparation The influence of
weever venom on blood pressure and respiration has been measured
on rabtuts and cats In vio expeniments on rabbits have shown a pro-
nounced rapid haemolytic effect of weever toxin The primary cause
of death 1s considered to be heast fature
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In our opimon the component responsible for the vascular contraction
15 of fundamental importance 1n the cffect of weeverfish toxin and may
help to explamn the ongin of the most smportant mamfestations of the
ntoxication, t e the severe necrosts at the site of njection and the local
necrosts that also occurs frequently in human subjects after a weeverfish
sting (SKEIE 1962b) However, thus effect 1s even more general It would
seem natural to assume that the opisthotomc position with tomgc and
clome spasms, quite characteristic for the animals that die after the
admimistration of weever toxin, could be caused by bram ischaemia
due to vascular contraction Further, the 1schaemic myocardial changes
seen on the clectrocardiogram after mjcction of weever toxin 1nto cats
and rabbits may also have a stmilar origin

Comparison of these findings with the clinical observations makes &
likely that the mtense local pam and stenocardia m humans after @
weeverfish sting are caused by severe vascular spasms with ischaemi2

There 1s much evidence to indicate that heart failure 1s the pnmary
cause of death in weeverfish mtoxication The electrocardiograms faken
during the various experiments show pronounced ischaemic changes in
the myocardsum, ending 1n ventricular flutters of such seventy that bfe
ends The finding on autopsy of severe stasis, particularly 1 lungs and
liver, together with the observation that ammals 1ntoxicated by weever
venom often dic of lung oedema, adds support to this theory The fall
in blood pressure occurring after mnjection of weever venom 15 pro
bably also duc to heart falurc The hyaluromdase effect with a reduced
crrculating blood volume may also be a contributory factor

In addition there could be yet other causes of death, 1 e the effect on
the respiration BrioT (1902a) gives respuratory paralysts as the cause of
death after weever venom 1njection and supports his theory by the
observation that the heart of the ammals frequently continues to beat
even after respiration has ceased We have seen the same phenomenon
and have proved by measurement that both the depth and frequency of
resprration were markedly affected after injection of weever toxin,
with larger doses there s even transient apnoet as well It has been sug
gested that accumulation of CO; due to tissue 1schaemua may be respon
sible for this but that the extent of haemolysis with loss of O transport
may also be a contributory factor However, a more dircct neural effect
on the respiratory organs cannot be excluded The contractions of the
heart that may generally be seen termunally 1n both human subjects and
ammals after respiration ceases cannot be taken as an mdication of
respiratory death, since such contractions can also be observed death
from heart fallure These contractions are, however, irregular with highly

nsufficient cardiac output
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Biphasic Response of Gumea-png s Taenia coli Induced
by 1,1-Dimethyl-4-phenylpiperazinium Yodide (DMPP)
By

Jan Weis
{Received March 12 1962)

The gminea mg's Taema colt 1s g Ily supposed to be a free
smooth muscle However, if the muscle 1s 1sofated 1n such a way that the
underlymg connective Ussue 1s meluded, a preparation contaimng, gangha
15 obtamed The term “taenia colt” refers below to this preparation

With the mtal purpose of studying the 1l of this prep
fot screemng drugs 1 vilro, several expenments were carned out n which
the taema coli, with connective hissue, suspended 1n an aerated Tyrodes
bath was subjected to the mfiuence of different drugs active on the
aulonbmic nervous system 1t was found that the preparation is unsurtable
for screeming purpases on account of 1ts unstable tonus and the frequent
appearance of spontaneous rhythmic activity

The preparation would be expected to coniract after apphcation of
OMPP (1 1 dimethyl-4 phenylp

1odide), ly constder
ed a2 hat speafic gangl ) However, 1t was observed
that the taema coli ly shows 2 b; to this agent
Thus paper descnibes the pt and its modsfi

by other drugs

Methods
“Sruata prgs ot exner sex and wesghing 400~500 g.wercused The tmse o v
underlying connective tissue was disse
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Fig 1 Two different types of response to DMPP
a relaxation with b with relaxation
D DMPP 5 X 1076, Washung st 8

Fig 2 The effect of hexamethontum (C 6) oo
the response to DMPP 3 The DMPP response before C6 b The DMPP-
response m preseuce of € 6 § X 108

Fig 3 Reversal of the DMPP response by atropine 2 DMPP alone
b DMPP in presence of atropme 5 X 10-% Washing at @

Fig 4 Unmasking by atropine of a relaxation
as response to DMPP 2 DMPP alone b DMPP 1n presence of atroptne
2 X 107 Waghingat ®

Fig 5 The effect of

2 DMPP yohimbine on the DMPP

fore yohumbine b DMPP in presence ofyoh:mbmer:si;?x::—s DA
Yohmbine 18 washea oe Womg e ¢ DMPPafer



JAN WEIS

thyl4 phenylpiperazinium 10dide (DMPP) hexamethonwum bromude {(Vegolysen @
M & B), reserpine (Serpasil ®, Ciba), p Iph drenal
tyramine monochloride, yohimbine chioride All doses and concentrations given below
refer to the salts

Pretreatment with reserpine was carried out with different doses, and the duraton
of the treatment was changed from one experiment to another When no other figures
arc grven the dose was 5§ mg/kg 17 hrs before the amimals were killed

Results

Figure 1 shows the effect of DMPP on the taema colt preparation 1
figure 1 a there 15 relaxation followed by a contraction; in figure I b the
result of another experrment shows a contraction preceding a relaxaton
One of the phases may dominate more or less over the other preparattons
showing a pure relaxation or a pure contraction as well as ‘2 balanced
non response” (in which treatment with other drugs would elictt one
effect or the other) have also been seen

The pattern of response of one particular strip of gut remains essentially
unchanged rrespective of the dose of DMPP, 1n contrast to the results
of GILLESPIE & MACKENNA (1960) with the rabbit colon The only effect
of varying the DMPP dose was an wncrease or decrease in the magmitude
of the contraction or the relaxatton or both The concentration of DMFP
was, therefore, standardized at 5 x 10 6, and thus concentration was used
1 all expeniments referred to later in this paper

The motor as well as the wtubitor component of the response Was
reduced or abolished by hexamethomum at a concentration of 02-
10 % 10 6 (fig 2)

The contraction was dimumshed, abohished or reversed by atropin¢ at
concentrattons of 5-20 x 10 8 (fig 3), the relaxation bemng unchanged
or mcreased Sometimes with an apparent lack of response to DMPP,
a pure relaxant cffect was unmasked by atropme 2 x 10 7 {fig 4)

The relaxation was decreased by yohimbine 1 x 10 5 (but never com
pletely abolished (fig 5)) and pretreatment of the ammals with reserpint
at vartous doses before removal of the gut also clearly altered the response
to DMPP 1n the direction of 2 pure contraction However, the relaxation
seldom disappeared completely

The Action of Tyranune and Noradrenalne

The results so far obtamed had led us to believe that the 1solated tacma
coli contains an adrenergic mechansm that can be stimulated via nervous
pathways This mechanism was then 1nvestigated with special referen}fe
to the uptake and release of catecholamines Addition of tyramme to U ;
bath (5 % 10-9) was usually without effect However, occastonally 2 sma
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Fig 1 Two different types of response to DMPP
a relaxation with b th

Wit relaxation
D DMPP S x 10-6, Washing at @

Fig 2 The effect of hexamethonmm (C €) on
the response to DMPP 2 The DMPP response before C6 b The DMPP-
response 1n presence of C 65 X 1076

Fig 3 Reversal of the DMPP response by atropine 2 DMPP alone
b DAPP 1a presence of atropine 5 X 10 Washing at &

Fig 4 Unmasking by atropine of a relaxation
astesponse 0 DMPP 2 DMPP alone b DMPP in presence of atropine
2 X107 Washingat ®

Fig.
2 B\l?l’befnreyohlmbme b D\MPPyn

bine 1 X 10~
yohimbine 15 washed out Wathing a g 0 - © DMPPalter

3 The cffect of yohimbine on the DMPP response
presence of yohurm!
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Fig 6 The effect of tyramine (T) S X 10 ¢ a before noradrenaline b 1n
presence of noradrenaline (N) 1 x 10 7 Washing at @

slow decrease in tonus was observed It therefore seems unlikely that 2
release of noradrenaline or of other catecholamines 15 caused by additron
of tyramine Tyramine and other “neuro-sympathomimetics” are gene
rally supposcd to releasc catecholamines from storage in different organs
This effect disappears after treatment wath reserpire, but can be restored
by an infuston of noradrenaline (BUrRN & Ranp 1958) Noradrenaline
(1 X 10 7) caused the 1solated taema coli to relax, but after a short time
the tonus was slowly re-established If tyramine was then grven a cleat
secondary relaxation was seen (fig 6), but if the preparation was washed
between the addition of noradrenaline and the additton of tyramine, no
cffect of the latter substance was scen In a stmilar manner a previous
addition of noradrenaline to the bath to some extent augmented a small
nhibitory response to DMPP (as also by this procedure a small relaxation
can be chetted besides a pure contraction) Here agamn washing after
adding noradrenaline will eliminate its influence on the DMPP response

In experiments t which the antmal was pretreated with reserpine #¢
also attempted to restore the mlbitory response to DMPP by incubating
the preparation with noradrenaline (I X 10 6 for 20 min)} No change
was observed when washing preceded the addition of DMPP

However, 1n 1 single expermment with uptake of noradrenaline apparently positive
results were obtamed The amimal was pretreated with reserpine for 4 days before the
experiment (0 5-0 5-2-2 mg/kg) The preparation was incubated for 25 nunutes
(1 x 10 6 noradrenaline for 15 min, 15 X 10 6 for the last 10 mn) Just before
adding the noradrenaline, 4 ml of heparinized blood from an untreated antmal were
added After the 25 minutes’ incubation the preparation was washed and rested for
15 minutes The response to DMPP was now clearly changed, so that two of the pieces
of t1cma colt with small biph now produced large relaxations 1n one
piece with simple but small relaxations these became clearly enlarged and n the last
¢, which had previously produced simplc contractions, the response to DMPP was

ation Treatment with heparinized blood alone did not secm
owed further

prec
reversed into simple relax:
1n any way to change the responses This observation has not been foll
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After adding tyramine 1 hagh doses (concentraten 2-5xX 103, a
contraction of the muscle was often seen When DMPP was given while
fyramine was present 1n the bath the snhibitery phase of the DMPP
sesponse was seduced, abolished or even reversed The motor response to
tyramme was also present after treatment with atropine and appeared to
be more powerful n experiments with reserpine treated ammals This
effect of tyramine, therefore, must be due to action on the muscle celt
stself Contraction of the intestinal smooth muscle m response to tyramine
15 Seen 10 eapenments with the solated gwnea-pig jejunum (Szers 1961),
and FURCHGOTT (1960) suggests that tyramine has some direct action on
{he smooth muscle cells i 1solated artenal strips when given 1n high doses

Thscussion

The contraction of intestinal smooth muscle by DMPP 15 generally
considered to be duc to a 1 of the \ }
gangha of the gut

The relaxing effect of DMPP on the tagma coh preparation, discussed
n this paper, coutd be due to

1 action on the smooth muscle ttself,

2 auto mhubition,
presence of intramural neprones aciing by hberaung noradrenahne
when sumulated with DMPP 1n the synapses,
postganghiontc action of DMPF on adrenergic neurones, nerve end-
mgs or chomatfin cells

The first possibulity can probably be disregarded, since both the relaxa
‘ion and contraction of the tsolated taenia coli in response to DMPP can
be abolished by hexamethomum This suggests a nervous pathway for
both phases WINBURY (1959) suggests a direct effect of DMPP o the

vascufar smooth vauscle of the dog's hund Limb, but this relaxation 15
hexamethonum resistant

parasymp

3

FS

Auto mhibition 15 described by BuLsvA (1961) m some expenments
with valerylchol s sub: 15 d to l

PP the para-
sympathetic gangha 1n the same way as acetylchohne and also to exert a
P agamst acetylcholine Lib d from the nerve
endings As the inhubitory action of DMPP on taema coly decreases or
disappears after hexamethomum, this action 1s likely 10 have a nervous
pathway In the presence of Tasg
complete penipheral blockade of
stmulation of the gangha, t is
DMPP The use of antt adrenerg
of the response 1o DMPP to decr

e doses of atropme supposed to exert
the action of acetylcholme Iberated by
stilt possible to ehart a relaxaton with
ic substances causes the mhibitory phase
ease These three experrmental facts seem
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Fig 6 The effect of tyramine (T) 5 x 10 6 a before noradrenaline b 1n
presence of noradrenaline (N) { x 10 7 Washing at @

slow decrease 1n tonus was observed It therefore seems unlthely thata
release of noradrenaline or of other catecholamines 1s caused by addition
of tyramine Tyramimne and other “‘neuro-sympathomimetics™ are gene
rally supposed to release catecholamines from storage 1n different organs
This effect disappears after treatment with reserpire, but can be restored
by an infusion of noradrenaline (BURN & RAND 1958) Noradrenaline
(1 X 10 7) caused the 1solated taema coli to relax, but after a short ume
the tonus was slowly re established If tyramine was then given a clear
secondary relaxation was scen (fig 6), but if the preparation was washed
between the additton of noradrenaline and the addition of tyramine, N0
effect of the latter substance was seen In a similar manner a previous
addition of noradrenaline to the bath to some extent augmented a small
inhibitory response to DMPP (as also by thus procedure a small relaxation
can be elicited besides a pure contraction } Here again washing after
adding noradrenahine will elimnate its influence on the DMPP response

In experiments i which the ammal was pretreated with reserpine We
also attempted to restore the mhibitory response to DMPP by incubating
the preparation with noradrenaline (1 < 10 6 for 20 min) No change
was observed when washing preceded the addition of DMPP

However, 1n a single experiment with uptake of noradrenaline apparently positire
results were obtatned The animal was pretreated with reserpine for 4 days before the
expeniment (0 5-0 5-2-2 mg/kg) The preparation was incubated for 25 munutes
(1 x 10 6 noradrenahne for 15 run, 15 x 10 6 for the last 10 min) Just before
adding the noradrenaline, 4 m! of heparinized blood from an untreated ammal wete
added After the 25 minutes® incubation the preparation was washed and rested for
15 minutes The response to DMPP was now clearly changed so that two of the pieces
of tienia colt with small biph now produced large n one
piece with simple but small relaxations these became clearly enlarged and in the Jast
ptece, which had previously produced ssmple contracttons the response to DMPP was
reversed 1nto stmple relaxation Treatment with heparinized blood alone did not seem
10 any way to change the responses This observation has not been followed further
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10ATP However, STIARNE (1961) has shown that the catecholamine
content of venous blood from the cat’s adrenals was unaltered or even
reduced after admimstering tyramine In the venous blood from the spleen
the ho: was d and he argued that
granules from different organs are different in accessibility or sensitivity
to tyramine The result of the one above mentioned experment with blood
1ni the bath fimd mught be explamed by assuming that the blood contaimns
a factor (possibly an enzyme system) necessary for the transport of nor-
adrenaline though the cell membrane to the stonng granules or that 1t
contams a “storage factor” One or both of these factors could be present
In some organs, e g 1 the atna of the rabbit (BurN & Bur 1961), and
not 1 others MuscHoLL (1960), however, failed to show any uptake of
noradrenalime by the heart of reserpinized rats after noradrenaline mfu

sion, he therefore concluded that the reappearance of tyramne action
found by BURN & RAND (1958) after infusion of noradrenaline to reser-
pimized animals must be explained by that can act only
when noradrenahine 18 present, a theory confirmed by the findings on the
taeua colt In reserpine pretreated arumals reserpine will be present in the
system, and this may prevent the uptake of noradrenahine, t € ntra-
cellufar accumulation by binding to ATP In expeniments wath 1solated
organs the reserpme will disappear sooner or later, and the possibilittes
for uptake of noradrenaline thus return

Summary

Exp 1 enid: for a spectal n the 150-
lated taenia col of the guinea pig 15 presented This mechansm makes
possible that one stmulating substance should at the same fime elicat
an adrenergic relaxation and a cholinergic contraction

The adrenergic mechanism 1s not darectly accessible to tyramine (no
Iiberation of noradrenaline), and no uptake of noradrenaline to the ongp-
nal sites can be shown under normal expenimental condimions Tt seems
that the conditions can be altered so that an uptake 1s possible (blood 1n
the bath fluid) Under normal expenmental conditions, however,

noradr by
s ;:ahne can be loosely bound by the preparation and hberated by
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to show that the complex effect of DMPP on the preparation mentioned
here cannot be due to auto inhibitton

It 1s constdered that the relaxing effect of DMPP 1s due to interference
with adrenergic structures as suggested m 3 and 4 above It 1s not possible
to decide between these two possibilities on the basis of the results ob
tamned during the work discussed here However, 1t should be pointed out
that an explanation for a mechanism of type 3 has been given by AM
BACHE (1951) for the action of nicotine on the gut segment from mice and
rabbits pretreated with botulinum toxin and by AMBACHE & EDWARDS
(1951) for the action of micotine on the atropimized 1solated gut and
stomach stap of the kitten This relaxation was abolished by hexametho
num and by large doses of nicotine, and 1t was therefore concluded that
both the motor and inhibitor response were elicited via the gangha

The mode of action suggested under 4 above 1s more tn hine with the
results of GILLESPIE & MACKENNA (1960, 1961), who have shown an over
lapping of the parasympathetic and sympathetic system n the ssolated
rabbt colon

The observed effect of tyramine 1n the presence of noradrenaline could
indicate a binding of the noradrenaline to receptors other than those
through which the effect on the muscle cell 1s elicited This binding does
not seem to be strong betng abolished by washing the preparation As the
relaxing part of the DMPP response 1n some experiments seems to increase
when noradrenahine 1s present in the bath, 1t might be supposed that these
storage receptors, or at least some of them, have an intimate connection
with the nerve endings Thus 15 1n agreement with the theories of STJARNE
(1961), who suggests that the storing receptors are probably situated ont
the surface of the nerve fibre itsclf MuscHoLL (1961) postulates that only
noradrenaline bound to the effector receptors 1s metabolized, the stored
noradrenaline bemng protected agamst metabolism Another possible
explanation 1s that the noradrenaline present spatially occuptes the struc
tures involved m the elimination mechanism (storing receptors enzyme
systems, etc ), so that a given dose of liberated noradrenaline can act for
a longer ttme at higher concentration resulting 1 increased relaxation on
addition of DMPP On the basts of thete concluston from experiments
with 1solated atria of the rabbit incubated with 14C noradrenaline, BURN
& BURN (1961) suggest that a part of this 1s taken up 1n intracellular stores
from which 1t can be directly Iiberated by tyramme As tyrammne alone
1n small doses had no effect on the 1solated tacma col (or only an mn

ant effect) 1t can hardly be able to mvade the nerve endings and
A lberation of catechola

R W nen

sigmific
1 herate catecholamines from granules there
\
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1oATP However, STARNE {1961) has shown that the catechalamuine
content of venous blood from the cat’s adrenals was unaltered or even
reduced after admimstenng tyramine In the venous blood {rom the spleen.

hol: ation was d and he argued that

Tl

the

granules from different organs are differentn y of

to tyramne The result of the one above-mentioned experiment with blood
1n the bath flmd might be explained by assumung that the blood contams
a factor (possibly an enzyme system) necessary for the transport of nor-
adrenalme though the cell membrane to the stonng granules or that it
contatns a “storage factor” One or both of these factors could be present
1 some oTgans, ¢ g 10 the atna of the rabbit (Burn & Burx 1961), and
not 1n others MuscHoLL (1960), however, failed to show any uptake of
noradrenaline by the heart of reserpinized rats after noradrenabine infu-
sion, he therefi luded that the reapp of tyramine action
found by Burn & RAND (1958) after infusion of noradrenalne to seser~
prnized ammals must be explamed by assuming that tyramine can act only
when noradrenaline 15 present, a theory confirmed by the findings on the
taena cofli In reserpine pretreated animals reserpine will be present in the
system, and thus may prevent the uptake of noradrenaling, 1 ¢ wntra~
ceffular accumulation by binding to ATP Jn expeniments with 1solated
organs the reserpine will disappear sooner or later, and the possibilities
for uptake of noradrenaline thus return

Summary

for a special h 1n the 150
lated taema coli of the guinea pig 1s presented This mechamsm makes
possible that one stmulaung substance should at the same tme elicrt
an adrenergic rel and a chol

The adtenergic mechamsm 1s not directly accessible to tyramme (no
Iiberation of noradrenaline), and no uptake of noradrenaline to the ong
nal sites can be shown under normal expenimental conditions It seems
that the conditions can be altered so that an uptake 1s possible (blood m
the bath fnd) Under normal experimental conditsons, however, some

noradrenaline ¢an be |
syromine be loosely bound by the preparation and hiberated by

E 1 v,
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Toxicological and Phar logical Criteria of Repeated
Doses of 2 Hepatotoxic Agent
By

C, S Wel and M E Goldberg
(Recewved March 12 1962)

The role of pharmacologcal intervention as a tool for studying poten-
al agents of Tiver mjury has gamed wide acclaim 1 recent years (PLaA
et al 1958 CALVERT & BroDY 1960 and Fusmuo1o & PLaa 1961) Many
of these studies have used ammals acutely treated with a hepatotoxic
agent that manifested only early signs of tustopathological derangement
This investigation has been undertaken to assess the importance of such
mtervention 1n a subacute feeding study of such an agent

BENNETT, DRINKER & WARREN (1938) noted that chloninated naphtha-
fene and diphenyl compounds could produce marked liver damage mn the
rat without any demonstrable microscopic changes i other organs Al
portions of the liver lobule were nvolved, despite the fact that mitial
morphological changes were more pri d 10 the p
cells nearest the hepatic veins The suctessive degenerative changes were
cloudy swelling, fatty mfiitration, fatty degeneration and, finally, complete
disintegration of the cell They noted that widespread degenerative changes
of afl hiver cells could exist for several months without producing any
evidence of 1ff health in the animals

Unpublished results from our laboratory (Says & WEIL 1947) have
shown that hexachloronaphthalene, 61% chlonine, hereafter referred to as
HEXE 15 a potent hepatotoxic agent of the type discussed above The
ncluston of 002% of this chemical m the diet for 90 days produced
microscopic evidence of fatty degeneration mn the liver., assaciased, wsh.
mean Inver weight (as percentages of body weight) 1n male and female
ats of 171 and 187%, respectively, of the means of their controls A
concentration of 0002% m the diet of thus material did not produce
significant liver weight or micropathological alteration

These 1o concentrations, 002 and 0002

00063%, were selected for nclusios
pare the

% and an mtermediate one
m 10 a 12 week feeding study to com-
v Y

of o as 2 means of
sacolofics, Yol 19 fase 2.

)



130 C S WEILAND M E GOLDBERG

evaluating her toxicity The response of treated ammals to a depressant
of the central nervous system and to a simulant have been compared by
use of several usual toxicological parameters of injury diet consumption
body werght gam, lver werght and kidney weight It was considered
redundnnt to repeat the micropathological examimation of the Iners of
the rats, as this has been so amply described by BENNETT ef af (1938) It
has, further, becn reported (SMYTH ef al 1952, ROWE et af 1959) that
the weight of the liver 1s often sigmficantly mereased at dosage levels
below those causing micropathological changes

Prolongation of the barbiturate anaesthesia by a pharmacologeat
active agent may be caused by several factors Usually it 1s the result of
potentiation of the barbiturate depressant effects by a central nenous
action or to an mhubstion of the metabokhism of the barbiturate by a direct
imterference n the liver with lver enzyme systems To determme the
central depressant effect of HEXE, the responsiveness to pentetrazol =
pentamethylenetetrazole was imestigated LU er af (1961) have shown
that rats recetving small concentrations of sodium fiuoride in the diet
are more sensitive to the effects on the central nervous system of stmu
lants and depressants Qur mvestigations has included NaF, therefore
as a positive control

Methods
The rats used 1n this study were females from a colony ongimally stocked and
currently mamtained with the Carworth Farms Ehas (CF-E) stram Five dosage
groups and one sub-group (B) were used

Code in Tabte 1 Materlal JnDet

A Hexachloronaphthalene (HEXE)} 002

B HEXE 002 for first
4 wecks controt
diest next 4

C HEXE 00063

D HEXE 0002

E Sodium fluonide (NaF) 0015

F Control diet

(ground PURINA rat chow)

Group A was randomly dwvided at the end of four weeks dosing  half remamed on
0022 HEXE for the next four weeks and the other half was placed on control dect
for the same period (Group B) All of the other groups receved their drets for a
imum of 12 weeks dosing

mgach group consssted of 104 rats 40 of each were approuumately 39 d::ys of age
when dosing began (termed  older sats h ) and 64 were appro 32 days
of age at this ume { younger rats) This was made necessary because of the large
number of rats required The results for each criterion of effect were compared sep2

h age group and combined except for body weight gatn as the variances

for eacl
:\a::yolhenwse homogeneous The rats were assigned to thewr groups on the first day of
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osing completely at random They were weighed after four days on their dicts and at
eekly intervals thereafter On the day before the end of 1, 4 and 8 wecks of dosing
6 rats from cach group were randomly sefected for use as described below
2) Enther 6 or 8 per group recewved one intraperitoncal myection of 72 mgfkg of
hexobarbnalt (24 mgfml in 09% sahne) Sleeping time for cach rat was defined
as the time between loss of righting reflex and its return The end pomt was the
abifity of the animals to nght themselves when placed on their backs on a flat
surface Rats that did not sleep were excluded from statistical comparisons
b) Three sub-groups 4 to 7 rats each per dosage level received one intraperitoneal
mection of pentylenctetrazol (1333 mg/ml of 093/ saline) forty mg/kg
saline was gven intraperitoneaily to one sub-group of each dosage level group
An 2llor-none response for a teaction was obtained for each rat To prevent
stmulation from aggregation effects (Gun~ & GuURD, 1940), each rat 1n the
pentylenetetrazol study was housed ndvidually after injectson A posive end
pomt was the presence of at feast one well-defined convulsion n the amimal
‘Tremors were not constdered as a positive response Depending upon the number
of ammals responding to a 40 mg/kg dose, the next two groups were given the
stumulant 1n doses greater or less than the onginal one by a loganthmic factor
This procedure was done (o ensure a graded response that should encarpass the
507% response fevel The median response (CDsp) was calculated by the method
of moving averages (WEIL, 1952) when the number of rats per sub-group was
constant Otherwise the method of Lichtfield and Wilcoxon (§949) was used
‘The mormng after the iyections these randomiy selected rats were weighed They
were then kifled and bled by sectioning the cord and neck vessels without cutting the
trachea and suspended by their tails untl heart action had ceased The lver and
kidneys of each rat were removed and weighed to the nearest 0 03 gram These organ
weights were converted 10 percentages of body wesght for each rat
Bartlett s method (1937) was used to compare vaniances for each cniterion of effect,
with the exception of the pentetrazol sumulation descnibed above If varances
were h F ratios were cal 4 for each P COmpar-
son and the proper t test was applied 1f they were homogeneous, analysis of varance
\:‘as“used When this indicated significant intesgroup differences these sers Ast nansad

u o8 weEk peroas

Results

Ne
Su

L seuvuiecc 0L uennte trend of ditlerences 1n exe;
wation
has seen alter mtrapertoneal injection of pentetrazal Tha rr

! Kindly suppt
Rﬂmdmy“l r:le:?kby Dr G D Vessnara Sterling Winthrop Research Institute,

.
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The gatn 1n body weght of the younger and older rats ts shown 1n
figure 2 In this and other graphs the mean response of each group 1s
mdicated, as 1s the statistical significance of the difference from the con-
trols. Intergroup differences 1 body weight and the other measurements
are presented i table 1.

The NaF-fed rats gatned at least as muchk weight as did thewr controls
over all the periods measured At erght weeks, the older NaF rats gatned
significantly more weight than the controls At no other periods were the
differences sigmficant for erther the younger or the older rats

The HEXE-fed rats, however, showed depression of body weight from
the first measurement (4th day) onwards The greater weight depression
was seen in the younger rats The weight depression was proportional 10
the dosage, e g, from the first week through 8 weeks of dosing (in this
younger group) Group D differed sigmficantly from group C and group
C significantly from group A As group A, 002% HEXE, produced an
enormous cffect on this and other values almost immediately, 1t was
subdivided at the end of 4 weeks, and half of the surviving rats were
placed on control diets. Four weeks later thuis group (B) had gamed
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Figure 2 Body Weighy Response of Rats
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sigmificantly more weight than 1ts counterpart (A), but had not achreved
body weight simuar to that of the control rats (F) o those sn the NaF or
other HEXE groups (C, D or E)

Simlarly liver weight expressed as a percentage of body weight, was a
senstuwve enterion of effect Here agan, the NaF rats did not differ from
the conteols Al HEXE groups differed fram the control from the ane
weeh examination penoad to the end of the study Further, as with body
weight a graded response was seen, m that all the HEXE groups differed
from one anothes The hugher the dosage level the lugher the increase i
shus hiser wisght body werght ratio

hidney weight on the other hand, was not especially sensiive None
of the groups &iffered among themselves after one week of dosing, for
all practical purposes hone but the 002%, HEXE group (A) differed at
any umen the study As for body weight the B group (002, for 4 weeks,
conitrol for 4 weeks) showed recovery over A, but stll differed sigmficantly
ftom A and from all of the other groups 1 liver and kidney weights

At the end of the first week of doses, only the NaF group had after
hevobarbial a prolonged sleeping time significantly different from the
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control group, F, and 1t remained different from this group throughout
the study Though group A was not different at one week, 1t exceeded all
other groups at 4 and 8 weeks At this ttme group B showed almost
complete recovery It had a significantly lower sleeping time than groups A
and E (0 02% HEXE and 0 015%, NaF) and one not different from that of
the control (F) Further, the middle concentration of HEXE (0 0063% -
group C) did not differ 1n effect from the controls until the 12th week At
this time 1ts effect was also significantly higher than that of the lowest

HEXE dosage, 1n group D

Discussten

No change 1n the sensivity to pentetrazol mnduced convulsions was
observed 1n any of the treatment groups during the 12-week study
From these results 1t may be mnferred that HEXE possessed no marhed
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central depressant effects Thus 1t 1s probable that the increase n sleeping
time caused by HEXE after a barbiturate 1s a manufestation of hepatotoxic
mechamsms The 0029 level apparently rassed the sleeping time after
one week but thus el was not 1l fi from that 1n
the control group The critenon might have been more sensitive 1f more
ammals had been tested per dosage group After an additional three weeks
on the dier the 0029 group was found to differ highly sigmsficantly from
the control group Only after 12 weeks of diet did the 000639 HEXE
group show any difference from the controls 1n sleepmg time The sodium
fluonide group showed a potentiation of barbiturate sleeping time from the
first week on without any evidence of hepatotoue effect These results
confirm the report of Ly er a? (1961) However we could not confirm
therr results showing an ent of p after
feeding 150 ppm of added NaF They also reported thus effect after daily
Intrapenitoneal imjections of 10 mg/hg/day NaF for 11 weeks

After the first four weeks of study half of the 0 029 HEXE group was
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control group, F, and 1t remamed different from this group throughout
the study Though group A was not different at one week 1t exceeded all
other groups at 4 and 8 weeks At this ttime group B showed almost
complete recovery It had a sigmificantly lower sleeping tune than groups A
and E (0 02% HEXE and 0 015% NaF) and one not different from that of
the control (F) Further, the middle concentration of HEXE (0 0063% -
group C) did not differ 1n effect from the controls unt!l the 12th week At
this time 1ts effect was also significantly higher than that of the lowest

HEXE dosage, 1n group D

Discussion

No change mn the sensitivity to pentetrazol induced convulsions was
observed m any of the treatment groups durng the 12 week study
From these results st may be mnferred that HEXE possessed no marked
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given the control diet After an addutional four weeks on control diet
these ammals showed a return to normal in their barbiturate response
They did not recover, however, m body weight gam, liver werght or
Kidney weight BENNETT ef al (1938) further noted that hver cell changes
were sull present after a two-months recavery pertod and quoted thus as
evidence that this type of mjury 15 persistent, with only slow recovery
fromat

It 15 apparent, from examnation of Table 1 and Figures 1to 4, that gamn
n body weight, and liver weight as 2 percentage of body weight are
sensittve cnterna for this type of liver mvolvement Kidney wesght and
sleeping time were affected later and to a less extent Diet consumption
was even less sensitive than kidney wesght and sleeping time

Summary

In a subacute feeding study with a hep: agent (hexachl

phth phat 1 i showed only
after several of the toxicological signs of mjury had been observed Food
consumption liver weight and body weight were all significantly different
from those of the control group witfun one week of diet Prolongation of
barbiturate  sieeping time” was first observed at four weeks, as was
inereased kidney weight

The only criterion of effect altered 1n rats eating diets contaning sodium
fuonde was barbiturate potentiation Thus first occurred n one week
Depresston of the central nervous system, as measured by pentetrazol
sumufation was not altered by either matersal

Although body, kidney and liver weights were only partially restored
to normal when the rats previously on the hughest level of hexachloro-
naphthalene were placed on the control diet for four weeks, the response
i this group to the barbiturate was normal Thus, 2 companison of such
tests n a feedmg study with an agent of liver myury indicates that pharma
cological intervention with a barbiturate shows sigmificant effects only

afler clear evidence of damage exists and returns to normal before the
damage 15 reparred
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Table 1.
Inter-group Comparisons

Number of HEXE NaF Naumber

days or % 1n diet and code! of rats
weeks in per

the diet 002A 0022 B l 00063 C I 0002D |° OE” group

i
Body weight gain, older rats

4 days (EF)° - E*Fe Fe 391040

1 week (CDEF)e - 39 o 40

4 weeks {CDEF)* - 271033

8 weeks (CDEF)* (CDEF)° E2 E» F* 8tol0
12 weeks - - 8toll

Body weight gain, younger rats

4 days {DE)°F® - (DE)® 6210 64

1 week CYDEF): - D*EPF* 611064

4 weeks (CDEF)® - (DE)* 4308

8 weeks (BCDEF)® CYDEF)*  DEF)® E° 101035
12 weeks - - F* 12016

Liver weight as percentage of body weight

1 week (CDEF)* - DsEPFe  F# 251026

4 weeks (CDEF)® - (DEF)*  (EF)® 231026

8 weeks BMCDEF)* C»DEF): (DEF)e  (EF)® 15025
12 weeks - - (DEF)*  (EF)¢ 21025

Kidney weight as percentage of body weight

1 week - 2510 26
4 weehs CYDEF) - 241026

8 weeks BYCDEF)®  (CDEfe  F* 151028
12 weeks - - 211025

Sleeping time

1 week - Fe 3106
4 weeks (CDE)YF¢ - F* 4107

8 weeks (BCDEF)® E® EP Ec Fe sto7
12 weeks - - (DF)® ES I R

1 Caputal letters are code designations for various dosage groups Code for contro!
roup =
& 2 0029, for first 4 weeks control for next 4 Lower case letters indicate probablity of
differences between groups
a=005>p>001
b=1001 >p > 0001
¢ =p <0001
- 1 e = cmthaae b athe cama ctat of el agmificance
t to left, e g, to compare
' ~ does not appear under E,
A

A4 ~nt annear

émup not 1n existence at tme of comparison
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sen the control diet After an additional four weeks on control diet
sese ammals showed 2 retum to normal i their barbiturate response
hey did not recover, however, 1n body weight gam, liver weight or
sdney weight BENWETT ef al (1938) further noted that hiver cell changes
ere sull present afier a two months recovery penod and quoted this as
vidence that this type of mjury 1s persistent, with only slow recovery
rom it

Tt1s apparent, from exammation of Table 1 and Figures 1 to 4, that gain
n body weight, and liver weight as a percentage of body weight are
ensttive critena for this type of liver involvement Kidney weight and
sleeping time were affected later and to 2 less extent Diet consumption
was even less sensitive than kidney weight and sleeping time

Summary

In a subacute feeding study with a hep agent {t hl

phthal phar logcal showed fi only
after several of the toxicological signs of injury had been observed Food
consumption, liver wetght and body wesght were all sigmficantly different
fram those of the control group within one week of diet Prolongation of
barbiturate * sleeping time® was first observed at four weeks, as was
mereased kidney weight

The only criterion of effect altered 1n rats eating diets contatmng sodium
fluoride was barbiurate p Thus first d 1n one week
Depresston of the central nervous system, as measured by pentetrazol
stimulation was not altered by enther matenal

Although body, kidney, and liver weights were only parually restored
to normal when the rats previously on the highest level of hexachloro
naphthalene were placed on the control diet for four weeks, the response
m this group to the barbiturate was normal Thus, a companson of such
tests n 2 feeding study wuth an agent of hiver myury mdicates that pharma-
cological intervention with a barbiturate shows significant effects only

after clear evidence of damage exists and returns to normal before the
damage 15 repatred
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. mca mihep phase of this invesu-
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Plant Hormonal Effect of Serum and Urine
Before and After Adding Indole-3-Acetic Acid
By

A. Skytt Andersen and Folke Ronnike
(Received March 12 1962)

Indole-3-acetic acid (IAA) 1s an integral part of human serum and
urine and 15 responsible for their auxin effect (KOGL, HAAGEN-SMIT &
ErsiepeN 1934, Brwwer Crark et al 1952, Rowike 1960) 1AA 1n
serum 1s to a Jarge extent bound to proteins (ROWwIng 1959) To i~
vestigate whether serum m vifro extubits any binding capacity for added
TAA, the auxin effect of IAA at vanious concentrations was examined
afler adding 1% human serum Further expeniments were designed to
show the change 1n auxin effect of serum and unne of rats after m wno

with fugh of 1AA

Materials and Methods

The auxin effect was assayed biologically by the method of Burstrou (1960)
wheat sceds (vaniety “Svalof 170", harvest 1959) surface stenlized for a two hour
mbibison period with 2 solution of 200 ppm formaldehyde mixed with 100 ppm
TWEEN 20 (ix sorbitan were placed mn Jarge petrt
dishes on several layers of wet filter paper and germunated 1n the dark at 23°C for
48 hours Then seedlings of umform root length (15-20 mm) were selected and
transfetred to plastic holders m 20 or 30 mi pyrex

solution Transfer tnnte mieme = . .

was used enher a .
RH PO, 2 > 104 .

beakers, each contaming 5 m}

#ater to which the vansous matenials (human or rat serum, rat unne, ndole 3 acetic
sudy wete addets Twelve plants were employed in each tost (4 teplicate beakers con-
taimng 3 plants each), all of the tests were repeated at least 3 umes 1n indepandent
Cupeniments The plants were grown 1a the test solution for 24 hours unde the sa;
Conditions as during germunation A* ke e ' = € - i
cach plant was evessed, and the I . ‘.

from the apex was measured mic
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sured, and the analysts of variance, which was caleulated for each experiment generally
showed 959/ confidence limuts to be 4 5-8

Indole-3-acetic acid (“Hoffmann 1z Roche” or “Merch Chem ") was made up
10-4M solution in a weak solutton of NaOH The solutions required for experiments
were made by dilution of this stock solution with redistilled water and adjusted to

pH 5 with HCI The calculation of IAA eq was made by of EDS0
1 ¢ effective dosage for 509 intubition, (HorsFALL 1953) This concentration could
then be compared with that of sol. unknown of IAA
Thus,

ED 30 IAA

EpsouR * %

when ED 50 IAA 1s 1n mol/liter and ED 50 UK (UnKnown) 1s as a percentage the
resulting approximation to the IAA equuvalent 1s 1n mol/liter

Human bloed samples were drawn from normal healthy persons within 24 hours of
begining cach experiment and stored at 4°C The blood was centrifuged at 4000
rotations per minute for 20 minutes, and the serum was diluted to the desired concentra
tron with nutrient solution or redistilled water

In the rat experiments young male rats weighing 90-150 g each were used Before
the experiment the anumals were kept without food for 24 hours Generally all the
blood (4-5 ml) was drawn from one arimnl for one experiment The rats wercanaesthe
tized by €O, inhalation, and the blood was taken from the aorta Fractionation of
blood cells and serum was done by centnfugation, as with human blood The TAA
treatment of the rats was carnied out by the method of Mirsky ef al (1956) The
dosage was 04 mM JAA per 100 g body weight The solution used for treatment
contained 04 mM/5 ml and was prepared immedntely before administration by
dissolving the IAA 1n 0 52, NaHCO; solution with a few drops conc NaOH solution
added The solution was adpusted to pH 8, and 5 ml/100 g body weight were admim
stered to the rats by stomach tube No directly obsenvable effect of this treatment was
evident For the serum tests the blood was then taken from the rats after 1 or 13 hours
and stored at 4°C until the plant test began Generally this storage penod did not
exceed 12 hours In the urine experiments the rats were treated similarly with JAA and
then enclosed 1n small cages from which the urine was collected though a funnel it
test tubes kept cold by sce i thermos flasks

Ydentical procedures omitung the JAA treatment, were employed with other rats
to secure comparatne values for untreated rat serum and urine

Results

Root-cell elongation cperunents The cxperiments were carned out
over a period of 7 months, 1n order to evaluate the mter-expermental
variation, cell-lengths of roots grown 1n redistilled water or mn nutrient
solution were recorded 1 each expertment Forwater the 70 values sared
between 227 1 and 315 p with a mean of 271 + 6 p, for nutrient solution
the cell-lengths m 56 observations were between 196 and 268 p and the
mean was 239 £ 5 The results were recorded only as cell lengths n #

Root-growth nhibition effects of human serum were :e-cslabllshed with
our techmque at concentrations ranging from 0 5 to 59, The serum was
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Fig 1 Inhibition of epidermal root cell growth by different concentrations of human
serum diluted with redistilled water (S + H30) or with nutnient salt solution (S + NS)
The pomts represent means =95%, confidence intervals 1n various experiments {inter-
expenmental vanation)

Mo

cell lengths

T sens

added to redistilled water as well as to nutrient solution, and cell growth
was whibited as shown 1n fig 1 When serum was diluted with distilled
water, ED 50 (50% mlubiion) was not reached, but extrapolation of
the curve indicated the TAA equivalent of native hiuman serum to be
e 4% 10 "™ If, however, the serum was diluted with nutrient salt
soletion, the inhibinon was greater, the ED 50 was 4%, resulting n an
TAA equivalent for this human serum diluted with salt solution to be
6> 10 SM IAA

To establish a concentration response curve for root cell elongation to
exogenous applied IAA, experiments were carried out with different
concentrations of IAA added to the nutrient solution The results,
lustrated 1n fig 2, show a Jmear rel tup between log ation
and log cell-length withun the concentration range covered by thus graph

cell lengths
4
38
ts

50, — 1AA
o MR A saTaT

g

20)

10§
) =g 1G5 sl
. mclor 1AL concentrrion
3-‘ 2 abibion of epidermal 1ot cell prawth hy adnte T au
reaeie aaid 41, human ser " '
stilled water was ysed as ¢ . : l
¢ach concentration . - . '
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sured, and the analysis of variance, which was caleulated for each experiment generally
showed 9594 confidence Limuts to be & 5-8 i

Indole-3-acetic acrd (“Hoffmann la Roche™ or “Merch Chem ') was made upn
10-3M solution 1n a weak solution of NaOH The solutions required for expenments
were made by dilution of this stock solution with redistilled water and adjusted to
pH 5 with HCl The calculation of IAA cquivalents was made by cstimations of ED 50
¢ ¢ effectine dosage for 50% inhtbition, (HorseaLL 1953) This concentration could

then be compared with that of solutions unknown ¢ of 1AA
Thus,

ED 50 JAA

EDUR <10

when ED 50 IAA 1s 1n mol/luer and ED 50 UK (UnKnown) is as a percentage, the
resulting approxmation to the IAA equivalent ss (n mol/liter

Human blood samples were drawn from normal healthy persons within 24 hours of
beginming cach experiment and stored at 4°C The blood was centryfuged at 4000
rottrons per minute for 20 minutes, and the serum was difuted to the desyred concentras
tion with nutrient solution or redistilled water

In the rat experiments young male rats weighing 90-150 g ¢ach were used Before
the experiment the anmmals were hept without food for 24 hours Generally all the
blood (4-5 ml) was drawn from one ammal for onc experiment The rats were anaesthe
tized by CO; inhalation, and the blood was taken from the aorta Fractronation of
blood cells and serum was done by centrifugation, as with human blood The IAA
treatment of the rats was carried out by the method of Mirsny ef al (1956) The
dosage wis 04 mM IAA per 100 g body weight The solution used for treatment
contained 04 mM/S ml and was prepared diately before ad tion by
dissolving the TAA 1n 0 5% NaHCO; solution with a few drops conc NaOH solutiont
added The solution wis adjusted to pH 8, and 5 mI/100 g body weight were admint-
stered to the rats by stomach tube No directly obsenvable effect of this treatment was
evident For the serum tests the blood was then taken from the rats after 1 or 1} hours
and stored at 4°C until the plant test began Generally this storage pertod did nat
exceed 12 hours In the urine expeniments the rats were treated simifarly with IAA and
then enclosed 1n small cages from which the urine was collected though a funnel 10
test tubes kept cold by ice 1n thermos flasks

Identical procedures the JAA t were employed with other s
10 secure o e values for d rat serum and urine
Results

Root-cell elongation experments The experiments were carned out
over a peniod of 7 months, w order fo evaluate the mter-experimental
variation, cell-lengths of roots grown 1 redistilled water or in nutrient
solution were recorded 1n each experiment For water the 70 values vared
between 227 pand 315 g with 2 mean of 271 4 6 u, for nutrient solutton
the cell-lengths 56 observations were between 196 and 268 and the
mean was 239 & 5 u The results were recorded only as cell-lengths mn pt

Root-growth inhibition effects of human serum were :e-cstabhshed with
our technique at concentrations rangmg from 0 5 10 59 The serum was
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cell lengths
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G 025 i 3T 5%
rol unine concentration

Fg 4 Inh 1t an af ranrcsl prawth by d ferent coneentrat ane af fat 1 nne A 1 ted v th

the two fower curves in fig 3 The JAA equivalent calculated from these
curves for rat serum 60 minutes after admitustering the solutions was
8 x 10-5M, afier 90 minutes 1t had nsen t0 25 x 10-3M

Experuments with rat urtne Since a certam amount of auxin 1s normally
known to be excreted in human urnne, the auxin effect of rat urine from
normal untreated and from JAA-treated rats was assayed The JAA
treatment was ssmilar to that described for the serum tests Unne from
15 rats was collected over 24 hour penods, after treatments, 1n individual
contamers kept at 0-4°C Each portion of urine was diluted with reds-
stifled water to 20 mi, and from thss a concentration senies ranging from
61 to 5% was made by dilution with nutrient solution The responses of
wheat root cells to these dilutions ase shown m fig 4 Urine from IAA-fed
fats had a pronounced inhubitory effect when compared with unne
colleeted from rats under simufar condimions, which receired no TAA. Thus,
the estimated TAA equivalent of unne from untreated rats was 25 X
10-3M, whereas 1t was 8 > 10-3M for 1AA treated rats

Discussion.,

Imestigations similar to those reported m this paper have, as far as
we know not been previously performed Whether the auun present iy
the sera, as dicated by ths and previous expenimental evidence, has
any implications for amimal physiology 15 at present not known The
expeniments showed that the aumin effect of the natnve plant hormone
tndole 3 acetic acid, measured by the inhubition of root ceft growth, was
not changed by the addiion of 1% human serum Human serum dx‘lulcd
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Fig 3 Inhibttion of root cell growth by different concentrations of rat serum d tuted with

nutrient salt salution Serum from rats recening previously no indole 3 acetic aend (~1AA)
a- - LG

€ »sent

There was no inhibition of cell growth at 10 8M TAA, and ED 50 occurred
at25 x 10 "M JAA

In vitro combmation of indole 3 acetic acrd and human serum The effect
of i1 vyitro combination of JAA and serum was imvestigated n a series of
expertments 1n Which 19, human serum was added to different concentra
uons of IAA m nutnent soluttons The range of TAA concentrations was
from 10 1 to 5 X 10 6M, but only concentrations above 10 M showed
any mtubition of cell growth (fig 2) The results from these experiments
exhibit a greater varation than those from the expenments on IAA
concentration response presumably owing to the varation in sera butat
no pomt did the JAA + serum cunve differ sigmificantly from the JAA
concentration curve

Inno experiments on rat blood Before the m yno experiments on rats
the concentration response curve of root cells to native rat serum dsluted
with nutrient solution was established 1n the same way as for human serum
(fig 3) The salt effect of the nutrient solution was not as pronounced as
1t was for human serum and generally, rat serum exiubited less auxin
effect than human serum the JAA equivalent for rat serum diluted with
salt nutrient solution was 1 6 x 10-°M

To meshgate the effect of feeding IAA solution i 110, 6 rats Were
treated with 04 mM TAA/100 g body weight After one hour all blood
was extracted from 3 rats At this ttme only part of the solution had
passed from the stomach mto the mtestine, but when after 90 minutes the
3 remaining rats were killed all the solutions had passed into the intestine
The results of auxin assays of sera from both groups of rats are shown m
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with salt solution extubits an auxm cffect corresponding to an A&
concentration of ca 10 7M, but the auxin effect of serum when water has
been used as diluent 1s somewhat Jower, 5 X 10 8M {fig 1 and Rovae
1960) The auxin effect of TAA was not influenced by serum addition 1n
the w2 vitro experniments This possibly indicates that the TAA binding
capacity of serum 1s at a maximum if some form of an equilibnum
state exists between free and protein-bound auxin m serum

In 1no treatment of rats with 04 mM IAA (= 704 mg)/100 g body
weight resulted in a pronounced increase 1n ausin activity of the rat serom
and unine The hugh JAA dosage was wsed 1n order to follow the expen
mental method developed by MIRskY ¢ al (1956) 1n their investigations
on the “hypoglycaemic™ effect of various plant growth regulators m
cxperimental ammals (Such a “hypoglycaemic” effect of IAA has not been
confirmed 1n a senes of experiment performed by one of us -FR m
press Bindmg of 1AA in the hiver or other organs of rats has not been
demonstrated 1n the present miestigations, but the results are not con
clusive on this point

Summary

The auxin effect of indole 3 acetic acid at various concentrations 35
assayed by the wheat root cell elongation test, has been nvesngated after
m vitro addition of 1% human serum The auxin effect of JAA did not
change after the treatment possibly mdicating that the TAA-binding
capacity of serum s at a maximum i ino treatment of rats with IAA
(04 mM/100 g body weight, adminstered by stomach tube) resulted 1n 2
pronounced ncrease tn the auxin effect of blood as well as urine from the
experimental amimals The experiments ndicated that the auxin effect of
1AA was not changed by 1 vivo passage through the stomach ot intestinal
mucus membranes or the liver circulatory system in rats
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Fig. 1 Effects of unilateral Jeg vern mfusion of t $ naphthalenedisulphonic acid (A} and
2,7 naphthalenedisulphonic aaid (B) on urmary phenol red excretion Experiment B was
done on the same hen 2 5 hours after infusion A Phenof red was given in single doses into
the pectoral muscle 15 mefky one hour before test A and O 8 mefkg S0 minutes before
¢l B @ ———-@ phenol red nfused side O -~- - O phenof red, control side

NDSA was about the same 1n one experument {fig 1A) Gradually smaller
differences 1n phenol red excretion between two sides were observed when
2 7-NDSA was infused 1n the same way at 2 2, 1 0 and 0 3 mg/mun , each
dose being used once 1n a different hen

On the other hand 2,7 NDSA 1nfused umlaterally mta the leg vemn at
10 mgfmin for 15 minutes was excreted at a much faster rate on the side
of mfusion than on the oppostte side (fig 2A) After probenecid, the onset
of unnary excretion of 2,7-NDSA was delayed, the overall rate of output
became smaller, the spsilateral excess was reduced, and the decay of

excretion was more graduval (fig 2B) These findings are consistent with
2 other ~vram=sa - D .o

probene N .

extinctic . . ! .

spondin .

The results show that, in spite of strong 10nzation, 2,7-NDSA 1s
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From the Department of Pharmacology Unnversity of Uppsala, Sweden
(Professor Ernst Birdny, M D)

Secretion of 2,7-Naphthalenedisulphonic Acid in the
Chicken’s Renal Tubules

By

Bohdan R, Nechay)
(Recenned March 1, 1962)

Introduction

Hoper (1940) found that naphthylamine- and naphtholdisulphonates
were not secreted by the renal tubules of the frog In search for a non-
toxic substance, comvenient to determme at low concentrations and
excreted solely by glomerular filtration, the renal excretion of some un-
substituted napthalenedisulphonic acids has been exammed m the
chichen

Methods

Hens Rhode Island Reds, 2 4-3 2 kg, with the ability to excrete a single umilateral
leg-vein dose of 0 3 mg phenol red predominantly on the inyected side Urine collection
separately from two ureters (CAMPBELL 1960) Infusions tn saline solutions, adminis-
tered through plastic catheters by motor driven syringes Phenof red samples diluted
with cqual volumes of 1% sodwum carbonate, mixed, and their optical density
determined m Zeiss Elho 11 colorimeter with Zeiss Opton filter S 53 51 1.5-Naphtha
lenedisulphame acid (1.5-NDSAY and 2,7-naphthalenedisulphome acid (27 NDSA)
samples diluted with water to obtain final concentrations of 1-3 and 05-15 ngfml,
respectively then directly read in Bechman spectrophotometer at maxima of extinc:
tion, 226 5 (sIit 0 2 mm) and 232 0 mp (sht 0 6 mm), respectiely The sodtum salts of
these acids were ob d from Kodak and recrystalhized several times

Results

Unilateral leg vemn infusion of 30 mg/min 2,7-NDSA for 20 minutes
resulted 1n ipsilateral depression of urinary phenol red excretion by about
509% 1n 3 birds (fig 1B) The response to an analogous nfusion of 15

N - Ve amehe
Natic - . i .
of Pharmacoloty alid ritrapu 3 % .
ville, Florida
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From the D of Ph l Unuversity of C
(Professor Knud © Moller, MD)

The N-demethylation of Morphine in Rats.
Quantitative Determination of Normorphine and Morphine in the
‘Urine and Faeces of Rats given Subcutaneous Morphine
By

Karsten Milthers
(Recened Apnil 28 1962

N de alkylation seems to be a common metabolic pathway for anal-
gatsics Tt has been demonstrated for several morphune ike compounds,
for instance codeme (ADLER 1952) and mependine (PLOTNIKOFE, ELLIOTT
& Way 1952), but end for the N d of morphine has been
only sparse AXELROD (1956) demonstrated normorphine as a morphine
metabolite i vitro, and MARCH & ELLIOTT (1954) and ELLioTT et af (1954)
observed, that 4CO, appears i the expired air shortly after imjection of
morphine N 4CH; Obviously these observations cannot be considered
conclusive evidence However, Misra, MuLE & Woobps (1961 b) have
recently d d normorphme qual 1y n the unne of rats
given morphine

Quantitative recovery of normorphune produced from morphine i 1no
has not been previously accomplished Using a method recently described
(MILTHERS 1961) we have pated the el of mor-

phine as the parent substance and 1ts metabolite normorphine, 1 the
urine and faeces of rats

Methods

Male albino rats were undet constant .
fran v

'
e s
LI

. " - :
. Ve ok e Pl NG T4ts were pla
:,:mmmng urine and faeces 10 be collected senrataly Tha — P 'eed 1n cages
N oS
.. e e . . -
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Fig 2 Uninary excretion of 2,7 naphthalenedisulphonic acid (2,7-NDSA) Unilateral leg
vemn anfusion first 1n normal hen (A) and 25 hours later wn the same bird treated with
probenceid (B) 50 mg/hg nto the wing vein one hour before the second nfusion

@ 2,7 NDSA, infused side, O —---- O 2,7 NDSA control side

elimimated by the “weak actd mechanism™ of the renal tubules m the
chicken Since 1,5-NDSA depresses phenol red secretion, 1t probably also
shares the same transport system

Summary

1,5 and 2,7-naphthalenedisulphonic acids dimmshed tubular secretion
of phenol red The secretion of 2,7-naphthalenedisulphome acid was

reduced by probeneeid
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onne of rats afier subcutaneous morphine

Txcrsted
mormotghmemthesnne e normorphine
Total as per cent
e o eatreied
sdiy  { Sdw morphine normorphune |0
e iy R T, +
| o of Iny ‘ % of 1ny
Myg Nng " hng l Nyg | m Kol me | “dose morphine
i 2 13 687 | 66 o6 | 58 80
IR 20 13 548 | ST a5t 53 35
[T 9 § 1168 |4z 0% | 67 | 1a
§] 12 10 32 158 { 42 1 02 | 65 13
g 8 a3 7 081 | Ta L 012 | 60 12
<3 3 <3 3 076 42 } o0 50 l 1
16 13 <9 13 062 | 31 o | w | 7

The normorphine excreted 1n the urine amounted to 6-7% of the
morphine injected and there seemed to be no relationship between
percentage excretion and the amount of morphine wyected Free nor-
morphine amounted to 9% of total normorphine after njection of 20
mg/hg morphine The Jownt excretion of morphine and rormorphine 1n the
unne amounted to 40-70Y%, of the morphune wjeeted

The normorphine excreted in the urme from the single daily specumens,
as a percentage of the total uninary excrenon of both normorphine and
morphine are gven m fiy 1 Normorphine only accounts for about 10%,
of the total amount excreted on the first day but the percentage sncreased
each day with the most marked increase for the small doses Five days
after injection of 10 mg/kg only normorphune was found 1n the urine

Thie faecaf excretion of normorphune and morplune after subcutaneously
wyected morpiune is given sntable 2 In the faeces 7-10%; of the morphune
mjected was found as morphine and 2-3% as normorphine  After impec-
tion of 20 mg/kg morphine, about 60%, of the total amount of morphine
m the facces was d, and alt the d 1

nor
way unconjugated An error may anse from the fact that a small past of

the conjugated drug 15 hydrolysed when the faeces are snspended m
N B far 23 hoves (see metkods} The asevage of e tatal excretion of

morphine and normorphine 1n the fasces amounted to about 109 of the
nyected mosphune

Discussion

The elimination of morphune 1 the urne and faeces of rats given
tmorphine has been imvestigated quantitatvely by FicHTinmrrG (1951)
She found 439, of the mjected dose in the unne and 12% 1q the faeces
after subcutancous injection of 200 mgikg  These ﬁgu::s tndicate a
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Table |

Excretion of morphine and ormorphine sa the

Excretton of morphine and

& bod
5 & @ E{m Time alter
22(=%( SE 0-6 hrs 624hts | 1day | 24 3 d
RIS £
G5 EX 8% ’Mug[Nug {M us,Nug Mus’Nug'Muz‘Nug‘Mng!N"!
1208 50 - - - ~ | 6100 4601 610! 83 |100 | M
2 192 30 530 | 15 4030 | 330 j4se0| 350 710 78 |1s0 | 3
39320 610 | 72 |7710° 98 | 1320 | 170 | 230 | 35 | 4 | 3
4 |ass 20 8304 77 | 440 | 85 1270 60 70| 3 | B | 8
5202|710 |7 460 |47 | 330 |40 |7ee | 87| 72 13 I 13 |9
§ 180 10 450 32 | 220 23 [ 670| 55| so| 12 | B3 !
7 1204 10 320 [ 10 190 | 33 510 [ 63 70] 54 | 2314

* All figures are averages for 3 pooled rats

Free morphine and mormorphine were determined tn the unine of rats 1 group 4 Free
morphine amounts to 27° of total morphine and free normorphine to 9°, of total nor
morphine

M = morphine

N -~ rormorphine

Each specimen was analysed for morphine and normorphine by the method em
ployed by MiLTHERS (1961) for tissues with the following modification The paper used
for the chromatography was buffered at pH 70, permutitng morphine and rormor
phine to be separated over a 16 hours pertod For determining morphine and normor
phine as conjugated (frec) compounds the urine was extracted directly with the orgamc
solvents The faeces was suspended 1n N-HCI for 24 hours at 4°C and filtered and
the filtrate was then extracted with the organte solvents When deternuntng 1n bulk
free and conjugated morphine, or normorphine the urine was first autoclved after addt
tion of 10°% 10 N-HCl before extraction The faeces was suspended 1n N-HCl and auto-
claved before filtration and extraction Recovery experiments with urine and faeces
showed the same percentage recovery as was found by ML Tuers (1961) for blood and
tissues (That 1s, for morphine about 96, for mormorphine 72%) In calculating the
normorphine values allowance was made for the low percentage recovery and the
values were converted to morphme Control urme and faeces wete sampled before
treatment and yselded no blank values

Results

The urmary excretion of normorphme and morphine after morphine
myected subcutaneously 1s given 1n table 1 Of the injected morphine
40-65%, could be accounted for 1n the urine The results show a relation
ship between percentage excretion and the amount mjected The lowest
percentage excretion 1s found for the smallest doses Thus, after the mjec-
tion of 10 mg/kg, 31-44%; was excreted, after 20 mg/kg 42%, and after
50 mg/kg, 57-66% Free morphine amounted to 27%; of the total mor-

phine after 20 mg/kg



N DEMETHYLATION OF MORPHINE 153

Table 2.

Excretion of morphine and normorphine in the facces of rats
after subcutaneous morphine

Excretron of morphine and normorphine in facces %

! 5% Time after 1mjection Total l:'f
e Tand ormot- | 225
flee gEl 1 day ‘ 2y | 3Gy | 54y morphine | "CLT §5e
HES T o LEET
SISEIBE NN ™ NM‘N M'N "gl“:’hgl‘;" its
G{BERE] g ppluglugluglueinglug o o |23
11208 50 (252 | 22 [346 [126 | 24 32‘(5 <B\622 60)180) 17 22
z]wz 50 {286 | 65 {148 | 55 (236 | 90 | 50 | 46 § 720 | 74| 260) 27} 27
Y93 (26 (69 | 17 (170| 66 | 22 23 | <4 | <7 | 261 61| 1061 27 30

00l
alias 20| Peh (357 {102 | vs | 17 [<a |<7 372 )10 Jus |32} 24
. 2 day

S 202 |70 [ 8016 | 41 |17 |16 10 ) ~ | -1 137 65 433 22) 24
6 130710 | & ‘IO 123 1 23 7 3 -11%80 )10 33] 18 15
7 204010 27~ sfls)20is0]t0]<3) —fo1y 96 299 85| 17

! [

Al figures are averages for 3 pooled rats
Free normorphine and morphine were determined n the facces of rats in group 4 Free

morphine amounted 10 61% of total morphine and free normosphine 1o 1003, of total
normarphine

M = morptune
® - normotphine

We found total uninary recovery of bath free and conjugated marphine
to be increased by an mecreased supply of morphine, whereas the total
percentage of normorphine excreted 1n the unne was idependent of the
amount of morphine gwven Thus dwvergence 15 understandable, 1f 1t s
assumed that only free morphine 15 tiologically transformed to nor-
morphine, because PERREGAARD (1958 a) has shown that the percentage
of free morphine excreted in the unme 15 mdependent of the amount of
morphine gnven

Normorphine, ke morphine, was predommantly excreted 1n the unns
during the first 24 hours [n the first 24 hovrs specimen aormorphine
accounted for 60-70% of the total excretion of normorphine, and mor-
phine {or $0-509, of the total excretion of morphune The uninary excre-
uon of phine was more p d than that of morplune Five
days after smjection of the smailest dose the unne only contamed nor-
mosphine Thus 15 10 accordance wath the results of FrRASer ef a7 {1958},
who found a markedly cumulatise effect of normorphine after multy; l;
doses of the drug, indicaung that normorphine was retamned b (;;1
ssues for 2 fawly fong penod ¥ the

In our expenments we found that the total excretion of normorphune 1n
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122

Normorphine in per cenl of both

normorphine and morphme

[ 1 3 3 $Tme in obys

Fig 1 The normofrphine excretion in unne from the single daily specimens, as percentage

of the total unnary excretion of both normorphine and morphine From rats wjected

subcutancaously with 10 mg/kg & 4, 20 mg/kg © ©, and 50 mg/ky #——*9
morphine

somewhat lower excretion 1n the urine and a somewhat higher excretion
in the faeces than were found 1n our expenments

The excretions 1n the urine of dogs and in the urne and faeces of
monkeys after subcutaneously mjected normorphine have recently been
nvestigated by Misra, JacoBy & WaoDs (1961 a) In monkeys they found
the urinary recovery to be 70-80% of the mnjected dose (2 mg/kg) Fre¢
normorphine accounted for about one quarter In the faeces they found
20-40% of the njected dose, and only a small percentage of this was
conjugated

In agreement with these authors we were able to demonstrate only the
unconjugated form of nermorphimne 1n the faeces When the amounts 0!
normorphine and morphine 1n the faeces are related to their total amounts
elimmated 1n faeces plus urine, higher values were found for normorphin®
than for morphine This 1s also 1n agreement with the authors mentioned
above However, we found only a tenth of the normorphine excreted m
the urine as free normorphine Thus there seems to occura more extensie
conjugation of brologically formed normorphmne than of mjected "‘”E
morphine This 1s what happens with morphine brologically transforme!
from codeine (PZERREGAARD 1958 b)
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Table 2.

Excreion of morphine and normorphing in the faeces of rats
after subcutaneous morphine-

| Excretion of motphine and Aormorphine 1n facces H 3
f‘;‘;’: Time after injecuon Total §§:
o £ + sz
H SE| 1 sy l 2.d1y | e | 5 day | momptune §§§.§
HELT] e it
Blesizs MNEINEE NEIE b
SiFS A% ypipglugiugipeiveipelve ame

v 28] 502l 22 e fizs | 29 I52)<s|<slen] sofiso} 1] 22
209z (50286 [ 69 lias | 551236 190 [s0 |46 {720 | 7412604 271 27
AR rm* § 1T (170 6§ 2 [ 28 <A 1<T | 261 | 67| 106 N
oled
4 15|20 POk lisr hoa tas L v e <r {2 [10 {19 ] 32| 24
2ay [ LT ]
TSIz W e A6 AT |4 e te o ol T [ esl Ay z2
3 1!0\10\:7110112312317)5 - ~1$80]10 [ 33} 18] 15
LR sm}n‘so(m‘d[wm 96/ 9({ S5 12

All figures are averages for 3 pooled rats
Free rormorphune and morphine were determined in the Tacces of tats 1n group ¢ Free
morplune amounted to 1%, of total morphine and free Aormorphine fo 10094 of total
aormarphine

M = morphine

N = normorphine

We found total trmary recovery of both free and conjugated morphune
1o be mncreased by an increased supply of morphine, whereas the total
Percentage of normorphine excreted in the unng was independent of the
amount of morphune given This divergence 15 understandable, if 1t 15
assumed that only free morphine 15 biologically transformed to nor-
morphune, because PERREGAARD (1958 a) has shown that the percentage
of free morphune excreted in the unine 15 indeprendent of the amount of
morphine gaven

Aormorphune, like morphine, was predommantly excreted 1n the unne
dunag the first 24 hours In the first 24 hours specimen normorphune
dccounted for 60-70%, of the total excretion of normorphune, 2nd mos-
phune for §0-90% of the totat excretion of morphune The urmary excre-
49 of normorphine was more profonged than that of morphine Fne
days after wjection of the smaliest dose the unue only contamed npr-
morphine This 15 m accordance with the results of FRASER 1 o/ (1958),
Who found a markedly cumulative effect of normorphine after muluplé
doses of the drug, wmdicatng that  normorphine was retamed by the
ussues for a fairly long period

Tn our experiments we found that the total excretion of normorphine yn
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Fig 1 The normorphine excretion 1n utine from the single daily specimens as percentage

of the total unnary excretion of both narmorphine and morphme From rats mjected

subcutaneaously with 10 mg/kg A 4, 20 mg/kg O 0, and 50 mg/kg & .
morphine

somewhat lower excretion n the urine and a somewhat higher excretion
m the faeces than were found in our experiments

The excretions 1n the urine of dogs and in the urine and facces of
monkeys after subcutaneously injected normorphine have recently been
mnvestigated by MisrA, Jacoby & Woops (1961 a) In monkeys they found
the urmary recovery to be 70-80% of the injected dose (2 mg/kg) Free
normorphine accounted for about one quarter In the faeces they found
20-409 of the mjected dose, and only a small percentage of this was
conjugated

In agreement with these authors we were able to demonstrate only the
unconjugated form of normorphine 1n the facces When the amounts of
normorphine and morphine n the faeces are related to their total amounts
elimnated 1n faeces plus urine, higher values were found for normorphine
than for morphine This 15 also 1n agreement with the authors mentioned
above However, we found only a tenth of the normorphine excreted 1n
the urine as free normorphine Thus there seems to occura more extensive
conjugation of biologically formed normorphine than of myected nor-
morphie This 15 what happens with morphine biologically transformed
from codeine (PAZRREGAARD [958 b)
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Table 2

Excretion of morphine and normorphine 1n the facces of rats
after subcutaneons morphine

153

Excretion of morphine and normorphine in facces ;E'ié
£
é ! Time after 1ngection Total E ;z
2o (50 3 and normor | E25
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* All figures are averages for 3 pooled rats
Free normorphine and morphine were determined i the facces of rats 1y group 4 Free

morphine amounted to 61% of total morphine and free normorphine to 100%; of total
normorphine

M = morphine
N — normorphine

‘We found total unnary recovery of both free and conjugated morphine
1o be increased by an increased supply of morphine, whereas the total
percentage of normorphine excreted 1n the unne was independent of the
amount of morphine given This divergence 15 understandable, if st 15
assumed that only free morphine 1s biologically transformed to nor-
marphine because PARREGAARD (1958 a) has shown that the percentage
of free morphme excreted 1n the urine 1s mdependent of the amount of
morphine given

Normorphmne rke morphine, was predominantly excreted 1 the urme
dunng the first 24 hours In the first 24 hours specimen normorphine
accounted for 60-70% of the total excretion of normorphine, and mor-

phine for 80-90%, of the total excretion of morphme The unnary excre-

ton of aor Xy Wwas more prolonged than that of morphine Five

days after njection of the smallest dose the unne only contained nor-

morphine Thus 1s 1n accordance with the results of FRASER ef g7 {1958),

:'::: sfo:fmtih : xcrl)arkedly cumulative effect of normorphune after muluplé
gl

onts Tor g flol;’-ngdn;:ca::g that normorphune was retameq by the

In our experiments we found that the total excretion of #ormorphine 1n
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Fig 1 The normorphine excretion in unne from the single daily specimens as percentage

of the total urinary excretion of both normorphine and morphine From rats injected

subeutaneaously with [0 mgfkg A A, 20 mgikg © ®, and 50 mg/kg .
morphine

somewhat lower excretion m the urine and a somewhat higher excretion
1n the faeces than were found mn cur experiments

The excretions 1n the urme of dogs and m the unne and faeces of
monkeys after subcutaneously mjected normorphine have recently been
mvestigated by MisraA, Jacopy & Woops (1961 a) In monkeys they found
the urinary recovery to be 70-80% of the mjected dose (2 mg/kg) Free
normorphine accounted for about one quarter In the faeces they found
20409 of the mjected dose, and only a small percentage of this was
conjugated

In agreement with these authors we were able to demonstrate only the
unconjugated form of normorphine 1n the facces When the amounts of
normorphine and morphine in the faeces are related to their total amounts
elimnated 1 faeces plus urine, higher values were found for normorphine
than for morphine This 1s also 1n agreement with the authors mentioned
above However, we found only a tenth of the normorphine excreted 1n
the urine as free normorphine Thus there seems to occur a more extensive
conpugation of brologically formed normorphine than of mjected nor-
morphine This 1s what happens with morphune biologically transformed
from codeine (PERREGAARD 1958 b)
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.uril‘le zfnd faeces ammounted to 8-9%, of the dose of morphine guen,
3nd|catmg that at least 8-9% of the morphine given is N-demethylated
in rats. In monkeys Misra ef al, (1961 a) found that all the normorphine
given was found in the urine and faeces, but this is probably not true of
rats. With morphine the urinary recovery 1s 70-80% in monkeys (MeLLET
& Woops 1956), but only 40-50% in rats, Misra and his collaborators
also found the urinary recovery of normorphine in monkeys to be 70-80Y,
If the same relationship is valid for normorphine, we can estimate the
degree of N-demethylation of morphine in rats. We found in the unne
about 6 % of the administered morphine as normorphine. This is therefore
the amount responsible for 40~50% of the available normorphine, and
about 139 of the morphine given must have been N-demethylated 1n
rats to agrec with our finding that the small doses caused excreted nor-
morphine to account for 12-13% of the urinary excretion of both nor-
morphine and morphine.

Summary

The urinary and faecal excretions of normorphine and morphne after
increasing doses of morphine injected subcutaneously into rats have
been studied.

1 The recovenies of morphine in urine and faeces were 40-50% and
7-10%, respectively The relative urinary excretion increased with -
creasmg dose of morphine admumistered

2. The amounts of normorphine 1 urine and faeces were 6-7% and
2-39%, respectively, independently of the dose of morphine

3. It 15 concluded that 12-13% of subcutaneously injected morphine 15
transformed to normorphine 1n rats.
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urine and facces ammounted to 8-99 of the dose of morphine gen
indicating that at least 8-9% of the morphine given 1s N demethylated
1 rats In monkeys Misra et al (1961 a) found that all the normorphine
given was found 1o the unine and faeces, but this 1s probably not true of
rats With morphine the urmnary recovery 1s 70-80% 1n monkeys (MELLET
& Woops 1956), but only 40-50% 1n rats Misra and his collaborators
also found the urmary recovery of normorphine in monheys to be 70-50%
If the same relattonship 1s valid for normorphine, we can estimate the
degree of N demethylation of morphine 1n rats We found m the unne
about 67 of the administered morphune as normorphine This 1s therefore
the amount responsible for 40-50% of the available normorphine and
about 13 of the morphine given must have been N-demethylated im
rats to agree with our finding that the small doses caused excreted nor
morphine to account for 12-13% of the urnary excretion of both nor
morphine and morphine

Suntmary

The urinary and faecal excretions of normorphine and morphine after
mcreasng doses of morphune wyected subcutaneously mto rats have
been studied

1 The recoveries of morphine m urine and faeces were 40-50% and
7-10%, respectively The relative urinary excretion increased with 1
creasing dose of morphine administered

2 The amounts of pormorphine m urine and faeces were 6-7% and
2-3%,, respectively, independently of the dose of morphine

3 1t1s concluded that 12-139% of subcutaneously injected morphine 8
transformed to normorphine 1n rats
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Material and Methods

Fifty st rabbits (26 males, 30 females) weighiag between 23-29 kg, were used for
the expeniments

Norma] rabbus

As a control seties for determining the catalase activity of the hiver, 5 animals were
used (2 males, 3 females) The concentration of green porphyrins in the liver was
determened 1n 19 amimals (10 males, 9 femnales) The 24-hour outputs of -amunolae-
vulic acid (ALA), h (PBG) and hy (CP) were
0 50 ammals (25 males, 25 Temales) and that of uroporphyrin (UP) 1n 40 ammals
(15 wmales, 25 femafes) The 24-hour faccal outputs of CP and protoporphyrin (PP}
were detetmined tn 54 tabbits (26 males, 28 females)

Apronal-antoxicated rabbits

Nune rabbits (2 males, 7 females) were given aprona) 1n doses of 100-400 mg/kg
bodyweight (b w) The distribution of the doses 1s given in fig 1 The substance was
dissolved 1n 10 ml of 96 ethyl alcohol and given by stomach tube Immediately
afterwards the animals recerved about 20 mi of water by the same route Four of the
amuals (Nos 6, 7, 8, 9 were placed 18 lism cages after the
apronal The 24-hour samples of urine and faeces were collected separately, The
excreton of ALA, PBG, UP and CP in the unine and of CP and PP in the faeces was
determined. Al 9 animals were kitled the day after the last dose of apronal, and the

ivers were removed for determuning the catalase activity and the concentration of
green porphyrins

DDTD-intoxcated rabbits
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Porphyria Induced in the Rabbit by Dicthyl 1,4-Dihydro-24,6-
Trimethylpyridine - 3,5 - Dicarboxylate

11 Catalase activity and concentration of green porphyrins in the Iner
and a companison with apronal induced porphyria

By

Birgitta Haeger-Aronsen
(Received May 3 1962)

A type of hepatic porphyna induced by oral admumstration of diethy!
1,4 dihydro 2,4,6 tnimethylpyndine-3,5 dicarboxylate (DDTD) m the
rabbit was described 1n an earlier paper (HAEGER-ARONSEN 1961)

The two previously known types of expenimental hepatic porphyra are
mduced by derivatives of o substituted allylacetic acid, usually allyliso
propylacetylcarbamide!) (SCHMID & SCHWARTZ 1952, BENARD et al 1953
GOLDRERG 1954, and others), and by hexachlorobenzene (Scrmip 1960
OCRNER & ScHMID 1961, DE MATTEIS et al 1961)

All three types of porphyrna are characterised by an increased excretion
of parphyrins and their precursors

It has been shown that the catalase activaty of the liver i apronal ntoxt
cated rats and rabbits 1s significantly decreased and that the decrease 1S
due to mhibrted synthests of this enzyme (SCHMID & SCHWARTZ 1952, 1953,
ScHMID ¢f al 1953, ScHMiD ef al 1955) 1thas however not been possible
to demonstrate whether apronal also accelerates the breakdown of hver
catalase The activity of catalase in theerythrocytes like that of cytochrome
C and cytochrome oxidase mn the liver, 1s not affected by apronal (ScHMID
etal 1955) Increased amounts of “green porphyrins - an il defined type
of pigments — have been demonstrated 1n the liver during experimental
apronal intoxication (SCHWARTZ 1955, ScHWARTZ & IkrDA 1955)

OCKNER & ScHMID (1961) found the catalase actvity of the hver in
hexachlorobenzene poisoned rats to be normal The metabolic block
induced by this type of intoxication 1s not fully understood

The main purpose of this 1nvestigation was to ascertan whether the
catalase actvity and the concentration of green porphyrins m the Iner
undergo any changes assocrated with DDTD mtoxication

1) Sedormid @® = apronal (NFN}
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Fig 3 Absorption curves for greea porphynins
- - - Extracted from livers of apronal intoxicated rabbits Extracted from liver
of a DDTP intoxicated rabbit Maxima found at 413 and 553 mp

Results
Norrmal rvalues
The results of determiming the catalase actvities of the livers 1n 5 healthy
rabbits are gwven m fig 4A The number of milimoles of NaBO; decom-
posed by 05 mi of the 4%, homogenates ranged between 0 71-0 48

0. MLUMOLES MiB03 DECOMPOSED
BY 05 mi OF HOMOGEWATE
oiLuTION

HOMOGENATE
RATION
10 of enzyme source

Fig. 4 Py of NaBO.
y 3 1o
A 3 normat rabbus B 9 apronal intovicated rabbits € 15 DDTD intovicated rabbits
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Fig 2 Doses of DDTD gisen to 15 rabbits The catalase activity of
the liver was determned the day after the last dose

moved for measurement of the catalase activity and the concentration of green por-
phyrins

Control animals

Four animals (1 male, 3 females) recerved 10 ml of 96% ethyl alcohol each and then
about 20 m{ of water by stomach tube This dose was given every other day for I8
days On the dy after the last dose the animals were killed and the livers removed for
determining catalase actvity and concentration of green porphyrins

Immedately after removal, the liver shces used for determining catalase activity
were washed and homogemised, as described by DOUNCE & SHANEWISE (1950) The
mean wet weight per millilitre of the homogenates was 097 g (0911 02) and the
corresponding mean dry weight 0073 g (0021-0 100) For determinmng the catalase
activity each homogenate was diluted 1 25 (494), 1 S0(2%) 1 100 (1%) and 1 250
(0 4%) with distilled water

The catalase actnity m the various dilutions was deterrmuned by the method of
FEINSTEIN (1949) As for the controls, cach dilution was analysed twice, and the mean
was calcufated The activity was expressed as rmullimoles of sodium perborate (NaBOs)
d dby0 5mlofh dilutton under the conditrons of the method used
The caleulations were made after correcting the wet weights of the origmal homo-
genates to 1 00 g per ml

Green porphyrins were determuined by the method of ScHwaARTZ & IREDA (1955
The pigments were extracted from 10 g of liver The lvers were kept in the dark at
4.4°C until they were analysed, which was always at most 6 hours after the death of
the animals The extinctions of the 7 5 N HCl extracts were read at 413 my, since the
“Soret maximum™ was found to be situated there 1n more than 809 of the specimens
(fig 3) The deternunations Were made 1n a Beckman spectrophotometer, model DU,
10 a 1 cm cuvette aganst a blank consisting of 75 N HCl

Other methods used have been described previously (HAEGER 1958, HAEGER-ARON-

sen 1960, 1961)
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Fig 6 Mean uninary 24-hour excretion of & acd (ALA),

(PBG) uroporphynn (UP) and coproporphyrm (CP) and also of faecal CF and proto-
porphynin (PP) by 15 DDTD intowcated rabtats — Arrow indicates first day of DDTD
admmstrapon

the amimals The mcrease was most marked 1n those animals receving the

fargest doses of apronal In these 1t was 10-20 tunes the normal value
The mdividual curves for the excretion of ALA, PBG, UP and CP in

the unine and of CP and PP 1n the facces 1n the 4 ammals studied (Nos 6,

7.8 9) were ssmilar 1n shape, The mean values for the group are given
mfig §
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Table 1.

Normal urinary excretion (/24 hrs ) of 5-aminolaevulic actd (ALA)
porphobilinogen {PBG), uroporphynin (UP) and coproporphynn (CP) by rabbits,

Number ot
Substance deter- J w/24 hrs ) m ’ sD ) 93¢, rance
{_minations
ALA 50 m 008 009 000-03
PBG 50 m,f 007 008 000023
up 40 g 0 0 -
cp %0 g s 5 0-13
!

Table 2.

Normal faecal excrenion (ug/24 hrs ) of coproporphynin (CP)
and protoporphyrin (PP) by rabbits

|

Substance ‘ m { SD ( 95%¢ range
Ccp r 4 7 f 0-18
PP 53 33 ! 0-119

Table 3

Hepauc catalase activity and concentration of green porphyrins
10 amimals with experimental porphyria
N - normal D - decreased, 1 - increased,
~ ~ nformation not available

acuvity  |green posphynins

Type of porphynia J Catalase  [Concentration of

Apronal induced (rats rabbits) J D 1
Hexachlorbenzene induced (rats) | N -
DDTD induced
{ratsy - N
{rabbits) l D i 1

Green porphyrms from 19 rabbits gave an extinction of 031t per

10 g of hver
The urinary excretion values for ALA, PBG, UP and CP are gnen it

table 1 and those for the faecal excretion of CP and PP 1n table 2

Apronal-mtoxicated rabbits

The values found for the catalase activity of the lners of 9 apronal-
intoxscated rabbits are given in fig 4B, which shows that the activity was
normal 1n 5 animals but appreciably reduced in the remaming 4

The concentration of green porphyrns 1n the liver was increased 1 all
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& Figee's (1960) finding of a nmormal concentration of the green
porphynns i the hver m DDTD 1ntoxicated rats can probably be ex-
plained by the difference 1 the ammal species

The exeretion of ALA, PBG, UP and CP 1n the unne was increased 1n
intoxication with apronal and DDTD Sticw (1958) has reparted the ALA
excretion to be normal in apronal intoxicated rabbats, but AseorT &
Rupore (1961) found a pathol \} of s Wtz by
abbuts and rats intoxicated 1 this way The CP excretion 1n the faeces
was only moderately increased 1n apronal as well as in DDTD wmtoxica-
tion and the excretion of PP was clearly elevated m both types

The observations made are patible with the p that
essentially the same type of metabolic block occurs i apronal- and
DDTD moucation In the production of expenmental porphyna, it
would appear that DDTD s to be preferred to apronal, because 1t
produces a much lower mortality

Summary

1n porphyra mduced by oral administration of diethyl 1,4-dihydro-
24 6-tamethylpyndine-3 $-dicarboxylate (DDTD) or allyhisopropylacetyl-
carbamde (apronal} to rabluts, the liver showed a substantally reduced
catalase actvity and an increastd concentration of green porphynins

The of § faevubc acid (ALA), porphobil (PBG),
uroporphyrin (UP) and coproporphynn (CP) 1n the urine, as well as of

CP and protoporphyrin (PP) in the faeces, were ncreased 1n both types
of intaxication

In view of these bioct \ \ the bol!
assvmed to be the same 1n the two types of porphyna

block mnduced 15
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DDTD-mtoxicated rabbits

The values found for the catalase activity of the livers of 15 DDTD
mntoxicated rabbits are given 1n fig 4C, which shows that the actaty was
reduced m all of the ammals

The concentration of green porphynns m the Iner was manably
increased to 10-50 times the normal value

The 1ndividual curves for the urinary excretion of ALA, PBG, UPand
CP and of faccal CP and PP were similar The mean values for the group
are given 1n fig 6

Control ammals

The catalase actmty of the lnvers from the 4 control ammals, which
receved ethyl alcohol only, ranged between 0 68 and 0 52 miflimoles of
NaBOj; decomposed by 05 m! of 4% homogenate, 1 ¢ the values were
normal

The concentration of green porphyrins 1n the hvers of these animals
was normal

Discnssion

The catalase activity of the liver was normal in the § animals receving
relatively small doses of apronal (400-700 mg/hg b w ), but decreased 1n
the other 4 amimals that had recewved larger doses (1100-1300 mefhg
b w) This confirms the observation of previous worhers that the catalast
activity of the liver of rabbuts s decreased after administerg large amounts
of apronal (ScHMID & ScRrWARTZ 1952, 1955, Scuwip et al 1953,
Scumib er al 1955)

In the animals that had received DDTD, the liver catalase activity akso
decreased The decrease was not proportional to the DDTD dose The
dose of alcoho! used n these experiments was large, so that posstbly the
reduction of the activity may have been due to alcohol-induced changes it
the liver However this appears unlikely, since the activity was normal
1n the controls recerving alcohol only The possibility that alcohol pro
duces some effect when used in combination with DDTD cannot, howeven
be excluded 1f DDTD alone s responstble for the reduction 1t might be
duc to (1) Inhibition of the enzyme synthesis, by analogy with what 18
seen 1n apronal intoxication, (2} Increased breakdown of Iner catalase,
or (3) Inhibited catalytic effect of the enzyme e

ScuwARTz (1955) found the concentration of green porphynns 1n th
liver to be mereased mn apronal-ntoxicated rabbits Our findings agree
with this The DDTD mtoxicated ammals also showed a SUbS(:I;u
tally ncreased concentration of these porphyrins in the Iner SoLov
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Frorm the Department of Pharawacology, Unuversity of Goteborg
Sweden (professor A Carlsson)

The Effects of Hydralazine Administered into the Brachial
Artery on Adrenergic Vasoconstrictor Stimuli in the Hand
By
Ablad, B, G Johnsson and M Hennmg
(Recerved May 12 1962)

The hyp effect of hydralazine 1s due to a decrease 1n vascular
resistance (MOYER e al 1951, WILKINSON ef al 1952, Frets et al 1953
and others) Studies on ammals have given nise to divergent opinions as
to whether the site of action is central or peripheral {cf Gross et al 1950,
Cravir et ol 1951, GRivson ef o 1952, BeNet al 1953, Liver ol 1955,
ScivrTT & GICQUEL 1956, KirpekAR & Lewis 1957, Tancrt & BARG-
HAVA 1960) In man the peripheral point of action seems to be predomu
nantly important for the decrease 1n vascular resistance (STUNKARD et af
1954, AsLaD 1959)

1n a recent investigation (ABLAD et a! 1961) we found that hydralazime
admimstered into a brachial artery produced a substantial nise 1n blood
fiow \hrough the proximal part of the foreatm and the hand, whereas the
blood flow 1n the opposite arm as well as blood pressure and pulse rate
were unaffected The dose was such that the drug's concentration 1n the
arm was probably eqs to that ob d by d
of therapeutic doses The local vasodilatation developed slowly and
persisted for more than one hour, m the same way as the hypotensive
cffect after ntravenously admimstered hydralazine

To analyze further the penipheral action, we have nvestigated the tn-
fluence of intra artennally ad d hydral on ction
:n‘ch:s:?:sd 0:;5 tx:::rcl;:ie:{sa hc:gd ;esl or by infusion of noradrenaline In

ydralazine was given in a higher dose of

095-1 27 mg, and 1n another series a lower dose of 0 30-0
3 55 mg (simil:
10 that used 1n the above mentioned study) g (imiac
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drenals, probably
fusther nfluenced by some humoral factor released from the a .y

adremaline ~In the results reported below, the effect of the cold test on blood flow in
1he hand 1s recorded both as values observed 10 seconds aftee the application of the
stimulus and as those recarded after 40 and 60 seconds

The drugs used were (1 hyds htal: chlonde, if .
Ciba) and line (1 1 ®, Byk Gulden)
The infused line solutions as a preservative 0001 per cent

ascotbic ac1d (GADDUM et af 1949)

The statistical anafysis was based on the 7 test (FistER 1958) Results are reported
as means % standard error of the mean In statistical analysis of the differeace
blood flow between two measuring periods (before and after admunustration of an

agent) the absolute ch of flow 1n the dual experiments were used as variates
Results
A Effects of Intra arterially Adnumnistered Hydralazine
on the Blood Flow

After admmistration of hydralazine 1n one brachial artery, the blood
flow 1n the 1psilateral hand (test hand) increased, and thus effect persisted
throughout the entire experiment 1 all subjects The blood flow 1n the
contralateral hand (control hand) showed varying changes m different
expenments, though the average changes were wsigmificant The differ-
ences between the blood flows n the hydralazine treated test hand and in

the control hand were, on an average, approximately the same before
appheanon of the first as before appl of the last
stimulus

1 Effect of the Higher Dose of Hydralazine

Calenl of the mfh of hydral on the blood flow recorded
befare the application of vasoconstrictor stimuli provided an estimate of

;&\: vasodslator effect of the drug In the seven expeniments with the hprher
neanfL 3. s

[ .
s

72w aulunpsuauon of hydralazine the test hand blood flow
mereased to an average of 36 6 + 372 mit The increase of blood flow
was % K i Mj‘;&.?l'fml',k’<00!) The
simultancously recorded blood flow values i the control hand were
198 = 220 ml before and 19 5 + 189 ml after the administration of
hydralazine (mean decrease 03 + 105 ml)

2 Effect of the Lower Dose of Hydralazine
in the ten experiments with the Tower dose
of hydralazine, th
bload flow in the test hand increased from 16 5 + 260 mil toely 234

$23-234



166 B ABLAD et af

Methods

co\.re}::dc:v‘:f:?g;‘;; k\:::r: zcrll;ormcd on healthy students The recumbent subject was
SRy a and the experiments were performed at a room temperature of

+ Under these conditions the subject felt comfortably warm without sweatice
A thin polycthylene or teflon catheter was introduced into the brachial artery as e
viously described (ApLAD ef af 1961), and through 1t drugs or 1sotorc saline were
infused at a constant rate (in most experiments 06 ml per minute) from a motor
driven syninge Noradrenaline was infused nto a superficial vemn of the arm from
another motor-driven syringe Both hands were placed tn plethysmographs filled with
water at a temperature of 33°C The experiments were performed with the subjects
arms at their sides As a rule the capacity of the venous reservorr in the hand wasthen
large enough to gne measurable inflow curves even at hugh bloodflow levels (f
RODDIE & SHEPHARD 1956) Other details of the plethysmographic method used hae
been already described (ABLAD ef af 1961)

The blood flow 1n the hand 15 ch 12¢d by pr d varatios
and 1s greatly influenced by emotional stimult The subjects were therefore nstructed
to relax and were not aware of the exact time of drug infustons It has been shown that
the spontaneous variations are simular in the two hands (COOTER et af 1950) and, since
1n all experiments the blood flow was determined simultaneously in both hands 1t was
possible to distinginsh these vartations from the local unilateral effects of the mtr2
artenially administered drugs

Each cxperiment proceeded according to a general pattern Imually a study was
made of the effects of a cold test and of an intravenous or intra arterial infusion ©
noradrennline or both For the cold test a piece of 1ce was placed m the subyects
mouth for 70 seconds Noradrenaline was infused for five nunutes, occasionally for
somewhat longer, and was gnen intravenously in a dose of 12-24 pg per minute or
imtra artersally 1n a dosc of 0 15-0 42 pg per munute During the cold test the blood
flow was determined by means of venous occlustons after 10, 40, and 60 seconds
otherwise venous was Ily produced 1 ly 1n both arms 00
or twice per minute The different vasoconstrictor stimuli did not follow the same
sequence n all expeniments The ntervals between stmuli ranged from 7 to 20
minutes, and the next stumulus was not applied unti! the effect of the previous
stimulus was judged to have subsided completely — After these tests hydralazin¢
was nfused ntra artersally over a five-munute period, the higher dose (¢ 95-1 27 mg)
being given in seven experiments and the lower dose (0 30-0 55 mg) in ten others
Thirty munutes later when the hydralazine effect was relatively constant (ABLAD
ot al 1961) the tested vasoconstrictor stimult were again apphed mn the same order
and dosage, and with the same duration, as before In three subjects i whom the
effects of the cold test and of intravenously infused noradrenaline were studied the
experiments were repeated at alater date when we recorded the artenal blood
pressure, measured by the method of Riva-Roccy, instead of the blood flow tn the

hands
H -~ . £ 24 e ane ane made

munations made during the last two minutes of the mtusion

In the cold test, the blood flow 1n the hand (BARCROFT & Swa~ 1953) and the fore-
arm (WILKINS & EICHNA 1941) falls after a latent period of a few seconds According
to WILRiNs & EICHNA, the 1mutial effect 1n the forearm is due solely to increased activaty
W the vasoconstrictor fibres, but after 30 seconds the forearm crrculation is sometimes

of deter
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ml The change amounted to 87 4+ 139 ml (P < 0001) The simul
tancously measured blood flow 1n the test hand decreased msigmificantly
from 170 + 285 ml to 166 4 245 ml (difference 04 £ 122 ml) -
After the ligher dose of hydralazine the mean increase of blood flow m
the test hand was 76 + 344 ml greater than that after the lower dose
(P < 0 05)

B Effect of Hydralazine on the Vasoconstrictor Action
of the Cold Test in the Hand
The cold test had little effect on the blood pressure In the three expent
ments 1 which thus factor was studied, the systolic and diastolic blood
pressure increased by 0~10 mm Hg The changes occurring before and
after mtra-arteral admimstration of hydralazine were of equal magmtude

1 Effect of the Higher Dose of Hydralazine

The effect of the cold test on the blood flow 1n the hands was studied
1n five experiments before and after administering the higher dose 0
hydralazine (table 1, figure 1) Before the infusion of hydralazine the cold
test produced a quantitatively similar reduction of blood flow tn the the
hands After 10 seconds the mean decrease was 94 4 3 19 mln the test
hand and 100 4 2 69 ml 1 the control hand (difference 0 6 £ 064 mi),
after 40 and 60 seconds, 9 3 + 2 88 ml in the test hand and 9 2 + 244 ml
in the control hand (difference 0 1 1 0 86 ml ) After the admmistrationt of

BEFORE HYDRALAZINE AFTER HYDRALAZINE

TEST .
’, HAND \/ ' ft'ASNI'D
o~ H

5

-1

i
i
|

BLOOD FLOW ml/00ml TISSUE PER MN
°

1| CONTROL
o Pl ! iconTROL
HAND
wl Al
I,
W
TR % & T T T W W m ws

TIME MINUTES
¢ intra arteral

{ the cold test on blood flow 1n the hands before and afte
e s‘l:‘g:ct:noﬁ hydralazine Cold test performed at 34th and 120th mmute Hydralazine
admint ! (095 mg) given at 671h-72nd minute
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ml The change amounted to 87 4 139 ml (P < 0001) The sl
taneously measured blood flow 1n the test hand decreased msigmificantly
from 170 + 285 ml to 166 - 245 ml (difference 04 4 122 ml) -
After the higher dose of hydralazine the mean increase of blood flow 1
the test hand was 7 6 - 3 44 ml greater than that after the lower dose
(P < 005)

B Effect of Hydralazine on the Vasoconstrictor Action
of the Cold Test in the Hand

The cold test had httle effect on the blood pressure In the three expent
ments 1n which this factor was studied, the systolic and diastolic blood
pressure 1ncreased by 0-10 mm Hg The changes occurring before and
after intra-artertal admimstration of hydralazine were of equal magnitude

1 Effect of the Higher Dose of Hydralazine

The effect of the cold test on the blood flow 1n the hands was studied
n five experiments before and after administering the higher dose of
hydralazine (table 1, figure 1) Before the mnfuston of hydralazine the cold
test produced a quantitatively stmilar reductton of blood flow in the t#0
hands After 10 seconds the mean decrease was 9 4 + 3 19 mln the test
hand and 100 + 2 69 m] in the control hand (difference 06 - 0 64 mi),
after 40 and 60 seconds, 9 3 4 2 88 mln the test hand and 92 = 2 44ml
1n the control hand (difference 0 1 4- 0 86 m1) After the admuimistration of

BEFORE_HYDRALAZINE AFTER HYDRALAZINE

5

TEST ,
% | HAND \/ o TEsT
o~ HAND
20
I
10- ! 1
1| CONTROL "
G 1, HAND " iconTROL

3

BLOOD FLOW ml/00mt TISSUE PER MN
-

/—*g/\ —/':HAND
!

. g

FRE T [ED

C) W us
TIME MINUTES
teral
{ the cold test on blood flow in the hands before and after ntra arf
F:’g lmsi‘:‘;:xc;ncof hydralazine Cold test performed at 34th and 120th munute Hydralazine
adm (095 mg) given at 67th 72nd mumute
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ml The change amounted to 87 -4 139 ml (P < 0001) The simi
tancously measured blood flow 1n the test hand decreased insigmificantly
from 1704285 ml to 166 + 245 ml (difference 04 122 ml) -
After the higher dose of hydralazine the mean increase of blood flow m
the test hand was 76 +- 3 44 ml greater than that after the lower dost
(P < 005)

B Effect of Hydralazine on the Vasoconstrictor Action
of the Cold Test m the Hand

The cold test had little effect on the blood pressure In the three expen
ments 10 which this factor was studied, the systolic and diastolic blood
pressure ncreased by 0-10 mm Hg The changes occurring before and
after intra-arterial admimstration of hydralazine were of equal magnitude

1 Effect of the Higher Dose of Hydralazine

The effect of the cold test on the blood flow 1 the hands was studied
m five experiments before and after administering the higher dose of
hydralazine (table I, figurc 1) Before the infuston of hydralazine the cold
test produced a quantitatively stmilar reduction of blood flow i the %0
hands After 10 seconds the mean decrease was 94 + 3 19 ml i the test
hand and 100 - 2 69 m! in the control hand (difference 0 6 4 064 m}),
after 40 and 60 seconds, 9 3 £ 2 88 mlin the test hand and 92 + 244ml
1 the control hand (difference 0 I + 0 86 ml) After the adminstration of

BEFORE HYDRALAZINE AFTER HYDRALAZINE

z
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cold test on blood flow tn the hands before and after intra arterd

e llarf:ixc;nogflﬁ;dmlazmc Cold test performed at 34th and 120th minute Hydralanin¢
admins 0 95 mp) given at 67th-72nd minute
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hydralazine the cold test i two experiments produced a considerably
smaller decrease of the blood flow in the test hand than m the control
hand, but on average the absolute decrease was not significantly different
in the hands After 10 seconds the mean decrease was 105 4 392 mlm
the test hand and 11 3 4 302 ml 1n the contro! hand (difference 08 =
223 ml), after 40 and 60 scconds, 70 4 90 ml in the test hand and
93 4 224 ml n the control hand (difference 2 3 + 3 66 ml)

2 Effect of the Lower Dose of Hydralazine

In ten experiments the effcct of a cold test on blood flow n the hand was
nvestigated before and after infuston of the lower dose of hydralazine
(table 2) The two cold tests evoked, on the average, roughly the same
absolute decrease of blood flow m both hands After the admimstration
of hydralazine the mean decrease 10 seconds after the application of the
test was 99 o+ 1 99 ml n the test hand and 10 1 & [ 99 mlin the control
hand (difference 02 4 105 ml), the mean decrease after 40 and 60
seconds was 71 £ 120 ml 1n the test hand and 70 + 105 ml in the
control hand (difference 6 1 & 090 mi)

C Effect of Hydralazme on the Vasoconstrictor Action
of Noradrenalme mn the Hand

Intravenous infuston of 20-24 pg noradrenaline per minute m threé
experiments elevated the systolic pressure by 10-25 mm Hg and the diasto
lic by 15-30 mm Hg The cffect was of about the same magnitude before
and after intra artenal administration of hydralazine

1 Effect of the Higher Dose of Hydralazine

a Intravenous Noradrenaline - In five expertments the effect of 1ntra
venous mfuston of 12-24 pg noradrenaline per minute on blood flow
1n the hand was studied before and after intra arterial admumstration of
the higher dose of hydralazine (table 3, figure 2) Before admunistration
of hydralazing the decrease 1n blood flow produced by wnfusion of nor
adrenaline was the same 1 both hands, on the average, 69 + 126 mlmn
the test hand and 6 7 & 099 m] n the control hand (difference 0 2 054
ml) After admimstration of hydralazine the mnfusion of noradrenaline
reduced the blood flow 1n the test hand markedly less than in the control
hand, the mean values bemng 22 + 1007 mland 77 + 125 m! respec

difference 55 -£ 1 62 ml, P < 005)

l\V;lylimfZ arteral Noradrenalme - In two experiments the effect on
blood flow 1 the hand produced by an mfuston of 027-0 36 pg nor-
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adrenaline per minute nto one brachial artery was studied before and
after admimistering the higher dose of hydralazine The results obtained
n one expeniment are shown in fig 3 Before admimstration of hydralazme
the nfuston of noradrenaline caused 1n both experiments a consprcuous
decrease of blood flow in the test hand as compared with the simul
tancously recorded flow in the control hand After admmistration of
hydralazine the noradrenahine infusion caused practically no decrease of
blood flow 1n the test hand

2 Effect of the Lower Dose of Hydralazine

aIntravenous Noradrenaline - In six expeniments a study was made of
the effects of intravenous infusion of 12-20 pg noradrenaline per minute
before and after intra-artenial admimstration of the lower dose of hydrala
zine (table 4) Before the admunstration of hydralazine the mfusion of
noradrenaline produced on an average a decrease 1n the blood fow of
70 £ 167 ml i the test hand and of 77 + 1 87 ml in the control hand
(difference 07 + 037 ml) After the admmstration of hydralazine the
infusion of noradrenaline produced in every experiment a distinct decrease
1n the blood flow 1n the test hand On an average the absolute decrease was
of about the same magnitude 1n both hands, in the test hand 8 3 & 251
ml and 1n the control hand 77 + 1 58 ml (difference 0 6 + ! 34 ml) The
results thus differed from those obtamed in experiments 1n which a higher
dose of hydralazine was given

b Intra arterial Noradrenaline In five expeniments an mtra artenal
wfusion of 0 15-0 42 pg noradrenaline per mimute was given before and
after administering the lower dose of hydralazine mto the same bractual
artery (table 5) Before the administration of hydralazine the infuston of
noradrenaline reduced the blood flow 1n the test hand 1n all experiments
(mean decrease 57 + 1 32 mi, P < 005), but vanable changes occurred
in the control hand (on the average, a decrease of 04 + 069 ml) If, as
believed, the changes mn the control hand resulted from spontaneous
variations 1n the vasoconstrictor fibre discharge smuilar changes must
likewse have occurred 1n the test hand and modified the vasoconstrictor
effect of the infusion of noradrenaline By assuming that these spontancous
changes were of the same absolute magmitude in both hands in each
expeniment, the “real” effect of the infused noradrenalme could be cal
culated An average decrease of 53 £ 103 ml (P < 005) was found
After hydralazine, noradrenaline also reduced blood flow n the test hand
1n every expeniment If the “real” effect of noradrenaline was calculated
1n the same way as above, the average decrease was 59 =+ 067 ml (P j
001) Thus noradrenaline produced about the same decrease of bloo
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flow 1n the test hand aftex as before hydralazine was guen (mean differ-
ence 06 -+ 1 51 ml), and this result also differed from that obtained when
a higher dose of hydralazine was given

Discussion

A great part of the blood vessels n the hand are engaged 1n teraperature
regulation, and their resistance 15 to @ large extent determned by the
actvity of the vasoconstnctor nerves (¢f review by HERTZMAN 1959)
According to ARNOTT ef &l (1948), GASKELL (1956) and Ropnie et af
(1957 2, b) newrogenic vasoconstuctor tone m the fingers and the hand
can be elmmnated completely by indirect heating, since this procedure
reduces vascular resistance 1n ihe hand to the same degree as does nerve
block However, the resistance vessels in the hand are evidently not
completely relaxed by indirect heating, since RODDIE & SHEPHARD (1956)
found that they could be further dilated by local heating This observa-
tion 1ndicates that the hand contains vessels with an inherent tone not
maintamed by vasoconsinictor nefve astivity

1n our expenments the igher dose of hydralazine appeared to exert a

d to the 1etor effect of drenaline n
the hand whereas the effect of the cold test was antagomzed to a smaller
degree This may ndicate that hydralazine exeried a weaker antagomsm
o neurogenic vasoconstrictor stimult than to plasma noradrenaline, but
1hus question needs further study The lower dose of hydralazine evoked
2 distinet decrease w vascular but the wctor effects
of noradrenafine and of the cold test were probably only shightly anta-
gonized This ind that the dil action of hydral m the
tand 1s pnmanly due to a “direct’ effect on vascular smooth muscle At
Iower dosage the drug reduces vascular resistance without severely snter-
feang with vasoconsmc“or fibre control of resistance At agher dosage 2t

d ad

may exert a to the gic trans
mtier noradrenaline

hi order 10 test this snterp we have also d1f the effects
of hydral could be d

hed from the effects of penpherally
acting agents that produce vasodilatation by release of vasoconstrctor
tone (unpublished) Two such drugs were studied the adrenergic blocking
agent ph and dine, which ding to MaXWELL
et al (1960) and others mhibits the release of the adrencrgic transmutter
from the nenve endings These drugs were infused mnto a brachal arte;
and evoled a lung lasting decrease 1 vascular resistance of the han:!y
;l;hcy were piven ¢ 2 dose producing about the same increase m blood
ow of the test hang as the lower dose of tydralazine, and therr interac-
Adaptarmactiopicn, vol, 19 fasc. 2

12
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tion with vasoconstrictor stimuli was studied 1n the same way as i the
expertments with hydralazine After phenoxybenzamine the vasoconstnc
tor effects of the cold test and noradrenaline 1n the test hand were
markedly reduced After guanethidine the effect of the cold testin the test
hand was reduced but the effect of noradrenaline was either not affected
or even possibly somewhat potentiated These results differ from those
obtained with hydralazine and therefore lend support to the interpreta
tton made above for the mechamsm of the vasodilatory action of by
dralazine

It has earher been suggested by STUNKARD er al (1954) thata penpherl
action of this type 15 of predominant importance for the hypotensiie
effect of hydralazine 1n man They found that an intravenous iyjection of
8-22 mg hydralazine increased the blood flow 1n extremities devoud of
sympathetic innervation and that 1t evohed a hypotensive effect, but did
not quantitatively change the absolute increase in blood pressure evohed
by a cold test or intravenously infused noradrenaline On the other hand
1t has been shown that higher doses of intravenously admimistered hy
dratazine sometimes decrease the hypertensive effect of these stumul 10
man (Fros et al 1950, 1951, GRIMSON ef al 1950) Also 1 antmal €t
periments the drug has sometimes been found to mhibit the hypertensie
effect of noradrenaline completely and convert the pressor effect of
adrenaline to a depressor effect (e g MOYER er al 1951) The vasculat
effects of locally admimstered hydralazine 1n the hand thus seem t be
representative of the effects produced by intravenous admunstration of
the drug on the enttre perpheral vascular bed

In man the effects of oral or parenteral hydralazine on the vascular
resistance m various organs support the view that the vasodilation 15
predomunantly due to a ¢ direet” action on the vascular smooth muscle
The drug generally evokes a considerable merease of renal blood flo®
(REUBI 1950, WILKINSON ef al 1952, KAPLAN & ASSALI 1953, MoYER
1953, WERRO e al 1953, CROSLEY ef al 1954, VAN DER KOLh &/ al 1954,
stEN & Hecur 1955, Giorup & HILDEN 1956, JupsoN & HOLLANDER
1956) This effect 1s probably not due to a decrease 1n neurogenic 1aso
constrictor tone since ths factor 1s considered to be of no importance for
the renal vascular resistance under basal conditions 1n man (feview by
SurrH 1951) The effect of hydralazine on cerebral blood flow n man has
been studied 1 several investigations In one study the blood flow was
not changed by the drug (HAFRENSCHIEHL & FRIEDLAND 1953) but 18
three others a distinct increase was found (CRUMPTON er al 1953, McCast
1953, KLEH & FAZERAS 1954) Vasoconstrictor perve activity 18 considere
to be of little importance for the vascular resistance 1n this region, h)’P""
tensive drugs that primarily inhibit the neurogenic vascular tone do no
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wcrease cerebral blood flow, whereas “directly” acting spasmolytic
drugs, such as mtntes and papaverin, may merease the flow (¢f 1eview by
SoxoLoer 1959) Hydralazine has been shown also to icrease the blood
flow and decrease the arteno-venous oxygen diffesence sn the coronary
arculation (ROWE et al 1955), where the vascular resistance 1s believed to
e but hittle influenced by vasoconsinctor nerve actinty

Surmary

The of hydral with the v setor effects of
noradrenaline and a cold test was studied in the hand When nfused into
a brachual artery, hydralazine produced 1n the hand vasodilatation of
graduaj onset and long duraion When adnmutustered in a higher dose of
095-1 27 mg the drug apprectably d the 1ctor action
of intravenously or intra artenally infused noradrenaline, but antago-
nrzed the effect of the cold test 10 a less extent When admmustered ina
fower dose of 030-0 55 mg, hydral ehonted fi drt
uon, but did not markedly antagomze the vasoconstrictor stumuh The
results ave 1 d with p g which have shown
that | hydralazine has a perpheral vasodilator effect due 10 2 “drrect”
action an vascufar stooth muscle, 2 hydralazing’s penpheral site of
attack 15 of p fi for 1ts hyp action

Acknowledgement

Thus 1nvestigation was supported by grants from The Faculty of Med-

ene Unuersity of Goteborg, Sweden and from A B Cyba, Stockholm,
Sweden

REFERENCES
Amhall W M &1 M Macfie J Phynol 1948 107 233 138
Barcralt 4 & H § C Swan Sympathetic Control of Human Blaod ¥ essely
London 1983 p p 165
Bein !§|6_)N : Gryss J Trpod & R Meter Schwer  Med Wichr 1953 83
Cooper K E k W Gross A D M Greenfield D Mc K. Hamil
‘ H Zth:lbomugh Clin Sci 1950 8 217 234 o &
taver W Barrett A Cameron & F F Yonk:
AR n onkman Pharm Ass Se;
C‘“‘{KOL?O: G G Rose & C W Crumpton J Lab Cln Med 1954 44
Crumpton € W G G Rowe & A P Croskey G M M
Huson § Labor Chin Med 193 42 757 798 Mawell &3 1
Fuhevr R”A Stansticat Methods for Research Workery Edinburgh 1958
P
F
e ;I)r::) & F A Fumerty It Proc Soc Exper Bof Med 1950 75,
frem £ D J ¢ Mickay & W F Otner Circulaon 191 3 254-259

Fres ED JC Rose T F Higs
gins F A Frunext:
Partenope Circutanon 1953 8 199 205 ) © T Keley &€ A



178 B ABLAD et al

tion with vasoconstrictor sttmult was studied m the same way as in the
experiments with hydralazine After phenoxybenzamine the vasoconstic
tor effects of the cold test and noradrenaline n the test hand were
marhedly reduced After guanethidine the effect of the cold testin thetest
hand was reduced but the effect of noradrenaline was either not affected
or even possibly somewhat potenttated These results differ from those
obtained with hydralazine and therefore lend support to the interprela
tion made above for the mechanism of the vasodilatory action of by
dralazine

It has earlier been suggested by STUNKARD ef af (1954) that a periphera
action of this type 1s of predominant importance for the hypotensi¢
cffect of hydralazine 1n man They found that an intravenous myection of
8-22 mg hydralazine increased the blood flow 1n extrermities devord of
sympathetic innervation and that 1t evoked a hypotensive effect, but
not quantitatively change the absolute increase 1n blood pressure evoked
by a cold test or intravenously infused noradrenaline On the other hand
1t has been shown that hugher doses of intravenously admumistered hy
dralazine sometimes decrease the hypertensive effect of these sumub i
man (FREIS et al 1950, 1951, GRIMSON ef al 1950) Also in ammal €X
periments the drug has sometimes been found to mhibit the hypertensie
effect of noradrenaline completely and convert the pressor effect of
adrenaline to a depressor effect (¢ g MOYIR ef al 1951) The vascular
effects of locally admimistered hydralazine mn the hand thus seem to be
representative of the effects produced by intravenous administration of
the drug on the entire peripheral vascular bed

In man, the effects of oral or parenteral hydralazine on the yascular
resistance 1n various organs support the view that the vasodilation 18
predommantly due to a “ direct™ action on the vascular smooth muscle
The drug generally evokes a considerable merease of renal blood flow
(REUBI 1950, WILKINSON ¢f al 1952, KAPLAN & AssaLt 1953, MOYER
1953, WERKO er al 1953, CROSLEY ef al 1954, VAN DER KoLk et al 1954
STEIN & HECHT 1955, Giorup & HILDEN 1956, JupsoN & HOLLANDER
1956) Ths effect 1s probably not due to a decrease n neurogenic vaso
constrictor tone, stnce this factor 1s considered to be of no importance for
the rcnal vascular resistance under basal conditions 1n man (review by
SMITH 1951) The effect of hydralazine on cerebral blood flow m man has
been studied 1n several investigations In one study the blood flow was
not changed by the drug (HAFKENSCHIEHL & FRIEDLAND 1953) but 1n
three others a distinct increasc was found (CRUMPTON e a/ 1953, McCaLL
1953, KLEH & FAZEKAS 1954) Vasoconstrictor nerve activty 15 considered
to be of little importance for the vascular resistance 1n this region, hypo
tensive drugs that prnimarily mhibit the neurogemic vascular tone do not
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The Combined Effect of Adrenaline Desoxicortone and Sodium
Chloride on Blood Pressure in the Rat
By
A J Aho, M. I, Linna, A Pekkannen and M L. Salmivalll
(Recewved May 15 1962)

fn our eather study (Auo et al 1961) we reported that continuous
prolonged treatment of rats with adrenaline m odl ncreased the effect on
blood pressure of ] NaCt Prolonged of
adrenaline over several months may shghtly ncrease the blood pressure of
same experimental ammals (ENGER 1940, SCHROEDER & NEUMAN 1942,
Heng 1952, Ano ef af 1961)

The acute blood pressure response to either injected or infused adrena-

hne or drenaline 15 more pr d m man (Raas ef of 1950,
Raag 1953) and to noradrenaline 1n the dog (VANATTA & COTTLE 1955)
after p with both d {DOC) and DOC 4 NaCl

Adrenalectomy decreases the pressor effects of noradrenakne (Frutz &
Levixe 1951) Intact and bilaterally nephrectomized rats show about
tqually great increases yn blood pressure after single mjections of adrena-
line and noradrenating, whereas the acute nise 1n blood pressure of um-
laterally nephrectomized rats after pretreatment with DOC + NaCl
generally 1s fugher (Gross & LicHTLEN 1958)

[t 15 wellknown that hypertension can be caused in rats by combmed
Ureatment with DOC and NaCl, DOC alonc has generally not been
effective, but bined with a diet NaCl it can cause expent
mental hypertension (KNOWLTON ¢f al 1946, SELYE ef al 1949, BranpT

el al 1951, Gross ef al 1956, ERANKO ef al 1955} Different kinds of
anmmals have shown different responses As test ammals rats have gene-
rally been used

ln'mlact rats DOC treatment shghtly increases the blood pressure, and
NaClmske this (FRIEDMAN et af 1948) In ’most

’_\:\lm\ga\mns of hypertension caused by DOC + NaCl unateral
hrectomy has been used as a sensitizing factor {SeLYE 1943, 1950

[ S ef ol 1956) In nephrectomized rats this hypertension 1s xe‘gularl;
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In cur earlier study (Ao et al 1961) we reported that contnuous
prolonged treatment of rats with adrenaline 1n oil mcreased the effect on
blood pressure of NaCl Prolonged of
adrenaline over several months may slhightly increase the blood pressure of
some expenimental amimals (ENGER 1940, SCHROEDER & NEUMAN 1942,
Hen 1952, Ano e ol 1961)

The acute blood pressure response to erther mjected or infused adrena-
hne or d 1s more p d i man (Raas et al 1950,
Raan 1953) and to noradrenaline in the dog (VANATTA & COTTLE 1955)
after pretreatment with both desoxicortone (DOC) and DOC 4+ NaCl
Adrenalectomy decreases the pressor effects of noradrenaline (Friiz &
Levewe 1951) Intact and bilaterally nephrectomized rats show about
equaly great increases 1n blood pressure after single injections of adrena-
ll:w and noradrenaline, whereas the acute nise m blood pressure of um

terally nephrectomized rats after pretreatment with DOC 4+ NaCl
generally 15 hugher (Gross & LicHTLEN 1958)
u:at“: wellknown that hypertension can be caused in rats by combined
eﬂccu\,e:‘b““h DLOC !and NaCl, DOC alone has generally not been
mental 4 ut with a diet NaClat can cause expen
atal mg'lrscnensmn (KNOWLTON ef al 1946, SELYE ef af 1949, BRANDY

+ GRoss ef al 1956, ERANKO ef al 1955) Dhfferent kinds of

anmals hase shown d v -
ifferent responses As
all Pt As test ammals rats have gene

In imtact rats DOC treatme
simul

nt shghtly increases the blood pressure and
taneous NaCl intake 1ntensifies this (FRIEDMAN ef al 1948) In most

westipations of
Nephrcetomy hgs hypertension caused by DOC 4- NaCl umilateral

been used as a
Gros sensitizing factor (SeLye 1943, 1950,
¢1al 1956) In nephrectomized rats this hypertension 35 regularly
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accompanied by increased heartweght, kidneyweight and bloodvolume
(PICKRLRING 1955) The decrease 1n renal tissue seems to be of great
importance for the appearance of experimental hypertension (BRAUN
MENENDL Z 1958)

Certain emotional factors, the importance of which n essential hyper
tenston 1s generally recognized, may also increase the secretion of adrena
line (v EULER & LUNDBERG 1954, 1959, ELMADJIAN ef al 1956, 1958
PEKRAPINEN et al 1961)

As the studies mentioned above gencrally support the option that
DOC strengthens the acute blood pressure effect of adrenaline, we have
thought 1t useful to study whether prolonged treatment with adrenaline
strengthens the effects of either DOC or of DOC and NaCl on the blood
pressure n intact rats

Material and Methods

The test animals used were albino rats with an average weight of 230 g In the
adrenaline + DOC group there were 11, n the DOC group 11 1 the DOC + NaCl
group 3 and in the adrenaline + DOC -+ NaCl group 9 rats The adrenalme bas¢
diluted 1n o1l to a concentration 1 200 (Adrenaline Retard Leo in an o1l solution
contaiming ascorbic acid 005 white beeswax 002 anhydrous lanoline 004 and
arachis o1l 1n 1 ml) was daily ingected subcutaneously into the dorsal region near the
median hne the dose was 1 mg/rat As the DOC preparation 25 mg of desoxycorti
costerone ocnanthate (Primocort Depot ® Lewras Schering) per rat were myected
subcutancously every two weeks 1-2% NaCl was given as drinking water Bloodless
measurements of the blood pressure were carried out at 5 14 days ntervals on the
hind leg by means of a photoelectric tensometer (KERSTEN e7 gl 1947) (Metro Indu
stries) without anaesthesta The blood pressure was measured tn the following day
after myections Before the blooa pressure measurement the rats were kept for 5 10
minutes 1n animal holders To prevent infection syringes and needles were stertlized
1n boiling water Most of the animals survived the treatment but 5 of them died

Statistical Treatment
In the mathematical analysis the values of blood pressure in the adrenaline + DOC
group were compared with those 1n the DOC group and the values m the adrenaline
+ DOC + NaCl group with the corresponding values m the DOC + NaCl fmup
Student 5 p test was used and the diffe was dered sig fpz00s
and highly significant 1f p = 001

Results

| The DOC group (11 rats) Fig 1 At the beginnmg of the test the
(mean blood pressure was 107 4- 40 mm Hg During the first m(’m;_‘!"
rose to 118 + 35 mm Hg and durng the second to 136 + 55 mm ﬁ?
The mean maximum nise 1 blood pressure was 29 mm Hg During 1h:,
second month of treatment 3 values were above 160 mm Hg During
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third month of treatment the mean blood pressure showed a tendency to
fall to 125 4+ 40 mm Hg No individual blood pressure value was above
165 mm Hg duning the turd month of treatment Blood pressure values
of 150 mm Hg or more were found 1n 8 (19 %) measurements and 130 mm
Hyg or more 1n 25 (60%) duning the third month of treatment

ey
o
-
m
6 1
H rats
o {25 37)
"
"

L D0y [ hevets
e HoC sy /e

M B w wm 8% w wm B % wdae
Fig 1 The effect of prolonged treatment (3 months) with DOC oenanthate
(25 mg s ¢ every 2 week) upon the blood pressure of rats
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2 The adrenaline + DOC group (11 rats) Fig 2 The mean intral pres
sure was 112 =40 mm Hg The pressure remamed at that level durmg
the first month, increased durmng the second month to 144 £+ 50 mm Hg,
after the third month 1t was 154 4 55 mm Hg Dunng the test the
mean maximum gse mn blood pressure was 42 mm Hg The mcrease m
blood pressure contmued during the whole persod of treatment The
highest individuat values for blood pressure were found during the third
month of treatment, 180 mm Hg or more 1n 4 out of 31 measurements
(13%), 150 mm Hg or more were found mn 12 measurements (39%) and
the blood pressure was above 130 mm Hg 1n 19 measurements (61%)

3 The DOC + NaCl group (3 rats) Fig 3 At the beginning the mean
blood pressure was 116 4+ 50 mm Hg, 1t rose durng the first month to
127 4- 4 5 mm Hg and duning the second to 1ts maximum, 135 mm He
after which 1t agan fell, reaching on average 130 4 6 0 mm Hg at the end
of the third month The mean maximum rise 1 blood pressure was only
19 mm Hg, but the nse did not continue unifornuly duning the whole test
period The indnvidual blood pressure values were always under 150 mm
Hg

4 The adrenaline 4 DOC + NaCl group (9 rats) Fig 4 The blood pres
sure was at the beginning 119 + 4 0 mm Hg, after one moath 130 =55
and after two months 148 3 40 mm Hg The nse continued durning the
third month up to 157 + 4 0 mm Hg, after this, when the treatment had
been stopped, there was a fall in the blood pressure The men maximum
nise 1n blood pressure was thus 38 mm Hg, 1t continued for the whole fest
period The blood pressure was once more than 180 mm Hg, w 11 times
(41%) above 150 mm Hg and 21 times (84 %) above 130 mm Hg

We thus observed that adrenaline during a chronic treatment only
potentiates 10 a lunsted extent the blood pressvre effect of either DOC or
DOC + NaCl In the adrenaline + DOC group the mean blood pressure
(154 £ 55 mm Hg) 1s only highly sigmficantly higher (p <. 0 01) th1n in
the DOC group (125 ++ 4 0 mm Hg) by the end of the test In DOC +
NaCl group the number of animals was too small for comparison with the

her groups
OtDOté tregtmenl alone ncreased the blood pressure to 130-136 mm Hg
The adrenaline -+ DOC + NaCl and the adrenaline + DOC groups
showed a tendency toward continuous mcrease 1n blood pressure but
scarcely any difference could be observed between the two groups The
NaCl 1n these tests did not show any further potentiating cffect on the
adrenaline and DOC group or the DOC group The DOC + adrenaiine
treatment 1ncreased the blood pressure to a somewht higher level than
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the adrenaline treatment did alone 1n our earlier studies (AHo er a! 1961)
Simifarly the DOC adrenaline and NaCl trzatment ncreased the blood
pressure to a somewhat higher level than only the adrenalne and NaCl
treatment combined (AHO et af 1961) However, the difference m blood
pressure between these two groups was small
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2 The adrenaline + DOC group (11 rats) Fig 2 The mean mtial pres
sure was 112 = 40 mm Hg The pressure remamed at that level dunng
the first month, increased during the second month to 144 &+ 50 mm Hg,
after the third month 1t was 154 4- 55 mm Hg Dunng the fest the
mean maximum nise in blood pressure was 42 mm Hg The ncrease m
blood pressure continued during the whole period of treatment The
highest individual values for blood pressure were found during the third
month of treatment, 180 mm Hg or more m 4 out of 31 measurements
(13%), 150 mm Hg or more were found 1n 12 measurements (39 %) and
the blood pressure was above 130 mm Hg in 19 measurements (617)

3 The DOC + NaCl group (3 rats) Fig 3 At the beginming the mean
blood pressure was 116 & 50 mm Hg, 1t rose dunng the first month to
127 & 4 5 mm Hg and dunng the second to 1ts maxymum, 135 mm Hg
after which 1t agam fell, reaching on average 130 - 6 0 mm Hgat the end
of the third month The mean maximum nise mn blood pressure was only
19 mm Hg, but the nse did not continue uniformily during the whole test
period The mdnidual blood pressure values were alsays under 150 mm
Hg

4 The adrenalime + DOC + NaCl group (9 rats) Fig 4 The blood pres
sure was at the beginmng 119 + 4 0 mm Hg, after onc month 130 =55
and after two months 148 4 4 0 mm Hg The nse continued durning the
third month up to 157 & 4 0 mm Hg, after this, when the treatment had
been stopped, there was a fall in the blood pressure The mean maximum
rise m blood pressure was thus 38 mm Hg, 1t continued for the whole test
period The blood pressure was once more than 180 mm Hg mn 11 umes
(41%) above 150 mm Hg and 21 tmes (84%) aborve 130 mm Hg

We thus observed that adrenaline durmng a chronic treatment only
potentrates to a mited extent the blood pressure effect of either DOC or
DOC -+ NaCl In the adrenaline + DOC group the mean blood pressure
(154 & 55 mm Hg) 1s only Tighly sigmificantly higher (p -~ 001) thanm
the DOC group (125 -+ 4 0 mm Hg) by the end of the test In DOC +
NaCl group the number of animals was too small for comparison with the
other groups

DOC treatment alone increased the blood pressure to 130136 mm Hg
The adrenaline + DOC + NaCl and the adrenaline + DOC groups
showed a tendency toward continuous Increase in blood pressure but
scarcely any difference could be obsened between the two groups The
NaCl tn these tests did not show any further potentiating effect on the
adrenaline and DOC group or the DOC group The DOC + adrenaline

treatment 1ncreased the blood pressure to a somewhat higher level than
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other add 1 factors, for 1 1 1 nephrectomy,
were generally needed (SELYE 1943, 1949, ErankO & Nigmt 1955; Gross
eral 1956) A high NaCl intake apd large doses of corticosteroids along
with nephrectomy caused elevation of the blood pressure, nephrosclerotic
changes and cardiac hypertrophy (SELYE et al 943)

No hypertension was obtamed 1n rat by DOC + NaCl treatment only,
but simultaneous serum nephritis caused a striking degree of hypertension
(KNOWLTON ef gl 1946) 1t 15 often difficult to cavse expersmental hyper-
fens1on 10 normal ammals without addisonal sensiizng factors In
relatnely few studies have some sensitizing factors not been wsed to
produce expenimental hypertension

In earhier studtes 1n male rats, with 10% NaCl i the drinking water,
with two subcutaneous implants of 40 mg pellets of DOC and with
unifateral nephrectomy, there were no clearly increased vascular responses
10 adrenaline renmm or angiotomin (MassoN et o/ 1950)

Tt 15 well known, that adrenaline and noradrenaline greatly increase
enal vasoconstriction and can cause renal 1schemia (GOLDZIEHER 1946,
TRUETA et af 1947, CERLETTI e ! 1949, HARTMAN & BROWNELL 1949)
They may enhance the tendency to sodium retention and increase the
blood pressure Emotional factors can also dimimish the renal blood flow
(Worrr 1953)

Gving DOC alone increases the blood pressure only a little, thus after
6 weeks 1t rises to [17 & 18 8 mm Hg, the control group being at 108 4
148 mm Hg (FRiEDMAN ef af 1948) No effect on blood pressure was
noted wath DOC alone (5 mg Percorten subcutaneously in three months)
(Gross 1950) In our own studies siight increase in blood pressure was
observed dunng DOC treatment The blood pressure 1n rats had nisen to
138 mm Hg w10 weeks after subcutanesusly implanted 28 mg DOC
pellet (Greew er af 1948)

The adrenocortical hormones as well as the sympathetic nervous
system are considered

Yood to be important for the masmtenance of normal
:0 pressure These effects seem to depend on the power of the mineral
mones to 1 sodium mtracel 1y, whereby the sodium

f;a,ixml a¢ron the cell membrane 15 decreased and the vascular tone and
sod;?cnh responsiveness are accordingly raised (RAAB 1959) The

m 10n gradient aeron the b lays a fund
Elood pressure P o

1 role 1
regulation (FRIEDMAN er af {957} The catecholam;
ccrease the sodum and P d and thus l:lt::

mineralocortcoid actio
ot 4 s n on the vascular cells and the ncrease 1n blood
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Discussion

Since the labile neurogenic increase i blood pressure plays an m
portant part n the development of essential hypertension, we hae
studied the role of prolonged jections of adrenaline on the development
of expernimental hypertenston n rats (AHO e al 1961) In our experments
the increase m blood pressure was caused by adrenaline, DOC and NaCl
treatment lInjection pain only caused a small increase in the mean blood
pressure 1n the rat (LINNA ef a/ 1962) In some individuals we obtained
the ighest values of blood pressure in both the groups treated additionally
by prolonged injections of adrenaline Similarly, individual values of
blood pressure above 150 mm Hg were observed more often i the tho
groups treated additionally by adrenaline (39 and 41 %), whereas in the
group recetving DOC alone 1t was above 150 mm Hg 1n only 19% of the
ammals and 1n the DOC + NaCl group 1t was always under 150 mm He
The mean mcrease 1n blood pressure, although clear during adrenaltie +
DOC -+ NaCl treatment, was not greater than during adrenaline +
DOC treatment In an earlier study (RAAB ef a/ 1950) pretreatment with
DOC enhanced the acute nise 1n blood pressure with adrenalmne and
noradrenaline 1n man, but additton of NaCl did not mcrease 1t further
In acute adrenaline tests clear sensitizing effects of DOC were observed
(RAAB 1953, VANATTA & CoOTTLE 1955) In hypertension there 15 an
increased vascular reaction to catecholamines (CrouT 1959)

In our expeniments the rise 11 blood pressure of rats during the adrena
line + DOC and adrenaline + DOC + NaCl treatments was shght
except 1n a few individuals, despite the large doses of DOC, 1if the values
160-200 mm Hg are considered to be clearly elevated blood pressure
values in experimental hypertension of rats

As n earlier studies with adrenaline (Hen 1952) and adrenahne +
NaCl (AHo ef al 1961), there were observed rather large fluctuations i
the individual blood pressure curves dunng both the adrenaline -+ DOl
and the adrenaline + DOC + NaCl treatment

It 1s tmportant to remember that DOC 1s not a natural hormone
produced to any greater extent, so that 1ts effects on the blood pressuré
does not correspond with the organism’s own normal mechanism Buta
large excess of aldosterone along with NaCl treatment also increases
blood pressure 1n the rat (Gross er al 1957) During chronic adrenalint,
DOC and NaCl treatment some “buffer” mechamsms were able partly
to compensate for the increase of the blood pressure tn our experiments
Probably the normal organism has buffer mechamsms to compensi
effects of such large amounts of adrenaline, DOC and NaCl

In earlier studies of experimental hypertension with DOC and NaCl,

te the
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ther add| 1 factors, for pl 1 I nep Y,
ere generally needed (SeLve 1943, 1949, ERANKO & Nieut 1955, Gross
tal 1956) A high NaCl intake and large doses of corticosteroids along
ith nephrectomy caused elevation of the blood pressure, nephroselerotic
hanges and cardiac hypertrophy (SELYE ef al 1943)

No hypertension was obtained 1n rat by DOC -+ NaCl treatment only,
but smultaneous serum nephritis caused a stnking degree of hypertension
KNOWLTON ef af 1946) It1s often difficult to cause experimental hyper-
enston tn normal ammals without additional sensitzing factors In
elatinely few studies have some sensitzing factors not been used to
produce experimental hypertension

Tn earher studies 1n male rats, with 109, NaCl n the dnnking water,
sith tho subcutancous implants of 40 mg pellets of DOC and with
unilateral nephrectomy, there were no clearly increased vascular responses
o adrenaline remn or angiotomn {MassoN et af 1950)

1t 15 well known, that adrenaline and noradrenaline greatly increase
renal vasoconstriction and can cause renal ischema (GOLDZIEHER 1946,
TRUETA ef af 1947, Cenuerms ef af 1949, Hartvan & BrowneLs, 1949)
They may enhance the tendency to sodium retention and increase the
blood pressure Emotional factors can also diminish the renal blood flow
(WoLrr 1953)

Giving DOC alone mcreases the blood pressure only a little, thus after
6weeks 1t nises to 117 + 188 mm Hg, the control group being at 108
48 mm Hg (FRIEDMAN et af 1948} No effect on blood pressure was
noted with DOC alone (5 mg Percorten subcutaneously 1 three months)
(Gross 1950) In our own studies slight mcrease m blood pressure was
observed during DOC treatment The blood pressure 1n rats had risen to
138 mm Hg 1n 10 weeks after a subcutaneously implanted 20 mg DOC
pellet (GREEN ef af 1948)

. ;?\: adrenocortical hormones as well as the sympathetic nervous
byh:;" af; considered to be important for the mamtenance of normal
hﬂrmo‘r’\rcts s‘uore These effects seem to deper:f:l ?n the power of the mineral
redient acron 1 sodium ntr: ly, whereby the sodium
coms on the cell membrane 15 decreased and the vascular tone and

actle responsiveness are accordingly raised (RAAB 1959) The

;?g-::‘m 100 gradient aeton the b plays a fund 1 role 1n

emaift;:um :;g\ﬂa\\bn (FRIEDMAN et al 1957) The catecholamines
€ sodtum and d and

Mineralocorticord acyy n e N

Pressute (Rang 959 on on the vascular cells and the ncrease 1n blood
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Discussion

Since the labile neurogenic increase i blood pressure plays an m
portant part in the development of essential hypertension, we have
studied the role of prolonged injections of adrenaline on the development
of experimental hypertension in sats (An0 ef al 1961) In our experments
the increase 10 blood pressure was caused by adrenaline, DOC and NaCl
treatment Injection pan only caused a small increase 1n the mean blood
pressure 1 the rat (LINNA ef al 1962) In some individuals we obtamned
the hughest values of blood pressure 1n both the groups treated additionally
by prolonged jections of adrenaline Similarly, ndividual values of
blood pressure above 150 mm Hg were observed more often in the two
groups treated additionally by adrenaline (39 and 41%), whereas in the
group recetving DOC alone 1t was above 150 mm Hg 1n only 19% of the
antmals and n the DOC + NaCl group 1t was always under 150 mm Hg
The mean ncreasc 1n blood pressure, although clear during adrenalne +
DOC + NaCl trcatment, was not greater than during adrenaline +
DOC treatment In an earlier study (RAAB et al 1950) pretreatment with
DOC enhanced the acute rise 1n blood pressurc with adrenaline and
noradrenaline 1n man, but addion of NaCl did not 1ncrease 1t further
In acute adrenaline tests clear sensitizing effects of DOC were obsened
(RAAB 1953, VANATTA & COTTLE 1955) In hypertension there 15 an
increased vascular reaction to catecholamines (CrouUT 1959)

In our experiments the rise in blood pressure of rats dunng the adren?
line + DOC and adrenaline + DOC + NaCl treatments was shght,
except 1 a few individuals, despite the large doses of DOC, if the values
160-200 mm Hg are considered to be clearly elevated blood pressuré
values n experimental hypertension of rats

As 1 earlier studies with adrenaline (Hem 1952) and adrenaline +
NaCl (AHo et al 1961), there were observed rather large fluctuations 11
the mdvidual blood pressure curves during both the adrenalne -+ DO
and the adrenaline + DOC + NaCl treatment

It 1s important to remember that DOC 1s not a natural hormon®
produced 1o any greater extent, so that its effects on the blood pressur®
does not correspond with the orgamsm’s own normal mechanism But2
large excess of aldosterone along with NaCl treatment also Increasts
blood pressure 1 the rat (Gross ef al 1957) During chronic adrenalme
POC and NaCl treatment some *buffer” mechamisms were able partly
to compensate for the 1ncrease of the blood pressure 1n our experiments
Probably the normal orgamism has buffer mechanisms to compensate the
effects of such large amounts of adrenaline, DOC and NaCl

In earlier studies of experimental hypertension with DOC and NaCl
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other additional factors, for example, untlateral neph Y,
wee generally needed (SELYE 1943, 19495 ERanno & Niewt 19555 GRross
etal 1956) A Ingh NaCl intake and large doses of corticosteronds along
with nephrectomy caused elevation of the blood pressure, nephrosclerotic
changes and cardiac hypertrophy (SELYE ef al 1943)

No hypertension was obtained 1 rat by DOC -+ NaCl treatment only,
but simultaneous serum nephntts caused a stoiking degree of hy pertension
(KNOWLTON et al 1946) [t 1s often difficult to cause experimental hyper-
fension 1n normal amtmals wathout additional sensitizing factors In
relatnely few studies have some sensiizing factors not been used to
produce experimental hypertension

Tn earlier studies 1n male rats, with 10% NaCl 1n the dninking water,
with two subcutaneous implants of 40 mg pellets of DOC and with
unilateral nephrectomy, there were no clearly increased vascular responses
to adrenaline renin or angiotontn (MASSON ef al 1950)

It 1s well known, that adrenahne and noradrenaline greatly increase
renal vasoconstnetion and can cause renal sscherma (GOLDZIEMER 1946;
TRUETA ef af 1947, CERLETTI ef af 1949, HARTMAN & BROWNELL 1949)
They may enhance the tendency to sodium retention and increase the
blaod pressure Emotional factors can also dimish the renal blood flow
(WoLer 1953)

Gwving DOC alone 1ncreases the blood pressure only a little, thus after
6wecks it rises to 117 4 188 mm Hg, the control group being at 108 -
148 mm Hg (FREDMAN ef af 1948) No effect on blood pressure was
Roted with BOC alone (5 mg Percorten subcutaneously 1n three months)
{Gross 1950) In our own studies shight increase 1 blood pressure was
bserved duning DOC treatment The blood pressure 1 rats had nisen to
158 mm Hg in 10 weeks after a subcutaneously implanted 20 mg DOC
Pellet (GReeX er al 1948)

The adrenocortical hormones as well as the sympathetic nervous
;Y‘“Em are considered to be important for the maintenance of normal

:r‘::opl'ess“re These effects seem to deper:‘d ‘un‘thc power of the mneral
‘E"a(ll::lcsae‘;;n A sodium 1ntr ly, whereby the sodium

membrane 15 decreased and the vascular tone and

s dmmu: P are a dingly raised (Raas 1959) The
Hloog on gradient aeron the brane plays a fund 1 role 1
oy ;"55‘"9 regulation (FRIEDMAN ef af 1957) The catecholamunes
© the sodium and potassium gradients and thus potentiate the

Muneralocorticord action on the v € Incre:
e vascular cells and th
Pressuse ( 1959) merease m blood
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Summary

The eﬂ:cct of adrenaline in oil upon the blood pressure of intact rats
was studied during 3 months prolonged treatment, by administering 1t
s_xmuhancously with desoxicortone (DOC) and DOC +- NaCl. The adrenz-
line dose was 1 mg/day/rat and that of DOC was 25 mg/two weeksfrat,
subcutaneously; 2 per cent NaCl was given in the drinking water. The
blood pressure was measured without bloodshed by a photoelectric
tensometer and without anaesthesia. In the adrenaline + DOC group the
mean blood pressure (154 + 5.5 mm Hg) at the end of the test was
significantly higher than in the DOC group (125 mm Hg). During the
period between 50-80 days, the mean blood pressure was also significantly
higher in the adrenaline + DOC + NaCl group than in the DOC + NaCl
group, but the difference was not so significant at the end of the test. After
3 months treatment the mean blood pressure was 157 mm Hg 1n the adre-
naline -+ DOC + NaCl group and 130 mm Hg in the DOC 4- NaCl group

The rise in blood pressure was in both the adrenaline -+ DOC group
and the adrenaline + DOC + NaCl group about the same.
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Summary

The effect of adrenaline in oil upon the blood pressure of intact rats
was studied during 3 months prolonged treatment, by administering 1t
s_xmultancous!y with desoxicortone (DOC) and DOC -+ NaCl. The adrena-
line dose was | mg/day/rat and that of DOC was 25 mg/two weeks/rat,
subcutancously; 2 per eent NaCl was given in the drnking water. The
blood pressure was measured without bloodshed by a photoelectne
tensometet and without anaesthesia. In the adrenaline + DOC group the
mean blood pressure (154 - 5.5 mm Hg) at the end of the test was
significantly higher than in the DOC group (125 mm Hg). During the
period between 50-80 days, the mean blood pressure was also significantly
higher in the adrenaline 4- DOC + NaCl group than in the DOC -+ NaCl
group, but the difference was not so significant at the end of the test. After
3 months treatment the mean blood pressure was 157 mm Hg 1n the adre-
naline 4- DOC + NaCl group and 130 mm Hg in the DOC 4 NaCl group.

The rise in blood pressure was in both the adrenaline + DOC group
and the adrenaline + DOC < NaCl group about the same.
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Effect of Aminoacetonitrile, Iproniazid and Semicatbazide on
the Tensile Strength of Experimental Granulation Tissue
By

J. Vifjanto, H Isomiiu and E. Kulonen
(Received April 9 1962)

A e and B oponmtnle the tensile
strength of skin wounds (KALLIOWAKIL, YLI-POHIA & KULONEN 1957) and
Increase the fragility of embryonal chick tissues (LEVENE & GRross 1959),
which are among the symptoms of expenimental lathynsm 1t 1s further
established that 1promaznd and senicarbazide aggravate the lathynsm
(Roy, LirtoN, STRONG & BIRD 1959, JUVA, MIAKONEN, TuoMINEN &
Kutonen 1959) and even cause its symptoms alone (DASLER 1958, NeU-
MAN, MAXWELL & McCo¥ 1959)

The purpose of the experiments reported here was to explore the effect
of the substances mentioned on the tensile strength of granulation tissue
by a method permitting stmultaneous chermeal analysts LEvExe (1961)
studied recently the effect of numerous substances on the solubihity of

collagen and on the fragility of chick embryos, 1t will be seen below that
our results agree well with his

Experimental

Anumafs Altogether 421 rats of Wistar onigin (weight 99 & 20 £1n the beginnung of
the expersmental periods) were used After implantation they were kept in steel wire

€ages 2 each and allowed 1o eat the standard food ad hbtum They were weighed
weekly but the sexes were not recorded
Ittt w3 - B Tha o hna g
. ..

vsed byt compar:

g n_p‘ Mso‘ns'“cre made only bezwce? granulomata produced by the same

stmular
Test

tion ¢

tories

tion w

¥ f 4 00 dud 1s amount adjusted sa that the daly do.sagc was
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TENSILE
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Fig 2 Effect of sdmumistening semucarbazide (@ 25 mg/100 g
daily, O control) on the tensile strength of granulation tissue Inserled 15 the
average weight (in g) of the animals
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Fig 3 Effect of admimistening 1pronsand (@ 5 mg/|
8/100 g daily,
on the tensile strength of granutation tsssue % © contrel)
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JENSILE
STRENGTH

0 5 10 15 DAYS

Fig 1 Effect of admuinistering aminoacetomtrle (@ 25 mg/100 g daily
O control) on the tensile strencth of granulation tissue Inserted 15 the aserage
weight (in g) of the amimals

about 25, 50 or 100 mg/100 g body weight Semucarbazide hydrochloride (E Merch,
Darmstadt) was also dissolved s distilled water and neutrahized with sodmm hydro
xide The solution was muxed with the food, and the rats recened daily about 25
mg/100 g body weight Ipromiazid (i-1sonicotinyl-2-isopropylhy drazide) was used as
“Marsithd’ tablets (F Hoflt La Roche & Co A G, Basel), whick were ground
1n a mortar, suspended 1n distilled water, shaken for at least 3 hours and neutrahzed
with sodium hydroxide The duly dosage was 2, 5 or 10 mg/100 g body weight
Chenucal analyses H d gr 1 were d to gne samplks
contawmng 3-8 (in the average $ 3) sponge implants The nitrogen was determined by
micro-Kjeldahl combustion and subsequent distillation the hydroxyproline by the

method of Neuman & Logan (1950)

Results

Anunoacetontrile The dose of 100 mg/100 g/day was too toxic, and
about half of the animals died from 1t shortly after implantation At a
dose of 25 mg/100 g/day nonc of the amimals died, but even then the gam
in body weight was appreciably reduced Statistical treatment showed
that at this dosage the decrease n tensile strength was sigmficant (on Tth
day P < 005, on 10th day P < 0001), as indicated 1 fig 1 (se¢ also
fig 5 for hydroxyproline and fig 6 for total mtrogen )

Semicarbazide. A clear decrcase (fig 2) was observed both mn weight
gain and 1n tenstle strength (P << 0 01 on 10th day)

-1d The prehmnary experiment (fig 3) mdicated that 1proma-

Iproma:
" the tensile strength on the 3rd and 10th days (P <0 01)

ztd may enhance

—
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TENSAE STRENGTH
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Fig 4 Average tensife strength of granslation tissue (betow)
and of skin wound (top, 1 cm broad strips) in untreated anmals of diffecent
weights (12 days after operation)

HYDROXYPROUNE
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o
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Fig 5 Towal hydrox;
yproline per sponge implant at dufferent
S comat s ¢ P erent times after implantation
B rprontazid daily, A semicarbazide 25
acetontnle S0 me/100 5 darlyy - T 100 6 daily, Mamino-



194 J VILIANTO, H ISOMAKI AND E KULONEN

Table 1

The effect of various treatments with iprontazid on tensile strength
m expertmental granulomata i rats

- Tensile strength
Ipronazid | & Beginning of Average | Weight Slsponge implant
mg/day/rat | 5 treatment weight | gan 3rd post | 12thpost
° mstart [ g/day | gperational | operationst
Z day day
Control 27 - 116 16 226 44112 465=95
2 21 7 days before operation | 112415 153 44102 445266
5 21 | 14days before operation | 111412 142 35+12 42970
5 37 atoperation 116116 050 31+ 3 459293
5 21| 7daysbefore operation | 113212 042 38+ 8 439267
10 21 | 7days before operation | 115+ 9 021 2+ 6) 414197

The differences (35 control) were statistically non sigmificant, except tn groups matked § <
002) and 2) (P < 001)

Ths finding was later proved misleading, but it prompted a check witha
series of 148 ammals (Table I) It can be concluded that the effect on the
tenstle strength 1s always negatnve It 1s not clear whether the effect of
1proniazid 1s due to a non-specifically imparred general condition

Effect of the weight of the rar Twenty-eight rats were divided mnto three
groups according to the weight 101 4 10 g, 167 4+ 20 g and 318 £45¢
(ages 45, 70 and 180 days, respectively) After implantation of the “Vi-
sella”-sponges, the tensile strength of implant tissue and shin wounds was
measured After three days there were no clear differences i granulomata,
but the skin wounds were less strong (P < 001) 1n the group of smallest
amimals At the 12th day the tensile strength of the shin wounds seemed
to be almost proportional to the weight of the animals, but 1n the granulo-
mata the differences were not statistically significant

To get further evidence on this point, all the results from untreated
ammals were dvided nto seven groups according to the weight of the
ammals The averages of the tensile strength were plotted agamst the
weight (fig 4) The strength of shin scars seems to increase continuously,
presumably because of the thicker skin 1n older ammals The strength of
the granulation tissue seems to depend on the weight of the animal up to
a certain limut (about 140 g)

Chenical analyses It 1s obvious that the amount of hydroxyprohne (fig 5)
iscorrelated with the tensile strength (fig 1)1n normalimplants Insamples
from aminoacetomtrile-treated rats there was a discrepancy between the
tensile strength and the synthesis of total hydroxyprolne In normal

mplants the mitrogen content rose steadily during the first 15 days,
butin aminoacetonitnle treated animals 1t persisted at 5th day level (fig 6)
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Fig 4 Average tensile strength of granufation nssue (below)
2ud of skin wound (10p, { cm broad strips) in untreated amimals of different
weights (12 days after operation)
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Fig §
O!m“;fg‘\d. hsy.‘.wvxy'pmhnt PET Sponge 1mplant at different fimes after implantation
3 ™8/100 7 1propiand daily, & scmucarbazide 25 mg/100 g daily, W amino-
acetomitrile 50 mg/100 g daily)
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Tuable 1

The effect of various treatments with ipromazid on tensile steeagth
tn experimental granulomata in rats

P Tensile strength

Ip d}g B of Average | Weight g/sponge tmplaat
mg/day/rat | 5 treatment werght 4 gam |7 g pogt | 1zthpot
o rstact ( g/d3y | gperational | operationd

Z day day
Control 27 - 16416 | 226 44212 46529
H 21 | 7 days before operation | 112:£15 153 44412 445160
H 21 | 14 days beflore operation | 111412 142 35412 97
3 37 at pperation 11616 050 314 3) 45919
. 21 | 7 daysbeforeoperation | 11312 042 3848 4396
o 21 | 7daysbefore operation | 115+ 9 021 32% 67 | 41429

The differences (vs control nee
0 o Jiflerenses (001) nteol) were statistically non signtficant, except 1n groups marked &

Thus finding was later proved misleading, but 1t prompted a check witha
series of 148 antmals (Table 1) It can be concluded that the effect on the
tenstle strength 1s always negative It 1s not clear whether the effect of
ipromazid 1s due to a non-specifically impatred general condition

Effect of the weight of the rar Twenty-exght rats were divided mto three
groups according to the weight 101 + 10 g, 167 4 20 g and 318 =438
(ages 45, 70 and 180 days, respectively) After implantation of the “Yy-
sella”-sponges, the tenstle strength of implant tissue and skin wounds was
measured After three days there were no clear differences n granulomatd,
but the skin wounds were less strong (P << 0 01) 1n the group of smallest
ammals At the 12th day the tensile strength of the skin wounds seemed
to be almost proportional to the weiglt of the animals, but m the granulo
mata the differences were not statistically significant

To get further evidence on this point, all the results from untreated
ammals were divided 1nto seven groups accordmg to the weight of the
ammals The averages of the tensile strength were plotted agamnst the
weight (fig 4) The strength of skin scars seems to ncrease continuously
presumably because of the thicker skin 1n older animals The strength of
the granulation hissue seems to depend on the weight of the animal up to

a certain limit (about 140 g)
P 1 Cl D4 Pl deavemealine(fig 5)

mples
n the

tenstle strength and the synthesis of total nydroxyprouie in uormal
nitrogen content rose steadily durmg the first 15 days,

mmplants the
le treated animals 1t persisted at 5th day level (fig 6)

put 1n amnoacetonitrl

L e
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that the amount of mirogen did not increase m the aminoacetonitnle
treated rats as m the other groups, and most m the control group There
seem no data available on the factors that regulate this protetn accumula-
tion before the collagen synthesis if the mitrogen were denved solely {from
passne umbibition wath tissue fluds, there would not be so much differ-
ence between the groups Many explanations can be tentatwvely suggested
for ths effect of ammoacetonttnle (1) impairment m the growth of
capiifanes, thus restricting the blood flow and metabolic development 1n
general (2) impairment of the division and prolferanon of cells or
(3) imparment of the synthesss of cellular proteins, w ith subsequent
deficienmt maturation of the collagen synthesizng systems The ncorposa-
ton of ammo acids mto collagen 1s decreased 1n Jashynsm studied w1 yo0
with guinea pigs (MARTS, Gross, Piez & Lewis 1961) This could be
explained by an effect on capillanes (which are weak in lathynism), but the

d d collagen 4 can be produced also 1n granul shees
(KuLoNew, Sara & JuvA 1961) There 1s a general, but not understood,
of amino acid bohsm The simifar effect of the “carbonyl

fixaties’  semucarhazide and promaznd, may be due to thew action on
general metabolism

Up to a certam hmit the growth of the granuloma depends on the
nutritronal stage of the ammal (WiLLiaMsoN, McCarTHY & Frov 1951)
In smalfer ansmals the ymplant produces a larger strain on the animal, and
the capillary growth also may be proportionally less

Summary
Ad of axther
the tensile strength 1n devel

1de or semicarbazide decreased

expenimensal granul tissge Stk

b ping tmilar,
ut probably fess specific, effects were observed after admuusteation ot’“
Hepropylisoruicotinie acd hydrazide

fag\t:s‘::%? anddthc nutntional state of the ammals were important

& production of tensile strength eal

o e gth 1n healing wounds and 1n
mNrer)aHy the tensile strength 1 the control sponge wmplants mereased
y parallel wath the amount of hydroxyproline m the f tissue In
m:

- ::’\?:Cim:‘mk treated animals the tensile strength deseloped slowly,
by mlilon )::::;mn of hydroxyprohine was not mhibited to the same degre:'
- £en 1n the granulation tissue began to nise already before

¢ collagen synthests and
most rapudly n the 2
acetomtnle treated antmals the n roger e of e i

persisted 1t the Sth day teeel itrogen content of the granulation tissue




196 J VILJANTO H ISOMAKRI AND E KULONEN

NITROGEN
MG

Y

4] L 1 1
0 5 10 15 DAYS
Fig 6 Total mitrogen per sponge implant at diferent times after implantation (O control

® 1ipromazid 5 mg/100 g daly, A semicarbazide 25 mg/100 g daily O aminoacetomtrile
25 mg/100 g dusly, W aminoacetomtrile 50 mg/100 g daly

Discussion

It was expected that ammoacetonitrile would cause a discrepancy
between the amount of hydroxyproline and the tenstle strength because of'
the increased solubility of collagen It 1s obvious that there developed
little tensile strength i aminoacetomtrile treated rats (fig 1) The
synthests of hydroxyproline was retarded, but by no means completely
mhibited (Fig 5) This 1s 1n agreement with the concept that in lathynsm
the soluble forms of collagen do not mature into mechamcally strong
fibres The results for semucarbazide and 1proniazid secem to he between
the control and that of amimoacetonitrile and may be partly non spectfic

Before the collagen synthesis begins n the sponge implants, there1s
a “lag phase” Already during that time the amount of nitrogen ncreased
Dunng the first days there occurred a passive imbibition by the sponge with
tissue fluids and the immgration of cells The difference between vancllls
groups during these first days was not very large, but 1t 1s remarkable
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The Sedative and Lethal Actions of Reserpine in Mice, as
Modified by 5-Hydroxytryptophan,
3,4-Dihy droxyphem lalanine, Methylphenidate, and
Nikethamide in Cold and Warm Environments
By

M M Airabsinen and M Mattla
(Receved May 12, 1962

It has been demonstrated that reserpine does not decrease the spon
taneous mottlity of mice if the body temperature 1s not decreased (LEsSIN
& PARKES 1957) GARATIINI & VALZELLY (1958) reported that reserpine
admimstered after a cold stress of many hours caused no sedahon and
had no effect on the 5 hydroxytryptammne (SHT) content of rat bram At
an environmental terperature of 37° reserpine did not increase barbi-
tutate sleeping time and had no consistent effect on the amount of SHT
i the brain BroDie et af (1960) reached almost the same sesults 1
their cold experiments (+4°), they also noted a greater fall in the nore-
pimephnne than i the SHT content of rat bramn

CARLSSON ef al {1957) reported that 3,4-dihydroxyphenylalanine
(DOPA) alone, and to an even greater extent when used with § hydroxy-
tryptophan (SHTP), aholished the sedative effect of reserpmne i muce at
room temperature DOPA also diminsshed the toxiaty of reserpie 1
mice exposed 1o cold (NECINA & KREJET 1961)

The purpose of our work has been to investigate the effect of DOPA,
SHTP and some stimulants of the central nervous system on the sedative

and fethaf action of reserpine 1n mice at cold and warm environmental
emperatures

Matenals and Metheds,

Male white mice weighug 17-25 g were kept at room tem
perature (23°) before the
cxperiments Durnng the expermment they were placed 1p plastic eages, five 1n each, at
an ;{nwmnmmcm;\cm;ﬂmuu of +9° ar +37° :
eserpine (CI
Rochy T 3(‘ IE LA) dlsslobed in acetic alc::!, 31 5 hydrovyiryptophan (Hoffmann La

La Roche), methylphedate
Adta pharmacologica, vol. 19 tasc. 3
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METHYLPHENIDATE
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after beng put 1nto the warm eavironment Ten mice tn cach group

The muce receiving reserpine 2 mg/kg at room temperatute were shightly
more sedated than those recewving the drug in the cold Some muce
recerved reserpine just at the time of being placed 1n the cold and showed
the same effects as the previously cold stressed animals

SHTP wncreased the sedation and mortahity of the reserpmized mice

DOPA at the doses used did not alter the 24-hour mortality In those
groups m which reserpine induced sedation and mortahty were apparent
1n 4-8 hours, these effects were antagonized by DOPA Smaller doses of
this amino acid (36-100 mgfkg} had the same effect when adminustered
repeatly at the same mtervals When given along with DOPA, SHTP
prevented the stmulating action of DOPA

Niketh and methylphemdate were
mice receving reserpine 2 hours before the cold exposure They reduced
the sedative action and mortality due to reserpine Methylphenidate was
the best antagomst to freserpine

B Hear experiments (figure 2) All the control mice were ahve after
€Xposure to the environmental temperature of 37° for 24 hours Most of
the reserpimzed muce died under these conditions Convulsions were
common, and the sedative action was never Very pronounced Shight seda-
tion was more 1n the groups g reserpine at 23° before

[

d to the groups of




200 M M AIRARSINEN AND M MATTILA

hydrochloride (Ritalin ®, CIBA) and nikethamude (Corditon ® Medica) 1n aqueous
solutson were myected intraperitoncally

Thereserpinc dose was 2mg/kg It was given etther asasingle dose orone mgper day
on two consecutive days With the animals kept at a cold or a warm temperature some
groups received 200 mg/kg DOPA or SHTP, separately or together, three times at
intervals or 3—4 hours Some groups reccived 50 mg/kg nikethamude or 25 mgkg
methylphenidate hydrochloride 1n the same way

Results

A Cold experiments The temperature of +9° (+-6° to -+11°) was used
because all the control mice survived 1t for 24 hours At lower tempera
tures (0° and --4°) most of the mice died 1n some hours

The main results are seen i figure 1 After reserpine, admunstered 252
single dose of 2 mg/kg a few hours before or after beginning the exposure
to cold, all mice died within 24 hours About half of them died 1n 6 hours

The same results were also observed when I mgfkg of reserpine was
administered twice, the second dose at the beginning of cold exposure
If the last dose was given 24 hours previously, all the mice survived 6
hours and some 24 hours The sedative action was lowest n this group
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after being put 1nto the warm environment Ten mice 1 each group

The mice receiving reserpine 2 mgfkg at room temperature were shightly
more sedated than those recerving the drug in the cold Some muce
recerved reserpme just at the time of being placed 1n the cold and showed
the same effects as the previously cold stressed ammals

SHTP mcereased the sedation and mortality of the reserpinized mice

DOPA at the doses used did not alter the 24-hour mortality In those
£roups m which reserpine-induced sedation and mortality were apparent
1n 4-8 hours, these effects were antagonized by DOPA Smaller doses of
this amno acid (30-100 mgfkg) had the same effect when admimistered
tepeatly at the same intervals When gven along with DOPA, SHTP
prevented the stimulating action of DOPA

Nikethamide and methy Iphenidate were ad

d to the groups of
mmice recerving reserpine 2 hours before the cold exposure They reduced

the sedative action and mortality due to reserpine Methylphemdate was
the best antagonist to Teserpine
B Heat experiments (fgure 2) All the control mice were alive after
posure to the p of 37° for 24 hours Most of
the reserpinized mice died under these conditions Convulsions were
common, and the sedative action was never very pronounced Shght seda-
tion was more common 1 the £roups receiving reserpne at 23°

before
1a
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beginning heat exposure than m those receving 1t at 37° The survnal
tme of the latter was somewhat shorter than that of the former ammals

SHTP shortened further the survival time of the reserpinized anmals
Thns effect was more marked at 37° than at 9° When SHTP was admm
stered alone at 37°, 1t was lethal to half of the mice

DOPA alone has no clear effect on reserpine mortality at 37°, butt
partly antagonized the effect of SHTP 1n reserpinized mice

Methylphenidate simulated the spontancous motility and markedly
decreased the survival time of both normal and reserpimized mice
Nikethamide was almost inactive at this temperature

At a hugher surrounding temperature (4-39°) the toxtcity of reserpine
as well as that of 5HTP, increased further, but normal control mice
remained lively Methylphenidate first increased motor actwity and then
soon caused the death of the reserpinized mice, as at 37° environmental
temperature Nikethamide had no effect on the survival ime

Discussion

The mortality of the reserpimzed mice was high 1n both cold and warm
environments GARATTINI & VALZELLI (1958) and Brobit ef al (1960
found no notable sedation 1n rats of reserpine was iected 1n the cold after
a 4 hours cxposure to cold Most of our mice, however, were sedated
cold experiments It 1s possible that mice are so little resistant to cold
stress that the “sedation” 1s, at least in part, duc to exhnustion, as em
phasized by ERsPAMLR (1961)

The less marked reactions in those mice recetving reserpine 24 hours
before exposure to cold suggest that these effects are due to some other
effects of rescrpine rather than to the liberation of armines n the brain
(SHEPPARD & ZIMMERMAN 1959) Thus view 15 supported by the fact that
mhethamide and methylphenidate also duminished the effects of reserpine
m the cold, although they have not been shown to cause depletion of
the brain amines It 1s possible that DOPA, nikethamide and methylphent
date 1 our cold experiments acted as non-specific sumulants that 1
creased motor activity They would then have mcreased heat production
and antagonized the hypothermia caused by the paralysis of thermoregula-
tion Possibly, then these drugs did not inhibit the actron of reserpine mn
the heat experiments and the toxicity of reserpine was even enhanced by
methylphenidate, the best antagontst in the cold and the strongest motor

ant 1n the heat
sng‘cuslx'(‘ies the central actions of reserpine, the depletion ofcatecholammef
of the adrenal glands and ather peripheral tissues may mgg(l)fy hth::‘;;_
regulation (HOFFMAN 1959) KRONEBERG & SCHUMANN (1960) ha
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monstrated 2 much more pronounced depletion of adrenaline from the
adrenal medulla after reserpine In the cold than at the normal room
temperature

Although reserpme toxicity 1n the heat environment was supnisingly
hugh, sedatve action was absent So the increased “free” SHT (Bropie
1957} need not be responsible for the Jethal action of reserpine, afthough
BropiE et af (1960) considered this to be d with the il
action of reserpine Because SHT reduces the body temperature (FASTIER
e al 1957), the ncreased tesespine toxicaty after SHTP in the cold
and the heat expensments may have been due to superadded depressing of
thermoregulation caused by reserpine and SHT Thus possibility 15 sup-
ported by the observation (KaRJA ef al 1961} that in mice at room temp-
erature SHTP can, depending on the dose, decrease or increase the body
temperature  SHEMANO & Nickerson (1959) reported that at environ-
mental temperatures below 30° SHT reduces the body temperature of
the rat, but increases 1t at temperatures above 30°

As mentioned before, CARLSSON et al (1957) showed that DOPA and
SHTP together effecively antagomzed the action of reserpine at room
temperatuse In our experiments performed at higher and Jower tempera-
tures the reserpine antagomzing ¢ffect of DOPA was mhibited by SHTP

it should be noted that SHTP and DOPA have been observed to
compete for the same decarboxylatng enzyme (WESTERMANN et af
1958, YUWILER ef o 1959) Further, an antagomsm between SHT and
norepinephnne i 1110 has been reported (GORDON er al 1958)

Summary
The effect of § hydroxytryptophan (SHTP), 3,4 dthydroxyphenylala-
nine (DOPA) nrkethamude and methylphemdat

p on the sedative and
lethal actions of reserpine has been studied m mice kept at cold (+-9°) or
warm (+37° and 39°) environmental temperatures

In the cold, a half of the reserpimzed mice died 1n eight hours and all
of them 1n 24 hours The sedative action 1n the cold was almost the same
when reserpine was admmstered 1n the cold or before begmmng the cold
experiment If reserpine was given 1n two doses and the cold €xperiment
was begun 24 hours after the second, the ammals surysved a little longer

2nd showed less sedation DOPA, nikethamde,
. , and methylphen;date
tri)egcascd and SHTP increased the sedative and lethal actions of reserpine
IP; partly antagonized this action of SHTP )
c 71 e warmt enstronment most of the reserpimized mice died 1n 24 haurs

onvulsions w
—0Ms Were common, sedation was shight and infrequent Without

thal to half the mice As 1n the cold, 1t greatly in-
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cx:eased the toxicity of reserpine. This effect of SHTP was partly antago-
nized }Jy DOPA; when given alone DOPA had no effect on the toxicityof
reserpine.

Methylphenidate alone was very toxic in the heat. It also greatly en-
hanced the lethality of reserpine, whereas nikethamide was inactive.

Acknowledgements,
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Ballerup Denmark

On the Anticonvulsant Activity of Local Anaesthetics
By
H-H Frey
(Receed May 28 1962)

Local hy are g Ity regarded as convulsant drugs How-
¢ver, there have been some reports i the past decade about an anticon-
vulsant property of such drugs (GERUCH 1950, BERNHARD et al 1954/56,
TAMAKA 1955, KaPILA & ARORA 1962) These reports scem not to have
recened much attention, possibly because they were i part conducted by
methods hat unusual 1n phar 1

Nevertheless seemed 1t of interest to evaluate the anticonvulsant
actmity of some local anaesthetics by the usual methods and tocompare
their activities with those of known ant: epileptic drugs, ¢ g phenobarbi-
tal and diphenylhydantoin

Methods

All work was done on mice of both sexes of the Leo strain, weighing
0-2¢

The anticonvulsant activity was determined by the methods of SWiNyArD (1949)
and of Goooma et of (1953)

1 Maximal electro-shock seizure the endpotnt for anticonvulsant action® being
the abalition of the tonic extensor e seizure

test The muce recerved a subcutaneous njection of 100 mg/kg pentetrazole (CD95) and
were observed for 30 min Mice were considered protected if they did not show clome
convulsions within this time The thresholds for the clonic convulsion and the tome
extensor were d on muce by mnjection
/2053 solution of pentetrazole as 1n the method of ORLOFF et al (1949) Finally
the neurotoxicity was determined as described by SWINYARD er al (1949, 1952) and

. - en L R

test (ETS0) . : o .
- alc‘d ) by that of Lercuriern (1949) All doses are grven m terms of the frec base
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creased the toxicity of reserpine, This effect of SHTP was partly a
nized ]Jy DOPA; when given alone DOPA had no effect on the tox
reserpine.

Methylphenidate alone was very toxic in the heat. It also grea
hanced the lethality of reserpine, whereas nikethamide was inactiv
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Table 2.

Antconvalsant actwities of idocaine and butamine in the
maxmal electto shock sezure test 15 min after apphicauon

! 1
Compound l Application ' ED 50 mg/kg
Ldocume | s |oue2
orally 23 {21-26)
Butamine ¢ 12(i05-145)
| orally 23 (19-29)
bital and d wete given orally

ot subcutareousty one houc before application of the electroshock or the subcu
taneons imyection of pentetrazole, the other local anasthenics 30 mm before electro-
shack and 20 mu befare the mjection of p The anticon~
vulsive ED30's of Iidocaine and butamimne in the electro-shock test were also deter-
mined 15 mun after the ocal or subcutaneous apphication The activities agamst

i hock were finally d 2 mm after mjection of hidocame,
hutarmane or tetracaine and 5 mun after oxyp, de N was
determuned one hour after the applicauon of phenobarbital, diphenylhydantomn or
oxypolyethoxydodecane and 30 mun after the other Jocal anaesthetics The OrLOFF-
test was d one hour after p! and dip) 45 mn after
oypolyethoxydodecane and 20 nun after the other focal anacsthetics

Results

‘The results are summanzed m the tables 1-3 1t can be seen from these
tables that hdocaine and butamine had nearly the activity of the two
reference compounds i the electro shock test 15 and 30 fmin, respec-
twvely after subcutancous mjection Oraily apphed they were less active,
but still relately potent The distance between the anticonvulsive and
the neurotoxic dose effect ines compared well with those of phenobarbytal
and : henylhyd , the diff between ED95 and TDS bemng

for hd and dipt hyd: but not for and
phenabarbital The first sign of neurotoxicity of the local anaesthetics
»as usually dummshed abdomunal muscle tone The mam ddfference
between fidocame and butamune, on the one hand, and the classical
anticonvulsants, on the ather, tay 1n their durauon of action, which was

about one hour for the o with 8
cal anaesthetics co d
. e s compared with 8 hours and more
and dip
Tetracaine and the 4

dod

rgent oxypolyet] showed some
a
fticonvulsant activity only after subcutaneous imjection 1 the range of

neurotovic doses, they were iactve after oral a
pphication Brobably both
compounds are slowly absorbed from the intestne, the high pK-v:ﬂu: of
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Table 2.

Anticonvulsant activities of idocaine and butamine 1n the
maxmal electro shock seizure test 15 min after apphicauon

Compound ]! Appheavon % ED 50 mg/kg
Lidocame ! sc ‘ 119 2-13)
orally 23 (21-26)
Butamine ‘ 3 I a8%1Es
orally 23 (19-29)
P and were given orally

or subcutaneously one hour before application of the electro-shock or the subcu~
taneous tnjection of pentetrazole, the other local anaesthetics 30 mm before electro-
shock and 20 min before the sub njection of ‘The anticon-
wulsive ED50's of lidocatae and butamine 1n the electro-shock test were also deter~
mined 15 mun after the oral or subcutaneous appiication The actvities agamnst
electro-shock were finally determined 2 yup after intravenous njection of idocane,
butamune of tetracame and $ mun after 2 d N

was
deterpuned one hour after the appl of phy d. or
Oxypolsiethoxydodecane and 30 min afier the other local anaesthetics The ORLOFF-
fest was conducted one hour after arbital and diphenylb .45 min after

Okypolyethoxydodecane and 20 mun after the other local anacsthetres

Results

The results are summarized in the tables 1-3 It can be seen from these
tables that hdocamne and butamme had nearly the activity of the two
reference compounds 1n the electro-shock test 15 and 30 min , Tespec-
tively after subcutaneous mjection Orally applied they were less active,
but sult relatively potent The distance between the anticonvulsive and
the d tlines compared well with those of phenobarbital
y , the diffe between ED9S and TDs bemng
for hd and diphenylhyd: n but not for by and
phenobarbital The first stgn of neurotoxicity of the local anaesthetics
»as usually dimimished abdominal muscle tone The man difference

tween fidocaine and butamne, on the one hand, and the classical
antcanvulsants, on the other, lay i their duration of action, which was
2bout one hour for the Jocal anaesthetics compared with 8 hours and more
for phenobarbital and diphenylhydantotn

Tetracaine and

anuconvulsant actr

and diph
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However, the chincal results of BERNHARD ef al (1934, 1955) and Bown
(1958) have shown that intravenous hidocamne can be useful 1n status
epilepticus, at least 1f the attacks are of grand mal or JACKsON type There
appeared to be a stmulanty to diphenylhydantoin in that both only acted
agunst electncally mduced convulsions and not aganst pentetrazole-
mnduced serzures, and 1t 1s well known that diphenylhydanton also acts
prmanly against grand mal eptlepsy

It 15 surpnising that focal anaesthetics did not m any way affect the
P hreshold for clome || A lowermg of this threshold
would have been detected by the method of ORLOFF, since there are only
about 4 sec between the intravenous njection of a convulsive dose of
Ppentetrazole and the beginning of clomc fits One mught conclude that

of an with local anaesthetics ~ which
15 generally held to be contraindicated on account of the convulsant
quakities of both compounds - might not. bly lead to an.
aof the chmical picture Zier & HOPPE (1936) have shown that there can be
a detoxifymg action of pentetrazole against local anaesthetics But this
statement also seems of merely theoretical interest, especially since there
15 hardly any argument 1n favour of such a treatment

The mechanism of the central anticonvulsant action of local anaesthe-
tics need ot be different from the action on the penipheralnerve stabiliza
ton or even hyperpolanzaion of the nerve cell, which will prevent the

spread of excitation potentials 1n the bram BERNHARD et al (1956) have
shown that hdocaine abolished the cortical after discharge after electrical
strmulation of the cortex 1 alt regions of the cottex, and not only m those
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Table 3

Anticonvulsant activities of local anaesthetics in the maximal
electro shock seizure test after intravenous injection

Time of testing
Compound after 1v ED 50 mg/kg
mjection
Tetracaine 2 min 0 56 (0 51-0 62)
Lidocaine 2 mun 2 (1528)
Butamme 2mm 4 3547
Oxypolyethoxydode

cane 5 min 16 (15 18)

tetracaine & 33 according to Bucl & Periia 1960) bemng 1 favour of
ths possibility It 15 uncertam 1if oxypolyethoxydodecane passes the blood
brain barrier readily Procamnarmde, beng mactive as a local anaesthetic
showed no anticonvulsant activaty 1n subtoxtc doses (up to 75 mg/kgsc)

After ntravenous njection the anticonvulsant actwaty of the local
anaesthetics roughly paralleled their local anaesthetic effect (tab J3)
oxypolyethoxydodecane agatn lagging behind

Like diphenylhydantom, all local anaesthetics were nefiective against
the clontc convulsions evoked by subcutaneous njection of pentetrazole
This stmilanity appeared also 1n the ORLofr test {fig 1) after preteeat
ment with phenobarbatal the thresholds for clonic convulsions (I) as well
as for the tomc extensor component (II) were clevated whereas with
diphenythydantoin this was only true of the second one After pretreat
ment with local anaesthetics the threshold for clonte convulsions rematned
unaltered over the whole dose range but that for the tonic extensor
component was markedly rawsed by lidocaine, tetracatne and butamine
and finally this phase of the convulsion was abohished Oxypolyethoxydo

decane agamn behaved differently

Dyscussion

Our results confirm earlier reports on the anticonvulsant property of 1o
calanaestheticagents and seem to call for some reviston of current concepts
about the convulsant nature of these compounds At any rate some of the
common local anaesthetics have a strong anticonvulsant actwvity at a dose
range well below convulsant (toxic) doses This statement scems at prese;t
to be of more theoretical than practical 1mportance siice 1t 1 thought
that local anaesthetics have generally too short a duration of acuonhto
guarantec & steady anticonvulsant blood and bram level of drug and that
¢he local anaesthetic actwvity 15 besides an undestrable side-effect
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However, the chmeal results of BERNHARD ef af (1954, 1955) and Borm
(1958) have shown that mtravenous lidocamne can be useful 1 status
epilepticus, at least 1f the attacks are of grand mal or JACKsoN type There
appeared to be a stmilanty to diphenylhydantoin 1n that both only acted
agamst electrically induced convulsions and not agamnst pentetrazole-
induced seizures, and 1t 15 well known that diphenylhydantoin also acts
primanly against grand mal epilepsy

It 1s surpnising that local anaesthetics did not 1n any way affect the

threshold for cloruc 1 A lowenng of thus threshold
wauld have been detected by the method of ORLOFF, since there are only
about 4 sec between the nt, of a convulsive dose of
pentetrazole and the begnning of clome fits One might conclude that
pentetrazole treatment of an mtoxication with local anaesthetics - which
1s generally held to be contraindicated on account of the convulsant
qualtties of both ds — might not ly lead to an
of the chnucal picture Zive & Hoppe (1936) have shown that there can be
a detoxafying action of pentetrazole against local anaesthetics But this
statement also seems of merely theoretical interest, especially since there
18 hardly any argument 1n favour of such a treatment
“c:ecr‘rilechamsm of the central anticonvulsant action of local anaesthe-
o ;r not be different from the action on the penipheralnerve stabiliza-
soread :r‘"" fyperpolanzation of the nerve cell, which wilt prevent the
shown th, “l::imwn potentials in the brain BERNHARD e? af (1956) have
mm“‘mi‘: -ro.ﬁme §bolnshed the cortical after-discharge after electrical
i all regions of the cortex, and not only 1n those
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remote from the locus of stimulation as happens with the barbiturates A
certamn local anaesthetic potency seems to be necessary for anticonvulsant
effect, procainamide, being devoid of local anaesthetic activity, showed
only at hughly toxic doses any effect aganst electro shock

The weak anticonvulsant action of oxypolyethoxydodecane i relation
to 1ts local anaesthetic potency could be the consequence of too slow 2
passage through the blood-brain barmier Could, then, the antitussie
activity of this compound, nearly as powerful as that of codeme (Gort
FRIEDSEN 1959), be of predominantly peripheral nature and related to the
actions of this compound on vagal afferences (ZipF & KRrEePPEL 1955,
Zier & REICHERTZ 1957)7

Summary

The anticonvulsant activities of the local anaesthetics lidocaine buta
mine, tetracamne and oxypolyethoxydodecane have been determined 1
mice and compared with those of phenobarbstal and diphenylhydantomn
In the electro-shock test hdocaine and butamine showed actwvities of the
same order of magmtude as those of the reference compounds, but of
much shorter duration Like diphenylhydantom, the local anaesthetics
were meffective against clonic convulsions evoked by subcutaneous myec
tion of pentetrazole
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From the Anesthesia Laboratory of the Harvard Medical School
of the Massachusetts General Hospital, Boston

Influence of Hypercarbia on the Activity of
Neuromuscular Blocking Agents in the Cat

By

S. H. Johansen*) and P. F. Osgood
(Received May 28, 1962)

In cats PAYNE (1958, 1959, 1960 a, 1960 b, 1961), using a divided dose
techmque, nvestigated the effects of induced resprratory acidosis and
“metabolic” acidosts and alkalosts on the activity of neuromusculat
blocking agents and found that gallamonium, decamethonium, sux2
methomum, benzoquinonium and dimethyl tubocurarine were each
antagonized by carbon dioxide That the effect of () tubocurarine was
enhanced by this gas was ascribed to the fact, oniginally noted by KALow,
that only (4-) tubocurarme has a pH value within the physiologrcal range
and thus 1s susceptible to the changes m dissociation that occur with
changes 1n the acidity of the blood

Later experiments did not support this view, (PAYNE 1960 b) swce 3
decrease 1n the activity of (4) tubocuranine was demonstrated when
acidosis was induced by nfusion of 0 I N hydrochloric acid

GAMSTORP & VINNARS (1961} found in rabbuts that the effect ol acidoss
and alkalosts on neuromuscular transmission was neglible and that the
activity of (+) tubocurarine increased n acidosis, whether this was 1n
duced by carbon dioxide or by acid infuston, and decreased in alkalosts

(-+) Tubocurarine stands out from the other myoneural blockmng
agents 1n common use 1n having also a blocking action on the sympathetic
gangla not far below that of hexamethonium (PATON 1959} Hypercarbia
1s considered a strong stimulant of the sympathetic nervous system (FENN
& AsaNo 1956), and the importance of the sympathetic mediators for the
function of striated muscle 15 recogmized (GOFFART & RITCHIE 1952,
NaEss & SIRNES 1953, BOWMANN & ZamMis 1958, Isaacs e al 1960)

#) Present address Copenhagen County Hospital, Gentofte, Hellerup, Denmark
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In our snvestigation respiratory acidosis was snduced in the presence of
neuromuscular blockade and the sympathenc outflow was blocked
epdurally duning the procedure as weil

Technique

Cats were d with barbital sodium 1 sodmm (NFN) =
pembutal €) 60 mg/kg 1 m and tracheotomuzed, and the carotid artery and yugular
vein were cannulated for blood pressure recording and infusion, respectively Con-
trolled respiration was used through ali the experiments, eiher with atmospheric
air or with 10%, €03 1n Oy The intravenous mfusions of neuromuscular blocking
agentswere given continuausly by way of an infusion pump For sympathetic blockade,
two plastic catheters were mtroduced into the epidural space, and 0 57 procamne was
angected mtermuttantly until a stable level of hypotension was reached, as described by
BREWSTER et o} (1952)

The sciatic nerve was cut, and the peripheral end was lated with
square wave stimuli of 1 msec duration and a frequency of 1 per 2 sec The corres-
ponding ey was frmly fxed and 150meAnG contrachions were secorded with 2 Sy type
Waltant stram gauge 1o which the tendons were tied The recordings were made on a
Sanborn Polygraph

The standard procedure
Bad hoam sesnlt L 1 v

was as described below Once asteadylevel of curarszation
DR . N

- N

Results

Newromuscular blockade was produced by the infusion of suxametho-
nrum, d 11 or (+) tub rne The effect of
carbon dioxide on the neuromuscular blockade produced by these agents
was slight, manifesting wtself as gradual changes 10 the twitch tension at
the onset and dsscontinuation of the carbon dioxide

Determmnations of pH and pCO, n the artenal biood of 10 cats showed
the pH before exposure to carbon dioxide to average 735 (max 743,
on 724) and pCO, 353 mm Hg (max 50, nun 13 mm), pH after

30 min of expasure to carbon dioude a eraged 697 (6
89-7
pCO, 994 (68 132) 10%1de average 689 13) and

The mfusion rates averaged

swamethomum chionde 15 pgikg/min
decamethomum 1odide 07 pg/kg/mm
gallamonmum 10dide 60 pgfkg/min
(+) tubocuranne chlonde 3 pe'kg/mn

Suxamethonum A
toup of
10tal of 8 times 1 OE P of 5 cats were exposed 1o carbon dioxsde a

ne cat antagonism was displayed on both muscles
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Fig | The effect of induced resprratory acidosis on the neuromuscular blocking effect of
gallamonium 1n the cat Gallamonium s continuously infused at a constant rate and the
twitch tensions of the tibial (Tib ) and soleus (Sol ) muscles are depressed more than 50%
At arrow, 109, CO; m 0; 15 introduced as venulatory air A weak antagontste
response 15 observed The respiration (Resp ) Was controlled but the carbon diaxide evoked
t ts and produced a fise 1n the blood pressure (BPY

within the first 5 minutes of the exposure In another cat, a simfar res
ponse was observed on the soleus muscle In 11 instances there was 110
response, and two responses could not be evaluated On discontunuing the
COs3, no cat showed a decrease 1 neuromuscular block, but in two cats
the block ncreased n both muscles and m one the tenston of only the
soleus dropped

Three cats were given an epidural sympathetsc block durng their
second exposure to carbon dioxide, which produced a slight decrease It
tension of the twitch, but all showed an increase 1n twitch tension when
the carbon dioxide was turned off

The blood pressure response to carbon dioxide was an immediate rs¢
After the sympathetic block, which lowered the blood pressure 30-40%
the blood pressure rose 10-20 mm on turning off the carbon dioxide

Decamethonnan A group of four cats were exposed to carbon dioxide
a total of 8 times Onc developed antagonism on both muscles within the
ficst 5 minutes, and antagomsm was demonstrated on two tibial muscles
and two soleus muscles without response of the other muscle No response
was elicited m 3 cats No mstance of potentiations with COz was found
On discontinuation of the CO;, the contractions decreased 1n one €al,
remained unchanged 1n one and mcreased in another This last cat was
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submitted to two exposures of carbon dioxide before the sympathetic
block and on both occasions mcreased twitch tenston developed after
removal of carbon dioxde Epidural sympathetic block was performed
in 3 of the cats duning exposure to CO, and 1n each one an ncrease 1n

contraction upon withdrawal of carbon dioxide was observed 1n both
muscles

The blood pressure rose U

after the ad 1on of
carbon dioxde 1t d during the block to 30-40% of
control fevels and increased after discontinuation of carbon dioxide 1n
these amimals

Gallamonum Four cats were ex
first three were exposed 5 tum
on both muscles Af-~ *
thateh tension increa
€at sympathetic bloc

mistered and here thy o o1 «dtoon dioxide was one nf dan o
th W

posed to carbon dioxide (figure 1) The
es and antagomsm was displayed 1n all cats

Acta pharmacologicn, vol. 19 fasc. 3
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— I qunute
f lndt:f:d‘ respiratory acidosis on the neuromuscular blocking Cﬁ‘f‘:’r

Fig 1 The effect

enllaenn

but the carbon dioxide evoked
(B}

response 1s observed The (Resp } was
spantineous respuratory movements and produced a fise tn the blood pressure

within the first 5 minutes of the exposure In another cat, a smufar res-
ponse was observed on the soleus muscle In 11 wstances there was 10
response, and two responses could not be evaluated On discontinung the
COy, no cat showed a decrease i neuromuscular block, but 1 two cafs
the block ncrensed in both muscles, and m one the tension of only the
soleus dropped

Three cats were given an epidural sympathetic block during ther
second exposure to carbon dioxide, which produced a shght decrease i
tenston of the twitch, but all showed an increase 1in twitch tension when
the carbon dioxide was turned off

The blood pressure response to carbon dioxide was an immediate nis¢
After the sympathetic block, which lowered the blood pressure 30-40%
the blood pressure rosc 10-20 mm on turmng off the carbon dioxide

Decamethonumt A group of four cats were exposed to carbon dioxide
a total of 8 imes One developed antagonism on both muscles within the
first § minutes, and antagomsm was demonstrated on two ubial muscles
and two soleus muscles without response of the other muscle No responsé
was ehcited 1n 3 cats No nstance of potentiations with CO; was found
On discontinuation of the CO3, the contractions decreased 1n one cat,
remaned unchanged m one and increased 1n another Thus Jast cat was
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s the only vanable With this technique the vamations in actiiity of the
myoneural blocking agents induced by carbon dioxide were on a much
maller scale than those of Payne’s This may be because the increase 1n
ussu¢ concentrations of carbon dioxide was gradual (Nicxots 1958) It
appears that the changes m lar blockade produced by 107,
carbon dioxide over 2 30 minute period, or longer, are undramatic,
even when the degree of respiratory acidosis developed 1s severe

The responses were more clear-cut with the non depolanzing agents
than with | and \ but qual ly they
responded 1n the same direction as in Payne’s experiments, apart from the
one cat in the decamethonum group that showed merease m contractions
upon withdrawal of carbon dioude

The reason for the delayed nse 1 blood pressure, preceded by an
mitial fall, upon admimstration of carbon dioude during infuston of
(+) tubocuranne, 15 probably found n the ganglion-blocking effect of
the drug Epidural sympathetic blockade was performed 1n one group of
cats while they were under the influence of the neuromuscular blocking
agent and carbon dioxade The blood pressure rarelv dropped below
80 mm Hg and was above this level when the carbon dioxide was dis-
confinued The twatch tension would dectease shightly as the black took
effect Upon discontinuation of carbon dioxide, 1n these circumstances, an
merease 1 twitch tension was invanably observed, indicating that carbon
dioxude had enhanced the actmity of all the agents

The fact that eprdural Blockade of the sympathetic omfiow removes
the discrepancy between the effect of mcreased mspiratory tensions of
carbon demud: upon () tubocurarine and the other muscle relaxants,

d an 11 suggests that the
ganghome blacking effect of (4) tubocuranne, by modifying the release
of catecholamines, 15 a contributory factor in creating these differences
The increase m sympathetic activity n the presence of carbon droxide
might contribute to the augmented muscular activity present when the
mt;:clcs were under the influence of the other muscle relaxants
- S:’]:'ch;]::: l;:iao‘?‘seel;vzi 1n the reaction of the tibial and the soleus
quantitatively 1n these expenments

Summary

ml; ‘cna:sb resg:rslgry acdosis was induced by means of ventilation with
A on dioxide 1 the of partial

The effect on the myoncural 1 p pockade
ural b

obsened ly ral block w fs shight, buta w:::dama‘g‘ox“sm was

whereas the effect of () tubocuranne was enhanced ’
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Tubocurarme (+) Tubocyranne was mfused mto 6 cats, the total
number of exposures to carbon dioxide was 10 (figure 2) At the onset of
CO; exposure, depression of the twitch tension occurred 6 times 1 both
muscles, one time only 1n the tibial and one time only mn the soleus
muscle One cat did not show any response to carbon dioxide at the onset
on two occasions Upon discontmuation of carbon dioude, merease
twatch tenston was observed 1n alf cats Sympathetic block was performed
on two of the cats during exposure to CO;, and mn both twitch teasion
mcreased when carbon dioxide was discontinued

The blood pressure response to carbon dioxide differed from that of the
cats in which neuromuscular blockade was produced by suxamethonum
decamethonmum or gallamonmum, by showmg an imtial decrease of 10-
20 mm Hg and nising considerably more slowly

The sympathetic block per se produced a shght decrease m twitch
tenston i all animals

Discussion

PAYNE (1958) demonstrated altered responses of neuromuscular blocking
agents after icreased concentration of carbon dioxide n the mspred ar
The responses were chicited with 5, 10 and 209 CO, and they were
quantitatively expressed as percentage depression of twitch tension
developed before, during and after exposure to carbon dioxide The
responses to suxamethomum, decamethonium, gallamonium and dime
thyltubocurarme were dimimished by carbon dioxide, whereas the par
Iysts produced by (+) tubocurarine was enhanced In seeking an explani
tion for these results, PAYNE (1958) discussed the posstbility that carbon
dioxide acts as an anticholinesterase and the mfluence of carbon dioude
on renal foncron, but be found no relationship hetween these factors and
the results obtamned and no correlation with the concomitant rise in serum
potassium dunng carbon dioxide admmmstration

1t 15 especially surprising that acidosts antagomzes the effect of suxa
methontum, m view of the fact that the optimal pH of the serum choline:
sterase 15 8 5 (AUGUSTINSSON 1948)

No explanation can at present be offered for the changes observed in the
reaction of neuromuscular blocking agents mn the presence of nduced
acidosis and alkalosis (PAYNE 1960 a) but (+) tubocuranne 1s the only
relaxant investigated and differs 1n 1ts mode of reaction from tie ather

ts
agfrrll\e advantage of a continuous infusion technique 1s that, provided the
infusion rate 1s constant and produces a constant ley el of muscnlar de

presston, the potential interactor, here carbon dioxide, can be introduced
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From the Research Laboratories of Draco, Lunds Farmaceutiska AB,
Lund Sweden

Inhibition of Pepsin Proteolytic Activity by
Some Common Antacids
By

Ka; O U. Persson and Bygm Bunke
(Recewved June 14 1962)

Gastrie juice excerts 1ts proteolytic action 1n the actd pH range Itssa
common belief that thus action 1s always maximal between pH 1 and 2
and that the proteolytc actty at pH values higher than 4 15 low or
absent However, if the proteolytic activity of gastric juice 15 examined
with different substrates and at different pH values 1t 1s evident that many
protens are digested with considerable speed at pH 3-5, ¢ g casemn,
lactatbumin, ovalbumn, edestin, ghadin, gelatm, clupen and haemoglo-
bin (Bucss & FREUDENBERG 1951, MERTEN & RATzER 1949, MERTEN
Rarzer & Kierrver 1949) Thus, the course of the actmity-pH curve 15

dependent on the digested substrate It 15 of mnterest 1n this connection
that the degree of denaturation

of the substrates also seems to nfluence
the course of the activity-pH curves (LINDERSTROM LANG ef of 1938;
BoveY & Yanam 1960) The fact that gastric juice often Ppossesses con-
suderable proteolytic activity at pH values between 3 and 5 (and sometimes
e en shows maximum actvity there) has caused discussions on the possible
l;sil’irr;nce n gastne juice of a cathepsin besides Pepsin®) (BOVEY & Yawani
RERLIEN “ o .

1 a .

i ~ epeul Ul aNolT enzyme |he most Interesting substrate from
2 physiologrcal and pathological pomnt of view 15 the gastne mucosa,
“hichis autodig atpH4 5 ding 10 HAYAKAWA (1951)
Wound Protecung coagulum wil} probably alsq be appreciably digested
atpH 3-5 an assumption supported by the work of LINDERSTROM LanG
€t al (1938) and CurisTensen (1955), which shaw that the pH maximum
of digestion y5 displaced towards higher pH values when the substrates
are denaturated As coagulum consists of non Iving protemn, it 15 eastly

“} Proteolytic ACUvity between pH | *
Proteolyic activity between PHI al;:d H ;nd;;:;&e:cﬂzﬁr;td I pepan sty and
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When cpidural sympathetic blockade was performed during the
exposure to carbon dioxide, the block was slightly increased with al
agents.
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Methods

Inhibstion expenments These were performed as described below There were
transferred 10 0 mil pepsta solution of the required concentration (i most cases 01—
02 gy, wath or without NaCl and KC1(0 12 mole NaCl and 0012 mole KO, toa
50 ml jacketed beaker and © was allowed to equilibrate at 370°C for 5§ mun The
expenments were performed with strnng The of NaCl
and KClare the average ones reported to occur 1n gastric juice (HopPE-SEvLER/THIER-
TELDER 1953) Imrnediately after the equilibration period the antacid was added gently
“The pH of the solution was not permitted to fise above 4 5 during the addition, to
avord irreversible mactivation of the pepsin due to too hugh a pH value The antacid
was allowed 10 act for {0 M at the desired pH value, which had previously been
adjusted on the pH-stat (pre-imcubation) The pH value was then adjusted to that
desired for the digestion, which was begun by adding 2.00 ml 102 (w/v) solution of
the substrate The digestion perjod was exactly S yun At the end of this period 6 0 mi
of the dygestion uxture were transferred to a flask containing 10 0 ml cold 42 (w/s)
trichloroacetic acad  After filtration the tyrosine Iiberated during the digestion was
anafysed colourimetrically, essentially as described by AnsoN & Mmsky (1933) Cf.
Fourv & Crocateau (1927} Modifications The extmction of the colour formed was
measured 1n a spectrophotometer at 700 my, the corresponding amount of tyrosine
being abtained from a standard curve based on pufe tyrosine

Defimtion The proteolytic activaty was expressed as mg tyrosine (properly tyro-
sine and substances equivalent to tyrosme by the method of analysis) Liberated/ml
digestion taxture,  the digestion period 10 Sunutes, as stated above

For every inhubition experment a determunation of enzyme actuivity without
antacid was carried out (the “normal actvity™) Thus “normal activsty™ was deter-
ouned under conditions 1dentical with those of the mhibition experiments, both 10
PH and time schedule Thus the * normal activity” expenments were also subjected
to 10 mun pre-incubation at the same pH and temperature used for pre-ncubation
with antacid in the infubition experiments  Further, the same volume of ligmd was
#¢ded as had been 1njected by the trtrator during the inhubstion experiments. Blank
Sxpenments (salt solution Of distilled water 1nstead of pepsin or substrate) were per-
formed tn every series of experuments Tn the blank expertments 0 003-0 004 mg tyro-
Siwefmt mun were hberated These values were constant Drovided that sha avee-

i - ..
. T
2 red o .;;nuul!lbsluc PH of the digestion muxtures increased It fell to the
1red value within 12-15 seconds from zero time [f necessary, the acid i,
increased manually Toe <« © e b aendmput s
burette was shde-cou - .
on the micrometer o .

satsfactory than incr . l
s rate Jow it was ¢ . "
w\gom withinana . rougl !

¢ volume of the syringe buret 2
o e of the 1)}‘; B¢ burette was 2 5 ml, and the concentration of the hydro-

The error of a single det

: o of activity was calcutated to

:’nu:s:l( "lz/. I; \;;a(s foo—nslndf;ed 1o 1avolve errors of difution (=197 weighing (tl;eya;
% 20-1%) and (=23 e e

10ms (001°C) d1d ot afiect the restits V{2270 The o
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denaturated by the acid gastric juice. Thus, gastric mucosa, and probably
coagulum also, are not protected against digestion merely by neutraliza-
tion of the “free acidity” of gastric juice (increase in pH to 3-4) As the
PH values obtained by most modern antacids range from 3 to 5, it s of
importance for the beneficial action of these substances that they should
be able to reduce the digestion of a weakened (denaturated) gastric
mucosa by inhibition of proteolytic activity.

The investigations quoted above and the conclusions drawn from them
led us to investigate the ability of some common antacids to inhibit the
cathepsin and pepsin activities of some commercial pepsin preparations
in vitro. According to MERTEN & RATZER (1949) all commetcial pepsin
preparations possess considerable cathepsin activity. This was true of the
preparations used in our investigation. Earlier investigations into the
inhibition of the enzyme activity of gastric juice have essentially dealt
with the activity at pH values less than 2.5 and only incompletely with the
pH dependence of the inhibition. (KosaROV & KovAROY 1940; MARTIV
& WILKINSON 1946; PirER & FENTON 1961; SCHIFERIN & Kovarov 1941)

Lxperimental
Materals.

Enzymces and substrates Pepsinum conce 1 3000™ (Parke, Davis & Co, London)
CO-haemoglobin was prepared by the method of AnsoN & Mrsky (1933), wth the
modification that outdated human blood from a blood bank was used as raw material
1astead of ox-haemoglobin Bovinie plasma atbunun fraction V (Roussel Laboratories
Ltd., London) Casein as described by HAMMARSTEN (Merck, Darmstadt) dlbumen
ov siccunt, Erg B 6 (Merch, Darmstadt)

Antactds  Aluminum glycmate (Kaylene Chemuicals Ltd, London) Alumuum
hydroxide, dried gel, U P XV, type F-1000, F-2000 and F-2200 (Reheis Comp Tnc
New Jersey, USA) Al hydroxid carbonate, co-dried gel, typé
F-MA 11 (Rchetrs Comp) Bismuth subcarbonate, Swed Pharmacopacia Ed X!
(Distra, Stockholm) Calcium carbonate, Swed Pharm Ed XI (Distra) Calsil &
calelum silicate (Astra, Sodertile, Sweden) Dimagnesium alumnum trstheate
(K Thomae GmbH, Biberach a d Russ, Germany) Magnesium glycinate {Kaylenc
Chem) Magnestum oxide pond , Swed Pharm Ed XI (Distra) Magnesium perhy-
drol-pulver ®, p de (Merck, Darmstadt) Magnesium subcarbonate
pond, Swed Pharm Ed XI (Distra) Magneswm tnsilicate, US P (J T Bakety
Phullipsburg, N . US A),

All other chemicals were of A R guality

Instruments  “Titnigraph  SBR2c”, “Tutrator TTTic™ and “Syringe Burette
SBUIa”, together constituting the pH-stat (Radrometer, Copenhagen) *Beckman
Model DU Spectrophotometer”™ (Beckman Instruments, London} “Ultrathermostat
NB- 30181" (Colora GmbH, Wurttemberg, Germany}

Volumes up to 3 ml were measured tn cafibrated constriction pipettes of the
Carlsberg type and larger volumes with calibrated Voll papettes Adequate corr:ctlcﬂ;
of the volumes were made at measurements of solutions whose temperatures diverge

from room temperature.
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mg tyr

ml min

01 02 03 pepsinhconc

2 The acunty of a pepsin sample (expressed as mg tyrosine hberated/ml min)
teat an fexpressed as grams of pepsin per fitre) Substrate
- 10ntemp 37°C Digestion pH 15,
. uon mitures were 0 1 molar 1n NaCl and
prcscnled by the broken hne (no salts

nddtdb See melnods for detarls

mg tyr
mi<min T T T
e,
oo} *+*
ar-sb—4
003
002
O —— O
o001 o/
1 ] 1
' 2 3 pH

183 Acmuz of a pepsin sample (expressed as mg tyrosine hberated/m) min) as a

See methods for details
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It 15 ymportant 1n experiments on enzyme tnhibition that the ratio bemween the
eazyme and the substrate concentrations 15 such as to allow performance of the
experiments on the straight part of the curve Tepresenting the function enzyme act wry
= { '+ (substrate ¢concentration) This meant that the highest enzyme actiity (without
mhibrtor) available to us was 0 02 mg tyrasine/m! nun for experiments without NsCt
and KCland 0 04 mg tyr /m} mun for experiments wzh NaCl and KCL fseefig B

Recording of the pH time curves These curves were determined marnly as described
by BEERMAN (1960), 1 g antacd being dispersed 1n 15 ml distilled water and poured
mto 138 mi * artificial gastric Jurce™ (0 032 M-HCI containing 2 g NaCl and 2 g pepsi
1 3000/1) at zero time Simultancously, continuous injection of artificial gastrie
Jwiee” was begun The injection rate was maimtained at 2 ml/min throughout pHwas
recorded cont ly and with stirring The volume was kept constant by
suction The temperature was 37°C

Methodology

In this kind of investigations 1t 1s important that the pH of the digestion and pre
ncubation mixtures be kept constant By using the pH stat this was easily achieved.
The use of strong buffer solutions, which might have disturbed the reactions was also
avoided

Haemoglobin and plasma albumin were used as substrates because therr soluuo‘?
were clear at all pH values used (pH 1-5) Other substrates msestigated (casem 0+
burmin, and lactalbummn) gave rise (0 aggregating precipitates which caused vartatrons
1n the expersmental results N f

Other prel y expeniments includ mto the sig of the
pre mncubation time for inhtbition (sce fig 1) determination of the connectton bcmcﬂ;
proteolytic activity and enzyme concentration {see fig 2) and control of the course o

*J inhib
r
80 /A

60]

40

20

% 10 20 mn

Fig 1 Inhibitton of a pepsin sample by hy A
.-ngdn.-d sel Per cent nhibition plotted against munutes of pre mcubatjf:'n;esl“md"

) - - mn at
) amaf

pernie
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Table 1

Iahibiuon of the p fytic actuaty of 1 pepsin by some antacids
“n\: antacids were pre incubated with the pepsia solutions for 10 ot 137 Cand pH 4O
FEAFAN Vew —— S ParS AR

. . "
KCI per litre
Percest  Cf
Antacd whitwon  figure
T
Alumnum hydroude magnesium carbanate co dried gel 58 4
Aturunom gycinate [ H
bl . 21 4
. . 2% 5
20 6
K 1 6
4 Llum carbon: 5 3
chon ste o 7
) .
{
4
orl‘:e pHdep of the ikt was d d for the most potent
5 ¢ mhibitors (according to tab 1) and 1s Mustrated sn figs 8 and 9
e courses of the curves ob d are 1ly ind dent of the

;‘;l:‘:r‘:ctc‘:wd for determining the enzyme actvity See fig 8 This 1s
e ! 3 :x(lizyme activity without inhibitor (the “normal activity’™)
— minted at the same pH values as the actmty with inimtor (see

0ds) As the inhabition 1s stronglv dependent on pH, the whibiting

. Table 2
the legend of tab 1 The
i e antaeads (except bismuth subcarbonat

ssolve complecly before the Setermutatn of the <oz Achoy 3t pH 15 -

Per cent intubiion

Antacid " Disestion ot

Digestion pH
3 | s

Magnesum glyemate
Wi Lo { 9
o 85 85
. . |8y e
. . . L
43 1
. | 2 w1
. 25 2
} » &
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the activity pH curve (sec fig 3) On the basis of the prelimmnary results the exper
mental method was designed

An objection 1o the design of the experiments 1s the possibility that the mhbton
mught be duc to adsorption of fiberated tyrosine on the antacids It was shown by
experiments in which the sub ! had been sut d for tyros ne solu
tions that this objection was not valid

It 15 of importance for an adequate interpretation of the results of an imvestigat e
of ths kind that the w1 vutro conditions resemble the i sno conditions as closely &
possible Thus temperature pH conditions concentrations of salts enzymes and
other orgamic substances and of thubitors should be kept at the same level i both
Reproduction of temperature salt ations and pH d myolved 80
problems It was however not 1lways technically possible to mamtain the sameh sh
enzyme achivity imstro as inyno For that reason the experiments were pcrformtd with
the same ratio between enzyme activity and antacid  concentration  as one would
expect in sn0 after antacid mtike Information about the volume and enzyme actn ty
of the gastric cantents was obtained from a paper by MERTEN (1950/51) In this paper
the enzyme activity of interdigestive secretion was stated to be 0 150 mg tyroste putro-
gen hiberated/mt min (- 1 94 mg tyrosmne/mt min ) at pH 3 1 and the volume tobe

20 m! If 1 g antacid 1s taken the lting antacid  conc 15 50 mg/m} and
the ratio between enzyme activity and antacid  concentration 15 0 03 Thus comps
nison between the ok g ability of d was always made at an

enzyme activity/antac  conc  ratio of 004 the dynanues of secretion betng €8
Jected The above apples to experments at pH 31 When infub tion experuneos
were performed at other pH values f the enzyme actnry was miterially d ferent (st
figs 3nd 2 of fig 1) the enzyme concentration was kept the same as in the expent
ments at pH 3 1 Therefore the ratio enzyme act fantac  conc  changed but the
ratio between enzyme concentration and antacid  concentration was the same a8
the experiments at pH 31 At fow enzyme activities (fugh pH values) the enzyme conc
and anttaid conc  were increased proportionally

Results and Discussion

The results of the preliminary inhibition experiments are given 1n tab !
Alummnum hydroxide magnestum carbonate co dried gel was the most
potent inhsbitor of proteolysis Strongly alkaline magnesium compounds
have been omitted (see fig 12) being unsurtable as antacyds because of the
nsk of rebound secretton  (BropY & BAcHrACH 1959) The miubition
by these magnesium compounds was due to irreversible alhalne macted
tion of the enzyme This was shown by experiments ncluding pre ncubd
tion at pH 40 and determination of the enzyme activity at pH 1 5 after
the antacids had been dissolved completely It appears from tab 2 that
only the strongly alkalne substances destroyed the enzyme actvity
trreverstbly under these conditions Ewvidently the pH values of thest
antacid grans wmmediate surroundings are considerably higher than
mdicated by the pH meter readings thus making alkaline des{ructl;n
possible Alkahne destruction of the enzyme caused the results of the
snhsbition experiments to be poorly reproducible
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Table 3

Percentage 1nhibition calcufated from the PH time* curves (Figs 10 and 1) and the
“percentage nbib pH curves (figs € and 9) The time interval between the first and
second figures was about 100 minutes

Percent Pre nc and
Antacid ‘ n l digest pH.
[ I TR ‘o I gs90 41539
30-60 4130
- 75-55 3934
20-35 17-25
. 20 19
Bismuth subcarbonate } 10-15 17
e whib —— T 7 T T
F 4
8ot B
601 J
[+
i .
A4 ]
L ®. 4
20F ‘\e\ J
L OX\ L P 1
O W vem=mmp T,
1 1 1 1 | I S [3
0 0020 0040 0060 1z _act
Antac conc
Fig 6 Abscissa and ordinate =e =~ &= 4 ~ ¢ -

cate with NaCl and KQ Cor
NaCl and KCL Crosrer Do
with NaCl and

:Z:amds‘ ability to inhubst proteolytic actvity  Thas 15 true because the
" 1‘;:11::; tpf‘lbcurvcs show different courses when the enzyme acts on
et ;u s:’a(ts (Cf fig 3) Thus, an antacid that gwes nise to a pH
T an lrl:ieubns the prateolytic actwity by 50 a1 this pH value
- Y gives better protection against proteolysis than a substance
&wves mse to pH 5 and inhubits by 809 there if the sub-
most rapidly at pH 5 and very slowly at PH 3 Itis

strate 15 digested
:’f} FOSuzﬂe o elucrdate the importance of thic fartar asaoet

V4 L gAITIC 10UCOsa (obtatned by biopsy .l‘mn’\
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*e inhib e .
3

80
go} UQ\
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i & 8g T
sof N e
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V- ¢ —
20} Y
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0 L L Las b
0 nz_act
0020 0040 oosom

Fig 4 Percentage nhibition as a function of the rauo between enzyme actiuty without
inhibitorand  antzaid cone  Pre meubation performed at pH 4 0 and digestiont atpH !
Temperature 37°C Enzyme activity without inhibitor 0033 mg tyr Tiberatediml ™0
Enzyme cone 0 1.and 02 g per 1 $1th and without O | mole NaCl and 00 mole KNG pY
I respectively Substrate 16 % (w/v) CO hemoglobin
Circles Al hydroxide catbonate co dried gel with NaCl and xa
Sguares Do without salts Triangles Alumunum hydroude dried gels F 1000 F 2000and
F 2200 The same curve apphes to results with and without NaCl and KC!

*, whib ——r—p—Tr T 7T T
8o O
80P \g 1
F\\ ii)o -
+ 4 o d

i \1@ \OQ_\
20f % + ]
[ A

PO DRURPINS DAY SO NN TR0 DR S S N
% 0020 0040 G060 Enzact
Antac conc

e with
ponate The

A

]
i

40

Fig 5 Abscissa and ordinate as in fig 4 Circles Alummnum glycinat
NaCl and KCI Crossed circles Do wathout salts Crosses B smuth subcar]
same curve applies to results with snd without NaQl and KC

powers of the different antacids were compared at the pH values obtaned
by these antacids (see tab 3,and figs 8-12) Alumnum hydroxide magnt
sum carbonate, co dried gel was the most potent nhibitor under these
conditions also

The substrate 15 ¢! g the

he thied factor to be considered at assessin
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1 2z 3 4 pH

£ ot am b X moes wa mEF (= nreanenhanion nfil Fa.

FI8.9 Abscissa and ordinate as 1o fig 8 Substrate 16% (w/¥) CO hemogiobin Crosses
Alimnym glyonate Crrcles Dimagneswm aluminum thsiicate Sguores  Alumunum
hydroxide, dned gel, F~2200 Triangles Bismuth subcarbonate
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*/s inhib — — T
80| -
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0 o020 ° Enz act
Y 2 0040 OUSOAmac conc
20f 4
= ) °
L a i
40 5 P
60} o -
A
80 -
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Fig 7 Abscissa and ordiate asin fig 4 In calculation of the quotients the weights of the
salts were d for of the ding oxides (: and
NaCl and KCI

q! P
(caleium) Crosses Alununum chloride with

Calerum carbonate wathout salts Cireles
Magnesitm chloride without salts

magnesium) or carbonates
Crossed circles Do without salts Triangles
Caleium chloride without salts Sguares

gastric mucosa 1s digested at

an ulcer patient), 1t 1s concluded that
plic

considerable rate throughout the whole pH range of peptic and cathe|
activities*) Further the pH values obtained by the most potent inhibiting
antacids lie near each other, and the other antacids are poor nhtbrtors
Thus, the third factor 1s without importance for the present discusston
and the order of the antacids for mhibiting the proteolysts of gastne
mucosa 15 the same as shown 1n tab 3

When the antacids dissolve metal 10ns are formed (an exception 1 the
group of 10n exchange antacids) Therefore the ability of these 10ns (A"

Ca++, and Mg**) to nlubit enzyme activity was also ivestgated Ca**
- - between 3
Thus the

¢ digestive

sre not be

strictly appucau «
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40
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0
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Fig. 9 Abscr
A ssls’an ;:?eorgmxlle asin fig 8 Substrate 1 6% (w/v) CO hemoglobin Crosses
pooe wles Dimagnesium alumnum tosilicate Sguares  Aluminum
¢, dried gel, F-2200 Triangles Bismuth subcarbonate
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20 40 60 80 100 120 min
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20 40 60 80 100 120 rmun
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and Mg+ did not influence the activity at the concentrations and pH
values investigated Al+++, on the other hand, showed inhibiting proper
ties at hugher pH values (see figs 7 and 8, and tab 4) This apphed when
the solutions contained 0 1 M NaCl and 0 01 MKCI per litre During the
course of this part of the mnvestigation 1t was discovered (independently
of ScHLAMOWITZ & PETERSON 1961) that Na+ and K+ 1ons stimulate
enzyme activity (see fig 3) If the Na*+ and K+ 10n concentrations were
fow, Ca*++ and Mg** 10ns were also stimulators (see tab 4 and fig 7)
These results argue m favour of the aluminum containmng antacids In

1 hydroxd carbonate, co dried gel, the hydroxide
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pH ~——T T T T T T T T T

Startat pHIBY 5 44 [EE 1 W1
0 20 4 60 80 100 120 rmn

Fig. 12, Dynamic pH time curves estabhished by meihod of Beexsan {1960) 1 Magnesium
zmd:. 2. Magaestum perhydrol pulver ® magnesium pel
¥ 6

5

roxde 3 Magnesiom glycinate
Sodwm Calal @ caloum sihicate

Table 4

fefloenct of some norgame salts on the proteoiyue acthvity of commernial pepsin prepara
uons gt pH 1 5 and 3 1 Standard eszyme actity 0033 mg tyrosiag Lberated/ml min
Substrate 16% (w[v) CO bemoglobn Temperature 37°C

Per cent change of activity Digestion
Substances Wl without - | and prenc | Substance
01M NaCland 001 M KC1 PH cane

Alay I 0 1 15
woum chlonde \ — —% 1 30 mM

Catcwum chtonsd 1 [0 5 ] 1%
o | 5 T 30 13 mM

" T o G 15
<hlonde ! - 55 | 31 30 mM

1S great excess, as the gel contans 40% hydroxid Y,
rbomn g 4 hydroxide, as AL, and 6%
The d

of the inhib

on antacid are shown
b hese figures 1t 13 eastly seen that the inhbition did not
NES proportionately to the amtacid concentrations Relatwvely the

tnhibitson 15 higher at
a low than at a high concentration Thu
consequence of the fact that the inhit o

wSgs 47 From

¢ PH dependence of th 35 an adsorption ph
of the ink and the b of the
actenty afier the antacids b dissolved eozyme
adsorption ave been are also of

The co-dried gel did not inky
it the activity of 2 erystallin
Ml‘\ﬂ-&demvﬂ. 19l ). cr’ : u-ypsm

5
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preparation at pH 5 5to 75 In these experiments the antacid “concentra
tion” was 100 mg/12 ml and the enzyme activity about 003 mg tyr
Itb /ml mm

Relevance of obtained results As the mhibition 15 a consequenc
of adsorption of the enzyme on the antactd and the adsorbed enzyme s
mactive (however, cf above), the percentage mhibition ought not to be
the same at different concentrations (the mrtial enzyme activityfantaod
““conc ” rat1o 1s assumed to be the same) This 1s esily dernved from the
adsorption 1sotherms The following equation 1s derived from the adsorp
tion 1sotherm of FrruNpLicH

100X  100Y /Ca\n
X+CV Y+G V(C))
X = amount of adsorbed substance in the first case
Y = amount of adsorbed substance in the second case
Cx = equilibrium conc of X in the solution 1n the first case
C; = equilibrium conc of Y 1n the solution in the second case
V = the volumes of the solutions n = constant, less than one

1t 15 eastly shown that Cy1s larger than Gy, 1if X + Cx V15 assumed to b'e
larger than Y 4 C, V, ard the mittal enzyme actuityfantacid ‘conc
ratio 1s the same mn both mstances Thus the percentage adsorpiion
(inlubition) 1s larger in the more concentrated solution However, no
changes 1n the order of the antacids for degree of mhibition will occur ot
applying the u1 vitro results to w1 yno conditions since the m viro and
1 1110 concentrations are close to one another from an adsorption poiat
of view

As shown n fig 1, 1t took 6 minutes for the adsorption to reach equilt
brium under our expenimental conditions At higher concentrations O
enzyme and antacid, equlibrium will be reached more rapidly Ths 15
easily understood if certain facts are taken mto account 1) The adsorpttof
rate 1s proportional to the number of impacts of the enzyme with the
antacid surface per time and surface unit, and this number 1s propomonal
to the enzyme concentration 2) This concentration 1s always higher 1n
the more concentrated solutions (1 e the solutions whose equiltbrium

concentrattons are Cx, see above)

Summary
Several commonly used antactds were exammed for their ability to

nhibit proteolytic activity in pepsin preparations I
The pH of the incubation mixtures was controlled by adding sma

volumes of acid with the aid of a pH-stat instead of by using strong buffer

solutions
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The imhibition of proteolysis was shown to be dependent on pH
Therefore, the mhibiting abibties of the antscids were compared at pH
values expected to occur 1n gastne Jwee in the stomach, as judged from
model expeniments

Tnhibition by the 10ns occurning when the antacids went 1nto solution
(Al Mg, and Ca*+) was also investigated Al*** was the only 1on
whibiting proteolyhc activity

The proteolytic actvity of the pepsin preparations was dependent on
the Na* and K+ concentrations of the solutions

Strongly alkalme antacids were powerful ntubitors of peoteolysts
However m ulcer therapy 1t 15 generally considered more sitable to vse
“mulder” antacids, grving an intragastac pH of about 3 5 In tius group
of antacids al hyd d carbonate, co-dried gel,
was found to be the most potent mhibitor, with aluminum glycmate,
dimagnesium alumimum thsbicate, and aluminum hydroxde, dried gel,
i order of decreasing activity
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Added 1 proof

Hollander stated 1n a recemt paper (Hollander, F Recent ad
m the physiology of pastric secrettons Ann N Y Acad Sci 1962, 99,

48) that pure antacid therapy 15 madequate for the of
peplic ulcer as the corrosive power of gastric juice 15 not elyminated
merely by g pH This 15 1 d

with the ops-
on of the present authors However, the ways to eluninate the pro-

teolytie actmty of gastic ywce suggested by Hollander (1962) are diffe-
rent from that presented 1 this paper
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From the Department of Pharmacology, University of Copenhagen
(Professor Knud O Moller, MD)

The in vivo Transformation of Morphine and
Nalorphine into Normorphine in the Brain of Rats

By

Kirsten Milthers
{Recenved June 20, 1962)

There are important pharmacologic 1mphcations (WAY & ADLER 1960)

for the N de alkylation of analgesics According to the hypothesis of
BeckETT, CASY & HARPER (1956) the nor denvative 15 responstble for the
analgesic effect, whereas AXELROD (1956 ) atinbutes the N-demethyla-
tion (6 the development of tolerance

However, the N-demethylation of morphine n w0 has not been
confitmed until recently (Miska, MuLE & Woons 1961; MiLTHERs 1962)
and the demonstration of the presence of normorphine 1n the brawn has
not 5o far been accomplished

Using a method recently descnbed (MiLTHERS 1961) we have shown
quantitattvely the presence of normorphme 1 the bran of normal and
hepatectomised rags after the admmustration of ether morphine or
nalorphine Further, our expenments suggest that the transformation of
morphing intg normorphing occurs i the brain, and not only 1n the Iner
a shown by Axerrop (1956 a) 1n experiments 1n witro

The results of some of these experments have already been briefly
desenbed (M hens 1962)

Methods
The substa,

nees used were mormorphine chlonde (C16H105N » HCl
A at 16H170;] H;0),
‘“‘a:hjﬁ ~3079, obtained from the Department of Health, Education ang Wcl!zarg,
o &m DC US4, naforphune chlonide (CyoHz 05N HCl) (Anarcon ®)
iy a2TRaccutical Products Copentiagen Norma-g - -
-
. . .
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mental condtttons with feee aceess to water and a commerctal food preparation upto
the experyimental period The rats were anacsthetized with mebumal sodwm {pento-
barbutal sedwm), 40 mg/kg guen intraperitoncally dissolved tn 5 mg/mt saline
During the expenimental pertod oxygen was given through a tracheal twbe An
aqueous solution of either morphe or ralorphine (40 mg/mb) was myected
venously 1nto the brachial vein s amounts of 100 mg/kg The rats were killed 15
later by d son For the deter 1ons of morphune, raforphme and

normorplune, samples of blood were taken from the severed neck Then the whole
brain, mcluding the brain stem and cercbellum, was removed

Hepatectony Ta present stasts 1t was pecessary to remove the mtestines pancress
and spleen as well as the Iner Before rescction higatures were placed on the rectuny
the cardua, the mesenterial radix and on cach lobe of the liver separately Care ¥ss
taken not to snterferc with the vena cava at the dorsal side of the liver Tathrs way mort
than 95% of the Iner could be succesfully removed

Determunation of morplune, nalorphine, and nornworphute The concentrations of the
substances 1n the blood and bratn were determined as desenibed by Mitraers (19612
The avetrge recoveries of morphine, ralorphine and normorphine were 9%, 96%
and 72%, respectively When cenliting the concentrations of normorphine allonance
was made for the low percentage recovery, and the values were conerted to morphne
or nalorphine

Saline only was ingected 1nto the brachial vem of tvo hepatectormised rats Therats
were killed 15 munutes later, and the blood and bram were exarmined for morphiae
naforphine, and normorphine None of these symples gate positise result

Table 1

Concentratons of total (free and conyugated) maorphine and
sormorphine m the blood and braias of normal and hepatectomiscd rats 15 min
after wtrasenous igectn of 100 melhg morphine

Normal rats Hepatectormsed rats

Conc 1 the Conc n the J Cone sn the Conc mgﬂ/ht
Weight| blood ng/m! bram sg/g | Weight! blaad pg/m! :fxm Blg
& Mor I\armor- Mor [ Nermor £ f Mor [Nermor! Mor { N.Jt:mt:f
plune | pluac | phine ' phine phine | phme  phue  ph
| ] f
270 74 ’ 68 250 { 23 10
501 e i3 1aes o7 | o )\ s s 2 4
285 60 5o 71 ?} 07 200 ‘ X 24 S; ‘s
280 47 ‘ 72 - Egg gé
2 7
25 1} sl | | 280 AR
3 g ey 0t 2 1o
i o f b % AR A
Mean t 62 38 71 | % 13
1y g + 4 36 pg of the total 39 88
2

3
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Resulis

The concentrations of morphine and yormorphine 1n the blood and
brain from normal and hepatectormused rats 15 minutes after intravenous
mjection of 100 mg/kg morphine are given in table 1

The figures show the total ts of d and gated
( free’) compound The scarcity of the matenal avaitable did not permit
determmation of both free and conjugated compound However, blood
from some of the normal rats was pooled, and in this 50-60%, of the total
morphuns was found as free marphine whereas 60-70%, of the total
normorphine was demonstrated as free normorphine Only the free com-
pound was found 1 the brain

In the bram of normal rats given morphine (100 mg/kg) normorphine
could not be demonstrated by the method of determnation referred to
above The concentration of morphine found m the brain of these rats
was only 71 pgfg The average concentration of morphine and ror-
morphtne i the blood were 62 pg/mt and 3 8 pg/ml, respectively

Inh d rats the ations of morphine 1n the blood and
the brain were 105 pg/mi and 26 pg/g and of normorphine 3 5 pg 1 ml
and 1 3 ygfg, respectavely

The concentrations of naforphine and rormorphine 1n the bramns of
normal or hepatectomised rats 15 minutes after mntravenous mjection of
100 mg/\g nalorphunc are gsven n Table 2 In normal rats we found 28
#2/g naforptune and 12 pg/g normorphine In bepatectomised rats the

concentration of nglorphine and normorphine were 278 pglg and 49
g vespectively

Table 2

Concentrat ons of total (free and comugated) ralorphine and
rormorphine t the drains of noymal and hepatectomised rats 15 min. after
Intrasenous injection of 100 me/kg nalorphine

Normal raty

Hepatectomused rats

Cone 1n the bran pg/g

Weght g R
— —
Malorphune - Aormorphine | Malorphune 'Normorphige
s 18 w0 |
i ity
1 »opow % w0

s b4 ‘{ 13 20 ‘ m 27

— — L 2% 285 39
— S B 28

Stean P . T =
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mental conditions with free access to water and a commercial food preparation up to
the expernimental period ‘The rats were anacsthetized with mebumal sodium (pento-
barbital sodwumy), 40 mg/kg given intrapenitoneally dissolved n 5 mgfm! salne
During the expecimental period oxygen was given through a tracheal tube An
aqueous solution of either morphine or nalorphine (40 mg/ml) was injected intra
venously into the brachtal vein 1n amounts of 100 mg/kg The rats were killed 15
minutes later by decapitation For the determunations of morphine, naforphine a1d
normorphinc, samples of blood were tahen from the severed neck Then the whole
bram, including the brain stem and cercbellum, was removed

Hepatectomy To prevent stasis it was necessary to remose the mntestines pancreas
and spleen as well s the Iiver Before rescction {igatures were placed on the rectum,
the cardia the mesentertal radix and on each lobe of the liver separately Care was
taken not to nterfere with the vena c1va at the dorsal side of the Iner In this way more
than 95% of the lner could be succesfully removed

Detery of morphme, nalorphine, ond rphine The of the
substances 1n the blood and braimn were determined as deseribed by Miutaers (196)
The average recosverics of morphine, ralorphine and normorphine were 96% 967
and 72%, respectively When caleutating the concentrations of normorphine allowane
was made for the low percentage recovery, and the values were converted to morph ¢
or nalorphing

Saltac only was unyjected nto the brachual vem of two hepatectomised rats The rat
were killed 15 minutes Iater, and the blood and brain were examuned for morphine
ralorphine, and normorphine None of these samples gasc positive result

Table 1

Concentrations of total (free and conpugated) morp/ ine ard
normorphine wn the blood and brains of normal and hepatectomised rats 15 mi
aflter intravenous wnjection of 100 me/kg morphine

Normaf rats Hepatectomised rats

Cornc in the Cong¢ 1in the Cont in the Conc 1 the
Weight|  blood pg/ml bramn uglg | yyerghy| blood pgimi braim gefg
. i ek e
E Mor |Aormor | Mor |Normor & Mor |Nermor | Mor | Normor
phine | phune | phine  phine plune | phe | pmne | phire
270 74 63 ’ 250 J f 23 |
270 66 } 3 199 } <07 | 370 ] 105 { i3 7 V} 1o
B0 hso | 71 leor | 20 f[ | [ 2 e
280 47 72 250 | 22
310 270 28 y
s |} sl ] 5 ] 80 | EAR
369 [p 62| 04
318 so1y t ‘ i | 250 34 5 10
Jas i TRl Lol 81
Mean | 60 | 38 | 71| ! | [ | | 13

1) Free morphine amounted to 33 pg of the total 64 ig and to 36 ug of the total 9 4
2} Free normocphine amounted to 2 4 ug of the total 3 6 pg
3) All the morphine was found as free morphune
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only snstance where the phenomenon of de alkylation 15 known to occur
(e by the hver enzymes) Our results indicate that the de atkylation of
morphune occurs more teadily m the brain than that of nalorphine since
the normorphine found 1n the brain of hepatectomised rats amounts to
more than 5% of the morphine and to less than 2% of the nalorphine

However thus observation does not change the fact that the absolute
amount of normorphune 1s found to be tugher in the bram after admm

stration of nalorphine because of the correspondingly higher amount of
nalorphine Nevertheless the hugher amount of normorphine found in the
brain after administration of nalorphine 1s also inconsistent with the

hypothesis of Beckett because nalorphine has a lower analgesic activity
than morphine

Summary
The concentrations of morphine or nalorphine and of normorphine 1
the bran and blood of normal and hep d rats after ntr:

a:zm:islrauon of either 100 mg/kg morphine or nalorphine have been
stude

1 Normorphine could be demonstrated m the bram of rats after
Intravenous imection of esther morphine or nalorphine

2 Ewidence has been obtamed for the 1n vivo transformation of both
morphune and nalorphine mto normorphine in the bram of rats

3 Nde alkylation of morphine occurs more readidly than that of
nalorphune 1n the brain of rats
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Discussion

The concentrations of morphine and ralorphine 1n the brams of
hepatectomised rats were considerably higher than those of the normal
rats This 1s understandable, since the conjugation of the substance occurs
mamly 1n the liver and only the free compounds pass the blood bram
barrier The difference 1n concentration of nalorphine 1n the brams of
normal and hepatectomised rats 15 exceptionally marked Probably ths
15 due to the fact that nalorphine 15 conjugated to a greater extent (Wooos
& MUEHLENBECK 1957)

The higher concentration of morphine 1n the blood of hepatectomised
rats than n that of normal rats may be explamed by the reduction i body
weight produced by evisceration

AXELROD (1956 2) has demonstrated the transformation of morphine
into normorphine w1 1irro by microsomes prepared from the hvers of male
rats, but microsomes from kidney, bram, muscle or spleen showed 1o
such activity The results of our investigations ndicate that morphine
and nalorphine are transformed mto normotphine m the bram of Ining
rats The ratio of the blood/brain distribution of free morphine 15 about
the same m normalrats (34 5/6 2 (average of the four Jower rats)) asinhepa-
tectomised rats (105/22 5 (average of the four upper rats))after intravenous
admimistration of morphine In the hepatectomised rats the substance
would have to be mamly unconjugated Thus, hepatectomy does not scem
to influence the passage of morphine through the blood bram batrer
and 1t therefore appears unlikely that 1t could affect the passage of nor
morphine Nevertheless, the blood/brain distribution ratio of free nor
morphine 1s only about 1 (1 5/1 3) 1n hepatectomsed rats, whereas the ratio
tsgreaterthan 6(>2 4/0 4)innormalrats Theconcentration of sormorphine
m the blood from the hepatectomused rats 1s small i spite of the tigh
concentration of morphine, probably because the main site of action of
the N demethylation 1s removed At the same time the concentration of
normorphine 11 the bram of these anmmals 1s relatively ligh Thus, most of
the normorphine appears to be transformed from morphne i the bram
uself, since only a very small part may have passed the blood bram
barnier Indeed, this observation supports the much debated hypothests
of BECKETT ef al (1956) though this 1s still far from having been proved

LASAGNA & KORNFELD (1958) have stressed that this hypothesis only
could be reconciled with the relatively low potency of normorphine if
normorphine 1s formed 1n cell receptor sites after the entry of morphine
into them In therr comprehensive discussion of this hypothesis WAy &
ADLER (1960) have pointed out as evidence to the contrary that de alkyla
tion of nalorphine occurs more readily than does that of morphine n the
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(Professor Knud O Moller, M D)

Morphine and Normorphine in the Brain of Rats
A Comparison of Subcutancous,
Intraperitoneal, and Intravenous Administration
By
Torkell Johannesson and hirsten Milthers
(Recerved June 20 1962)

Tt has recently been shown that the N-demethylation of morphine 1nto
normorphine may occur in the bran of rats (MILTHERs 1962) This
obsennation may be of outstanding 1mportance for the hypothesis of
BECKETT Casy & HARPER (1956) which assumes morphine to be N de
methylated before exerting 1ts analgesic action One of the predictions
from thus hypothesis 1s that morphine and normorphine are drugs of
almost equal analpesic potency However, several authors have found
normorphine to be less active than morphine as an antlgesic (MILLER &
ANDERSON 1954, LasAGNA & DE KORNFELD 1958, HORLINGTON & Lock
ETY 1959)

The weaker action of normorphine has been explained as possibly due
f0 1ts more rapid destruction 1n the body and possibly less cfficient
Ppermeation mto the brain (LoCKETT & Davis 1958), but the validity of
these explanations has not been tested p ly In the
feported below we have therefore compared the concentrations of

Lﬂﬁfphlnc and normorphine in the braimn of rats The above mentioned
TUgs were njected sub ly intraper lly or 3}

Y

Methods
e albino rats were used The rats were kept 1n constant
omonmenml conditions with frec access to water and a commercial
- Preparation  Expeniments were conducted at room temperature
ately 22 C) R Yy arrest was considered a sign of death

Adult mal~

Admunmistration of drugs Morp
hine chlonde (Ph D 194
Jorude (ot 25 Mo an 8) or normorphme
d‘ ) !Jmed)[mm The Department of Health Education and W clfare,

Washmn;
Was guen in agueous solutions contamng 49 mg/ml s

for subcu-
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Table 2

Concentrations of morphuse and normorphine 1 the brains
of rats after itraperstoneal injection of 300 mgfkg of the drug All the rats given
morphune wese killed whereas all the rats given normorphine dic

Rats mjected with morphune Rats injected with normorphine

Cone of
Time after | morphine 1

Cone of
Time after | normorphune

Weight 8 | 0y minutes | the bram Weight £ ) o minutes | n the bram

uelg 343
145 15 1 140 16 120
143 15 12 160 14 95
143 20 14 135 13 79
150 20 15 145 2 82
190 18 15 160 15 140
185 18 12 170 17 72
1%0 20 10 135 24 1o
200 20 21 195 21 33
Mear 18 14 18 9%

In table 1 Although the concentrations of morphine were low, 1t could
be demonstrated m 6 out of 10 rats The measurable amounts ranged
from 14 t0 43 pg/g bram Normorphine was found in amounts even
lower than those of morphime, 1t could only be measured m 2 out of 10
mats In these two rats the concentrations were 1 pg/g and 2 pgfg bram

Intraperitoneal Admimstration

m(}:ﬁ:m or normorphine was administered tntrapentoneally to the
1525 o :ums of 500 mg/kg Al the rats that recewved normorphine died
Pumposes “‘1“58 {average, 18 minutes) after the mnjection For companson
came € rats that received morphine were killed at approximately the
e 2 (t)s The concentrations of the drugs 1n the bram ate given 1n

1 the average the morphine concentration was 14 pg/g bram,

whereas notmo;
rphune was found present at a clearly lower concentratio:
aerapmg 98 ygfp bran Y o

Intravenons Admumstration

m’:g;l:‘:ll;co;r 5<r)mm\m'phme was administered tntravenously to the rats

The eomere, mg/kg They were killed 15 munutes after the injection

ten m oty 3an_?:s of morphine and normorphune 1n the bram are

0 The r ¢ average concentration of morphine was 3 4 pgfg

Tmorphin ‘honcmtmuons of normorphine were the same as those of
+ e average was 3 6 pg/g bramm
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taneous and intraperitoneal injections Subcutaneous injections were given in the
rudhne 1-2 cm above the root of the tail, and intraperitoneal njections were gnea it
the upper part and the right side of the abdomen

For intravenous injections solutions of 8 mg/ml were made 1 drstilled water The
mjections were given 1nto the right brachial vern over periods of two munutes Therats
recelving Intravenous injections were anaesthetized previously with mebumal sodim
{pentobarbital sodium) 40 mg/kg, injected intraper {ly During the exp !
period (15 minutes) oxygen was grven through a tracheal tube

Determunations of morphine and normorphne n the bran (including brai stem 20d
cerebellum) were performed by the method of MiLTHERS (1961) The average recosenes
were about 96% and 729 for morphine and normorphine, respectively The lowest
measurable amount 15 about 1 pg/g brain In calculating the concentrations of nor
morphine allowance was made for the low percentage recovery

In order to exclude any snterference from the anaesthesia on the determination o
morphine and normorphine, salme was injected wnto the brachial vemn of two rats that
had recenved the usual anaesthesia and oxygen Fifteen minutes later the fats were
decaptated and thewr brans analysed for morphine and normorphine None of the
samples gave positive results

Results

S b oS Ady aklion

Morphine or normorphine was admmstered subcntaneously to rats it
amounts of 200 mg/kg The rats were httle affected by these doses and
were killed 15 mmutes after bemng mnjected

The concentrations of morphine or normorphine 1n the brain are anet

Table 1

Concentrations of morphine and normorphine 1n the bratns of rats 15
nunutes after subcutaneous injection of 200 mg/kg of the drug

Rats injected with ' Rats injected with
rrovpkane ¥ normorphine
Conc of Conc of
Weight g | morphune in the | Weight g | normorphine 1n
brain pgfe the bram pg/g
150 14 155 { nda
150 43 155 trace
150 trace 160 20
150 trace 160 10
150 16 160 J nda
150 19 160 nda
150 21 160 trace
150 22 150 nda
150 nda 150 nda
150 trace 150 trace

nda, no demonstrable amount s
trace not p deter
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Table 2

Concentrations of morphine and normorphune in the brans
of rats after mttaperitoneal imjection of 500 mg/kg of the drug All the rats given
‘morphine were killed, whereas all the rats given normorphine died

Rats mjected with morphune l Rats 1njected with pormorphine
Cone of | Conc of

Time after | morphine 1 Time after | normorphine

WM [y Tunutes | the bram Wetghtg 1 0 rinutes | i the bran
rele ug/g
s 15 11 140 16 120
us 15 12 160 14 95
145 20 14 135 15 79
150 2 15 145 23 82
190 18 15 160 15 140
185 13 12 170 17 72
1% 0 10 155 24 uo
L 20 21 195 21 85
Mean 18 14 18 98

ntable I Although the concentrations of morphine were low, 1t could
be demonstrated 1 6 out of 10 rats The measurable amounts ranged
from 1410 43 pg/g brain Normorphine was found 1n amounts even
fower than those of morphine, 1t could only be measured 1n 2 out of 10
T2t In these two rats the concentrations were 1 ng/g and 2 pgfg bram

Intrapenitoneat Admnistration
m‘;‘l:]rphme or normorp was ad d mtraper liy to the
oo :nx::oums of 500 mgfkg All the rats that recerved normorphine died
™ Tutes (average, 18 minutes) after the myection For comparnson
sanr?eo::s the rats that received morphine were killed at approximately the
i 2mxcs The concentrations of the drugs 1n the brain are given 1n
On the average the morphine concentration was 14 ng/g bramn,

whereas normo
rphine was found present at a clearl: lower conce
eramng 98 pgfg bram Y rlration.

Intravenous Admimstration

Morphine or normo: Ve
TPhune was admimistered intravenousk
) ¥ to the rats
N amaunts of 50 mgfkg They were killed 15 minutes afier the uyection

Tn The concentratsons

s of normorphune were the
morphne. the o Crags s 3.6 s br'gm e the same as those of
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Table 3

Concentrations of morphine and normorphine m the braims of
rats 15 minutes after intravenous injection of 50 mg/kg of the

drug
Rats mnyected with Rats injected with
morphine normorphine
Conc of Cone of nor-
Weight g { morphine 1 the | Weight g [ morphine 1n the
brain pg/g brawn pg/g

125 31 it0 28

1S 30 128 39

130 29 120 28

120 33 120 32

110 33 125 32

130 37 120 38

130 31 125 33

135 38 125 36

130 41 105 57
145 34

Mean 34 ' 36

Discussion

On the average morphine was found at a hugher concentration than
normorplhine in the brain of rats when the drugs wcre grien subcutaneously
and intraperitoncally, whereas the concentrations of both drugs were
the same when they had been given intravenously

The results mdicate that the small quantities of normorphme 1 the
brain, as compared with morphine, may be caused by a slower rate of
absorption, rather than by more rapid destruction 1n the body or by slower
passage from the blood into the bram, as suggested by LochITT & DAvS
(1958) A plausible explanation of this occurrence could be a more marked
Iiberation of hustamine and enteramine caused by normorphme MILTHERS
& Scuou (1958) and MiLTHERS (1959) have shown self-depression 1
subcutancous absorption of morphine duc to hberation of histamne and
enteramine (5-hydroxytryptamine) The seif-depression of absorption of
normorphine 1s posstbly more pronounced than that of morphine, but
the results of experiments confirming this assumption are not available
at present

Several authors have studied the analgesic potency of normorphime
compared with that of morphine On swbcutancous adnunstration 10 man
(LasaGNa & DE KORNFELD 1958), dogs and rats (ORAHOVATS & LrHMAN
1958) and mice (MILLER & ANDLRSON 1954), normorphine was found 1o
be a less potent analgesic than morphme The potency ratios (nurmor:
phine/morphine) ranged from 1/2 to 1/18 By wunrapertoncal adminstra

tron to mice (MILLER & ANDERSON 1954) simular results were obtamed By
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wtravenous admumstrat on 10 dogs, ORANOVATS & LEHMAN (1958) found
the analgesic potency of normorphine equal to that of morphune, whereas
Lockerr & Davis (1958) 1 expeniments with mice found normorphine
10 be less active than morphine

1n our expersments with rats, we used large amounts of morphine and
normorphine However, according to our own unpublished results there
seems to be approximately the same relation between the concentrations
of the two drugs sn the brams of rats that recenved mtrapentorncal mjec-
tions of 50 mg/kg or 500 mg/kg Further the drugs were found n the same
concentrations n the brain of rats whether 50 mg/kg normorphine or
20 mgfkg morphine were gven intraperitoneally Thus 1t appears that
morphing ought to be found mn higher amounts than normorphme 1f the
drugs are gven 1 appropriate analgesic doses by the subcutancous and
the intrapentoneal route, whereas no difference would be expected by the
Intravenous route

Our results, compared with the analgesic 1nvestigations mentioned
2bove, are mn full accordance with the view 1) that the lower analgesic
elfect of normorphine, given subcutaneously or mtrapentoneally, 1s
condtioned by lower amounts 1n the brain and 2) that morphine and nor-
Morpfune ate drugs of almost equal analgestc potency, as was suggested
by BECKETT, Casy & HARPER (1956)

Summary

ml Morphine and normorphine have been administered to rats by sub-
!zaneous, Intrapentoneal and intravenous mjection
" Morphine was found in the bram n higher amounts than normor-
& ’;xr:‘ when the subcutaneous and wntrapenitoneal route had been used
£sen ntravenously, both drugs were found at the same -
tions tn the brayn ¢ coneentra
brime:i;‘;’“H concentration of normorphine than of morphme i the
¢ explained by a greater self- 0
rarmorpane Yy a greater self-depression of the absorption of
4
gmc“lﬂ View that morphine and normorphine are drugs of equal anal-
POLency 1s supported by the experimental results
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Anticonvalsant Action of some New Skeletal Muscle
Relaxants on Strychnine Convulsions in Mice
By
0. O Mustala and O. 1. Penttild
(Received June 23, 1961)

In recent years numerous effective skeletal muscle relaxants have been
introduced These sub: 1 ly inhibit hyp pol ptic
reflexes n the spinal cord and subcortical centres (LicHTMaN 1958; O'DELL
1960, Ranpatt, 1961), but they have no direct effect on muscles or
Peripheral nerves (LicHmMaN 1958) It has been claimed that all these
agents have anticonvulsive properties Qur investigation was intended to
tompare the anticonvulsant properties of some new skeletal muscle
Telaxants with that of phenobarbutal i strychnine convulsions

Material and Methods

White male mice werghing from 20 10 25
Were 1duced by 1 mefke af struehe ma m o
cor

g served as test ammals The convulsions
PR

oot ) . =

S i . o

s .

k:m'E v witoum &, F Hoffmann La Roche & Co A/G*), phenyramudol (Apa-

it ‘;"“{7 Helsinks*), methocarbamol (Robaxin ®, A H Robias & Co*)
Phenobarbital The

the strychune €y were injected intraperitoneally at the same time as

solution Q,‘,i:'o‘:m; and sodwm phenot were used 1n aqueous

© Was dissolved 1n 1% NaOH solution, mephenesm and

::;::;z‘l’;’;‘ m 10% pot solution and 1 2 solution

wre ey e cthanol and 40%, propylene glycal The solvents mentioned above

comalsions ;‘:;“:');T ' greater volumes than those used 1n our investigation No

B ey o thery. ¢fiects were observed and the effect of strychnine was not changed

The doses
The

9; €0 refer to the corresponding base or acid
each agent way measuted, the observation time being limited to four

) we
7€ grateful to these companies fot the mft of substances used

A et vo 19 g 3
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hours The anticonvulsant activity was evaluated by establishing the dose that pre
tented spontancous strychnine convulsions (CPD 50) and the dose that prevented
death induced by strychame (DPDSG) For each of these three values we wsed from
35 to 60 test animnls at a room temperature about 24° After the mjections the anmals
were Aept separatefy 1n glass jars with as hutle disturbance from outside as possitle

Caleulation of the values and thewr standard errors was done by the method of
Mierr & TANTIR (1944) on semdogantaie mulhmetre paper

Results
The results are shown n table § The ratios of LD30 to death preventing
dose 50 (LD50/DPDS0) and that of LDS0 to comulsion preveating
dose {LDSO/CPDS0) are also shown n the table

Table 1

LD 30 dase presenting strychame comulsigns (CPD 50), dose preventng strychnine death
(DPD 50}, the ratios LD 30 DPD 50 and LD 30/CPD 50 of the examined subsiantts

toso | orpse  cepso ! l;.oso/ | sy

Substance merke mghe | meihg pPD 50 ' CPDX0

Chlordraze g

poxide 392 133 94=19 330 25 47 itS
Chlormezanone 322 10 115 13 205425 358 17
Chlorzoaxazone 170 67 3% _33 68 58 39 14
Aephenesin 285 101 57 82 | 148 469 50 i
Methocarbamal 780 34 175 46 0 17} 45 34
Phenobarbrtal 248 167 265:40 | 82 95 94 30
Phenyranudol | 405 95 83 _63 -~ 45 -

The ability of chlordazepoxide and chilormezanone to prevent bath
canvulsans and death, induced by strychame was unequuocally mgher
than that of the other substances tested There was no obvious difference
between the actions of chlorzoxazone, mephenestn, methocarbamol and
phenobarbutal Although 1t prevented death, phenyramidol could not
nhubrt the convulsions even when admmistered 1n doses as hugh as the

LD50

Discussion.

Phenobarbital was used 10 this study becanse 1 has a known value in
strychmne convitlsions (HAGGARD & GRELNBERG 1932, KFwrf, McCar-
LuM & ZIrFas 1933) In our expentments only chlordimzepoxide and
chlormezanone were superior to phenobarbital 1 preventing the death
snduced by steychmine For prevenung convulsions phenobarbital was
about as effective as chiorzoxazone, mephenesin and methocarbamol
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Here agan chlord de and chlor were clearly supenor
to the others

In previous experiments (RANDALL 1961) on strychmne convulsions in
mice, the rato LD50/DPDS0 was reported to be 53 for phenobartntal
2nd 8 3 for chlordiazepoxide, compared with 9 4 and 41 7 in our expernt-
ments In the tests quoted above, however, the strychmine dose was
2 mgfkg instead of 1 mgfkg, as used by us

Rosznowskl (1960) has determined LDS50, DPDS0 and CPDS50 for
several agents, including chlorzoxazone, mephenesin and methocarbamol
If the relations 1DSO/CPDSO and LDSO/DPDSO are calculated, the
values obtained are chlorzoxazone 09-13, mephenesin 13-19 and
methocarbamol 19-34 The dose of strychmne was 15 mg/kg These
Tatos are somewhat lower than ours Further, sn our experiments the

property of methocarbamol was not obviously greater than

that of the two other compounds

Wehavenotfound anydetailedinformationabouttheant strychnine pro-
perties of chior and pheny dol, whereas the anti strychnine
Properties of chlormezanone have been reported (GEsLER & SURREY 1958)
The anticonvulsant properties of phenyramidol have been regarded as

almost non-exsstent (O'DELL et af 1960} Our results point to the same
cenclusion

Summary

The anticonvulsant effects of phenobarbital, chlodazepoxide, chlor-
ztclunune hior pt meth bamol and phenyram-
l:: ;"‘ strychmine convulsions 1n mice have been investigated The LDS50,
op S;e) Ppreventing convulsions (CPDS0) and the dose preventing death

h were recorded In order to be able ta compare the activities of

1he \anious substances the ratos LDSO/DPD50, and LDSO/CPD50 were
caleulated

su;‘;n" poude and chlor were superior to the other

cblom::: tested Chlordiazepoxide had the highest LDSO/DPDSO and

prcvens none the highest LD50/CPDS50 Phenyramidol could not

o convulsions at any dose level The actmities of the other sub-
s tnvestigated were almost 1dentical
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From the Department of Pharmacology, University of Copenhagen
(Professor Knud O Moller, MD)

Tnfli

of some Antirh tic Compounds on
Formation of Granulation Tissue
By
O Jorgensen
(Recaved June 29, 1962)

It has long been recogmsed that glucocorticoids mnhibit the healing of
wounds However, in therapeutic doses to man these hormones seem to
have no deleterious effect on the processes of healing (HALEY & WILLIAM-
SON1962) 1tss dufferent in ammal expermments, in which large hormone doses
e used The glucocorticoids are known to have considerable anti-
:Il\‘l;ctlmmatory action, and certan expenmentally established facts suggest
mmzx; tuttal inflammatory reaction 1s of considerable importance for
ey g regenerative processes The object of our study has been to

sh whether the glucocorticords may be considered to act on the

fc
:urxlxn;ﬂon of it tissue v inhib of the tr. lly deter-
hgh;‘om?‘ammamry feaction Further, we have auned at throwing some
sm“nt( € question whether the glucocorticoids have an activity pattern
b2 that of other ants snflammatonly acting drugs, such as phenyl

tazone and sodyum salicylate

. Methods

emale rats weighing on average 100 g were used

Schedules of Treatment

Al th
ool ;:rlugj nb\:_‘l:honed below were dissolved 1n 0 S mi of physiological saline and
Phﬂrylhumm{., uso tancously into the oceipital region The daily doses were, for
vl ”;hng’kg for sodwm salicylate 200 mgfkg for hydrocortisone 12§
Phylogey saf; tsone 2.5-5 0 or 10 mg/kg The controls were given injections of
g !‘::n‘f‘r the same way as the treated antunals
Ve g et ::lxe:egun S days before surgical intervention and continued
ormaty

mp‘mdw\,:. l‘:{ lt‘;mmbumn fissue The techmque described by Rupas (1960) was
ety ang dmz)rb fat under ether anaesthesia, a crrecutar piece of skin was excised

'y on the back A plastic ning wasnserted in the resultant hole The
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diameter of the ring was so much larger than the hole that the ring was kept fived
there Further, the ring was provided with flanges to prevent its shpping off All the
nings had exactly the same inner diameter (20 mm), so that quantitative measurements
of the granulation tissuc formed were posstble The anmals were kelled 8 days later
and the nngs were removed  The granulition tissue formed was then easily separated
by blunt dissection from the underlymng muscular fascta The tissue was waghedona
torsion blance, immediately after excision and then frozen at —25°C After freezng
the tissue was dried tn a desiccator over silica gel at room temperature and a pressue
of 1-3 mm Hg It was then reweighed on the torston batance This procedure ®as
repeated Defatting was performed 1 special perforated metal capsules by shaking
twice 11 a bath containing hight petroleum for 30 munutes, with several subsequent
shakings 1n ordinary ether until the weight remamed constant Finally after drying
a desiccator, the tissue was werghed on the torsion balance ) .

Collagen deter In tissue the collagen content was
as hydroxyproline multiplicd by the factor 746 The dried defatted tissue was hydro-
tysed with 6 N-HCI for 24 hours at 100° 1n senled glass ampoules The hydrolysate was
filtered, and the amount of hydroxyproline was measured by MaRTIN & AXELRODS
(1955) modification of NEumMann & LoGan's method

Tensile strength  After shaving the coat with an electric clipper 2 Jonguudinst
inciston was made along the middic of the back through the skin and subcutaneous
ussue down to the musculr fascry The wound was higated with silk \nots The
tensile strength was measured 8 days Iter Together with the accompanying skin 3“‘;
of the wound were excised On both sides of the wound the skin was fived by meanso
clamps, which were connected to threads One thread was kept fixed, the other connec
ted 122 a pulley to a freely suspended plastic brg The bag was filled with water fmm:
burette at a constant {low rate until the wound burst The amount of water that ha
flown into the plastic bag by the time the wound burst was used as a measure of e

strength of the wound

Results

Table 1 shows the amounts of wet and dry, defatted granulation tissue
m milligrams The water content 1s given as relative water content, 1 €
grams water per 100 g dry, defatted tissue The wesght of the wet tissue
was reduced 1 all the treated groups except tn the one treated with
predmisone doses of 2 § meg/hg Exactly the same was true of the relative
water contents, whereas sigmificant reductions n the amounts of dry
defatted tissue were only secn mn the two groups treated with prednisone
at doses of 50 and 100 mg/kg It 15 seen from table 1 that the varions
control groups differed considerably m the amount of ussue produced
This was probably due to the various mawn groups having been treated at
different times of the year The results for each mawmn group of ammats
treated stmultaneously have therefore been enclosed within tiiek hines 1

tables
thgl'he: hydroxyproline and collagen contents are given 1n table 2, hydroxy-
ihgrams hydroxyproline per 100 g dry, defatted tssue There

roline as m
4 ficant difference 1n the percentage collagen contents between

was no sigit
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Table 1.

The weight of the wet and of dry, defatted tissue and relative water contents of the granula-
tion tissues The weight of the granulation tissues are given i mg the water contents as
grammes water per 100 g dry, defatted tssue {refative water content)

— M WA RN e

Weghtofwettisue | WeERtOldy 1 wier
mg | sem mg | sem | go0g sem.
]
Comrot 15] as2 ﬁ w I o m 3 532 14
Sileytiie [14] 36y | 16 [ 2 3 479%) 3
Phenylbutazane | 15 [ 366%) | 23 66 | 4 | 447y 33
Hyftocorisone {157 353) T 31 763 3 3481 |10
[
Prednusone
25mgkg f1s 313 | 3t 54 4 585 |17
Prednisone T ‘
SOmgkg 'zu] 2811) 28 443 3 509 19
1
§o|;uu1 '20] 41 e 1 e 2 1 s 8
Tednsone
tomp kg ‘19( zoml 13 501) 3 | 506 \ 27
2 Sign ficantly different from control (P < 0001
J) S gmficantly different from control (P < 0 01)
) Significantly different from control (P < 0 02)
Table 2
Hua
ammals 0
Hydroxy Collagen
n protine | _
mg/100g | g100g sem
Conyy
Sﬂ\lc;ﬂT —— l1s 26 | isis o
Solate 4
PhenyiButizone L fg??‘ L lfif. o
Rydrocoriione is 75 1;:;1 0752
Controp
Ve o » w5 | 153 | ox
Predmsone oo 18 1886 T 1307 | 044
. 3N T W Y S T
onteol
Prednrsone o ————— 0 1989 ’ 1484 048
T I
tig 19 1809 1350 7 060
!
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Table 3

Tensile strength of linear wounds, not significantly decreased i the
treated groups Number of animals 1n brackets

Hydrocortisone Salicylate Phenylbutazone |  Control
(1 a9 a3 (&)

g 298 £25 l EFAESE ] ‘ 323134 384228

any of the treated groups and the control groups, even though the
numerical values were lower throughout in the treated groups In the two
groups with a sigmificantly reduced production of dry tissue, the total
amount of collagen developed was naturally reduced

Table 3 records the tensile strength of wounds 1n amimals given hydro-
cortisone, phenylbutazone or sodum salicylate in the same doses as the
ammals treated with the drugs used 1n the granulation tissue grovp No
significant difference was noticed between the treated animal groups and
the control group The strength of the wound 1s given as grams of water

Discussion

RuDas (1960), using a technique exactly similar to that emplayed 1 out
work, found that hydrocortisone, salicylate or phenylbutazone has at
hibiting effect on the production of granulation tissue RUDAS measured
only wet weight CAUWENBERGE & LEcouTe (1957 a, b) armved at 2
sunilar result after subcutancous wsertion of cotton plugs mto rats and
treatment with salicylate, cortisone or phenylbutazone These worhers
also did not determne the water contents of the tissues

As cortisone can check the development of inflammatory oedema (seé,
for instance, COOPER, ScHMIDT & ScHou 1957), and as large doses ©
cortisone can reduce the water content of the shin of mice (HVIDBERG &
ScHMIDT 1959), the 1dea naturally suggested itself that the recorded fall
1n the weight of fresh granulation tissue mught be caused n part by 2
reduced amount of water in these tissues This hypothesis may also be
sud to harmonise wath the reduction found histologically m several
studies on wound exudate tn cortisone-treated antmals (SPAIN, MoLowuT
& HABER 1950, LATTES et al 1953) As seen 1n table 1, all the drugs 1n-
vestigated had a pronounced tnhibitory effect on the production of wet
granulation tissue This effect depends, 1n fact, 1n the first place on a re-
duction 1n the relative water content A high dosage of prednisone, how-
ever, also led to a sigficant reduction i the amount of dry, defatted

granulation tissue
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LaTTis ef of (1956) suggest that admmstration of cortisone may give
sise 0 blocking of a physiological factor produced early 1 the peniod of
healing and imfluencing the course of the heahing They are of the opinton
that this factor 15 present in tissue nich 1n chondrottin sulphate To sub-
stantiate ther theory they have wjected suspensions of carttlaginous
tissue, powdered bone and tissue from umbilical cord 1nto gr it
tissue and thus managed to abohsh the depressing action of cortisone on
fealmg Possibly, however, such treatment may only unspeafically pro-
voke a forergn body reaction that cortisone 15 unable to abolish Expert-
ments sumilar 1n principle have been conducted by LiNDNER & Rubas
(1961) who sprinkled powdered peptone on open granufation tissue In
this way they abolished the ihibitory action seen on sungle myection of a
fanrly large dose of phenylbutazone In the same paper they also showed
that simgle doses of sodium salicylate and phenylbutazone greatly sn-
hibited production of granulation ussue, when the drugs were given
simultaneously with the formation of the wound, but that the inhubitory
action was neghgible 1f the single iyection was given a few days fater
Hydrocortisone had no effect when njected 1n 2 single dose at the be-
gnning of healing Tn thexr aprauon, this 15 explamed by the fact that
tiydrocortisone at the farge dose employed causes the organism to take
compensatory measures tending towards abobshing the action of the
hormone The possibility also exists however, that hydrocortisone 15 not
absorbed at a sufficiently fast rate to exert1ts presumed antt flammatory
achion The view that the drugs with ant inflaramatory action are most
active at an early stage of healing 15 borne out 1n the work of SAvLov &
Duneny (1954) and Duneiey (1960), where 1t 1s stated that the whibitary
action of the glucocorticoids on the healing presupposes pretreatment
with the drugs for some time before healing begins

The results of the studies mentioned above are easily interpreted as
showing that the ants inflammatory drugs inhibit the regenerative pro-
cessey - at least 1o 3 great extent ~ by suppressing early infiammatory
reactions of 1mportance 1 the nommal course of healing. Studies on
connective tissue 1n growth into subcutaneously implanted svalon sponges
::3 S\:\«:\'\: : :Yla::m between the intensity of the inflammatory reaction
et g poen & Ugc;:e;auor;‘ Thus a sponge wnserted atraumatically

to o B aked 1n physiological saline was seen 1o be mnfiltrated
e s‘l;n:u e extent by connective tissue than one mserted under consider-
D‘N"Sw tl ;;%lw and soaked m distilled water (EDWARDS PrrNokas &
Previous worker:
corticords tg anms\;\sl:":,:gch:vc agn;ed ‘Lh.nt adLmLmlSE\‘almn‘ of gluco-

coltagen This has been shown by both histological and bmchemi:i{
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Table 3

Tensile strength of hnear wounds not significantly decreased in the
treated groups Number of amimals sn brackess

Hyd Sahicyl Pheny! Control
, 1)) ; () } a3) ; g
[ ' 29825 t 321218 I 32334 ’ 384228

any of the treated groups and the control groups, even though the
numerical values were lower throughout 1 the treated groups In the tso
groups with a significantly reduced production of dry tissue, the total
amount of collagen developed was naturally reduced

Table 3 records the tensile strength of wounds m anymals gnen hydro
cortisone, phenylbutazone or sodim sabicylate mn the same doses as e
ammals treated with the drugs used in the granulation hissue group No
sigmficant difference was noticed between the treated animal groups and
the control group The strength of the wound 1s given as grams of water

Duscussian

Rupas (1960), using a technique exactly siular to that employed mn out
work, found that hydrocortisone, sahcylate or phenylbutazone lris an
mbhibiting effect on the production of granulation tissue Rubas measured
only wet weight CAUWENBERGE & Lecoute (1957a b) armned at 2
stmular result after subcutaneous msertion of cotton plugs mto rats and
treatment with salicylate, cortisone or phenylbutazone These workers
also did not determune the water contents of the tissues

As cortisone can check the development of mfammatory pedema {seS,
for nstance, Coobrr, ScHMIDT & Schou 1957) and as large doses of
cortisone can reduce the water content of the skin of mice (HVIDBERG &
ScHMIDT 1959), the 1dea naturally suggested 1tself that the recorded fafl
mn the weight of fresh granulation tissue might be caused m part by 8
reduced amount of water i these tissues This hypothesis may also be
sad to harmonise wath the reduction found histologieally n severst
studies on wound exudate tn cortisone treated anmmals (SPAN MoLoMUT
& HABER 1950, LATTES er a/ 1953) As scen i table I, aif the drugs 1t
vestigated had a pronounced wnhibitory effect on the productron of wet
granulation tissu¢ This effect depends, 1n fact, m the first place on a re
duction in the relatve water content A high dosage of predmsone, how
ever, also led to a sigmficant reduction m the amount of dry, defatted

granulation tissue
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treated with hydrocortisone, sodmum salicylate or phenylbutazone 1n
doses that merely altered the water content of the granulation tissues This
suggests that the dosage 1n question does not cause the collagen fibnls to
change much or be greatly reduced n number.

Symmary

The effects of admimstration of hydrocortisone, sodwum salicylate,
henylt or pred on the prod of i tissue
have been investigated These drugs act by reducing the total amount of
tissue produced, though the amount of dry, defatted tissue 1s less affected
No significant reduction was observed 1n collagen content, expressed as
hydroxyproline
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mvestigations  RAGAN et al (1949), for nstance, found production of
all the connective tissuc elements 1n wound tissue to be markedly imhibited
during treatment with cortisone On the whole, the histological picture
of heahng under glucocorticord treatment seems to be charactensed bya
greatly inhibited fibroblast reaction, a reduced number of collagen fibrls
and a scant exudate, as well as few abnormal blood vessels (SpaIN ef af
1953, ALricH et al 1951, ZOGER 1952)

RORFRTSON & SANBORN (1958) noticed a reduced production of collagen
m carrageenin provoked granulomas from cortisone treated animals
TRNAVSKY, TRNAVSRA & MALINSKY (1962) arnived at the same result on
examimng the walls of turpentine provoked abscesses predmisone
treated rats

PERNORAS, EDWARDS & Dunpny (1957) found that, after implantation
of walon sponges, collagen productron was mhibited by cortisone doses
that had no influence on the amount of dry tissue LAPIERE & CAUWEN
BERGE (1960) arrived at a symilar result by treating rats with sahcylate
This contrasts with our observations reported here, as shown table 2
The discrepancy 1s presumably to be explamed by the different expent
mental techiques, as collagen productron 1s known to proceed differently
1n a subcutancously implanted 1valon sponge and 1n open granulation
tissuc The collagen percentage 1n such a sponge will always e at 2 Tower
Ievel than that 1n open granulation tussue of the same age and the collagen
fibrils will never attam the same thickness as i an open wound (EDWARDS
PErRNORAS & DUNPHY 1957) It 1s thus possible that somewhat defective
collagen synthesis will occur even 1n a sponge from an untreated animal
and that this 1s more susceptible to the influence of 2 harmful agent than
the normal production Simularly, collagen synthesis does not proceed
enttrely along physiological lines n carrageenin provoked granufomas
because carrageenin besides stimulating the produetion of collagen also
promotes 1ts breakdown (JACKSON 1957, WiLLIAMS [957)

The results of a quantitative investigation of the hydroxypro
wound tissue indicate the total amount of mature collagen and its precur
sors Thus, this investigation does not serve to elucidate whether an inhib
sted production of mature collagen fibrls occurs while at the same tume
the total amount of collagen 1s normal It has been plamly demonstrated
that the tensile strength of a wound 1s impaired 1n response to treatment
with glucocorticords (Saviov & DuneHY 1954, Howes e al 1950) As
mareover, the strength of a wound 1s an mdication of 1ts content of
mature collagen fibrils there 1s much evidence to suggest that collagen
production proceeds abnormally 1f glucocorticords are given 1n sufficient
doses 1t should be noted n this connection that measurements of the
tensile strength (table 3) showed no significant 1mpairment 1n animals

fine 0
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From the Department of Pharmacology, University of Copenhagen
(Professor Knud O Maller M D)

Effect of Ascorbic Acid on Formation of Granulation
Tissue in Open Wounds
By
Q Jorgensen
(Recerved June 29 1962)

The effect of ascorbic aad on collagen production and the healing of
wounds has been the subject of numerous mvestigations, which have all
shown that deficiency of this vitamin has a complex effect on regenerative
Pprocesses

Many previous publications about the production of collagen and
granulation trssue 1n vitamun C deficiency were based on studies of
alterations 1n such tussue as carrageenin provoked granulomas, as well as
m granulation tissue produced by subcutaneous implantation of walon
Sponges The work reported here aimed at throwing light on the effect of
ascorbic acid defictency on open lation tissue produced by Rupas's
(1960) techmque, which permuts quantitative measurements of the granula-
Uion tissue produced 1 open wounds without admuxture of other tssue

s Possibility of quantitative measurements has not been present 1n
Previous studies on open wounds

Methods

Female guinea Pigs weighing about 300 g were used

AN ..
Ske "
ofy - ) '
ay - . ) .
sah - " N '
cor» . ©  woulaswioeacid Haltof the senrh teanm 1 a
ascorbie acid gngected darly for the lae .
‘uned rartial scarbutic ) After 8 day
sed as described by JoroeNsen (1962,

HHexosamy,

Moraan s &:;:rm:m:wm were made by Bux's (1948) modification of Exsox &
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Table 2

Hytrotyprohine and collagen content of granulation ssve Hydroxyproline expressed as
mg hydroxyproline/100 g dry, defatted nissue collagen as g collagen/100 g dry defatted
tisue and total amount of colagen per granulation lissue 1n cach amtmal number of

amimals
Hydrox Total

W prolne Collagen collagen

| | { formed

| | mgnoog 8100 g sem | mg

Control | 16 2805 2092 075 2469
Sorbutic 15 5% I8 | 020 Il
Bl scobuie | 15 1248 19 291) 03 1486

‘.) S gn ficantly d fferent from control (P < 0 001)
} Ammals injected with ascorbic acid on the last two days before being killed

Duscussion

Few workers have studied the amount of granulation tissue 1n scurvy
Anncreased amount of dry granulation tissue has been found 1n scorbutic
anmals after subcutaneous implantation of valon sponges (CHEN &
PostLETIwAIT 1961) In contrast, HuGuEs & Kobicek (1960} stated that
the amount of granulation tissue i healing tendons was reduced 1n the
scorbutic state Duxesty, Upura & EDWARDS (1956) have reported an
abrormally scant production of granulation tissue 1 open wounds of
scorbutic amimals, without, however, having performed strctly quanti-
tative measurements of the amount of tissue produced
slr;}ll:rhten:l}:‘g processes 1n deep-seated tissues are only to a hmited extent
oot mol (;se 1n open granulation tissue The reduced amount of ussue
ore den 0;15 and the mcreased amount mn walon sponges are there-

iy o trectly to be compared with our results presented here Qur
b :lgreally increased production of both wet and dry, defatted
b e 1Ssue i scurvy (table 1) 1s 1n fact, surprising, as agents that
P glg generally manifest themselves by reducing the amount of
156 o AU\;E\BERGE & LECOMTE 1957 a, b, RuDas 1960, JORGENSEN
certatny cn‘::rb urder review affords no basis for pronouncing with
of g\‘anuhuone( "ological mechanism underlying the mncrease 1n amount

i 1ssu; in ascorbic acid defictency The mtensely haemorr-
amine oo »\a[? of the tissues as well as the rased contents of hexos-
contrbuts 1 lr may well indicate increased exudation, which could
e A smmg: y towards the occurrence of an increased amount of
ordin T Tise 1n water and hexosamine contents 15 also seen 1n

Thar) skin tissue of scurvy (PerssoN 1953)

¢ rised hexosamine content may, howeer, be due to altered con-

e
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Table 1

The weights of the wet and dry defatted ussue expressed in miligrammes
hexosamine 1n milligrammes per 100 g dry, defatted tissue and the relatne
water contents

Weight of Weight of dry Relative
wet tissue defatted ussue | water content Hevosamine

} mg )scm mg [scm g/100g; sem lmgllO()g sem

Control [16[ 683 31 118 ' 5 | 4 1l ] g | »

Scorbutic | 15 | 13401) €5 | 209 10 538 10 | n2my | 38

Parual®) i

scorbutic .15( 9821} 109 ' mon' 13 ’ 16 l 99:’)’ 2
|

1) Sigmificantly different from control (P < 0001)
*) Animals 1njected with 50 mg ascorbic actd on the last two days before beung alted

Results

On removal of the granulation tissue 8 days after mnsertion of the fngs,
gross changes were plainly seen 1n the scorbutic tissues, which were
abundant, haemorrhagic and friable

Table [ records the werghts of the wet and dry, defatted granulation
tissue as well as 1ts water and hexosamine contents The water content 1S
expressed as grammes water per 100 g dry, defatted tissue Below thiswl
be called the relative water content Hexosamme s expressed as mill
grams hexosamine per 100 g dry, defatted tissue The table mdrcates 3
constderable difference between the scorbutic and the control group 1n the
waights of wet and dry, defatted tissue as well as mn the hexosamine and
relative water contents (P for all these values <0001) The short-term
treatment with ascorbrc acid changed all the values 1n the direction of the
normal, most rapidly the relative water content which no longer differed
significantly from the relative water content of normal granulation tissu¢
The other values continued to be hughly abnormat (P < 0001)

Table 2 shows the hydroxyproline and collagen contents of granulation
tissues An appreciable reduction 1s seen n the collagen contents of
both scorbutic groups (P < 0001) Owng to the pronounced merease i
the amount of tissue 1 the scorbutic animals, the collagen percentage 15
no reliable indication of the quantity of collagen produced Therefore,
the table records both the percentage of collagen and the total amount
of thus 1n the granulation tissue of each ammal We see 1n the table that
the total amount of collagen produced was also considerably reduced 1n
the two scorbutic groups, even though the difference was somewhat less

than for the percentage collagen contents
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that collagen production proceeds normally, but 1s masked by a “dilution”
of the hydroxyproline, due to the increased amount of tissue Comparison
of the percentage values for collagen with the values for the total amount
of collagen produced 1n the granulation tissues {table 2) shows that this
1 fact does play a part 1t 15 scen, hiowever, that the changes in the amount
of tissue cannot account for the entire reduction 1n collagen content of
scorbutic tissue

An ihibited production of hydroxyprolme 1n granulation tissue 3s
clamed to be a sensitive sign of vitamin C defictency (GOULD & WOESSNER
1957) However, our ivestigation has shown that the amount of tissue
2s well as the contents of hexosamne, and water change to the same ex-
tent as the content of hydroxyproline and, Iike this, alter ramdly towards
norraal m response to short term admunistration of ascorbic acid The
relative water content responds the fastest, this having already become
normal after the short term ascorbic acid treatment

Summary

The effect of ascorbic actd deficiency on the production of granulation
tissue has been studied Ascorbic acd deficiency gives nise to a consider-
able ncrease 1n the amount of tissue produced, the relative water content
2nd the hexosammne content of the tissues whereas the hydroxyproline
content 15 greatly reduced Admunistration of vitamin C for 2 days causes

21apid change of the values towards normal The values for water change
the most tapudly
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centrations of acid mucopolysacchanides Thus, 1t has been shown that
scorbutic granulation tissue contaimns increased amounts of hyaluronic
actd (ROBERTSON & HINDs 1956), there 15 also much evidence to suggest
that the synthesis of chondrortin sulphate 1s inhibited (KoDICEK & LoEw!
1956, HuGHEs & Kobicek 1960)

An appreciable inhibition of collagen production 1n scorbutic tissue has
been described by vartous workers DuNpHY, Upbupa & Epwarps 1956,
GouLp & WOESSNER 1957, GouLp 1958, CHEN & POSTLETHWAIT 1961)
It 1s stated, however, that 1t 1s only the rapid collagen production 1
granulation tissue that depends on the presence of ascorbic acid The slow
collagen production, on the other hand, which takes place continuously
as part of the dynamtc equilibium of the organism, 1s believed to be
mdependent of the presence of ascorbic acid (GouLp 1961) As all
workers have found a small, though measurable, content of collagen 1
scorbutic granulation tissuc, 1t has been thought posstble that this might
be due to contammation by collagen from the surrounding tissue In the
light of the theory about collagen production independent of ascorbic
acid, GOULD 1s of the optnion that the low hydroxyproline concentration
observed 1n scorbutic granulation tissue 1s due, not to contamination but
to the fact that a slow, ‘ basal" production of collagen, mdependent of
the presence of ascorbic acid, takes place i granulation tissue Using
RuUDAs’ techmque, we find small, but by no means neghgible amounts of
collagen 1 scorbutic granulation tissue (table 2) As by this technique s
possible to obtamn tissue with no contamumnation from the surroundings
our results are consistent with GouLD’s hypothesis

Nothing certain 1s known about the mechamism of reduced collagen
production 1n scorbutic granulation tissue However, the defect seems to
be due, at least 1n part, to defictent hydroxylation of proline mto hydro
xyproline (GouLD & WOESSNER 1957, CHEN & POSTLETHWAIT 1961) In
agreement with the theory of the independent collagen production the
hydroxylation 1n the body seems, however, on the whole to proceed nor
mally during the course of scurvy (MIToMA & SmutH 1960)

We cannot say for certamn whether the pathological ground substance
seen 1n scurvy plays any part mn the altered collagen synthests In this
connection 1t 1s a matter of some interest that JORGENSEN & SCHMIDT
(1962) found normal wound strength, and thus presumably normal
collagen production, 1n mice treated with oestrogemic hormones This
treatment gives rise to a considerable accumulation of hexosamine and
water 1n the skin (SCHMIDT 1958) Accordingly, considerable changes can
take place mn the ground substance without concurrent alterations 1n

collagen production
As the amount of tissue ncreases appreciably 1n scurvy, it 1s possible
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that collagen production proceeds normally, but 1s masked by a “dilution™
of the hydroxyproline, due to the ncreased amount of tissue Companson
of the percentage values for collagen with the values for the total amount
of collagen produced 1n the granulation tissues (table 2) shows that this
mfact does play a part It1s seen, however, that the changes in the amount
of tissue cannot account for the entire reduction 1 collagen content of
scorbutic tissue

An mhibited production of hydroxyprohne 1n granulation tissue 1s
claimed to be 2 sensitive sign of vitamin C deficiency (GOULD & WOESSNER
1957) Howeser, our 1avestigation has shown that the amount of tissue,
as well as the contents of hexosamine, and water change to the same ex-
tent as the content of hydroxyproline and, like this, alter rapidly towards
normal 1n response to short term admimstration of ascorbic acid The
relative water content responds the fastest, this having already become
sormal after the short term ascorbic acid treatment

Summary
The effect of ascorbic acid defi on the prod of 1
tissue has been studied  Ascorbic acid deficiency gives nise to a consider-
able tncrease 1n the amount of tissue produced, the relative water content
2nd the hexosamine content of the tissues, whereas the hydroxyproline
content 15 greatly reduced Admunistration of vitamun C for 2 days causes

arapid change of the values towards normal The values for water change
the most rapidly
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From the B olog cal Department the Pharmaceutical Institute
Unuvers ty of Oslo

Punfication of the Mamn Kimn of Human Urine
By
hiell Bnseid Jensen and Anne Marne Vennerod
(Rece ved June "0 1962)

Amethod has previously been described (BRISEID JENSEN 1958 BRISEID
JESSEN & SUND 1959) for the punfication of substance Z (WeRLE &
ERDOS 1954 GoMES 1955 WALASZER 1957) now usually called human
unnary kinin (GAobuM & Hor1oN 1959 HORTON 1959) The method was
based o adsorption of the substances 1n urine sttmulating the rat uterus
o8 the carboxylic acid resin Amberlste IRC 50 and elution of the active
prnciples with hydrochloric acid The acid elution however often gave
POOF tecovery and 1n the work reported here we have accordingly
alempted to determine whether an elution at alkaline pH as onginally
P}:t)posed by GapDUM & HorTon (1959) would improve the efficiency of
the method At the same time the subsequent stages of the purification
:::05‘1 were aliered to make the procedure simpler and quicker The
“ml‘:lbual steps of the modified method have been tested to eluctdate their
- ution 10 the overall loss of activity A considerable loss of activity

one of these steps proved to be due to the existence of a second fraction
sumul:\ung the rat uterus
oo e final active concentrate was considered pure enough for a pharma

&cal and paper chromato,
graphic companson with bradykinm (Bri
0D Jensey & Vennerop 1962) i ’ (

A Matengls Techmaue
I st
same c:un:ard Preparation and urine As standard preparation we used the

sandyge € extract as previously (BRISEID JENSEN & SUND 1959) Sub-

Py sx».\:rc brepared by the same method and compared with the
Doliid ;1“:“‘1 1 (2 + 2) assays on the 1solated rat uterus

from 4 i OUT urines were used 1n small scale experiments usually

duals 1n farge scale experiments from 4-40 individuals 1If
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the urine had to be kept for more than a 24-hour collecting period before
usc, 1t was frozen and stored at —17° Normally active solutions were
assayed by “bracketng” the unknown between two standard doscs, the
standard dose ratio usually being 3 2 For special solutions (2 +2)
assays were used

I Jon-exchange resm The carboxylic acid resin Amberlte CG 50
(100-200 mesh), pre-treated as previously described, (BRISEID JENSEN &
SUND 1959) was used The weights given for the resin in this paper refer
1o the free actd form dried to constant weight at 105°

UL Concentration apparams The active solutions were concentrated
at 30° under a pressure of 5-8 mm Hg 1n a fixed condenser rotary film
vacuum evaporator, A Gallenkamp & Co Ltd , England

IV Chemicals The reagents used were throughout of analytical or
chromatographic grade

B Purification Procedure

The first stages of the purification method were as previously described
(Briseip JENSEN & SuND 1959) From the pont at which the Amberlite
CG-50 with the active principles adsorbed was washed free from acetic
acid with distilled water, the procedure 1s new However, in order that the
process may be more easily followed, the mtial steps are also described
below The figures there refer to a 50-Itre batch of urme

I Adsorption of actniry The unne (its pH being first adjusted to 6 0 &
0 1) was mixed with 50 litres of water To tius were added 200 g of Amber-
Iite CG-50 pre treated and buffered to pH 60 + 0 1, as previously de
scribed (BRISEID JENSEN 1958) The muxture was stirred vigorously for
about 30 minutes

Il Washing The resin was allowed to settle, most of the supernatant
flurd could be decanted and discarded The rest of the fluid was sucked
through a 15 cm diameter sintered immersion filter of porosity 3 (Baird &
Tatlock) connected with a water pump The resin was then stirred m 5
Iitres of distilled water for a few minutes and the water was sucked off
This procedure was repeated three times Next came washing with 1 N
acetic actd, 4 X 3 litre portions, the mixture bemng stirred each time for
about 15 minutes Then the resin was washed with distilled water t0
remove acetic acid, 7 x 3 hitre portions of water being used

Fimnally the resin was stirred for about 30 minutes with 5 2 fitres of 03N
sodium hydroxide (7 8 mEq per g resin), resulting m a pHof9297m
the supernatant The practically mactive, yellowssh fluid was sucked off
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and discarded Then the residue was washed with about 5 Iitres of disuified
water, which was also sucked off and discarded

WL Elution of active marerial The pH of the supernatant fluid was then
brought to about 12 by stirnng for half an hour with 2 Litres of 03 N
sodwum hydroxide (3 mEq per g resin) The flud, which contamed nearly
all the actvity, was sucked off, and concentrated hydrochioric acid was
added to give a pH of about 3

IV Concentration and salt remoral The active solutson was conen-
trated at 30° under reduced pressure (5-8 mm Hg) on the rotating eva-
Pporator to about 500 mt, and concentrated hydrochionc acid was added
10 2 pH of about 15 Then the solution was saturated with sodism
chlonde and shaken twice with 500 ml of freshly distilled n-butanol The
“ater phase was discarded, and the combimed butanol fractions were
exteacted with 3 x 300 ml of distilled water The combined water frac
tins were concentrated to dryness at 30° under reduced pressure (5-8 mm
Hg) on the Totating evaporator The active substance was eluted with
Bmland then with 4 x 10 ml of concentrated acetic acid The combined
acetie acd fractions were filtered through filter paper, and the acid was
then quickly removed on the rotating evaporator, as descnibed above The
lasttraces of water and acetic acid were then removed at room temperature
2 2 low pressure (0. 005-0 01 mm Hg)

€ concentrate was kept over silica gel n evaporated desiccators at
room temperature

Comments on the Technique
A Purfication Procedure
ac:“:’n‘_l”’""g The acetc acid washing of the Amberlite CG-50 with the
Sven ;Sl;rxal adsorbed has been discussed previously (BRISEID JENSEN &
hydrowd () If pH was then rassed to 92-97 by addition of sodwm
W35 2d C‘ :‘he resin, the active substance was not eluted, this procedure
out 3t b?n?; 10 increase the efficiency of the washing now being carrred
Nere Tost 11 an acid and an alkahne pH Only traces of active material
the it rough the sodium hydroxide washing (0 5-297), even when

was raised 1o about 10, the losses were small

a ‘1,:\1!7:::;:1 l;jc' ety GADDUM & HORTON (1959) showed that the
Phosphate 1 ks cluted from Amberlite CG 50 at pH 9 5byusinga02M
erred 1o sm;l cr In order to use a buffer system that could be trans-
chlords g r:lm chlorde by additron of hydrochloric acid (the sodium
nstead with 3 g g S E Useful i the subscquent procedure) we cluted

303 M sodim carbonate bicarbonate buffer The efficiency
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of the cfution was satisfactory, but the presence of free carbonie acid m
the solution rendered 1ts vacuum concentration difficult Asis evident from
the procedure description above, the buffer elution was accordmgly
omutted, and an elution with 0 3 M sodium hydroxide was used IfthepH
was brought to about 12, almoast all of the adsorbed active prinaiple was
cluted from the sesin I another clution was carried out, this time with
the same volume of 00! M sodsm hydroxsde, the recovery was only
snereased by a few per cent The cluate acidified to pH 3 was fauly stable,
after 6 days at +4° no loss of activity could be demonstrated

Wi Concentration In the punfication method described previously
(Bristip JENSEN & SUND 1959), the active solutions were concentrated at
a pressure of 18-22 mm Hg in a “Quickfit” Circulatory Cyclone Evapo
rator operated by steam Only small Josses of activity during concentra-
tion could then be demonstrated The cancentration procedure, however,
was complicated by occastonal splashing of the active solutton, with foss
of activity mto the recetving flash We therefore replaced the Cyclone
Evaporator by a rotating cvaporator operated under a pressure of 5-3
mm Hg at 30° The loss of activity by concentrating 1n that way was
neghgible Although the distilation capacity of the rotating evaporator
was far less than that of the cyclone evaporator (about 500 ml agamst
2000 mi per hour), the modification of the method also markedly reduced
the volume of active solutton to be concentrated

IV Butanol and water ¢ iractions Gowms (1955) extracted the matenat
in unine stmulating rat uterus with n-butanol, mn order to prepare a crude
standard substance To transfer quantitatively the achvity to the aleahot
by shaking 1t proved necessary, as proposed by CLARK, WINCKLER, GOL
LAN & Fax (1934) for the extraction of angiotomn, to acidily the urine f0
pH I 5 and then to saturate 1t with sodum chloride Gabpum & Hoxm»;
(1959) also found that the butanal extraction procedure gave a totd
recovery of actvity from urine In our method however, when the actie
concentrated solutions were shaken with freshly distiiled n butanol, the
losses were some 20 60% No further loss of activity occurred when the
actve substance was transferred from the butanol phase back to water

The effectiveness of the butanol extraction could not be mproved by
increasing the number of extractions Most of the recoverably acuvny]
passed aver mto the first butanol fraction, and only small addiona
quantities of active material could be transferred by shaking three o;
four times with the alcohol When the aerd sodum chlorsde satt\’xra(ljee
water phase was examuned, most of the residual activity could e‘ "
monstrated there The total loss of actwity during the butano} extracts
pmccdure was accordingly small (sec Discussion)
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V Salt removal Most of the salts present were left behind duning the
butanol extraction When the active solutions saturated wath sodmum
chlonde were shaken at pH 15 with n butanol, about 0 3% of sodum
chlonde was found 1n the alcohol (3 g 1n the 1000 ml butanol used for a
S0-ire batch of urne) When we atterapted to improve the result by
drying the butanol phase over sodwm sulphate before the sodwm
chlonde determination, the quantity of salt found only decreased to
about 019 An acetic acid extraction of the active principle from the
residue obtaned by concentrating the water shakings from butanol to
dryness at 30° proved more effective About 0 05% of sodum chionde
%as found 1n the acetic acid (30 mg 1n the 60 ml acid used for a 50-litre
batch of urine) A total loss of actvity of about 10% was found for the
combined processes of water concentration and acetic acid extraction

Results and Discussion

One of the reasons for altening the onginal punfication procedure for
homan urimary kiun (Brisem Jensen & Sunp 1959) was to make the
method sumpler and quicker This obyect can be said to have been achieved,
the whole procedure for a 50-litre batch of urine bemng now carried through
02 3 days as against 4-5 days previously The other reason for making
alterations m the method was to discover whether the effectiveness of
displacing the actyye principles from the 10n exchanger (Amberhite CG-50)
could be ymproved on replacing the acid by an alkaline elution It has
Previously been suggested (BRISEID JENSEN & SUND 1959) that the occa
;:Ona"y fow recovery of actwity from the 10n exchanger, observed when
ydrochlone acid was used for elution might be due to more than one
a;‘m: kinin being present The sharp peak of the acid elution curve, and
the fact that the recovery of actity could be greatly increased by subse
?ucn! ¢lution at pH about 9 gave evidence for such a view Table ]
085 an example of a punification expenment carned through with a

Shitee batch of urin
e Recoveries are given for the different st
Process calculated s the

drine falfs somew
by heat treatment at shghtly acid pH
a“'l:;eof;gl\;,r: c\']c::a:he actvity of the sodism hydroxide eluate refers to an
Toe e el “: acidified to pH 3 and kept over mght at 4°
. tachion described here was carned through 1n a some
Werent manner from the proposed procedure Instead of shaking



270 K BRISEID JENSEN ANDA M VENNERGD

Table 1.

Recareties of the rat uterus stimulating principles of urine at different
stages of the purification procedure
The figures refer to an experiment with a 50 Iitre batch of urine,
for further detatls sce text

Actvity
9 recovery refetring to
Stages of purification Unns eluate from
FAmbertite preceding
CG 50 stage
1 Sodium hydroxide eluate from Amber
Ite CG 50 147000 100 100
2 Lluate concentrated 143000 97 9
3 Combined water extracts from butanot
extract of the concentrated eluate 72000 49 50
[3x Water phase after butanol extraction) [43000) 129) JEL]
4  Combined water extracts concentrated to
dryness, acetic acid extract of the residue
concentrated to dryness 68000 46 94

the water phase twice with 500 m! of butanol, we used 300 m!, 200 m! and
200 ml of butanol for the extraction

Table | shows that the recovenes were good at all stages of the new
purification procedure, except for the butanol extraction Other expen
ments gave the same result However, the activity was not lost, most of 1t
could be found in the residual water phase The question was now whether
that activity represented another rat uterus stmulating principle of
whether mactive substances from the urme could mhibit the transfer of
active substance from water to butanol To study this question, model
experiments were carried out with

1 A previously prepared sample of human unnary kinin

2 Synthetic bradykinnl)

3 The restdual water phase (contarmmng rat uterus stmulating activity)
saturated with sodium chloride after butanol extraction of active sub
stance brought to pH 1 5 by addition of hydrochloric acid
The human urinary ki test substance was prepared by the procedure

desctibed 1n this paper
The reason for examining bradykmin was that comparative paper

chromatographic and pharmacological experiments with bradykinin and

a human urinary kinin prepared as described here gave evidence that the

two substances must be 1dentrcal or closcly refated (BRiseiD JENSEN &

1) Bradykittin ampoules contaimng 10 or 100 pg/ml were kindly furmshed by Sandoz
A G, Basel, Switzerland
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Table 2.

Recoreries by butanol extraction from water of bradykinin and of rat uterus
stimulating principles isolated from human urine
Test solutions.
A 100 m! water rest phase after butanol extraction brought to pH 1 5 (Corresponding to
stage 3x1n table 1)
1e o e - R

N 6000 units of urinary

iz
E 100 ol sodium chloride saturated hydrochlonc acid of pH 15 + 100 pg bradykinm
equivalent to 7500 unts of urinary kimin

Activities are given as umts of human urinary kinia, for further details see text.

Activities
Testsolutron Start Recovered Left in water phase

units units | % umts | %%

A | 3000 0 | m 1100 37
A o

B 6000 3500 | 2 | 1900 32
BT Tew

¢ | 60 | 4300 | 68 | 1000 15

D 1600 | 3500 | 38 i 950 16

E <%0 3]

|

i 7500 l 5300 7

VenERoD 1962) Table 2 shows the design and the results of the model
txpenments

The test solutions (100 mi) were each shaken twice with 100 ml butanol

The transferred active maternals were recovered from the combined
butanot fractions by shaking three times with 70 m! water Aliquots for
2583y were concentrated to dryness at 30° and about 15 mm Hg on a
:mﬂhng evaporator and then dnied at 0 01-0 05 mm Hg at room tempera-
ure

Table 2 seems to ndica
Prnciples were
Tesidual water p
whe
line

te that two (or more) rat uterus stimulating
present in the extracts The table clearly shows that the
hase activity could only be partly extracted with butanol,
Teas most of the previously prepared urinary kinin and all the brady-
1 were transferred from acidified water solutions This means that a
Concentrate of urinary material prepared by the proposed method wall
Contam some of the active matenial not easily transferred to the butanol

¢ concentrate used 1n these experiments contained about 30% of the
unknown matersal 1 terms of rat uterus stmulating activity, but that
figure may well vary according to the relative amounts of the two active
Tactions 1n the unine used

The active principle in the residual water phase could be 2 substance
Precusting in the unne, but 1t could also be a product of the unnary
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kinin resulting from the purification procedure Some previous papers
seem to indicate that the first alternative may be the night one Thus
previous chromatographic work (WALAszek 1957, Goves 1957, Brisep
JENSEN 1958) gave some evidence that at least two active fractions were
present tn urnne extracts Further, the strongly varying recovery of
activity that could be demonstrated by hydrochloric acid efution of
Amberhte CG-50 (Briscip JENSEN 1958, BRISEID JENSEN & Sunp 1959)
could be due to the presence of more than one rat uterus stumulating sub
stance 1n urine, one bemng less extractable by acid

On the other hand both Goues (1955) and GADDUM & HorTox (1959)
reported on good recoveries of activity by butanol extraction, the latter
authors using as material both urine and eluates from Amberlite CG 50
obtained by alkaline elution (phosphate buffer) at pH 9 Some experiments
carried out by us using elution of the activity from Amberlite CG 50 at
pH 95 (carbonate buffer) also gave eluates from which most of the
activity could be shaken mnto butanol The last-mentioned results seem
to suggest that the activity, which was only slowly transferable to butanol
by the proposed procedure, might be a transformation product of the
urmary kinin However, the presence of rather small quantities of the
less butanol soluble principle might also explain the high recovenes in
those expertments In order to discover whether an elution at pH about
12 could alter bradykimin, an attempt was made to 1solate a known
quantity of bradykinin, dissolved n water, according to the method
stated Table 3 shows the result of the experiment

The loss of activity from inittal solution to the sodium hydroxide eluate

Table 3

Recovertes of bradykimn at different stages of
the purification procedure
The figures refer to an experiment with 200 ug bradykinin equivalent to 14900 unts of
human urinary kintn dissolved 1n 9 Iitres of water
Activities are given as untts of human urinary kintn

‘ Activity
v % recovery referring to
ntts
Stages of purification bradykinin water preceding
solution of stage
bradykinin
]
1 Water solutton of bradykinin 14900 ! 100 100
2 Sodium hydeoxide eluate from Amber
Iite CG 50 11100 75 5
3 Eluate concentrated 11100 75 100
4 Combined water extracts fnlwm butanol 8100 st .
tract of the concentrated eluate
extr {<500] | [<3} [<6]

4x Water phase after butanol extraction]
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was due to a somewhat rapid decline 1n acttvity of the aqueous bradykmin
solutron, a fall in activity was noticed during assay of the solution Only
small amounts of active substance could be detected 1n the residual water
phase after butanol extraction, showing that bradykinin was not trans-
formed mto 2 less butanol soluble compound duning the procedure

101t 15 2ssumed that bradykinin 15 1dentical with the substance easily ex-
tracted by butanol the results give support to the view that the residual
water phase activity of table 1 was due to a substance preformed 1n the
unne However, as the experiments were carried out with an aqueous
solution of bradykimin and without urne, the possibility cannot be
excluded that a transformation can occur n presence of substances from
unne that are not extracted from the 1on exchanger ata pH of 9 5, but are
atapH of 12 For a final conclusion to be possible, a punfication of the
e prnciple of the residual water phase and its comparison with
unnary kinin and bradykm should be carried out

Summary

A method has been described for prepanng a concentrate of the maimn
kinn of human urne, 1t 1s a modification of a punfication procedure
Previously reported (BRISEiD JEnsEN & SUND 1959) and includes batchwise
adsorption of the active principles on Amberlite CG 50 (100-200 mesh),
washing the resin with water, 1 M acetic acid and sodium hydroxide at
PH about 9 3, elution of the actvity with sodium hydroxide at pH about
12, aaidification with hydrochlone acid to pH about 3 and concentration
10 2 small volume under reduced pressure at 30°, removal of morganic
salts by transferring the activity to butanol at low pH, transfer of the
e principles to water and concentration to dryness under reduced
Pressure at 30°, elution of the actvity with acetic actd and concentration
10 dryness under reduced pressure at 30°
de;?:b:;am purpose of altering the punfication method previously
o Was to improve the recovery of activty, first of ail by a more

Cctive elution of the Amberlite CG 50 The alterations made consider
ably increased the yield from the 10n exch , but did not fi
Inerease the final recovery of unnary kinin How
Was only apparant two (or more) different kin
eluate from the resin The first kinin could ik

tay
hh\ely transferred from water to butanol at low pH, whereas the second
nin fraction to a large extent remaned 1 t

he water phase Th, fii
concentrate of the himin easl e
ly extractable by butanol
Pure enough for a phan gical and ch . - wasczons‘dcmd
with bradykinin (BRISEID JEnsEN & VenwERDD i962) ' mpartson

1)
ever, the loss of activity
ins being present m the
e bradykinm, be quanti
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From the D the Ph Institute,
Unuversity of Oslo

A Phar logical and Chromatographic Comparison of the
Main Kinin of Human Urine with Bradykinin
By
Kjell Briseid Jensen and Anne Manie Vennerod
(Recerved June 20 1962)

Several previous papers have mdicated that human unnary kimn 1s
wentical with or very closely related to bradykimn The urmary substance
could be distinguished from the plasma kinin nerther m pharmacological
parallel assays (Goves 1955, WaLAszek 1957, Gapoum & HorToN 1959)
nor by chromatography (WALASZEK 1957) There 15, however, some
Pharmacological and ch 1 evid that the active pnnciples are
dfferent (Gowes 1957) As the dissimilarities observed may be due to
mhomogeneity of or impunities 1n one or both of the preparations used,
we decided to compare synthetic bradykimn with a purnified preparation
of the main uninary kimn (BRiSEID JENSEN & VENNEROD 1962) 1 both
phar, logical and chr tests

1. Techmque,

A Preparations of Human Unnary Kinmn and Brady kanin

The standard preparation of unnary kimin was the same crude extract
2s that used previously (BRISED Jensen & SUND 1959), sub-standards
being prepared by the same method In the expeniments reported here we
used a concentrate of the main unnary kinin prepared as described 1 an
cathier paper (BRISEDD JENseN & VENNEROD 1962) The activity of the
Preparation was determined on the 1solated rat uterus

As bradykinin standard Preparation we used synthetic bradykimn, which was
avadable 1n ampoules containing 10 or 100 pzmi!) The same bradylunm was alsp
USed s test sub i the The rat uterus g activity of 1 mg
{1 uni) of the wrinary kinun standard 10134 ng of bradykinn (2 + 2
assay)

In the paper ch bradyk was not

P used

$ubstance For practical Feasons not only were the fractions e apandard

contaming urinary kinin
'3 The dradykanin ampoules were Tundly furnished by Sandoz A,

G, Basel, Switzerland
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From the Bigk 1 Dy the Ph 1 Institute,
Unwversity of Oslo

A Pharmacological and Chromatographic Comparison of the
Main Kinin of Human Urine with Bradykinin
By
hiell Briserd Jensen and Anne Mane Vennerad
(Recewved June 20 1962)

Several previous papers have mdicated that human unpary kimn 1s
wentical with or very closely related to bradykimn The urinary substance
could be distmgusshed from the plasma kinin neither 1n pharmacological
parallel assays (Goves 1955, WaLaszek 1957, GaDDuM & HorToN 1959)
nor by chromatography (WaLaszex 1957) There 1s, however, some
pharmacological and chemical evidence that the active pnnciples are
different {Gomes 1957) As the disstmilarities observed may be due to
mhomogeneity of or impurities 11 one or both of the preparations used,
#¢ decided to compare synthetic bradykimn with a punified preparation
of the main unnary kinin (BRISEID JENSEN & VENNEROD 1962) 1n both
ph logical and ct phic tests

1. Techmque,
A Preparations of Human Urinary Kiun and Bradykimn

The standard preparation of unnary kinin was the same crode extract
2 that used previously (Brismp JENSEN & SUND 1959), sub standards
bemg prepared by the same method In the expeniments reported here we
tised 2 concentrate of the man unnary Kinin prepared as described 1 an
carber paper (BRISEID Jensen & VENNEROD 1962) The activity of the
Preparation was determined on the 1solated rat uterus

As bradykinin standard
Bulable n ampoules conta
5eg as test substapce in
A1 unat) of the urinary
s%ay)

I the paper ch brad; was.

P not used as sta
substance: For practical reasons not only were the fractions contamnmgy ur!.u:rynk‘?n:
*} The bradykinin ampoules were ¥endly furnished by Sandoz A, G « Basel, Swazerland,

preparation We used synthetie bradykimnm, which wasg
ining 10 or 100 pg.mI} The same bradykinun was alsp
the experiments  The rat uterus stimulating activity of | mg
¥ standarg ded to 13 4 ng of bradyk C+2
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assayed agunst the urimary substance standard, but also the bradykimin + unnary
kinmn fractions as well as the pure bradykinin fractions

In the pharmacological expertments no standard preparation was used, the com-
parison between the effects on different biological preparations being emphasized
Samples from the same batch of urinary kinin concentrate were accordingly used
throughout and assayed against the same batch of bradykinin ampoules The figures
given for relative activities of bradykin and urinary kinin 1n the pharmacological
expeniments were calculated on the basis of rat uterus assay, the relatne strength of
bradykinin and urine substance standard being known n adsance (13 4 ng-1 unit)

B Pharmacological Assays.

1 Rat uterus Utert from virgin rats weighing 140-190 g were suspended i de
Jalon solution (GADDUM, PLART & VoaT 1949) mamntained at 29-31° (£01°) Therats
were injected with stilboestrol (10 pg/100 g) the day before they were killed Theuterus
was generally used within a few hours of the antmal’s death or stored at +4° for one
or two d1ys before use The muscle was attached to an isotonic frontal writing lever
(ScHiLD 1947) yiclding a magnification of about 5 The Joad usually ranged from 0 6-
09 g The periad of contact of active solution varied from 50 to 75 seconds The mter
val between doses was fixed at 4 minutes The bath was supplted with arr The expert
ments were done 1n an automatic assay apparatus from Casclla Electronics Ltd, Lon
don The bath volume was about 3 ml, and the fluid was changed by emptying the
vessel and refiling from stock bottles The washing between doses consisted mn 2
fourfold change of bath fluid

1l Guinea pig tleurn A guinea prg (usually weighing 200-300 g) was killed by 2
blow on the head and bled A 3-4 cm segment of termml sleum was suspended 10
Tyrode solution mamntamned at 36-37° (£0 1°) If spontaneous contractions Were
troubl the 1on of Ca*+ 1n the solution was decreased by half Atr:
pine sulphate (0 1 mg/l) was added The wnting Jever was as described above for teé
uterus, the load ranged from 0 7-0 8 g The period of contact of active solution vnrlm]
from 45 to 60 seconds, and the interval between doses was fixed at 4 muntes A 10 4
organ bath was employed, 1n which the flurd could be replaced by means of nPW“:’f
displacement and overflow Contractions werc produced by manual addmo?l H
volumes ranging from 02-0 5 ml from 1 ml graduated syringes A dosc ratio o "
was used and the concentrations of urmary kintn and bradykintn were about 2 units/m
and 20 ng/ml, respectively Washing between doses was performed 1n two smﬁe
washing for 10 seconds, an interval of 5 seconds and then washing for 5 seconds ™
total volume of wash fluid was 50-60 ml from supply bottles of suitable height The
bath was supplied with air

1l Rat duodenum Gappum & HorToN (1959) ai
rat duodenum relaxes on addition of small quantities of kinins, they used compﬂm_‘lf;“
assays on that preparatron and on rat uterus for the 1dentification of kmlnsd du:
proximal 3—4 cm segment of duodenum of a rat weighing 150-250 g was suspen e o
de Jalon solution at 30° (£0 1°) A doscratio of 2 was used and the conccnlran:ﬂzl
the urinary substance and bradykinin were about 0 2 units/m! and 4 ng/ml, respec llcun}:
For the rest, the apparatus and working conditions were as for the guinea Mgt

thetized with 2
IV Rat blood pressure Male rats weighing 250-350 g were anaes
solu‘tllon contuning 4% w/v of sodum barbitone and 6% w/v of urethane (GappUM
& HoORTON 1959) of this, 1 mi/100 g was injected sntraperitoneally The trachea was

nd Horton (1959) showed that
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cannulated, and artificial respiration was applied Blood pressure was recorded froma
ayohid artery (hepann in the polythene cannula) with a mercury manometer, and
mpections of the two test substances were made 1nto the two femoral ves The brady-
Tumn was diluted 1n 0 9% sodium chlonde to about 5 pg/ml and the urinary substance
102 concentraion of 150-200 units/md The solumes injected Were G 1 ml for the
Tower and 0 2 ml for the higher doses When 3 of the 6 senies of a complete (2 4 2)
assay were completed, the vem used for the bradykinin tnjections was used for the
unnary substance and vice versa

C Chromatography

Descending chromatography with Whatman No 1 filter paper was used The
ch'fomalogﬂnu were run at room temperature (19-23°) for 32 to 23 hours The
el ambn ot

10 + 50 vol}
. - '+ 50w}
3 Isopropanol, ammonta 25% wjv water (80 + 2 + 18 vol )

After chromatography the paper was dried 1n a stream of shightly heated arr, and
fof every point of application of active substance cut ;nto $ tm broad paratiel stps,
which were again cut into 1 cm pieces The active substances were localized by assay
o the rat uterus The 5 x 1 cm paper strips were eluted yust before assay by shaking
cantiously waith 5 ml of de Jalon's solution and decanting the find

D Chemicals

The chemucals used were of or h

grade through

2. Results,
A. Pharmacological Assays

Some results of comparative assays of urinary kimin and bradykinin on
different brologcal preparations are gwen n table 1 The figures recorded
*ere obtamned in (2 + 2) assays with 6 senes of four randomuzed doses
The statsucal procedure described by SCHILD (1942) was wsed for the

treatment of the results
Table 1

g b
§ Pradykinm equiactive with 1 mg (1 unit) of human woinary kunin i parallel assays
tndex of disctimination based on the rat uterds value

og bradykin | Index of
(Fiducial Imues | duseri
%P =005 § mmnaton

Biologscal effect

. Rat yterus sumutaon | 13 400108
_Guwnea Pig Weum sumtation G 77104 |
Rat aW"m‘mr%o—’——
Rat blood depressor efics % J(!J—lm; : oy
' | =

B Rewults based on two. Combined (2 + 2) assays
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Table 2,
Paper chromatography ol; bradyhimin and human uninary
nn
Liquid system 1 N-butanol, acetic actd water (40 410 +
50 vol)

Bradyhimin applicd A guantity corresponding to 38 uats of
urmary kin

Urinary kinip applied 50 vauts

Bradyknin + urinary kintn applied 38 + 50 units in terms of
urnnary himin

Chromatogram run {or 13} hours

o
Fraction I Recorery 7

number I Bmdykman Uninary  |Bradykimn +

hanin urinary kg
1-3 ~ - -
4 ~ - -
3 ~ 60 L3
6 ~ 20 -
7 23 120 70
8 3 180 25
4 90 120} 160
to - 10 -
11 - - -
12 - - -
13 - - -
4 50 - -
15 - - -
16 - - -
17 - -
13 - not tested ~
9 - not tested -
20 - not tested -
2 - nol tested ~
22 - not tested f -
23 - not tested ~
24 - not tested -
25-27 not tested not tested ~
Sum 480 570 ; 5t

B Chromatography
Tables 2, 3 and 4 give the results of typical examples of paper chro-

matagraphic expennments run in the 3 hqumd systems uvsed In ail the
experiments bradykinin and uriary kinin were run both alone in paraliel
and 1 muixture The results are calculated as percentage recoveres, values
for recoveries Jess than 1 per cent beng omatted Figure 1 gives the results
of the chromatography 1n hquid system [, 1n which the two active sub-
stances gave more distinet peaks than m the two other sofvents used
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Table 3

Paper chromatography of bradykinua and human
nary kinin
Lagud sptem 2 Hydrochlonc acid 02 N, ethancl (50 +
o)

Bradykmm applied A quantty correspanding to 56 unuts of
urinary kumin

Urinary kimin applied 70 units

Bmdykmm + urmary kiun applied 70 + 56 units ia terms of
urinary

Chmma\ogram run for 14 hours

Recorery

Fraction
number Utinary

Bradykmin +
ain

!
Bradylimn | unnary kintn

1-16 not tested nottested | nottested
17 -~
1B | |

£2G

o
-3
—-aE
Wil 1l e0owel 1111

—u=TZBa
Suaaamt 4
Ny

"
b3
[

Gl Ranao) )

1
&
El

2

]

s

3

1 Pharmacologica. vol. 19 fasc. 3
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Table 2.

Paper ¢chromatography of bmdyhnm and human urinary
qul.lld’ system 1 N bu(nnol acchc aad, water (40 4+ 10 4

Bradyhinin applied A quanus;
ey Tomi Pl qQuantity corresponding to 38 units of

~ s en L
- © % 4 50 umtsin terms of
Chromatogram run for 131 hours
o
Fracuon Recorery 2

number Bradyhmin Unnnry Beadykhinin +

Aenen urimary A
N
4 - - -

5 - 60

H : H g
1 25 180 70
8 is 180 pad
9 90 120 160
10 - 10 -
" - - [ -
12 - - -
3 - - -
14 50 - 1 -
15 - - -
16 - - -
17 - - -
18 - not tested -
19 - nottested | -
20 - not tested | -
a2t - not tested -
22 - not tested J -
29 - not tested -
a8 - not tested | -
28-27 nottested | nottested -
Sum 480 570 ! sto

B. Chromatograph

Tables 2, 3 and 4 give the results of typical examples of paper chro-
matographic expenments run 1n the 3 hquid systems used In all the
experiments bradyhimn and urinary Aimin were run both afone m parallel
and 1n mixture The results are calculated as percentage recoveries, values
for recovenes less than 1 per cent being onutted Figure 1 gives the results
of the chromatography mn hquid system 1, 1 which the two actne sub
stances gave more distinct peahs than in the two other solvents used
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Table 3.
Paper chromatography of bradykimin and human
urinary kinin
Liqud system 2 Hydrochloric acid 02 N, ¢thanol (50 +
50 vol)
Bradykinin applied A quantity corresponding to 56 units of
urnary kinin
Urinary kimin applied 70 uaits
Bradykimin + urimary kinin applied 70 + 56 unts in terms of

urmary kinia
Chromatogram run for 14 hours

Recove:

Fraction T

number Ummy Bradylamn +

Bradykain | 00" [ unnary kinn

l;l& nottested  not nsted , not usxed
1 -
18 oo - -
13 - - -
20 - J - -
2 - - N
22 45 10 150
2 225 ’ 215 l 445
24 ito 21s 140
28 10 35 40
% 25 ' 25 10
27 10 15 -
2 - - -
29 - - -
30 - - -
3 - - -
Sum 425 ‘\ 515 %5

Adta pharmacalogica, v, 19 faac. )

279
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Table 2

Paper chromatography of bradyhumn and human urimary

mn
Liquid system 1 N.b
oSt 'y utanol, acetic acid, water (40 + 10 +

Bradykinin apphed A quantity corresponding to 38 units of

- + 50 units in terms of

o
Fraction Recovery ¥

number Bradykimin Uknnary Bradyhtmin +

nin uninary kimn
-3 - - -
4 - - -

5 - [

6 - go 3 f
7 25 180 70
8 3 180 225§
9 90 120 160
1o - 10 -
n - - -
12 - - -
13 - N -
14 50 - 1 -
15 - - -
16 - - j -
7 - - -
18 - not tested -
19 - not tested -
20 - not tested -
21 - not tested -
22 - not tested -
23 - not tested -
24 - not tested J -
25-27 not tested not tested -
Sum 430 570 510

B Chromatography

Tables 2, 3 and 4 give the results of typical examples of paper chro-
matographic experiments run m the 3 hquid systems used In all the
experiments bradykinin and urmary kinin were run both alone m paraliel
and 1n mixture. The results are calculated as percentage recoveries, values
for recoveries less than 1 per cent being omitted Figure | gives the results
of the chromatography 1n liquid system 1, m which the two active sub-
stances gave more distinct peaks than m the two other solvents used
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URINARY KININ

RECOVERY %
w

BRADYKININ

+
URINARY KININ

BRAQYKINN

¢ 6 s w12 418

FRACTION NUMBER

Fig. 1 Pﬂpﬂ chromatography of bradykimn and htuman vninary amn
N butanol acetic acid water (40 + 10 + 50 vol)
The curves are based on the data 1a table 2

3. Comments on the Results,
A Pharmacological Assay s
Cy

assays on different biological gave no
mdencc of quabtative differences between the conccmra(c of the
human uninary kinin and the sample of synthetic bradykmm used The
results thus agreed with previous ones from parallel assays with other
prepanations of bradykimin and the urmary substance (Gowes 1955,
Wataszex 1957, Gapbum & Horton 1959)

The results shown 1n table | refer to representative examples from
;c\er:\l expeniments The ndex of discnimination given for the rat blood
“:sr::sor effect which deviated sigmificantly from 1, was found to be of

: me order m other experiments However, the concentrations of the
Polypeptides were much higher than those used for the other pharmacolog-

1%
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Table 4.

Paper chromatography of bradykinin and human
urinary kimn

Liquid system 3 Isopropanol, ammomia 25% wjv,
water (80 4 2 + 18 vol )
Urninary kinin applied 23 umits
Bradykinin + urinary kmun applied 25 umits + 23
units 1n terms of urinary kinin
Chromatogram run for 23 hours

Recovery 7%
Fraction -
number Bradykin +
Uninary kinm urlnayry K

1 20 20

2 40 25

3 85 20

4 30 20

5 40 15

6 20 to

7 30 10

8 40 30

9 30 70

¢} 10 40
11 - -

12 - -

13 - -

14 - -
15 - -

16 - -
17-34 not tested not tested
Sum 5 260
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URINARY KININ

RECOVERY %
~

BRAOYRININ

+
URINARY KININ

25§ BRADYKININ

‘ § I R - BT
FRACTION NUMBER

Fig.1 Paper chromatography of bradykima and buman uninary kinn
N butanol, acetic acid, water (40 + 10 < 50 voly
e curves are based on the data in table 2

3. Comments on the Results,
A Pharmacological Assays
C

mdenc'c of qu;

assays on different biol 1 p gave no
altative differences between the concentrate of the
human unnary kinin and the sample of synthetic bradykinin used The
tesults thus agreed with previous ones from parallel assays with other
preparations of bradykimin and the unnary substance (Goues 1955;
Wataszen 1957, Gappuvt & HortoN 1959)

The results shown 1n table 1 refer to representative examples from
:c::ml expenments The tndex of discimination given for the rat blood
“;rrcssor effect, which deviated sigmficantly from 1, was found to be of

‘s:xme otder 1n other experiments Howenver, the concentrations of the
Polypeptides were much higher than those used for the other pharmacolog-

1%
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Table 4.

Paper chromatography of bradykimin and human
urinary kimn

Liqud system 3 Isopropanol, ammoma 253, wi,
water (80 + 2 + 18 vol )
Unnary kinin applied 23 units,
Bradykinin + unnary kimn apphed 25 umts + 23
umts 1n terms of urinary kinin
Chromatogram run for 23 hours

Recovery %
Fraction
gl 1!
number Urinary kinin g:‘:my; ‘l‘c‘:;u:

1 20 20
2 40 25
3 85 20
4 30 20
5 40 15
6 20 10
7 30 10
8 40 30
9 30 70
10 10 40
11 ~ -
12 - -
13 - -
14 - -
15 - -
16 ~ -

17-33 not tested not tested
345 260
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15 URINARY KININ

w

RECOVERY %
3

BRADYKININ

+
URINARY KININ

35

o,

25 BRADYRININ

‘ 6 s w0 12 g 18
FRACTION NUMBER

Fig.1 Paper chromatography of bradykinin and human urnary kinm
N butanal acetic actd water (40 + 10 - 50vol)
The curves are based on the data 1n table 2

3. Comments on the Results.
A Pharmacological dssays
C

My p P gave no
dence of qualitative differences between the concentrate of the

?lxman unnary kinm and the sample of synthetic bradykinin used The
esults thus agreed with previous ones from parallel assays with other
t‘npamnons of bradykimn and the unnary substance (Goves 1955
ALASZEN 1957, GAbpum & HORTON 1959) ’
sc"l;h:‘results shown in table 1 refer to representative examples from
p Tal expeniments The index of discimnation given for the rat blood
epressor effect, which deviated significantly from 1, was found to be of
© same order 1n other expeniments However, the concentrations of the

assays on diffe biol 1

Polypeptides were much Iigher than those used for the other pharmacologi-

193
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cal preparations, and the presence of small quantities of other substances
mght well account for the deviation found 1n the index The bradykmnin
bdeing only avalable 1n solution 1n ampoules, 1t seemed probable that
stabilizing substances were present and could influence the assays In the
rat blood depressor experiments we accordingly dissolved the urnary
kinm m the contents of bradykimin placebo ampoules before diluting with
097 sodwm chloride solution If parallel assays were run with the urmne
substance dissolved 1n 09% sodwm chioride solution only, mndices of
discimination of 4-5 could be established The bradykimn used bemng
synthetie, and probably therefore relatively pure, 1t seems justifiable to
suppose that inthomogeneity of or tmpurities 1n the concentrate of urmary
substance might well cause the relatively smaller quantity of 1t necessary
compared with that of bradykinin We do 1n fact know that another rat
uterus stimulating princeple could to some extent be present, being only
meompletely removed during the purification procedure (BRISEID JENSEN
& VENNEROD 1962)

B Chromatagraphy

1 Liuqud system 1 Table 1 and fig 1 show that both the bradykinin
preparation and the urinary kinin used could be separated into two actie
fractions  However, though the mam zones of activity might well be
wdentical from their positions, the small active zone of the urinary kimn
could not be demonstrated m the bradykimn, and the faster running smalt
active zone of the bradyhimn could not be demonstrated in the unnary
kintn In a mixed run of the two substances, the small bradyhimin peak
was found duning assay of the fractions, but the peak recovery was less
than 1% and the results have accordingly been omitted from table 1 arnd
fig L (sce Results, Chromatography) In other experiments, however, the
bradyhinin peak mentoned was also unmustakenly demonstrable i the
mied runs The presence of the urinary himn, or rather of the impunties
1 1t, might be the reason for the small zones of activity being Tathes
diffuse mn the muxed runs

The presence of the small active zone of urinary hinmn was afso con
firmed 1n other experiments

10 Liquid system 2 The bulk of actvity of the two himins passed to
gether and gave relatively distinct peals, as 1§ evident from table 2 They
travelled considerably faster than in the butanol acetic acid system, the
Re-values being of the order of 0 8 agamst 03 As with the Tigmd system
1, a second peak could sometimes be demonstrated i the bradykimn
yons It 1s evident from the figures given m table 2 that it was small, ¢
was not clearly demonstrable 1n the mixed run of the kimns It could
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howerer, be demonstrated 1n other experiments, both 1n single bradykimm
funs and 1 mixed runs of the two substances

I Liqud system 3 The ssopropanol ammoma system proved to be
less suitable for chromatography of the kinins The actuvity spread over
stveral fractions, accordingly giving peaks of low activity However, the
zones of achivity of the two substances passed together 1n the alkaline
liqud system (table 3) as they did 1 the acid systems, thus gving no
evidence of dissimifanity between the two kinins

IV Recorery of actinty  The rtecovenes of activity will depend on
several factors, of which dunng ckh graphy and loss
through adsorption onto the filter paper, both during the run and 1n
connection with the elution are probably the most important

Inall the chromatographic expenments the activities of the solutions of
the kinins used for apphication to the paper were checked n advance
agamnst the same standard uriary substance, as was 1o be used for assay
of the fractions In the expeniment recorded in table 2, the activity of 9 ng
of bradykinin was, for some reason found to correspond to about 1 unit
of the standard unnary kinin, the previously established rano having been
134ng10 1 unt However, the acuvity of the sample of the urnary kinin
concentrate to be apphed was hkewrse found to be greater than that of
Previously assayed samples from the same batch The recovernies for both
kintns accordingly became of the same and usual order, namely, 45-60%
Simufar experiences n other expenments ehminated the possibility of an
eeror having been made 1n weighing ot dilution

Fractions that according to the results an tables 2, 3, and 4, were not

tested for actnity 1n the experiments illustrated, had proved to be mactive
1 other runs

4 Discussion.

Neither the pharmacological parallel assays on different biological
Eitf-’imu.ons nor the paper chromatographic experiments eave pvidenca

© wersvuie puatmacological assays did pot deviate more fy
Tom
:h:th might be expected and the main actvity peaks of the two kuning
Ot separate in the chmmalographlc expenments The
thus conststent with the work of
Ganrane @10

tesults were
Gouts (1955), WaLaszer /106 .0
hitl .

s

=2 LLHHULSULAYIE 10 the syntheye bradykinin
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(another secondary peak was found mn the urinary kinm) Stabilizing
substances in the bradykinin ampoules were not responsible for that effect
Neither did the contents of placebo ampoules stimulate the rat uterus
when applied at increasing concentrations, nor did an addition of actual
amounts of the placebo substances affect the contractions produced
by the urmary kinin

We did not arnve at the conclusion of Goues (1957), that pharmaco
logical parallel assays to some extent, and physicochemical separations
1n particular, showed the two kinins to be dissimilar However, during
the testing of the 1ndividual steps m the purtfication procedure for the
main unnary kinin (BRISEID JENSEN & VENNEROD 1962) we could demon
strate constderable amounts of another matenal simulating the rat uterus
This seemed to vary considerably 1n quantity from one batch of urine to
another 1t was to a large extent removed from our concentrate of urnary
substance during the punfication procedure, but might, 1f present in larger
quantities n another type of urinary extract, well explain a detected
qualitative difference between bradyktnin and urinary kinm

Summary.

A companison has been made between synthetic, bradykimn (Sandoz,
A G, Basel, Switzerland) and a purified preparation of the main hinmn of
human urine (BRISEID JENSEN & VENNEROD 1962) Paper chromatographic
experiments with different solvents gave no evidence of any qualitative
difference between the principal constituents of the substances used, the
main zones of activity passing together Pharmacologrcal parallel assays
on different biological preparations (rat uterus, rat duodenum, gumnea pig
1leum, rat blood pressure) also supported the view that the two kinms are
identical or closely related to cach other

However, the paper chromatographic experiments showed that the
bradykinin preparation used contamed a small quantity of another slow
contracting substance, and the concentrate of human urinary kimn small
amounts of yet another active substance The second active fraction from
the urnary kinin concentrate might be 1dentical with an active fraction
varying 1n amounts with the urine used, that was largely removed during
the purification procedure (BRISEID JENSEN & VENNELROD 1962)
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From the Department of Pharmacology, University of Copenhagen
(Professor Knud O Moller, M D)

The Concentrations of Morphine in the Brains of Rats
Receiving Morphine and Neostigmine
By
Torkell Jéhannesson
(Recenved August 3, 1967)

Several cholinergic agents, for instance neostigmine and physostigmine,
potentiate the effect of centrally acting analgesics such as morphne and
pethidine (SLAUGHTER ef al 1940 a, b, ¢, KoMLOs ef al 1950, Porszasz
etal 1951, SAXENA 1958, SCHAUMANN 1959) An explanation of this could
be a higher concentration of morphine n the bramn after a given dose
when the analgesic 1s administered along with cholinergic drugs, as sug
gested by KnoLL, Kowvuds & TarRDOs (1953) The intention of the expent
ments recorded here was to clucidate whether neostigmine alters the
distribution of morphine 1n rats i this way when the substances are
gtven together imtraperitoneally

Experiments and Methods

Adult male albmo rats (115-205 g) were used Morphine tolerance 1n
the rats were produced as previously described (JOHANNESSON 1962) The
normal rats are referred to below as non tolerant rats

Injection soflutions and doses In alf expeniments morphine Wwas Siven 25 3% agueous
solution containing 37 5 mg/ml of the chloride Injections were given tntrapenitoneally
Non tolerant rats were given 500 mg/kg the tolerant rats 700 mg/kg The 1ats wot
mally survived these doses given alone

Neostigmine bromide was given as an aqueous solution contaming 02 mg ml
Irgections Sese gen intraperitoneally The dosage was 02 mg/kg The rats sursned
this dosage given alone

Experiments Non tolerant rats were njected with morphine alone or with mor
phine plus neostigmine the doses menttoned above When both drugs were given
to the same animal mofphine was injected first and then immediafely neostigrmne
from another syringe, the arwmals died 12~24 minutes after the iyections (mean 18
yamues) Then the brawn (including the brain stem and the cerebellum) was removed
for determunations of morphine {see later)
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To be able to evaluate any possible effect of neostigmune on the concentration of
morphine 1n the brain, morphine was given alone to another group of rats These
2amals were killed by a blow on the head at trmes sumilar to the times of spontaneous
death of ansmals 1n the first group (given both morphune and neostigmine) Thus we
attempted to obtamn the same mean time from giving the injections until the arumals
ded esther by drug action or were sacrified

The same procedure was apphed to groups of morphine tolerant rats Only the
doszge of morphine m this series was 700 mg/kg to secure lethal action Jountly of
morptune and (02 mg/ke) death after myec-
tion of morphine with neostigmne occurred after 14-26 minutes (mean 18 munutes)
The 2nimals of a control group given morphine alone were allowed to hive at approx-
mitely the same time

Determunation of morphine was performed by the method of PARREGAARD (1957),
modified by MiLTHERS (1959), giving an average Tecovery of about 95%, All results
are expressed as yg morphine chlonide per gram brame

Descending paper chromatography was performed as described by Brosst, Hir-
LGER & ScHNIDER (1955), with a mixture of 2mylene hydrate/dr n buty] ether/water
1 the ratio 80/7/13 Whatman paper nr 1, buffered with phosphate buffer to pH 6 3,
wasused Paper chromatography was continued for 16 hours at 22°C, morphine was
lh;“ oei,u;:d and deterrmned as usually The Re value of morphine was between 0 06
n

Tworats were killed without any previous admimistration of drugs Their total
brains were exanuned for morphune and gave no reading Neostigmine bromude was
2¢ded 10 2 homogenate of these brains (200 g/5 ml) The sample was taken through
the analytical procedure and also gave no reading

Methaedological Considerations
In d

p 1ons on ations of morphine in the
brains of non tolerant rats, a higher concentration was found when
morphine and neostigmne had been given ntrapentoneally than when
morphine was administered alone Later expenments revealed these
fesults to be erroneous When paper chromatography was mcluded in the
analyieal procedure, the difference disappeared (fig 1) However, n the
morphine tolerant rats this difference never easted (fig 1) In a prel-
:‘::\:‘z] expenment one group of non-tolerant rats was injected intra-
lolmmy with morphine and neostigmine, and another group of non-
et m;: recenved the same dose of morphine alone by intravenous
o sar: orphine was found (paper chromategraphy not mcluded) at
ang ;\conccntrallon i the brams of rats i both groups Thus, the
e error referred to above did probably not anse when the drugs
munistered intravenously to non tolerant rats

m':::r:ﬂ expenments (MitTHERS 1961), and {rom some of the animals
froms l’:“s\\"n"L"(pcnmenml groups, morphine determnations on brams

given morphine alone, yielded the same results whether paper

chromatography was included 1n the analytical procedure or not
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MORPHINE.
IN THE BRAIN
M9/

Y oma s aa n ame w the heqms Of

analytical procedure white columns refer to expeniments in which papet CRTOMJLOLlap )
was not included These results were erroneous n non tolerant ammals
Columns 1-3 mdicate the mean concentration (uesg) of morphine in the brains of no#t

tolerant rats
- - Lat - afealergpt fats

- gmine

3

Eight rats given 02 mg/hg neosugmune by intrapenitoneal myections
were killed 20 munutes later The brams were taken through the analytical
procedure (without paper chromatography) They did not yield any
reading Four rats were given the same dosage and killed 45 minutes later
From the brains of two of these animals we obtaned readings mdistin
guishable from those due to morphine 1n the polarogrammes

Results

Twelve non-tolerant rats were ijected with morphine (500 mg/kg) and
neostigmine (0 2 mgfkg) simultaneously This dosage was lethal to all
ammals Death occurred 12-24 mmutes after the myections (mean 18
mnutes) The concentrations of morphine 1n the bramns from these
ammals are shown m table 1, column I The mean concentration was
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Table 1

Motphupe concentrattons (g/g) 1n the brawns of morphine tolerant and
non talerant rats ijected intrapentopeally with morphine or morphine
and 02 mgjkg ncostigmine

‘Non tolerant rats Motphine tolerant rats
Morplune Mo Morphine Morph
rphioe orphine
500 mg/kg + 700 mg kg +
‘weostigrsme , 00 melkg neostigmine 700 mglkg
t
209 { 13 | 235 331
150 124 363 229
wooE E
ng 87 161 267
105 1 137 266 21 8
135 137 371 294
134 127 - 162
144 149 - 1717
134 136 - 220
128 103 N 326
1o 147 - 207

129 pg/g For companson twelve non tolerant rats were mjected with
00 mgfkg morphune only As previously mentioned, this dosage 1s not
fethal to sats 1n acute expenments The ammals were killed at times
simifar to the times of death 1n the first group The bramns were analysed
Tor morphme (table 1, column 2) the concentrations found did not dffer
from thosz 1n the bram of rats given morptune and neostigmine, the mean
was 133 pefo

A sttmfat scheme was used for the morphine tolerant rats One group of
Seven amimals received 700 mg/hg morphine and 0 2 mgjkg neostigmine
SMultaneously the mean tsme of survival was 18 minutes (14-24 mnotes)
Morphine was found 1n the brain at an average concentration of 27 pgfg
{able 1 coluron 3) For companison, [2 rats were given 700 mg/kg
Morphune only and were killed at tumes symilar to the times of death 1n
the above mentioned group wath an average survival time of 19 minutes

¢ mean concentration of morphine found m the braing was 24 7 nele
{table 1, column 4), which did not significantly differ from what was
found i the Broup receving both morphine and neostigmne

Discussion
in the experiments Tepotted here,
fluence the amounts of morphine 1n

neostigmine was found not to -
were given aither wtravenously or

the braws of rats, when the
1t

drugs
(comp;:rt Aarhoad.
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logical Considerations and table 1) Qur results are 1n agreement with
thase of Szers & McCurpy (1956), who admnistered morphng intfa
venously ro rats and determined morphine in the blood and 1 the bram
Some of the rats were pretreated by subcutaneous admusteation of
neostigmine, but no significant difference was found between these and
the controls The hypothesss of Knovy, KowiGs & TArDOS {1953) that
cholinergic drugs increase the amounts of centrally acting analgesics in
the brain ss, therefore, invahd

According to unpublished results of our own, 1t appears that morphine
15 found almost exclustvely as “free™ morphine i the braim, whether given
alone or with neostigmune This indtcates that our results are not consistent
with any suppressed inactivation of morphine and pethidine by neostig
mme 1n the hver, as was suggested by Komios & Kowwos Szasz (1954)
At any rate, our results imply that the potentrating action of neostigmine
on morphine analgaesia and on the lethal effect of morphine must be
conditioned 1n some other way than by increasing the amounts of mor
phine m the brain

Morphne exerts a central depressant effect on respiration, whereas
neostigmne affects the respiration peripherally (SCHAUMANN 1958) In
our experiments all the rats 1yected with both morphine and neostignune
died, whereas all the rats mjected with morphune or neastigmine separetely
survived Death was characterized by flaccid respiratory arrest Komtés
Porszasz & KNoLL (1950) found that neostigmine increased the respira
tory depresston induced by morphine in young rabbits Thus the deaths
may probably have been due to a combined central and penipheral de
pression of respiratton, exerted by morphmme and neostigmine respec
tively
Simultaneous traperitoneal admimistration of morphine and neo
stignune may lead to formation of one or more substances m the or
ganism that can introduce an analytical error tnto the polarographtc
determination of morphine When however paper chromatography was
mcluded m the analytical procedure, this error was ehmmnated (fig 1)
It ts remarkable that this error never occurred during analysis of the
brasns of morphine tolerant rats (fig 1) It appears as though the tolerant
rats are unable to produce the substance or substances that may interfere
with the polarographic determmation of morphine in the brams of non-
tolerant rats that have been njected with morphme and neostigmine
ntrapenitoneally

The polarographic method uscd depends on the presence of free phenol
groups without substituents 1n the ortho positson It 1s, therefore posstble
that the interfersng substances may be phenol dervatves, but no further
attempts have been made to 1solate or to ideatify these substances
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Summary

Morphine and neostigmime wet€ given intrapentoneally to morphine
tolerant and non tolerant male aibino rats Morphine and neosugmne
gmen together proved Jethal to all rats For comparison, the rats given
morphine alone were killed at approximately the same times as those at
which the rats died from the injections of morphine and neostigmne

Morphine was determined m the bramns of rats in both groups Neo-
stighine was not found to 1ncrease the amounts of morphine 1n the bran

The | P al ad of morphune and
neostgmine can lead to erroneous determmations of morphine However
this was overcome, when, paper chromatography was mcluded 1n the
analytical procedure, and this error was not met with duning analysis of
the bramns of the tolerant rats
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The Influence of Glucocorticosteroids and Corticotropic
Hormone on Output of Human Urinary Trypsin Inhibitor
(and Hyaluronidase Inhibitor)

By
Hans J Faaevang
(Recerved July 7, 1962)

The urmary trypsin nhibitor (TI) has been known for many years
It also mhubuts chymotrypsin, plasmin (SCHULMAN 1955, ASTRUP et af
1959) and the non proteolytic enzyme hyal dase (FAARVANG &
Kaupsen 1962) Tt has been suggested that compounds 1n the organism
that wnfubit proteases or hyaluromdase may act as antagomists i the
¢nzymauic mechanisms affecting the pathogenests of anaphylaxis (UnwAR
1953 Uncar & DAMGAARD 1954, HERSERTS 1955) and theumatie diseases
\for review see  DORFMAN & MATTHEWS 1955) Since the urnary TI
apparently possesses both of these properties, it 1s important to elucidate
1ts behavior in the orgamsm

The amount of T excreted varies widely from one normal person to
another (DILLARD 1950, FAARVANG 1957 & 1959a, Mavmwo 1959),
*enging from 0 to 30 000 umits per 24 hour (FAARVANG 19592) However,
neach ndnidual the day 1o day vanation as measured over 3 consecutive
days ts much smafler (0-50%, average +-32% of the mean) and indepen-
ent of the magnitude of the output From time to ime an indsidual can,
however, adjust bis 24-hour output to hugher or lower levels {FAarvaNG
1962) The hourly excretion dunng the day often vares considerably
(DiLLARD 1950, KORSGAARD CHRISTENSEN 1958, FAARVANG 1958 8:1959a)

Dufferent conditions, such as acute and chromic nfectious diseases,
arifictally induneed fey ef, iyections of gold compounds, surgical mtegven-

Yen, coronary thrombosis and pregnancy, 1ncrease the output of Tl
1910, Ditiarp 1950, Faar-

MLLLER 1908 Bauir &, Retcis 1909, DosLy
SANG 1957 & 1959b, Mavminro 1959 & 1960} On the assumption that
anied conditions, could cause

Stress, & common factor 1n most of these v:

o4
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the ncrease, the effects of adrenocorticotropic hormone, cortisol and
cortisone were studied 1n a few subjects (FAARVANG 1957 & 1958y The
results obtamed showed that these hormones increased the output of
the TI That an mtimate relattonship exists between the concentration of
these hormones 1n the organism and the TI output was also suggested by
the finding that the hourly outputs of T and of 1 7-ketogenic steroids and
17 ketosteronds nearly parallel each other dunng the day and that the
24 hour output of the TI during normal pregnancy follows the varuations
in plasma concentration of 17-hydroxycorticosteroids (FAARVANG 1958
1959a & 1959b)

The actvity 1n the organism of the unknown system that determines
the output of TI could depend directly and exclusively on the concentra
tion of cortisol (or other glucocorticosteroids) present However, no
correlation between the 24 hour output of TI and the 24 hour production
of cortisol (as measured by the 24 hour output of 17 ketogenic steroids)
was found, suggesting that additional factors are imyolved 1n regulating
the activity of this system (FAARVANG 19592 & 1962)

The purpose of the study rcported here was to extend the earler
observations on the effect of adrenocorticotropic hormone and of
different compounds with glucocorticosteroid activities on the output of
uninary T1 tn order to establish this as a function of the glucocorticoste
rotds and especrally to study quantitative mndividunl varrtions m response
to a given amount of hormone

Material and Methods

The investigations were carried out on 28 females and 24 males between the ages
of 20 and 60 years The matertal comprised two groups one consisting of apparently
normal persons wiho lived at home during the period of examunation and 1 group of
patients hospitalised for mtnor diseases (muld 1ses of neuroses or constipation with
out any signs of organic disorders and persons with muld cases of lumbago sciatica
without symptoms of other diseases) Their body weights ranged from 50 to 80 kg

‘The 24 hour outputs of TI were measured for 5 consecutive days i1n each of the
<ihects The average vilue (contral lerel) of the 24 hour excrenons (control la///l'.r)“l.n

1

remarn felatively constant during the 1ast two ddys oL eALN LY w wa s

1 output during these two days were considered an effect of the hormone
n the T g & = thn manae 100 me corhisol 100 mg

Relow the excretions of 11 dunmg these Uays div iy vuy .
tion value and the 1ncreases are termed first and second day wcrease

The adrenocorticotropic hormone was given intramusculry 1n a single daily dose
at the begmnning of the 24 hour period (between 7 and 9 am) Cortisol was given
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orallyn § daily doses of 20 mg each, cortisone and predmsone were given 4 times daily
1 doses of 25 and 5 mg respectively The first dose of these hormones was gien at the
beg nning of the 24-hour period The 4 consecutive doses of cortisol were admini-
strated at 3 hourly sntervals, the 3 consecutive doses of cortisone acetate and predas-
sone were admunistrated at 4-hourly intervals The last dose of the day was given 12
hours before the end of each 24-hour peniod Triamemolone was distributed over
4daly doses which were given at the same tunes as the cortisone or predrusolone
The concentrations of TL in the unne samples were determuined by the intubition
of the proteolytic activity of crystalline frypsin containing 24 4 Anson umits per g
(andly supplied by the Aovo Laboratories Copenhagen), with casemn as substrate,
and determuming the degree of digestion by the buret method (for details sce
Faarvang 19%90) The unne specimens HRTe KEPL 2% Toom temperature n 151
bottles. 5 ml of during the coll period and then stored
2t —8 C until analysed A few specumens containing small amounts of glucose were
dialysed through cetlophane against 1sotonsc sodmm chloride before the measure-
ments were made (Faarvang 195%a) Al samples were adjusted to pH 7 to 8 with
NaOH or HC None of the specimens showed a positive Hellers test for protein

Results
U Effect of Adrenocorticotropic Hormone

Control values control levels and first and second day of stimulation
\afues are shown in table §

The control values range from 0 to about 100 « 10? umts In accord-
ance with our earhier findings (FAARVANG 1962), an individual s T1 output
Varies only shghtly from day to day dunng the control period The
controf fevels range from 0 to about 80 x 103 unts Dunng hormone
Sumulation the output increased i ail subjects The values were Tghest

Table 1

Effect of 2510 ACTH on output of urinary trypsin inhibitor
Values 10 103 units

} Day of
Contral values sumulation S,
W™ Cono | Seons
e e Tlevel
I d 3 g 2 ['"‘"‘"“
Gp '
H o ° O 134 ya 0
Bs F o o 04 3:1 15 0y I i
LI M 09 1 14 20" 22 g4y | 13
o at 13 05 00 15 a0 07 1 33
'3 ¥ 20 12 09 a1 nj 14
1 r fs 21 18 78 go; je ! 33
43 M 3t 39 18 st oyg| 2% st
) £ 43 30 81 07 62| 33 195
A X R TR S QNS | ¥oi s W
83 73 s3] %7 9 |
i 7 i 128
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28,

UNITS x1p -3
24
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SECOND DAY INCREASE
N

UNITS x 103 J
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[]
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CONTROL LEVEL

Fig 1 Relatonsiip between control fevels and second day increases in ACTH stimulated
Ersons
Abscissa Control level 1n 103 umits
Ordinate Second day inerease in 10? units

m the second day increases, which range from 14 x 103 to 231 x 103
umts The second day increase rose with nising control Jevel, as seen m
fig 1
The potats are distributed around a line of direct proportionality
Statistrical analysis shows a significant positive correlation between con
trol levels and second day increases The coefficient of correlation 1s

+076 (p < 005)

2 The Effect of 100 mg Cortisol

The effect of 100 mg of exogenous corttsol on the TI output was studied
1n 5 subjects One of these persons (G P ) also participated n the study of
adrenocorticotropic hormone

As seen ju table 2, the control values ranged from 0 to 6 0 x 103 units
with only small vanations 1n the individual Control levels ranged from
0 to about 60 X 103 umts All the subjects increased their outputs during
stimulation The second day increases were again constderably larger
than those on the first day of sttmulation, and a relatronshtp was again
found between the varyng second day mcreases and the control levels

As seen n fig 2, the points are again distributed around a line of direct
proportionahty This suggests that, as 1n the persons stimulated by adreno
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Fig 2 Relationship between control levels
and second day increases in cortisol sumulated persons
Abscrssa and ordinate as 1n Fig |

Table 2

Effect of 100 mg cortisol on output of urinary trypsn inhibitor
Values i 10% umts

1 | . Dayof
Control values sumulation
Name | sec I
T B Rh

el md s |t 2na erense
134 ¥ ol ol ot 21 a3 o | 28
e T 961 98] 09 45 33 oy T
wd M 29 431 320 s6' 921 34 57
Iy Mo :7‘ a1 26 57 145 35 1 130
F 56, S8 66, 169 310 g0 250

Otticotropc hormone, there 15 a
€reases and the magnitug
2pproumately a direct

relation between the second day in-
de of the control tevels This relation tends to be
proportionality

3 Efecr of Cortisone Acerate
This phase of the imes
whom had

tigation was carried out on 42 Persons, four of
TP

Parueipated m the preceeding experiments (GP,HF,VF
The results are shown m tablz 3 ’ )
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Table 3
Effect of 100 mg of cortisone acetate on output of uninary trypsie tnhebetor

Values i 10? uruts

See day of
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Control values ranged here from 010 36 0 < 10% units and thus corered

the total Tange previously recorded for the normat spontancous

24 hour
300 x 103 unmts Probit
Ievels ranged from 0 to about
d p‘::mfzi?é‘;\o la l:ngamhmxc normal distnibution of both controf fevels
1oy

out
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and first and second day of stimulation values, loganithms of the values
were ly used to calculate the foll g average values

In most of the subjects cortisone admunistration caused an ncreased
Tl excretion, but 1n a few no ncreases were observed This occurred
persons with small or large control levels The second day increases for
many of the subjects whose TI outputs increased with stimulation were
again larger than those on the first day of sumulation

The average of the second day of stimulation values was 61 X 103
umts (logio = 3 786 with a standard deviation of 0 402), and the average
of the control levels 29 X 103 umts (logio = 3 457 with a standard
deviation of §463) The average second day erease was 3 2 X 107 unsts,
and this difference 1s statisucally sigmficant (p << 0001) As toco vana
tion between control levels and the second day ncreases, in principle the
Swe relation was found as 1n the previous parts of the mvestigation
There 15 a statistically sigmificant, though rather low, correlation between
the values The coelficient of correlanon 15 +0 33 {p < 005}

VF AB 18
PREDNISONE|
20F Smg 16/26h
L ‘ N
286
20}
200}~

150] PREONISONE] PREDMNISONE

7T

26 HOUR OUIPUT OF TRYPSIN INHIBITOR UNITS x10 3

Smgxés24h 5mgx4/2%h
20|
29
F
4 0l

1z 343§ 21 45 1
ey DAY OF EXAM NATION
&3 Effcct of predmsone ©n output of utnary tryps 8 inhibator
ord Abscissa’ Day of examination
d nate Trypsin inhubitor sutput 1n 103 units/24 hours.

3T¢ s
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15 0

14 0]

TRIAMCINOLONE | TRIIMCI SLONE, TRIAMCINOLOKE]
120 05mgxs/24n 15mgx4s24h 05mg x4 /24h
—r— —— —A—

100

80,

60

£0

20,

24 HOUR QUTPUT OF TRYPSIN INHISITOR wvirs 103

123 ¢ 5 1 23 ¢ 5 12 3¢ 5
DAY OF EXAM NATION

¥ig 4 Effects of tnamemolone on output of urtnary trypsin inhrbitor
Abscissa and ordinare as in Fig 3

4 Effect of Predmsone and Triamemolone

The effects of predmsone and tramanolone were studied m the 3
subjects I B, A B and V F, who also participated m one or more of the
previous parts of the mnvestigation

The dosage of predmsone, 20 mg per day, was distributed in 4 dailly
doses As seen in fig 3, predmsone produced mncreased TI output mn all 3
subjects

The dosage of triamcnolone used ranged from 2 to 6 mg per day, and
was also distributed 1n 4 daily doses It also produced mcreased TI out-

puts m all the subjects (Fig 4)

Discussion and Conclusions

The results of the mvestigation confirm and extend the findings of the
preliminary studies (FAARVANG 1957 & 1958) The unnary TI output
mereased 1 all subjects treated with adrenocorticotropic hormone ot
cortisol, and with cortisone the average second day wcrease was statist-

cally significant
It 1s well-known that cortisone and cortisol have to some extent,
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beside therr effects as glucocorticosterond, an effect on electrolyte meta
bolsm qualitatively similar to that of the min¢ralocorticosterods,
aldosterone and deoxycorticosterone It 1s unlikely that the effect of
cortisol and cortisone on T1 output 1s connected with this activity of the
hormones The effect of aldosterone and desoxycorticosterone on the TE
output has not been studied, but predmsone, n the doses employed,
exhibit only a small mineralocorticosteroid effect, 1f any, and the doses
of tnamamolone vsed does not show thas {FREYBERG ef al 1958), though
they had a considerable effect on T1 output It can therefore be concluded
that the urnary T1 output 1s a function of the glucocorticosteroids and
that an mcrease of the concentration of these hormones or of compounds
with glucocorticosterord activity tends to produce an increased output
of the ;hibitor Our earher firdmg, that the hourly TI output dunng the
day m an indindual follows the cortisol production, wdicates that this
concluston 1s not only valid for increases in the hormone concentration
produced by pharmacological doses of the hormones, but also for ncrea-
«¢s produced by phystol 1 changes in erdog cortisol production
In many of the subjects treated with cortiso! or cortisone, the second
day inereases were considerably larger than those on the first day of
simulation In a few persons we followed the 24-hour output of TI for
more than two days (3 to 6 days) during continued treatment with corti-
costerords at the same dosage as those employed 1n the main study
Whereas refatnely Jarge differences were observed between the outputs
of the first and second day of treatment, only small differences were
observed 1 the individual between the second day and subsequent dajly
output This inertness 1n the adaption to higher cc of gluco
corticoid apparently stseif pred Iy towards unphysiolo-
f;:‘a!l fncreases in concentration, since, as already mentioned, the spon
s ;us output in the individual can follow the physiological changes
¢ cottisol production during the day
Scrr": f;::an; stimulated by adrenocorticotropic hormone, cortisol or corti-
oathe sctomci :mou?! of the single hormone produced different increases
excsine amg a‘y ? stmulation although the maximal response to the
e el of sun ’0 hormone was apparently attained on this day Since
“hll\clycqum .’;"ncous TI excretion 1 the same indidual remans
must have. :’:ﬂc ;:Sr:dd::)y ITht:ay {vide supra), the scclond day increases
AWeeting the bjects Y excess amount of glucocorticosterord
Concernny
m th,
“ana
How,

. secongl l:c <cause of the vanations from person 1o person observed
nomgn 4y mereases 1n the cortisol subjects, one might regard
et 1 excess amount of cortisol as a possible explanation

» 1t can indrrectly be shown that this cannot be the only cause



300 HANS J FAARVANG

VF AB 18
% 0}
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120} 05mgx4/2h 15mgx4/24h 05mg x4/24h
—r— e ey,

24 HOUR OUTPUT OF TRYPSIN INHIBITOR UNITS x 1073

123 45 123 45 1 2345
DAY OF EXAMNATION

Fig 4 Effects of tnamctnolone on output of urinary trypsin inhibitor
Abscissa and ordinate us n Fig 3

4 Effect of Predmsone and Triamemolone

The effects of predmisone and triameinolone were studied m the 3
subjects I B, A B and V F, who also participated 1n one or more of the
previous parts of the investigation

The dosage of predmisone, 20 mg per day, was distributed 1n 4 daly
doses As secn 1n fig 3, prednisone produced increased TI output n alt 3
subjects

The dosage of tnamcinolone used ranged from 2 to 6 mg per day, and
was also distnibuted 1n 4 daily doses It also produced increased TI out-

puts m all the subjects (Fig 4)

Discussion and Conclusions

The results of the mvestigation confirm and extend the findings of the
prelimunary studies (FAARVANG 1957 & 1958) The unnary TI output
wcreased 1n all subjects treated with adrenocorticotropic hormone of
cortisol, and with cortisone the average second day sncrease was statisti

cally significant
1t 1s well known that cortisone and cortisol have to some extent,
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pestde therr effects as glucocorticosteroid, an effect on electrolyte meta-
bobsm qualttatively similar to that of the mneralocorticosterods,
aldosterone and deoxycorticosterone It 15 unltkely that the effect of
cortisol and cortisone on TI output 1s connected with this activity of the
hormones The effect of aldosterone and desoxycorticosterone on the T1
output has not been studied, but predmisone, i the doses employed,
exhibit only a small mineralocorticosterond effect, 1f any, and the doses
of trameinolone used does not show this (FREYBERG et al 1958), though
they had a considerable effect on TI output It can therefore be concluded
that the urmary TI output 15 a function of the glucocorticosterords and
that an increase of the concentration of these hormones or of compounds
with glucocorticosterord activity tends to produce an increased output
of the mhibitor Our earher firding that the hourly TI output dunng the
day 1n an mdividual follows the cortrsol production, indicates that this
conclusion 1s not only valid for increases in the hormone concentration
produced by pharmacological doses of the hormones, but also for increa-
«es produced by physiological changes 1n erdog: cortisol production

In many of the subjects treated with cortisol or cortisone, the second
day increases were considerably larger than those on the first day of
sumulation In a few persons we followed the 24-hour output of TI for
more than two days (3 to 6 days) durning continued treatment with corti-
costeroids at the same dosage as those employed 1 the main study
Whereas relatively large differences were observed between the outputs
of the first and second day of treatment, only small differences were
observed 1n the individual between the second day and subsequent daily
output Thus wnertness m the adaption to hugher concentrations of gluco-
corticord y fests 1tself pred ly towards unphy
f;:ﬂtloilncxcascs n concentration, since, as already mentioned, the spon-
nthe s output 1n the individual can follow the physiological changes

cortisol production during the day

11 persons stimulated hy adramamnct ~nseam =L —nan
sone the
on the ¢

xcessive aiount of horm :
one was apparently a
e level of S pparently attained on this day Smnce

"k“l\ely ontaneous TI excretion in the same mndmdual remams
const: m
TSE By ant from day to day (vide supra), the second day 1increases

been caused b
y the excess amount of glug
aff(‘f\mg 1he subjects glucocorticosteroid

n

aar

Hones s LMLy amount of cortisol as a possible explanation
€1 1t can indirectly be shown that this cannot be the only cause.
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The excess amount of cortisol 15 the difference between the amount of
cortisol affecting the person on the second day of stymulation and the
amount mnfluencing hum 11 the control period The amount affecting the
person on the second day of stimulation was nearly the same 1n all the
persons, since the glucocorticosteroid dosage employed depresses the
adrenal function considerably 1n normal persons (LIDDLE 1960) and since
a fairly constant percentage of orally admimstrated cortisol 15 absorbed
from the imtestines (Core & BLACK 1959) The excess amount therefore
vartes 1nversely with the amount of cortisol produced in the control
peniod If this production 1s great (which would i itself tend to produce a
large control level of TI), the excess amount 1s small, and one would
therefore expect a small second day increase by large control levels
if variations n the excess amount were the primary cause of the vana
tions n the second day increases On the contrary, we find a positive
correlation between control levels and second day mncreases

Other factors must therefore be acting As the second day increase 15
caused by the excess amount of cortiso), these factors must act by deter
mnng the output of TI produced by a gnen amount of glicocorticoste-
roid, according to generally employed terrmnology 1 biology, they act
by determuning the person’s sensitisity to this function of cortisol

The assumption that the sensttivity to cortisol (endogenous as well as
exogenous) 1s a fairly constant factor n the idividual from day to day
duning the pertod of examination, but varies from person to person,
aives a simple explanation of the positive correlation between control
levels and second day mncreases

It seems evident that individual variation 1n the TI output produced by
a umtt quantity of cortisol 1n the precense of a relatively constant senstlt
vity in the mdividual can also explain the correlation between control levels
and sccond day mcreases found m the subjects stimulated by adrenocor-
ticotrapic hormone, when assuming that the sensitivity to cortisol and
cortisone co vary from person to person, the same considerations can
be applied to the results obtained on the cortisone stimulated persons

The sumplest explanation of the results obtamed seems therefore to be
that a person’s uninary TI output 1s determined by at least two vanables
namely by the amount of glucocorticosteroid affecting him and by bis
sndividual sensitivity to this function of the hormone It seems probable
that this sensitivity must be distinguished from the mitial mertia of the
TI output to excessive concentrations of glucocorticosteroids which was

observed 1n the mdividual subject, but the factors that determume these

phenomena are not
they are bound up
system 1n the organism that produces T1
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Summary

1 Qutput of the urinary trypsin inhibitor ts controlled by the gluco-
corticosteroids

2 Increased concentration of the hormones 1n the orgamsm tends to
produce increased output of the ymhibitor

3 The sensitivity of the function to a given glucocorticosteroid shows
large indwidual vanations
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From the Biological Institute of the Carlsberg Foundation and the
Medical Depattment A the Unnversity Hospital, Copenhagen

Studies on the Quantitative Relationship
between Cortisol Production and Spontaneous Qutput of
Urinary Trypsin Inhibitor in Man
By
Hans J. Faanang
(Recewved Tuly 7 1967

In the preceeding communication 1t was found that the output of un-
Bary trypsm inhibitor (TI) 1s determuned by at least two vanables (1)
the amount of glucocorticosterord affecting the organism and (2) the
wdividual’s sensitwvity to the hormone 1n relation to this function, which
was defined as the TI output produced by 1 mg of the hormone 1n
Question

If the total output of urmnary T1 15 produced by the glucocorticords, and
on the p that an mdividual’s y does not change with

alterations 1n the amount of glucocorticosteraid, the output 15 characte-
rised by the equation

Tl = Amount of glucocorticoids (in mg) X Sensitivity to the hormone [}

2nd an individual s spontaneous 24-hour output level of the mhibitor
( control level ”) by

Control level = Average 24 hour cortisol production
(n mg) x Sensitvity to cortisol @
It was, m

, suggested that the 1es to cortisol and to
coruisone vary together from person to person If this 1s 50,

Sensitivity to cortisol = Sensitivity to cortisone X k [6))
where X 15 a constant common to different individuals Thus (2) can be
converted 1o

Control level = Average 24 hour corusol production
or (n mg) x Sensitrvity to cortisone X k @

Control fevel
—_Controllevel
Sensitnity 1o cortwone — AVerage 24-hour cortisol production (inmg) x k  (5)
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From the Biological Institute of the Carlsberg Foundation and the
Medical Department A, the Unaversity Hospitat, Copenhagen

Studies on the Quantitative Relationship
between Cortisol Production and Spontaneous Qutpat of
Urinary Trypsin Inhibitor in Man
By
Hans J. Faanang
(Recerved July 7 1962)

In the preceeding commumcation 1t was found that the output of un-
nary trypsin mhubstor (TI) 15 determined by at least two vamables (1)
the amount of glucocorticosteroid affecting the orgamsm and (2) the
mdividual s sensisvity to the hormone 1n relation to this function, which
was defined as the TI output produced by 1 mg of the hormone
quesion

Ifthe total output of urimary T11s produced by the glucocorticoids, and
on the assumption that an mdraidual's sensitavity does not change with
dlterations 1 the amount of glucocorticosterotd, the output 1s characte
nsed by the equation

TI = Amount of glucocorticoids (in mg) ¥ Sensitvity t0 the hormone ()]

and an mdmdual's spontancous 24-hour output level of the mhibutor
{ control level™) by

Control level = Average 24 hour corusol production
Gn g x Sensstwty to cortisol o)
It was,

cort s gested that the to cortisol and to
1S0ne vary together from person to person If this 1s so,
Sensmvny 10 cortisel = Sensitivity to cortisone X k (5]

where k 15 2 constant 10 duff diidual
convcngd to

Thus (2) can be

Control level = Average 24 hour cortisol production
X

o (n mg) % Sensitivaty 10 Cornsone X @

Control Jevel
P . S
SRS ULy ta corenns - Average 24 hour cortisol production (in mg) X k ®»
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If the premises for equation (5), 1e the equatrons (1) to (4), are
vald, a direct proportionality must be present between the ratio
Control level
Sensttivity cortisone
the cantrol period
In this communication 1t will be shown, that this proportionality exists,
n a group of randomly selected normal subjects

and the average 24-hour production of cortisol m

Material and Methods

The TI outputs from 17 of the subjects 1n the group of cortisone stimulated
subjects described m the carlier paper were used 1 our study In all these subyects the
24 hour outputs of 17-ketogenic sterords (17 KGS) had been determuned for 2 of 3
days of the control period In the following the individual average values of these out
puts will be used as relative measures of the subjects” average cortisol production i
the control persod It scems justifiable to do this since 1t has been shown that there1sa
positive correlation between the urinary output of 17-KGS and that of the Porter Silber
chromogens (Moxiam & NABARRO 1956) and since 1t appears from results obtamed by
PETERSON (1959) that there 1s a direct proportionality between the uninary output of
Porter Stlber chromogens and the production of cortisol as measured by the uninary
metabolite spectfic actity method  The amounts of 17 KGS in the urme specimens
were mesured by the Hormone Department of the Statens Secum Institut, Copen
hagen (for method sce JORGENSEN 1957)

As described in the prececding paper 100 mg of cortisone acetate were given orally
1o ench subject It will also be assumed here that the subject’s optimal TE output
responsneness to this dose of the hormone was attarned on the sccond d1y of stmula-
tion It 1s further assumed that the dose of cortisone acetate produces 1 total uhibt
tion of endogenous cortisol production and that the percentage of cortisone acetate
absorbed 1s faicly constant from person to person

If equation (1) 1s valid the totat TI output on the sccond day of strmulation 15
thercfore produced by the exogenic cortisone acetate and thus

Second day of sumulation value/100 (1 ¢ the TI output produced by 1 mg of
orally adminsstrated cortisone acetate) — ki » Sensitivity to cortisone (%)
where k, 1s a constant common for all the subjects The second day of stimulation
value/100 can then be used as a relatne measure of the subject s sensitivity to cor
tisone
(Further details of matertal methods and termmology ¢1n be found in the preceeding

paper)

Results
The subjects’ control levels, the second day of stimulatton values
Control level and the mdividual

100, the ratios Second day of stimulation value /100
and average 24-hour outputs of 17-KGS are shown m table 1 Individual
TI values will be found 1n the previous paper
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aa 17 KGS m mg 24nours
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[ unirs
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CONTROL ¢ EVES
SECOND DAY OF STIMULATION VALUE — 100
[ o
S
~

o v vy 1y Pe24hrs
o 2 4 3 L] 15 » 11
AVR QUTPUT OF 17-KGS (N CONTROL PERICO

Fig 2 Correlation between the ratio

Control level
—— ds
Second day of stim valac/ioo and the average 24 hour output of 17 hetogenc sterol

1n the control period
Abseissa Average 2¢ hour output of 17 ketogenic sterords n the control period
Osdinate Control jevel
Sccond day of stimulation salue 100
The strasght hne 1s fitted through pomnts calculated from equation (7)

In fig 1 the control levels are related to the corresponding average
24-hour outputs of 17-KGS The pomnts appear to be distributed for-
tustously, a statistical analysis indeed shows that there 1s no correlation
between the two variables, the coefficient of correlation being +0 36
©20>p=>010

Control level dto

In fig 2 the ratios second day of stimulation value/100 are relate
the same average 24-hour outputs of 17-KGS It appears durectly that the
two varables are correlated, apparently as a direct proportionahty and
with no deflection even for the largest 17-KGS outputs In accordance
the high correlation coefficient, +0 81 was found (p < 0001)
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The Ime ch 1smg the ve relationship between
the two vanables 1s given by the equation

Control level

;N 7KGS
Sevond day of st valjioo — 08 * 1 ™

In the statistical development of (7) the Joganthms of the vanables
have been employed so that the vanables and proportions between them
become normaily distributed

Wnting (7) m expanded form

Control level

____ Controllevel ____ >
vecond day of stim val/Te0 — & * (17 KGS) ®

where the parameter @ 15 the factor of proportionalty m (7) and b 1s
introduced to re examine the hypothesis of direct proportionality If now
b=1, the hypothests 15 true If & > 1, the ratio

Control level
second day of stim val /100

wmereases more than proportionally to 17-KGS and if & < 1, the ratio
Inereases more slowly

By common regression analysts we find that 5 = 097 + 018 Conse-
quently, b does not deviate sigmficantly from 1 and the results obtained
are hence not mconsistent with the bypothesis of direct proportionahty

For the parameter a we find loga = 0817 4 0028 gving @ = 6 6 with
astandard error of about 0 4

The 17 subjects’ deviations from the strict proportionality are characte-
med by the {oganthmic standard deviation s = 0 118, corresponding to
2mean deviation of about 309 m absolute values

Discussion and Conclustons

by]:tt:l:a p(rccedmg Ppaper it was concluded that the TI output is determned
Teore, St tho vaniables, namely the amount of glucocorticord affecung
Unmsnmlstm and the sensitivity to the hormone 1n relation to this specific
52t b seems justifiable from the results presented here to conclude
Pt Anatons an spontaneous TI output m unne are determuned
i sively by vanations 1n the two variables
. ‘:;T’:; E[r;derstandable why no correlation could be found between
Persons. (& output and the cortiso) production 1n different normal
(FAARVANG 1959), although there seemed to be a close rater-

I
I:Inll\:?:m& between the two functions According to the findings repor-
and g | ¢ total T output in unine depends on the glucocorticoids,
acrease mn the amount of glucocorticod affecting the organism
AU Pamecogicn, vot 19 faxc, 4

21
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tends to produce a proportional ncrease m the TI output However,
the TI output produced by a unit wesght of the hormone changes
from person to person, and this latter varmtion conceals the exssting
relationshup

In fact, 1t also appears from the results that a greater part of the person~
to-person variation in controf levels 15 caused by variations n sensitivity
than by varsations m amount of endogenous cortisol The extreme hmits
of the average 24 hour outputs of {7-KGS are 4 7 and 14 2 mg, giving &
maximal variation 1n cortisol productions of about 3 times, whereas the
extreme limits of the second day of stimulation value/100, which
gnves a relative measure of the subjects’ sensitivities to cortisol, are 15
and 272 unts, gwving a maximal vaniation n sensitwvity of about 18 tumes

Moreover, it scems cvident that the sensitivity to cortisol (and to
cortisonc) must have been fairly constant from day to day withwn the
total 5 day penod 1 the sndividual subject, since 1t s a necessary condt
tion for the results obtained that the sensitivity to cortisone estimated 1n
the 5th day can be employed as a relative measure of the sensitwaty to
cortisol m the first 3 days of the period That a certain vartation has oc-
curred can, however, not be excluded This varmtion may, together with
analytical errors, errors mn urme collection, differences i ntestnal
absorption of cortisone acetate and errors mntroduced by employing the
output of 17-KGS as a measure of the cortisol production, be contributing
factors to the observed spreading of the pomnts from the strict propot
tionalty, as shown in fig 2

Summary

In an carher study 1t has been shown that the output of urinary trypsit
mlibtor 1s influenced by the glucocorneoids and that the sensivity to
the hormones i relation to this function shows individual vanations

The resuits presented here suggest that the total spontaneous TI output
m man 1s produced by cortisol An mcrease m cortisol production v
creases the output, but mdividual varrations m sensitivity to the hormone
determine to an even greater extent the mmdividual varations in output

Cortisone has the same effect on the output of trypsin inhibior as
cortisol and the sensittvities to cortisol and cortisone covary from

person to person
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The Rapid Separation of Drugs and Poisons by High
Temperature Reversed Phase Paper Chromatography.*)
2. Phenothiazine Tranquillizers and Imipramine

By

Harold V. Street.
(Recened May 14 1962)

Several workers have applied conventional methods of chromatography
to separating phenothiazme derivatives In therr chapter on alkalods,
JACKSON & Moss (1960) describe the use of four different solvent systems,
of which they state that two are of little value for the phenothtazines, with
the other two solvents, the phenothiazines form long elongated spots
FARMILO & GENEST (1961) also refer to several phenothiazines n their
chapter on alkaloids They list four different solvent systems for pheno
thiazine separations TABAU & VIGNE (1958) describe a solvent for
descending chromatography of N-substituted phenothiazines, but they
did not obtamn good resolution, for example, the Ry values of 8 pheno
thiazine derivatives were 0 80, 0 83, 0 85, 086, 087, 088, 089 and 091

Recent articles, (STREET 1962 a, b, ¢}, have described experiments m
which some of the denwvatves of barbutunie acd wete separated wath
aqueous solvents by paper-chromatography on ester-impregnated filter-

aper
P ’1Ehe outstanding feature of these experiments was that mcreasing the
temperature at which chromatography was carried out greatly ncreased
the speed of resolution of the applied compounds Because agueous
solvents were employed, 1t was possible to use temperatures up to 86°C
Indeed, we describe here expeniments 1n which chromatography 15 carnied
out at 95° This type of chromatography 1s probably nearer to true
partition chromatography than most other forms of paper-chromato-
graphy The Rt values of the compounds betng separated will depend

+) Rapid separation of drugs and potsons by high temperature reversed phase paper
chromatography (1) Street (1962 b)
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largely on their partition coefficients between the ester with which the
paper 1s impregnated and the solvent used It 15 important to note that
the partition coefficients may vary with temperature There are, therefore,
five vartables that can be controlled and used to effect resolution These
vanables are (1) type of ester on the paper (2) amount of ester on the
paper, (3) pH of the agueous solvent, (4) concentration of the aqueous
sohvents and (5) temperature

Matenals
Esters Used to Impregnate the Paper

The first requirement 15 that the botling point of the ester shall be well
above the temperature at which chromatography 1s carnied out On the
otherhand, 1t 15 preferable to use an ester that s iquid at this temperature
Over fifty esters have been mvestigated m connexion with the separation
ofthe S 5 disubstituted barbituric acid dernatives, apart from some muor
diferences in Revalues, the results have been similar for most of the esters

€ compound, so far, found most satisfactory 15 glycerol tnbutyrate
(Tnbutynin) This boils at 315°C (at 760 mm of Hg), when used as a 10%
(/%) solutton 1n acetone, 1t gives excellent results not only with the barby-
turates but with the phenothrazines the classical alkaloids, neutral com
?O\mds and certain other substances It may be perhaps superfluous to men
sfn that the chosen ester must not be soluble in water, but 1t 15 rather
nm"ﬁ"l‘mg to find that a mono ester of glycerol, namely glycerol mono
&ubsom eate, has been found useful for separating several mixtures of
i nees As the length of the carbon cham 1s reduced, the water

ubility naturally Increases, we find for example, that glycerol mono

etate which 15 freely solubl2 1n wate Y
solublz 1n water, 1s unsatisfa
ase wor ctory for reversed

Amount of Ester on the Paper
The amount of ester put on the pap=

T 1S 2 compromuse, obtatned
USing 3 10 per cent solutson Although s o

2 per cent solutions give shightly

:;Tzfe;g;de:ble “tating’ unfortunately 1s experienced At a concentra-

the B, ml‘;;\ ¢ Spots obtained are compact round and discrete, but alf

g 'hs are lowered and resolution 1s poor These observations

o bee'a;;oml that, mn this typs of chromatography, R, valyes

hays o €n as absolute but only as relative, and a standard must
¥ b ‘run” alongside the ‘unknown’ spot



34 HAROLD V STREET

PH and Concentration of the Aqueous Sohent

In the barbiturate separations, the relative Ry values of the separated
spots do not vary appreciably with the pH of the solvent This 1s because
the pKi values of the mdividual 5 5 disubstituted barbituric acid derna
fives are similar and, according to BiGas (1956), lre withmn the humits
pH 76, to pH 86 We therefore find, as would be expected, that above
PH 8 6, the barbiturates move more or less together as a group with an
Rt value of about 0 8 or 09, whereas at pH 74, good resolution of the
mdividual members of the group 1s obtamed Even with a pH as low as
1'5, the resolution 1s still fairly good

Therefore, when we turn to the separation of a group of substances
whose 1ndividual compounds have widely differing pK values, we find
that we can produce strihing differences in Ry values merely by alterng
the pH of the solvent The classical alkaloids lend themselves admirably
to this type of treatment, but they are not considered further i this
communication, which 1s concerned with the resolution of a number of
phenotiiazine denvatives, compounds also well suited to the reversed
phase high temperature aqueous solvent technique It 1s perhaps pertient
to mentron here that, as would be expected in true partition chromato
graphy, the precise nature of the antons and cations used mn the solvent
appeats to have little influence on the movement of the apphed compounds
Only the pH 1s important However, 1t 1s well to note that when “tatling”
of the spots 15 expertenced, 1t can sometimes be prevented by mncreasing
the concentration of the buffer solution For example, ascending chroma
tography (at 86°C on filter paper impregnated with tnbutyrin) of the
5 5-disubstituted barbituric acid dertvatives gives compact almost
crrcular spots with an /15 buffer solution (pH 74), whereas a more
concentrated buffer solution (ca pH 4 5) 15 required to prevent “tailing’
of the phenothiazines under stmilar chromatographic conditions

Much of the mitial work with the phenothiazines was carried out witft
a 01 M solution of the tetracemin disodium (EDTA) This solution has
a pH of about 4 S It was subsequently found, that even more compact
spots were obtatned by mncreasing the buffer concentration A molar
ctrate buffer gives good results, but reduces the speed of solvent flow
although the speed of solvent flow with a molar acetate bufler 1s Ittie
different from that with a 0 2 M — acetate buffer In general 02 M buflers
guve the best results Citrate buffers are more stable than acetate buffers
at 95°C, but the colours with the Marquis reagent are more distinct with
acetate rather than citrate on the paper No advantage 1s gamned by using
solvents whose concentration 1s greater than 1 M, indeed with them so
nnuch solute may be left on the paper as to interfere with the techniques

used for locating the separated spots
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Varation of the Temperature at which
Chromatography 15 Carried out

In a previous communication, STREET (1962 b) has shown that the
resolution of a muxture of barbiturates was improved by raimsing the

P at which ch aphy 1s carned out The temperatures
used to 1llusteate this were 20°C, 62°C and 86°C Further, not only was
the resolution 1mproved but also the speed of obtaining this 1mproved
resolution was greatly d, and without of the spots, which
were thus compact and sharply defined

Experuments with aqueous solvents at 95°C have now produced even
better resolution mn a shorter time  For some heat Jabile compounds, this
temperature may be too high On the other hand, the short time of the
‘ren’ may prevent complefe destruction Digoxin, for example, has been
successfully separated from unwanted matenal by chromatography for
15 minutes at 86°C

One cannot over emphasize the enormous difference 1n time required
for resolution of the applied mixtures of compounds by this reversed-
phase high temperature, aqueous solsent paper-chromatography, com-
pared to the time required for Ich graphy For o
the time required for chromatography of a number of mtrogenous com-
pounds (including some phenothiazine denvatives) by the techmique of
Jackson & Moss (1960} 15 17 hours, 1t 1s seen from their diagram (page
402) that the length of some of the ‘spots™ 1s almost half the length of
the ‘un’ They themselves state that the phenothiazines give elongated
pots by their technique It will be seen that the techmque described
Terern (v infra) gives, by companison, good resolution of a mixture of
phenothrazines and a closely related compound imipramune (toframl ®),
123 matter of only 40 smmnutes and a useful but partial resolution 1n

mirutes In an analytical toxicological search for the presence of a
sngle phenottuazine, a 20-minute run may be sufficient Such a rapid
:tparmuon‘mll undoubtedly be of great value to the clinician, who may be
Py d with a fused or d patient susp d of taking

g5 Further, the technmique should be of value to those engaged n
Pharmacologreal studies af new. drugs

Expenmental
Preparation of the Paper
Tnstiall
Whatman Whatman No 1 filter paper was uscd Expenments with

. Nos 3 3 MM, 4 and 50 have resulted 1n the general use of the
R grade This 15 a thick paper, even when wet 1t stands up well to the
d
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For ascending chromatography, 6% x 7 rectangular sheets of filter
paper were dipped, as required, 1n a 109, (v/v) solution of glycerol
tributyrate (tnibutyrin) 1n acetone blotted to remove excess hiquid and
then hung 1n the air for a few munutes to dry For horizontal circular
chromatography, papers were cut as described by KAWERAU (1960)

Application of Phenothiazmes to the Paper

The phenothiazines and rmipramine were prepared as 1% (wjv) solu
tions 1n ethanol About 5 pl of each of these solutions were applied, by
means of a fine glass capillary tube, as a spot at the line of onigin on the
ester impregnated paper The solvent was allowed to evaporate spor
taneously

Buffers used as Sohents for Chromatography

The effects of pH and concentration of solvent on R¢ values and on the
shape of the spots have already been discussed The buffers used were
prepared as descrtbed by VOGEL (1955)

Chromatograplyy at Eleated Temperatires

For ascending chromatography, the tributyrin impregnated sheets of
‘Whatman No 3 paper, contamng the compounds to be separated, were
folded mto the shape of a cylinder, fastened with a paper chp and put
mto a beaker (contaimng the solvent) previously placed n a thermo
statically controlled oven maintained at the required temperature The
paper cylinder was put 1nto the beaker without removing 1t from the
oven A disc of plate glass, thickly smeared with silicone stopcoch grease,
served as a cover

For a cylinder of height 6} inches a 20 minute ‘run was used

Horizontal circular chromatography was carried out as described by
KAWERAU (1960), the Whatman No 3 paper discs with slots were cut
by hand with a parr of scissors before being dipped 1n tributyrin solution
The flanges of the Kawerau apparatus (Supplied by the Shandon Scientific
Co Ltd, London) and the paper were thickly smeared with silicone
stopcock grease to prevent loss of water vapour For high temperature
work 1t was found better to use a wick of rolled filter paper dipping 1nto
the solvent rather than the glass capillary supplied by the manufacturers
As with the ascending techmque, the apparatus was pre heated mn an

oven ‘Running’ times were either 20 or 40 minutes
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Several expenyments were carned out by both the ascending and the
torzontal circular techmques 1n which a beaker of tributyrn was 3n
hamt

¢luded 1 the ¢ hy This produced no d bl
dfference 1n the final chromatograms
The at which chr graphy was carned out were 62°,

867, 90° or‘95°C The 95°C ‘runs’ gave the best resolution

Location of the Separated Phenothiazines

after Chromatograph)
After the chromatographic ‘run’ the wet papers were examined at
254 mp (Hanovia “Ck lite”) and the p and colour of any

fiuorescent or absorbing spots were noted The papers were then dnied with
ahaurdryer and re examuned at 254 myp Any change 1 colour of the spots
wasnoted If several separate spots of the muxture to be separated have
been placed on the paper the chromatogram may be cut into stops and
each stnp treated separately It 1s also possible to cut the circular chro-
matogram (from a single applied spot) mnto two or three thin strips and to
treat each stnp with a different locating reagent

Todoplatinate 15 the first of such reagents to which the dried strp 1s
dipped It reveals the phenothrazines (and mupramne) as dark blue-black
areas on a reddish-brown background The other strips may be treated
with the various concentrated sulphuric acid reagents, although the most
mformatton will be given by the modified Marquis reagent These reagents
i;:;shad 10 be modified by shakimg the sulphurc actd with solid anhy-
e m;odxum sulphate, because the unmodified reagents react rapidly with
Macke utyrin on the paper and cause an almost immediate browning or
Addmnmg ;)f the paper which makes detection of the spots impossible
bet on (; sodwm sulphate to the acid delays the destruction of the
the co);:: or about 10 munutes and so allows adequate time for noting
fen lh:srs and positions of the separated spots or zones Unfortunately,
nated € modified strong acrd reagents cannot be used on paper tmpreg-

with glycesol mononcinol because of d dsscol

ton of the Ppaper

a-

;’reparanon of Location Reagents
odoplatinate reagent

M
X together 10 ml of 103, (w/v) aqueous platinic chlonide solution and

Dl of 103,
©30m “/;,l {v:é\;)t:?umus potassium rodrde solution Dilute the mixture
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Modified Sulphuric Acid Reagents

These reagents were prepared as described by BaMrorD (1951) except
that 1n place of concentrated sulphuric acid, a muxture was used

Shake 200 m} of concentrated sulphuric acid with 50 g of anhydrous
sodium sulphate for several mmutes, and then allow the excess solid to
settle and the mixture to cool

Results.

Mixtures of eight phenothiazines have been subjected to high temper
ature reversed-phase paper-chromatography - thiopropazate (I), trt
fluperazine (11), fluopromazine (III), thioridazine (IV), chlorpromazine
(V), mepazine (VI), promethazine (VII) and promazine (VII[) A com
pound closely related to the phenothiazines, namely, imipramne (IX)
was also included

Figure 1 shows the behaviour of compounds I to IX when subjected
to 20 minutes ascending chromatography on tributyrin impregnated paper
at pH 458 and 95°C The pattern shown 1n figure 2 was obtained on
replacing the trbutyrin by glycerol monoricinoleate, other conditions
being as for figure 1 It will be noticed that the R: values of all the
compounds are lower on the ricinoleate paper Also the relative positions
of fluopromazine and thionidazine are interchanged Figure 3 shows the
results obtaned by increasing the time to 40 minutes with the tributyrin
impregnated paper

95T oM Wb we F AT T e $
20m woTET P

o - 1 Tnfluperazine (1)
) ¢ (VI) Prometha
* A 1mpregnated with
e reagent
20 muns
Solvent = 0 ZM atclate bu v p ! N 1
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Fig 2 Asfor figure | except tributyrin teplaced by
glycerol monoricinoieale

Fig 3 As for figure | except time = 40 minutes

Tn
-y :)?:r] to obtan these diagrams, the chromatograms were stained
b soplaunate reagent The modified Masquis reagent was used for
and m wdenufi This 15 11 A 1n

Sgures 4 and §
Table

aod “: 1 Iists the colours obtaned with the various modified sulphunc

ather é:’:‘lszr:lvnlucs are not given, because 1t 1s better to run standards

adbom 10 ,.E:isl‘lff _13: v:::‘cosé ::}:;mlly when using both ascending



320 HAROLD V STREET

Table!
Phenothiazine dernatives

INSINAG

K/“\ ] Trade

AV AN AV \r 2 names % ks

}
Ry
Thiopropazate Dartal - (CH2)s —N/—\N ~(CHp) | ~C
N\ H;C00C
Trifluperazine Stelazine -~{CHz) -N/~\N—CH_\ -CFy
/ \
Fluopromazine Vesprin —(CHz)y —N{CH;); ~Ch
Thiotidazine Melianl —CH:CH; _CH; ~SCH
PG
P S o S
Chlorpromazine Largactil =(CH2); = N(CHy)2 ~U
F S (PSR
Mepazne Pucatal —CH;O -
N
\cH,
Promethazine Phenergan mwﬂ;h ~H
(
CcHy
Promazine Sparine Ty, N(CHp; ) R
Imipramine* -/Tm T -»(CHz)g —N(CH,)» ~H
i

# = a blue colour develops slowly after about 10 mins Gf paper survives) ® = colour fad
rapidly, B == blue, BG = blue/green, Br = brown DB — dasrk blue, DG = dark gre¢t
DPu = dirty purple, fl = fluarescence, O = ofange OBr — orapge/brown, PG = pale pret!
Pk = pink, PO = pale orange, Pu = purple, PY — pale yellow, R = red, RO =redds
orange, Y = yellow, YG = yellow/green

* Not 2 phenothtazine, Imtpramume ts

/\/CH;-CH; A\
) @
\ A \w,

AN

{
Ry

Application to Biological Material

10 (d eack of 1 per cent (w/¥) solutions of fluopromazine, chlorpro-
suazine and imipramine were added to and muxed wath 10 ml of bload,
which was then treated as described by DuBOST & PASCAL (1953) The
washed, combined ether extracts were dried by shaking with solid sodium
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|
oy Mod fied | Modificd | Modified | Modified | Modified

50°, [Bromme| 1%,

@ | cone Marquis |Mandelin|{ Frohde | Mecke HNO; water PdACI,

HSO4 | reagent | reagent ; reagent reagent

DB R R O-+R R RaBrL Nl DG RO
- |
Wa, p0 o [ I Pk | Pu 1 Nil o o
we | o [) B | O-R O Nl o OBr
— |
6B BG BG | B I PG BriPu
! >DPu| —RBr
— |
Y6R | P ‘ Pk Br | R
~Pu  Br Pi> G Pk
# "0 |Ro . | 0
aRBr‘ -YG | »vG ' PY | DG Pu
I
— I |
LY RO P e BG? ‘ Pu Br
et
o RO BG Y Y
—l -YG —-YG PY DG BriPu
113 e T —
N e Nl | N Nis b |
- —DG | Br ro

sulphate and then cvaporated to dryness on a boiling waterbath The
cooled residue was dissolved m a few drops of chloroform and applied to

the ester gnated paper for chr hy The results are illu-
strated in Figure 6

The method of DuosT & PascaL
modified form to a 200 ml sa
;\)tr the 5 hours mmmediately after oral admmistration to a patient of
: mg of trflupromazine (vesprin ®) The chromatogram showed two
“Pﬂh that gave a Ppositive reaction with 1odoplatinate reagent A control

fne treated simitarly gave no 1odoplatinate positive spots

N P;gure 7 Mustrates these results obtamed from unine The spot with the
gher R, Iphoxide of flucpromazine,

. + value was presumed to be the sul
ce the ultraviolet absorption curve of the extract displayed peaks
e of this metabolite

(1953) was also apphed 1n a slightly
mple of unne (total volume 865 ml) collected

Corresponding to thos
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SOLVENT FRONT

e 0
123456789
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0
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0
0
A

G red O orange
colours with
O blue (G yellow modified Margins

very foint blue

Fig 4 As for figure 3 but spots located by modified
Marquis reagent
A=1,3,5179 B=24,6,38.
D = decomposition product

All separo-
/tions as
m this

Fig 54

1 circular chromatography of the compounds listed in the legend to
;,lgufc {lzr:w;\::ﬂmlanuNo 3 paper impragnated “’"h, u:lhulynn (10% v/v solution in

Solve
N
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Fig 6 Ascending cylindnical chromatography of an extrdct of blood to which had been
#dded 2 muvture of f} and M == musture of
these three compounds Whatman No 3 paper |mpr=gnaled wuh tributynin (109, viv
solution 1n 2cetone) Time = 18 minute!
Solvent and temperature as for figure 1 Spots Iocmed with
wdoplatinate reagent

W 03N Koipa reH

[ Wi

€7 Chromatography of evtract of urine after ingestion of §
E TSt stranhy of xsact of urne er tngestion o 0 me ol'Tnnupmmulne

controls Conditions of chfomatograpby as in ﬁg\ug 6

Semmary
Rapid sep of 8 phenoth 1l and
oframl K} oceurs during reverscd phase chromatosraphy with aqueous
Ments on ester d paper at P between 85 and

Z'C' The technique of (h|s type of chromatography 1s sumple and does
o cqmr: special apparatus The effects on Re values of (a) type and
ount of ester, €b) pH and concentration of solvent and (©) dsfferent
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The Rapid Separation of Drugs and Poisons
by High Temperature Reversed Phase Paper Chromatography
3. Alkaloids
By
Harold V. Street
{Recenved October 15 1962)

Recent experiments have shown that mixtures of barbiturnic acid
dernatnes (STREET 19622) and of phenothiazine tranquillizers (STREET
1962b) can be d by high

perature reversed phase paper
chromatography This techmque has been used at 86° and 95° in a study
of the behaviour of 31 alkalords, whose Ry values (see table 1) have been
mestigated with solvents at six pH values ranging from pH 1 to pH 10 6

1t 1s important to remember that, with this techmque the Re values
serve only as a gwide and are not to be relied upon as absolute measure-
meats In any investigations of unknown compounds, control alkalords
must be run simultaneously alongside the muixture under invesbigation

Experimental details of the techmique and a discussion of varous
fxctots influencing the movement of the applied compounds have been
described previously (STREET 1962b) Tributyrin 1mpregnated Whatman
no 3 paper was used, and the spots were located first by mspection 1n
2% mp light (Hanovia *Chromatolste’) and then by dipping 1n 1odoplati-
nale reagent Sometmes the chromatograms were cut so as to divide the
sepatated spors Ao 4RO parts This procedute emabled the dasmical
alkalord reagents (as modified by STREET, 1962b) to be used directly on
the paper, thus providing additional 1dentificaion

This techmique requires only 17 minutes for the chromatographic run
::I‘: cn‘n give a useful range of Ry values with vanous pH values of the

N
Three analgesic drugs beaning a close chemncal structural relationship,

1 ¢ dextromoramide, diptpanione and methadone (see fig 1) are separated
Acta pharmacologics. L 19 fax. 4 ]
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temperatures have been studied. A modified Marquis reagent, and other
locating reagents containing concentrated sulphuric acid, are described
for direct use on the ester-impregnated paper. Examples are also included
of the application of the technique to blood and urine extracts. The time
required for a chromatographic run is short, from 20 minutes for ascend-
ing and to 40 minutes for circular chromatography.
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dearly m 17 minutes with a solvent of pH 4 58 at 95° A tracing of the

h stamed with 10doplatinate 15 shown in fig 2

A prelimnary screenung test has been described 1n 2 previous communi-
cateon {STREET 1962¢) I this screeming test reveals a compound in the
alkaloid fraction that does not move from the onigin, the chromatography
should be sepeated with buflers of pH 4 58 and pH 106 Reference to
table 1 will then provide information that, together with ultraviolet
absatption cunes, may be sufficient to sdentify the compound

Table 1

Revalues of 31 atkaloids subjected to chromatography at 86° and at 95° on tributyrin«
impreznated Whatman No 3 paper with solsents at vanous pH values Alkaloid spots
tocated by 294 mp hight, by todopiatinate eagent 4nd by a modified Marguis reagent
Time of ryn = 17 munutes
§ =compound streaks over the chromatogram Y = yellow B == blue, Pu = purple,
Br = brown Or = orange
* = Not detected at these pH values

pH | pu | pH | p | pu | pu
ca1{33 458 | 74 [103 {106

Colour with
Mod Marquis

Amethocaine 86° 9 7 ‘ 77 3 1 0 - -
95° 98 | 63 5 - [ -
Attopine s6:) 90 ) oop | 90 | 84 J - - -
9| 97 | - | s0 ) 33 1 - s -
Betberime g6°] 30 | 28 26 | 23 \ 18] - Y
95° 37 ( 32 ki - 22 -~
Brugme. $6° 82 3 7% 45 25 = Y
957 83 - ( 7% 45 - 28 ~
Butaca ne w6l 93 | g » k3 vl - -
95° | 95 -1 e s - [ -
Coaine sl g0 | g6 | 86 | o 0l - -
ol 95| -~ |8 3] -] o
e ne 86
94 88 95 66 35 -
900 97 | < g |35 | - | 3 Brew
[
tatnine Bﬂ: 86 36 86 86 75 -~ Y
gstest el - | m -
Ces.
¥ ne 86°) 91 |8 ) s | s | o) - -
sl eSS st o3y -1 o N
Destromoramide 86° -~ - -
o 95° | 85 3 o - - z
? panope 85| 382 M 47 1 2 - -
93> 86 - 33 2 - o -
nnetine 80| _
919 | Zle| 6| 2| 3 -
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Fig 1 Structural formulae of pethidine, methadone,
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Preparation of Standards and of Buffer Sohents
The alkaloid standards were prepared as 2% (w/v) solutions in ethanot

Compounds not readily soluble 1n ethanol were dissolved 1n chloroform

pH 1 - 01N sulphuric acid solution was used to give a pH of between
1and 1 5umts Papers that have been run in this solvent must
not be heated during drying because the residual concentrated
acyd will char the paper

pH 33 and pH 4 58 - %5 sodium acetate — hydrochloric acid

pH 74 -%/]5 phosphate

PH 103 - %19 glycine — NaCl - NaOH

pH 106 ~*/20 carbonate ~ borate

Summary
The behaviour of 31 alkalords during hugh temperature reversed phase
b phy has been gated RF values at 86° and 95° with

sohents of 6 pH values ranging from pH 1 to pH 10 6 are given Chemu-
<l compounds closely related may be clearly separated by this method
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Table 1,
pH | pH | pH | pH | pH { pH | Colour wut
ca )} 33 ) 458 ) 74 ) j03 | 106 {Mod Marqus
Ethyl Morphtne 86° [ 90 89 89 42 22 - Pu
95° | 94 - 89 34 - 20 -
Homatropine 86° 9— 91 90 86 . . -
95° 8 - - - - - -
Hyoscine 86° | 93 90 94 59 . .
95° - - - - - - -
Lidocaine (ignocaine)  86° | 90 89 80 8 4 - -
95° | 95 - T4 5 - 4 -
Mcthadone 86° | 93 76 75 ! 0 - -
95° | 88 - 67 2 - 1] -
Morphine g?: 33 87 g; ‘912 67 8-7- I:u
Nalorphine 86° | 90 85 93 46 42 - Pu
o 95° 94 - 85 41 - n -
86° | 97 94 97 - 88 - Y
Narceine 95° | 93 - 90 89 - 96 -
Narcotine e % ‘ 60 |2 I‘ o o ﬁ -
\
86° 9 90 90 I 54 36 - -
Nicotine 950 98 ( - 9t 47 _ " - f -
| [ _
Nupercame gi: gg 65 33 ) ? 9 ’ . -
|
> Br
Papavenne g; gg 71 123 [ § f 5 B
| ) or
86° | 87 87 87 12 2 - {
Pethidine 8] % 7 H ‘ 3 £ - l -
o 3 Y
Physostgmine ggu !;g 3§ gg // ;_’ f N A
o 9. 71 72 - -
Pilocarpine ggo 93 9_5_ 83 7 2 - -
el 9 83 74 13 6 - -
Quinine g?e 9_% Sl P i & 5 -
g6°| ~ | 92| 9% | 92 s - -
Spartetne os° % ol 87 80 b - _
°f 83 76 76 37 18 - -
Strychnine gg, 85 - 79 a3 - 21 -
°| 78 95 97 8 6 - -
Yotmbine g§° 82 “ler ot - 6 -




NORNICOTINE DERIVATIVES 33

Table 1

RI vatues of and its A ding run over

12hrs at 23° on §5 2045 b paper treated with 0 2 M phosphate buffer

Solvent A butanol acetncacid water (4 1 5) Solvent B tert amyl -

alcohol water ethyl - p-aminobenzoate (100 20 03) Staming with
CNBr + p ammobenzotc acid

! RS values
Drug Colour (,___._____
l Sohvent A | SolventB
Nornicotine 1 Orange 1 039 1 013
Nicotine Yellow 046 053
Ethylnotmcotine \ Yeliow | 054 | 061
Allylnotnicotine Yellow orange 9% | 0%
Actylnormcotne | Red 1 07s 093
Carbaminoyl
notaiconne Red 065 093
Benzoylnormestine ' Red 091 09S

This :ﬂlhcs with the results of PoLonovski & PoLonovski (1927) who reported their
aradna .

“lu Y BRAUN & WEISSBACH
Carbarnoy lnarnicoune was a shahtly yellowssh substance mp 147-149, yield 35
BT Oent 1t was 4 tmes from a chiorofk olution with leum spinst
Ben oylnormicotine was synthesized by Hucker s method (1958 and 1961) with the
fucoine nornicotine Mixture (10 1) as the starting matenal This alkalord mikture was
ebtamed from Kentucky Burley tobacco by percolating 1t with acidulated water,
Cxifacting the concentrated percolate with ether and distiling the extract The ben

oyhormeotine was a viscous yellow iqud bp 225 226°/1 mm Hg after several
Ustillations

All these normicotine dervatives w
deatittie colour reaction of ssats
mounts of nornico

ere studied by paper chromatography The
n (STEPHENS & WEVBREW 1959) showed mymmal
No ot Une as an 1mpurity in both the ethyl and carbaminoy! detvatives
m‘emtrfgyndmc impunties were found The RE values are given 1n table | Ina
Tt of butanol acetic acid water the R values wncrease from that of normcotine to
n:;‘ allylnormicutine as the N alkyl chain lengthens
dmvm.lv'mo doses for nicotine tartrate normicotine and the synthesiz=d nornicotine
fomsan :: were de!ermmded The dcompounds were dissolved in water and the soty
and injectey o groups of 10-12 white my
weighung o
Nrf'.mg&l;fgégn‘; &Dsﬁvalues were determmuned by the graphical method of
The relative effects of normicot ne and 16 der me o
g tleum and on blood .
a3 weight umit The gy
3erated Tyrode s soluty
Wt anaesthesized with
e and the blood ¢
tecorded




Acta pharmacol et tovicol 1962, 19, 330~336

From the Department of Pharmacology, Unnersity of Helsink:

The Lethal Dose, Pressor Effect and Intestinal Activity of some
Pyrralidine N-substituted Nornicotine Derisvatives
By
M. Mattia and A. Vartiamen
(Recetved August 20, 1962)

The pharmacodynamic acttons of nicotme are mose potent than those
of 1ts derivatives and related alkalowds (LARSON et al 1961, WERLE &
SCHIEVELBEIN 1961) The effects are diminished 1f the pyrrolidine ring of
the micotine molecule 1s N-demethylated or opened and are further
decreased as the side chain produced by the opening of the pyrrolidine
ring 1s shortened If this stde chamn 1s de-aminated, the convulstve effect 1s
replaced by sedation (LARSON et al 1946) The effects of nornicotine,
though qualitatively similar, are quantitatively weaker than those of
nicotine (HICKS et al 1935 and 1947, KITAMURA 1958, YAMAMOTO ¢t al
1957 and 1958) It 1s suggested that mcotine and nornicotme act on the
same or similar receptors (YAMAMOTO et al 1958)

The purpose of the work reported here was to investigate changes
the effects of nornicotine after the hydrogen atom attached to the pyrro
lidine N-atom had been replaced by various radicals While this papers
was bemng written, 1t has been reported (RELs & SCHNIEDEN 1962) that
allylnornicotme 1s less toxic than nicotine and normcotme and lacks the
antidwretsc effect characteristic of nicotine

Material and Methods

Except for benzoylnofnicoting, the nornicotine derivatives were synthesized from
1 normicotine (Fluka AG) by v Braun & WEIsSBACH s methods (1930)
FthyInormcotme was a colourless liquid, bp 100-101 °/2 mm Hg yield 10 per cent

mp of pirate, 165°
Allylnornicoine was coloutless hquid bp 128-130/9 10 mm Hg yield 10 per
cent, mp of pierate 179-181° The allyl test with phloroglucine was weakly positive
A'M,y],w,mmune was 2 colourless viscous hquid, bp 182~185/2 mm Hg yreld
70 per cent Its picrate separated from alcohol as a solid but soon turned 1nto an o1l
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Table 3

The relative potencies of normcotine and some dernvatives on the isolated
gunea pig ileum  Each drug had been compared with nicotine with umol as
the weight unit

Relauve doses causing an equal response

Drug

Hexamethomum

Without antagomst ’ };‘6“&'/’:‘ I 50 g/t
N coune | 1 | 1 1
Norn cotine 113 10125 13 15 13128 17 148 175
Ethylnarecotine 85 5 65 3% ! 5 4 55 1 6 53
Allylnors cotine 1 S0 33 41 52 no response I no response
Acetylnornicot ne 150 167 117 110 165 128 130 120
Benzoylnotmscot oe 72 8 10 87| no response o response
Carbaminoyl
norn cot ne 300 270 350 | no response no response

telatie potencies of normicotine and 1ts denvatives 1n various conditions,
compared with mcotme The effects of allylnornicotine and benzoyl
romicotine i parucular were modified by antagomsts They caused no
more contractions and even enhanced the effect of the antagomists by
Preventing mcotine induced contractions Such mhibitory action agamst
ficotme appeared only 1n the presence of a mcotine antagonist

All the nornicotine derivatives  except acetylnornicotine, caused the
tropunzed (3 pg/ml) guinea mg tleum to contract, though showing no
fesponse to 100-fold doses of acetyleholine This dose of atropine intubited
contractions caused by histamne and SHT more effectively (3 fold) that
" did mcotine contractions (15fold) Atropine and phentolamie
fogether (3 pg/mi each) caused a marked mhibition to mcotine, but a
much smaller one to histamine and SHT

All the drugs studied stimulated the 1solated 1leum of the reserpinized
Q2 mgfig) guinea pig These contractions were effectively inhibited by
atropine (100-fold nhibition) The smhibttory action of atropine was mych

S effective agaimst contractions caused by SHT and histamine

C Blood Pressure of the Cat

Except for acetyl nornicoting all the drugs caused a nse of blood
Pressure 1n the anaesthesized cat Within certain imuts the 1esponse was
sg?pomonal to the dose When the drugs were injected at 10 mmn nter~
cm: lt:::dr:sponsc showed no tachyphylaxis Pressor response was en
“‘n o with contraction of the mctitatng membrane Such contraction
py also caused by acetylnornicotine, which decreased the blood pressure
ntrary to its weak int ! action b Inornicotine showed astrong




332 M MATTILA AND A VARTIAINEN

Table 2

The LD50 for nornicotine and 1ts derivatives after 1 p injections
Mean survival times after admunistration of doses near the LD50

Drug LDso Mean survival
mgfkg | mmol/kg time min
Nicotine 10 0061 15
Nornicotine 33 0221 55
Ethylnornicotine 385 0218 46
Allylnornicotine 60 0318 38
Acetylnormicotine 395 209 171
Benzoylnornicotine 300 1178 227
Carbaminoyl
nornicotine >1000 >522 -
Results

A Acute Toxictt)

The LD50 doses for nornicotine and 1ts derivatives after 1 p mjection
are shown m table 2, which also gives the mean survival times after
njecting doses near to the LD50 The LDS50 for nicotine has been cal
culated for the base

The effects of nicotine, nornicotine, ethylnormcotine and allylnornico
tine were quahtatively similar Their administration resulted 1n excitatory
symptoms, and they increased spontaneous motihity and provoked con
vulsions The convulsions caused by acetylnornicotine wete relatively
mld It also decreased spontancous motility Benzoylnornicotine showed
a clear sedative effect After doses of about the LDS0 the mice became
somnolent, and the straightening reflex disappeared 5-10 muin before
death The convulsions were muld and tonic m type The toxicity of
carbanunoy Inormcotine was mimimal Doses of 1000 mg/kg caused no
visible effect except a shght decrease 1n spontaneous motility

A small dose of nicotine proved to be the best imhibitor against a larger
dose of micotine 1njected later No other nornicotine derivative counter
acted the lethal action of 20 mg/kg of nicotine (twice the LD50)

B The Gumea Pig Heum
Nornicotine and 1ts derivatives caused the 1solated guinea pig ileum to

contract, the strength of the contractions being proportional to the dose
Cocatne (5 pg/ml), hexamethonwm (50 pg/mly and thiamine (200 pg/ml)
ntibited contractions so effectively that 10 fold doses of micotine were
needed to effect the onginal response Acetylcholme contractions were
also mhibited by thiamine, but not to the same degree Table 3 shows the
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paibetic ganghon Possibly 1t had also a muscannie action, because 1t
provoked a shght depressor effect on the blood pressure of the cat after
pre treatment with tetraethyl which abohshed any mictitating
response even to electrical simulation of the cervical sympathetic nerve
The strong inhubitory action of atropine on contractions of the gumea-p1g
sleum caused by acetylnornicotine 1s another ndication of the parasym-
pathetic pature of 1ts action

Further 1nvestigations with notnicotine denvatives, including enzyme
studies, are proceeding

Summary

Ethyl, allyl , acetyl , benzoyl and carbaminoyldenvatives of nornico-
tine were synthesized and tested pharmacologically

1) LD50 (mgjkg) was 10 for micotme, 33 for nornicotine, 38 5 for
ethylnormicotine, 60 for allylnormcotine, 300 for benzoylnermcotine,
395 for acetylnornicotine and >1000 for carbaminoylnornicotine Con-
wulsions, if present, were mld for acetyl and benzoyl denvatives ‘The only
effect of carbaminoyinormeotine was 2 shght sedation

2) All the normicotine dervatives contracted the 1solated guinea pig
deum These contractions were inlubited by cocaine, hexamethonium, or
thamine but hardly at all by atropine, except those caused by acetyl-
nomicotine  Phentolamine of pre treatment of the antmal with reserpine
greatly enhanced the effect of atropine

3} Acetylnornicotine had a depressor effect on the blood pressure of cat,
the other drugs had a pressor effect All the drugs caused a simultaneous
cc:nl'ramon of the mictitating membrane The effects were almost totally

hed by h or tetracthyl After this treat-
ment acetylnornicotme still caused a slight depressor effect, but ths was
abolished by atropine After both these treatments nicotne and ethylnor
fcotine still caused a shight rise i blood pressure
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pressor activity (1/10 of nicotine effect) The pressor effect of allylnorm-
cotine was rather weak (17200 of nicotme effect)

After pretreatment with hexamethomum or tetraethyl ammomum all
the effects on blood pressure were almost completely eliminated Acetyl-
nornmicotine still caused a shght decrease, which was abolished by atropine
Only nicotine and ethylnornicotine caused any rise In pressure after
pretreatment with hexamethontum and atropine

Discussion

In our experiments, nicotine was the most potent nornicotine derivatne
Both acute toxicity and the pressor and intestinal activities were reduced
of the pyrrolidine ring of the micotine molecule was N-substtuted with
another radical or N-demethylated Nicotine was found to give quaternary
1ans at phystological pH (WiChEry & Pucuer 1929) For this reason,
TavLor (1951) and BarLow & HAMILTON (1962) consider the effects of
meotine p vivo due, in part at least, to the pyrrolsidinium-ning of 1ts mole-
cule If 50, the methyl group 1s obviously the most effective radtcal for the
1omization of the pyrrolidyl N-atom

The formation by nornicotine of armides with organic acids decreased
or abohshed the convulsive symptoms, possibly owing to decrease of the
1omzation of the pyrrolidine ring by the acid radical, which may lower the
alkalimty of the amine, thus producing a kind of “deamiation” This
tallies with the results of LARSON er al (1946), which show that pyridine
compounds produce convulsive effects only 1f they have an amo group
i the side chain, otherwise they have a sedative effect The effects of
nornicotine were particularly reduced when 1t was converted to 1t's carb-
aminoyl derivative It should be noted here that the —CO—NH, group
1s an essential structural component of many sedatives and hypnotics

We found no amaponsm vetween oot and some other foTctime
derivatives similar to what exists in the morphine group It 1s probable
that not only the actnin of nicotine but also its affimsy for the receptor
are greater than those of its analogues The weak antagomism in the gumea-
pig tleum 15 difficult to explam 1t can hardly be due to an unspecific toxie
effect because the same phenomenon did not appear when equal doses
were admmstered without hexamethonium and thiamine

The poor wlubitory effect of atropine on nicotine action in the gunea-
pig ileum was surprising, as were the effects of sympatholytic agent and
reserpine Since they greatly enhanced the inhibitory effect of atropine, 1t
scems obvious that the mcotine-induced contractions of the gumea-pig
Jleum are partly transmutted via sympathetic nerve endings

Acetylnornicotine szemed  to have a marked effect on the parasym-
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Pharmacological and Chromatographic Differentiation between
a Secondary Kinin from Human Urine and Bradykinin
By
Kjell Briseid Jensen and Anne Marie Vennerod
(Recerved July 13 1962)

Amethod has previously been described for preparing a concentrate of
the mam kinin of human urine (BRISEID JENSEN & VENNEROD 1962 a)
The actie principle could be distingwished from bradykimn neither 1n
paper chromatographic expeniments nor i paralicl pharmacological
ass2ys (BRISEID JENSEN & VENNEROD 1962 b) Another active fraction was
toalarge extent removed from the mamn unnary kimn duning punfication
The presence of small quantities of that fraction might give ongm to the
small secondary peak of acuvity detected n the paper chromatograms
ofthe main uninary kinin It might also be the cause of the small difference
mindex of discrimination observed when bradykimn and the main uninary
kinin were tested simultaneously on the 1solated rat uterus and on the rat
blood pressure preparation (BRISEID JENSEN & VENNEROD 1962 b)

Some previous ch nvestig: also 1nd d that more
than one active substance must be present n urine extracts (WALASZEK
1957, Briserp Jensen 1958) though other chromatographic examinations
did ot show any heterogenerty (Gowes 1955, GADDUM & HorTon 1959)
In countercurrent distnibution expeniments GoMEes (1957) separated
bradyhmnin and the active principle of unine extracts

Previous pharmacological parallel assays have given no clear evidence
of a g 1ty between bradyk and the unne extracts tested
(Gowies 1955, Gappum & Horro~ 1959, HortoN 1959), only Goses
£1957) found munor differences
h:?: describe here a method for prepanng a concentrate of a secondary

n from human unne As was done with the mam urinary kinm (Bri-
SHD JENSEN & VENNEROD 1962 b), the substance was compared with
bradyhinin both by paper ch graphy and 1n phar )] 1
:;:?.‘ld.::fl.s.f?f f::afal reasons Z(hc bradykimin Ix}c main unnary amn

1 and the y kinin Z,
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From the Biologieal Department, the Pharmaceutical Institute,
Unversity of Oslo

Pharmacological and Chromatographic Differentiation hetween
a Secondary Kinin from Human Urine and Bradykinin
By
hijell Briseid Jensen and Aune Mane Vennertd
(Recened July 13 1962)

Amethod has previously been desenibed for prepanng 3 concentrate of
the mawn kinin of buman unne (BRISED JENSEN & VENNEROD 1962 a)
The actine prinaiple could be distnguished from bradykinip nesther 1
paper chromatograpc expenments nor ap paraliel pharmacologieal
assays (BRISETD JENSEN & VENNEROD 1962 b) Another active fraction was
fua farge extent removed from the main urary kinin dunng punfication
The presence of small quaatities of that frachon might give ongin i the
small secondary peak of activity detected 1n the paper chromatograms
af the maun urnary kimn It might also be the cause of the small difference
tnindes of discrimination observed when bradykinin and the mam vrinary
ki were tested stmultanequsly on the wsolated rat uterus and on the rat
biood pressure preparation (BRISEID JENSEN & VENNEROD 1962 by

Some previous chromatographic imvestigations also ndicated that more
than ofic active substance must be present 1 unne extracts (WALASZES.
1957, BRised Jensen 1958) though other chromatographic examinations
&d not show any heterogenenty (GouEs 1955, Gappuy & HorTow 1959)
In counter-current distribution experunents Gowes (1957) separated
bradykimn and the active principle of urine extracts

Previous pharmacological parallel assays have given no clear evidence
of a dissimdanty between bradyfumn and the unne extracts tested
{Goves 1955, Gapoum & Horron 1959, Hortox 1959), only Gowes
11957 found munor differences

We describe here 2 method fos a of s dary
danta from human unine As was done with the main urinary Kinun (BRI~

3O JENSEN & VENNEROD 1962b), the substance was compared with
bradykinn both by paper chromatography and in pharmacological
paralel tests For practical reasons the bradykinn like magmn unnary kin
has in this paper been ¢ d Z, and the daty kinin Z,
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D Chromatography

with tman No 1 filter paper was used The sol
ent was N butanol, acetic acd, water {40 + 10 - 50 vol ), and the procedure wag as
described previously {BRISEID JENSEN & VENNEROD 1962 )

2. Comments on the Techniqoe
A Preparation of @ Concentrate of Z;

1 Distribution of 71 and Z by the butanol extraction procedure 1t has
xeen shown previously (BRISEID JENSEN & VENNIROD 1962 b) that nearly
ulf of the actvity left m the sodmm chionde saturated aqueous phase
fter butanol extraction at pH 1 5 could be shaken into butanol f hydro
lore acid was again added to gve a pH of 15 In the same expeniment
twas shown that bradykinin was almost completely transferred to butanol
3 the p dure d Ifais d that Z, 15 1d \
wtth bradykinin (BRISE Jensen & VENNEROD 1962 ), of thai 1t has al-
most the same partitlon coefficent mm the bguid system used, it means
that no Z; will be present 1 the water phiase used for prepanng the Z
Iralso means, however, that roughly half of the Z, onginalty present will
be lost by the butanol estraction To test whether bradylmm, and
aecorduingly probably also Zj, could be quanutatwvely transferted to
butanol at a ngher pH with more Z; rematning sn the water phase, rodel
fuenments were carfied out with bradykamn and Zy dussolved 1o water at

Table 1

Recoveries by busanol extracrion from water of bradyknis and of 72
I
Trst sofutions o different pH volues
&g e A

.

» . N
.

T, B e pg

g :m it sadwm chtonde saturated hydrochione acd of pH 24 + 20 yg bradylagsa.
200 i sadiurm chlonde saturated hydrochtonc aad of pH 2.7 + 100 pg bradykinm,
aeuff,"ii‘i&f’ given 28 g bradykiin and obtatned n rat uterus assays Sor funher

)
Tm " Acuwitigs.
Won P j Transfersed 10 butanol

Lefi in water phase
L3 [ S

A 15 ) a0\ ogag 0 y
N T L R | S B LN M
7

Pa
32
k)
i) 77 5
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1. Technique
A Materials and Assay.

1 Standard preparation In the paper chromatographic experiments both the
bradykinin fractions and the fractions from the secondary kinin (Z3) runs were
assayed agatnst synthetic bradykinmn?) In the pharmacological experiments no stand-
ard preparation was nceded, the comparison between the effects of bradykinin and
of Z; on different biological preparations being emphastzed The figures given for
relative activitres of bradykinm and of Z5 n the pharmacological experiments were
based on rat uterus assays carried out simultaneously

Il Test preparations The same batch of bradykinin used as standard substance
was also used as test substance mn the experiments The concentrates of Zy were
prepared as described below

1l Urines For the preparation of Z; concentrates the pooled 24 hour urines from
4-5 individuals (males and females) and day urines from several males were used The
urines were frozen and stored at —~17° until used

IV Assays The fractions from the paper chromatograms were estimated by compa~
ring the unknown with two standard doses, the standard dose-ratto usually beng 3 2
For the pharmacological parallel assays (2 - 2) or * bracketing” assays were used

B Preparation of a Concentrate of Z,
The first stages of the purificatton procedure were as described pre-
viously for the main urinary kinmn, Z;, (BRISEID JENSEN & VENNEROD

1962 a)

When the amount of Z; present in the eluate from Amberhite CG 50 had been
transferred from water saturated with sodium chloride to butanol by shaking at pH
1 5, significant amounts of Zz were left in the water phase The further purification of
Z> was as described below, the figures given refecring to a 56-htre batch of urine

The active solution (500 ml) was concentrated to a small volume at about 30° under
reduced pressure (5-10 mm Hg) on a rotating evaporator To the highly viscous flud
were added 400 mi of concentrated acetic acid, and the mixture was filtered through filter
paper When the sodium chloride in the flask and on the filter paper had been washed
with $ x 20 m! of acetic acid, the filtrates were evaporated to dryness at about 30° and
5-10 mm Hg The last traces of water and acetic acrd were removed at roont tempera
ture at a low pressure (0 005-0 01 mm Hg) For further salt removal the active sub-
stance was eluted with 20 ml and then with 4 X 10 ml of concentrated acetic acid
The combined acetic acid fractions were filtered through filter paper, and the acid
was removed on a rotating evaporator The remaming water and acetic acid were
emoved at room temperature at 0 005-0 01 mm Hg The concentrate was kept over
d at room

silica gel in an

C Pharmacological Experiments

For the pharmacological paraliel assays the brological effects used were stimulation
of the 1solated rat uterus, sumulation of the isolated guinea pig ileum, relaxation of
the 1solated rat duod rat blood dep effect The were as pre-
viously described (BRISEID JENSEN & VENNEROD 1962 b)

100 pg/ml were kindly furmshed by Sandoz A G,

1) Bradykimin ampoules containtng
Basel, Switzerland
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Table 3

Paper chromatography of bradykinin and Z;
Liqud system N butanol acetic acid water (40 + 10 + 50 vol)
Tawd o

W polae co-cd

Chromatogram run for 133 hours

Length of run 30 cm

Recovery %

Fraction
Bumber
Bradykinin ! z, Bradylinia
{ - - -
2 - 03 -
3 - 15 10
4 - 44 29
5 N 66 68
[] - 58 20
1 - 32 29
8 - -
H _ - z
10 o6 | o3 08
1 16 | 03 37
12 26 03 37
13 96 ‘ - 18
14 58 - s
15 - -
16 - Not tested -
1”7 - Not tested -
18 - Not test d -
19 z Not tested -
20-30 Not tested Not tested -
256

Sum 202 229 i

B Chromatography

Table 3 grves the results from a paper chromatographic run of Z,,

bradykinin and a muxture of the two substances The results are calculated
s percentage recovenes

4. Comments on the Results
A Pharmacological Assays
The comparatne assays on different biological preparations showed
that 2 1s not 1dentical with bradykinin The combined use of rat uterus
20d rat duodenum, which was suggested by Hortow (1959) for the
differentiation of hinins and other oxytocic peptides, did not distinguish
between bradykinm and Z; The latter substance, however, seemed to be
t;’nnd:rably more active than bradylunin when assayed on the gutnea meg
tum or by its rat blood depressor effect than on the rat uterus The
Adta pharmacologica, vol 19 fasc 4 n
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different pH-values The results are shown n table 1 The figures for pH
1 5 are the same as those previously given (BRISEID JENSEN & VENNERGD
1962 a), and the extraction procedure was as described n that paper The
Z, preparations used were made by the procedure mentioned 1n this paper
Table 1 shows that an increase m pH from 15 to 27 will decrease the
purity of the Z, cancenttates, as a sigmficant amount of bradykinmn (12%)
rematned in the water phase In an expeniment (not mcfuded 1 the table)
at pH 3 9 about one-third of the bradyhinin rematned ta the water solu
tion Although pH 2 4 seemed more favourable, the Z, concentrates used
for the present work were prepared by butano} Z; extraction at pH 1 S to
secure the highest possible degree of punity It should also be remembered
that urine usually contains considerably more Z; than Zp, which will
proportionally decrease the punty of the Z; concentrates from extractions
at pH-values over 1 5

Il Salt remoial and loss of actity The suggested acetic acid salt
removal procedure gave Z, concentrates with roughly the same content of
sodum chlortde as the Z purification method (BRISEID JENSEN & VENNE-
roD 1962 ), namely 30-60 mg corresponding to a 50 htre batch of urne
The losses of activity occurrng n the restdual water phase after butanol
extraction up to the fina] acetic acid solutson ranged from 1010 207,

3. Results

A Pharmacological Assazs

Results of comparatne assays with Z3 and bradykmin on different
brological preparations are given n table 2 The figures recorded were
partly obtained 18 (2 -+ 2) assays with 6 series of 4 randomized doses,
partly by “bracketing” the unknown between two standard doses The
statistical procedure desersbed by SCHILD (1942) was used for the treat-
ment of the results of the (2 -+ 2) assays

Table 2

Pharmacological paraliel assays
Ng bradykimn equ acuve with the amount of Z, corresponding to [ ag
bradykimn when tested simultaneously on rat uterus

ng bradykinmn | Fiducial mtts %, P = 005
Biologicat effect (Index of _
drscriminaton) Ratuterns | —
-107 ‘ 96104
2 pig tleum il 1ne 1 92-1
gume gg laxation 12 | 96-104 | 0]
¥
Rat bloog depressor efiect 15 } . )

+ Result based on * bracketings
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As mentioned 10 the mtroduction to this paper, previous chromato
graphic work (WALASZEX 1957, BriseIp JeNseN 1958) also produced some
endence of more than one active substance being present 1n utine extracts,
though other chromatographuc wnvestigations did not dstect any hetero
genetty (Gones 1955, Gabpum & HorToN 1959) WavLaszex (1957) not
only observed more than one peak of activity 1n column chromatographic
runs of urne extracts but could also detect parallel peaks with brady-
ki His paper chromatograms, however, showed no heterogeneity of
the two substances In counter current distnbution experiments Goves
(1957} noticed a separation of bradykimn and the active pnnciple of the
urine extract used

The discrepancies 1n the results mentioned above may be partly due to
the varying relative amounts of Z; and Z; present i urines and to daffer-
ences 1n the punfication procedures used A low degree of punty of the

:a;h:r bradykunin preparations would also add to the separation diffi
culies

The mamn p phan 1 1 have gwen no
endence of a dissimilanty between bradykinin and the urine concentrates
used Thus Gomes (1955), Gappum & Horton (1959) and Horro~ (1959)
could not distinguish between the two substances m parallel assays, 1n a
fater paper, however, Gowrs (1957) reports mimor diffesences It should be
mentioried that HORTON (1959) only used the combination of rat uterus
and rat duodenum for differentiation between kintns and other active
substances and pointed out that 1t dud not distinguish between bradykinin,
wasp kintn and unnary ki In the work reported here rat uterus and
rat duod could not diff between bradykimin and Z, but Z,
Pproved ta be considerably more active than bradykinm when tested exther
on the guinea pig leum or by rat blood pressure than on the rat uterns

Summary

A method has been described for prepanng a concentrate of a s

condary kamn from human unn (Z:
2) The procedure has mu;
common with a method p ly d ped for the d“af‘]:

¢oncentrate of the main kinin from huma
Voo of . n unne (Z;) (BRISED Jensey &

A lco;np;\nson \:zas made between synthetic bradykimin {Sandoz A G
assays w:v(h the rat u(ed . h hofdz2 dP - o paralle;
Tus on the one hand an mnea
:>lood Ppressure on the other, both d d l%e“twcenp;icﬂf ukzz‘z‘or -
andmcs of d of 12and 15 resp y were obtatned Par; ual
ss3ys with rat uterus and rat duodenum failed to discnminate betv:c:n

1
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results on blood pressure were not surpnsing, even a preparation of Z;
contammated with about 30% of Z, gave an index of discrimmation
sigmificantly duffermg from 1 1n the same tests (BRSeiD JENSEN 8. VENNE
ROD 1962 b) The result recorded mn table 2 for a guinea pig tleum and rat
uterus assay, however, was more remarkable, as no difference had
previously been detected with the same Z; preparation as that mentioned
above and used 1n the blood pressure assay The explanation could be that
the punification procedure for Z 15 not so effective as that for the Z, pre-
parations and that other stimulants of gumnea pig tleum present could
accordingly add to the ileum effect The fact that another batch of Za,
prepared from other urines and by a different method also gave an 1ndex
of disertunation of the same order makes the objection less important
It should be mentioned that the contracting effect of Z, on gummea pig
tleum seemed to be somewhat more rapid than that of bradykinin

in the rat blood depressor tests 1t was difficult to obtamn responses
stable enough for (2 < 2) assays To save Z; matertal the rat preparations
were stabilized through several bradykinin doses When Z;was then given,
the effect seemed to be much more marked at first, then weanng off to 2
more stable lower level Imtial indices of discrimination roughly estmated
to be about 30 were thus obtamned

B Chromatography

The acetic acid butanol system was chosen for the paper chromato
graphy, as 1t had previousfy (BRIStID JENSEN & VENNEROD 1962 b) sepa
rated a Z; preparation into two active fractions The main fraction passed
together with bradykinn, but a small fraction had a shorter run The
results given m table 3 show that bradykmnm and Z, were completely
separated and that the short running substance previously observed must

be identical with Z;

5. Discusston

"The pharmacological parallel assays, as well as the chromatographic
mvestigation, showed that substance Z3 15 not :dentical with bradykinin
As 1t has previously been shown that Z; could not be disttnguished from
bradykinin 1n the same tests, the difference between Z; and Zo 15 also
clearly established The degree of punty of the Z, preparations may be
open 1o question The paper chromatographic resulis, however, prove
(hat 1t 18 practcally free from Z1, and 1its pharmacological propertics
est that 1t must be considered a new urnary ki It might, as also

Z%Lg 74, contamn other Tanms which are too stmular to be detected by the
s

chromatographic method employed
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As mentioned 11 the mntroduction to this paper, previous chromato-
graphic wark (WALASZEK 1957, BRISEID JENSEN 1958) also produced some
endence of more than one active sybstance being present 1n unne extracts,
though other chromatographic mnvestigations did not detect any hetero-
genetty (Gones 1955, GAppum & HORTON 1959) WaLaszex (1957) not
only observed more than one peak of activity m column chromatogtaphic
runs of unne extracts, but could also detect parallel peaks with brady-
tmn His paper chromatograms, however, showed no heterogeneity of
the two substances In counter current distribution expenments GOMES
(19>7) noticed a separation of bradykinin and the active principle of the
urine extract used

The discrepancies in the results mentioned above may be partly due to
bt varying relatne amounts of Z; and Z; present in vimes and to differ-
ences 1n the purtfication procedures used A low degree of punty of the
ea;her bradykunin preparations would also add to the separation diffi-
culties

The main previous pharmacological examunations have given no
evidence of a dissimifanity between bradykinin and the unne concentrates
used. Thus GoMEs (1955), Gappum & HorToN (1959) and HorTo~ (1959)
could not dsstingush between the two substances 1n parallel assays; m a
later paper, however, GoMes (1957) reports minor differences It should be
mentioned that HORTON (1959) only used the combination of rat uterus
and rat duodenum for differentiation between kinns and other active
substances and pomnted out that 1t did not disinguish between bradykuun,
wasp Janin and urnary kimn In the work reported here rat uterus and
at duod could not diffe between bradykinin and Zs, but Z,
proved to be considerably more active than bradykinn when tested esther
on the guinea pig 1leum or by rat blood pressure than on the rat uterus

Summary

A method has been described for preparing a concentrate of a se-
condary kiun from human unne (Zz} The procedure has much 1n
common with a method ly developed for the pi of

y {2
concentrate of the main kimin from human urnine (Z;) (B
VENNEROD 1962 2) @) (Brise Jowsey &

A companson was made between s
ynthetic bradykmm

Basel, Switzerland) and a of Z; Ph x ‘(sand‘o:):ﬁ‘aﬁei
:;:ao)‘;s w:el:ls ‘::1: rat uterus on the one hand and gumea plgox.l:um or rat
lndnccspcrdu'—-in _lhc othe_r, Poxh dl_stmgmshcd between the substancec

assays with
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results on blood pressure were not surprising; even a preparation of Z,
ant_aminated with about 30% of Z, gave an index of discrimination
significantly differing from 1 in the same tests (BRISEID JENSEN & VENNE-
ROD 1962 b). The result recorded in table 2 for a guinea pig ileum and rat
uterus assay, however, was more remarkable, as no difference had
previously been detected with the same Z; preparation as that mentioned
above and used in the blood pressure assay. The explanation could be that
the purification procedure for Z; is not so effective as that for the Z, pre-
parations and that other stimulants of guinea pig ileum present could
accordingly add to the ileum effect. The fact that another batch of Zs,
prepared from other urines and by a different method also gave an index
of discrimination of the same order makes the objection less important.
It should be mentioned that the contracting effect of Z, on guinea pig
ileum seemed to be somewhat more rapid than that of bradykinin.

In the rat blood depressor tests it was difficult to obtain responses
stable enough for (2 + 2) assays. To save Z material the rat preparations
were stabilized through several bradykinin doses. When Z, was then given,
the effect seemed to be much more marked at first, then wearing off to a
more stable lower level. Initial indices of discrimination roughly estimated
to be about 30 were thus obtained.

B. Chromatograply.

The acetic acid-butanol system was chosen for the paper chromato-
graphy, as it had previously (BRISEID JENSEN & VENNEROD 1962 b) sepa-
rated a Z; preparation into two active fractions. The main fraction passed
together with bradykinin, but a small fraction had a shorter run. The
results given in table 3 show that bradykinin and Z; were completely
separated and that the short running substance previously observed must

be identical with Z;.

5. Discussion

The pharmacological parallel assays, as well as the chromatographic
investigation, showed that substance Z is not idemical.wfth bradykwmun.
As it has previously been shown that Z; could not be dxstmgulshez_i from
bradykinin in the same tests, the difference between Z, an‘d Z, is also
clearly established. The degree of purity of th.e Z, preparations may be
open to question. The paper chromatographic results, h_owever, prove
that it is practically free from Zy, and 1ts pharmaf:ologxca'l properties
must be considered a new urinary kinin. It might, as also
n other kinins which are too similar to be detected by the

hod employed.

suggest that it ;
does Zj, contm'
chromatographic met!
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From the Biol 1D the Pl Institute
University of Oslo

The Smooth Muscle Relaxing Effect of Thyme
(Thymus vulgaris L)
By
Kijell Brseid Jensen and Olay Kjell Dyrud
(Recerved July 13 1962)

Ina short communication LENDLE & Lu Fu Hua (1937) reported that
extracts of fresh thyme mhibited pitocarpine nduced spasms 1n the lungs
of spmal cats Extracts of the dried herb had no such effect The acuve
prnciple could be transferred from water to diethyl ether at alkaline pH
and from the organic phase to acidified water

Apparently no other studies on the spasmolytic properties of fresh
thyme are avarlable We have therefore mvestigated the effect of thyme, in
which the enzymes had been mactivated durnng the drying process, on
¥anous types of 1solated smooth muscles and against different stimulants

1 Technique
A Thyme Extracts

The extracts used for our work were prepared from thyme that had been quickly
dned by nfra red irradiation Alcohol stabilised hetb and herb dried at 20-25° were
alo used 1n preliminary e } The active were punfied by the
method described by Scurtt & Acke (1951) for the assay of Belladonna alkaloids

fa order to remove completely the volatile o1l the extracts were finally dried at about
001 mm $1

B B ological Preparations

1 Guieap g teum A Euinca pig (usually weighing 200-300 g) was killed by a blow
onthe head and bled A 34 cm segment of terrminal tleum was suspended in Tyrode
solution maintained at 32 3oy Ir were troubl
the concentration of Ca * 1 the solution was decreased by ahalf A Schuld fever
s used the 102d ranged from 07 1 1 g The period of contact of active solution

1) The authors are mych s,
thyme that had been dryed i

ndebted to Axel Hopstock Chemist of K,
ied o A £agerd for supplymg
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the two hmins In paper chromatographic runs bradykinin and Z, were
completely separated As 1t has previously been shown (BRISEID JENSEN &
VENNEROD 1962 b) that the mawmn uninary kimn (Z;) could not be distin
guished from bradykinin 1n the pharmacological and chromatographic
tests described 1n this present paper, the difference between Z; and Z,
was clearly established
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2. Comments on the Techmque

Thyme extracts The fresh thyme lost about 75% of its werght during
drying, the doses of thyme mentioned 1n this paper refer to the dned herb
The drug concentrates were kept over silica gel i vacuum desiceators
The acttve prnciple(s) seemed to be stable under such conditions After a
year about the same concentrations as onginally were needed to inhubit
the acetylcholine induced contractions of gunea pig tleum by about 50%.
When Tyrode solutions of thyme concentrates were kept at 4°, the
actity remained the same for at least 3 weeks

As mentioned by LENDLE & Lu Fu-Hua (1937), the activity of thyme
herb dred without spectal precautions was low In our expeniments we
had to use about 10 tunes hugher concentrations of herb dned at 20-23°
than of herb of the same batch dried by infra red srradiation The thyme
concentrates obtaned by extracting with boiking ethanol during additron
of calsum carbonate were highly active

3, Experrmental

Companson of the mhibitory actions of thyme on different agomsts To
obtan & rough estimate of the effectnveness of imiubition we attempted to
4ablish the thyme concentration needed to reduce a submaximal con-
Iraction of an agomst by about 509, (46-60%) This rather prumtive way
of judging the potency of an antagomst was nevertheless considered
i:ml‘actory for the present expenments on relatvely mmpure drug ex-

s In order to ehmimate to some extent the effect of the differences
?hetvte:n muscles the agomsts were d in pairs ( n
th:m) on the same biological preparation  Acetylcholine was used 1n all

Xpenments as a “standard’ agontst In the expeniments on guinea
gi;;‘;“::, rat ;lerus and rat duodenum the addition of antagonist was
s Thgci:!e . (Tlor the number of cycles necessary to develop maximum
tons “a:lauad esign of an expersment on three types of biological prepa
iy nfal escribed below  As soon as the muscle had become stable
fihe ngur:ms doses of the agonists n question lower concentrations

15t S were tested to judge the slope of the dose effect cutves
wrspondun ]Cts In slope would make the comparnsons of nhibition
PO ng i);l tnaccurate Thyme was then added as antagomist at a
of the ol at decreased by about 509 the submaxumal contraction
COnctntranon: M‘:ris:n::\:;’ydlnhlbl‘Cd (acetylchohine) Then the thyme
ofthe othes agommt oo sed so as to reduce, 1f possible, the contractions

Because of techmeat difficulties caused by a considerably longer cycle
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varied from 15-40 seconds, and the interval between doses was fixed within the range
of 3 to 4 minutes The thyme was added as antagonst 14 to 2 munutes before adding
the agonist

In some of the experiments we used a 10 ml organ bath, 1n which Tyrode solution
could replace the fluid by means of upward displ: and overflow C
were produced by manual addition of volumes ranging from 02 to 0 5 m! from 1 mi
graduated syninges Washing between doses was performed in two stages Washing for
10 seconds, an interval of § seconds and then washing for § seconds The total volurr
of wash fluid was 50-60 m! from supply bottles of sitable height The bath was
supplied with air

In other experiments we used an automatic assay apparatus from Casella Electro-
mes Ltd, London The bath volume was about 3 mi, and the fluid was changed by
emptymng the vessel and refilling from stock bottles The washing between doses con-
sisted i a threefold change of the wash fluid

Il Rat uterus The procedure was as described previously (BRISEID JENSEN & SUND
1960) with some modifications The Joads on uter: ranged from 0 8 to 1 3 g, depending
on the agonist employed The period of contact of active solution ranged from 30 to
70 seconds The mtervals between doses, m the range 34 to 4 mmutes, were fixed for
each experiment The thyme was added as antagonst 13-2 munutes before adding
the agonist All the experiments were done in the 1c assay d
above 1n connection with the work on the guinea pig tleum

1l Rat duodenum The proximal 3-4 cm segment of the duodenum of a rat weigh-
ng 150-250 g was suspended 1n de Jalon solution at 30° (+0 1°) Otherwise the appara-
tus and the procedure were as described for the gumea pig 1leum

IV Guinea pig lungs The method of SCHILD & ARUNLAKSHANA (1959) was used

V Rat blood pressure Malg rats weighing 250-350 g were anaesthetized with a
solution containing 6% wjv of urethane and 4% w/v of sodium barbitone 1 ml/100 g
was tnjected ntraperitoneally The trachea was cannulated and artifical respication
apphed Blood pressure was recorded from a carotid artery (with heparin in the
polythene cannula) on a mercury manometer Thyme extracts were dituted with
0 9% sodiunt chloride and njected alone or together with other substances mto a

femoral vein

C Matenals
AcenyIcholine  Acetylchohne chloride, crist, Hoffmann-La Roche & Co, A G
Basel Switzerland
Adrenaline Adrenahn cryst E Merck A G Darmstadt Germany
PBradykumn Bradykimin (synthetic) in ampoules of 100 pg/ml, Sandoz, A G, Base]
Switzerland
Histamne Histamine di-HCI, Light & Co , Ltd Colnbrook, England
Ox) tocin Syntocinon ®, Sandoz A G, Basel, Switzerland
Serotomn 5 hydroxytryptammne creatmine sulphate, Hoffmann La Roche & Co
td Basel, Switzerland
t The doses of acetylcholme and serotonin mentioned refer to the salts used, the
adrenaline, bradykmun and histamine values are expressed as base, the doses of oxy-

tocm are gven i I U
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2. Comments on the Technique

Thyme extracts The fresh thyme Jost about 75 of ats weight dunng
dryng, the doses of thyme mentioned 1n this paper refer to the dried hesb.
The drug concentrates were hept over silica gel 1n vacuum desiecators
The actne prnciple(s) seemed to be stable under such conditions Aftera
year about the same concentrations as ongnally were needed to mhibit
the acety Icholine induced contractions of gumea pigileun by about 509,
When Tyrode sot of thyme con tes were kept at 4°, the
actmaty remained the same for at least 3 weeks

As mentioned by LENDLE & LU-Fu-Hua (1937), the activity of thyme
berb dned without special precautions was low In our experiments we
had to use about 10 times higher concentrations of herb dried at 20-23°
than of herb of the same batch dnied by infra red irradration The thyme
concentrates obtained by extracting with boiling ethanol during addition
of caleum carbonate were highly active

3. Expenmental

Comparison of the inhibitory actions of thyme on different agomsts To
obtain a rough estimate of the effectveness of thibition we attempted to
establish the thyme concentration needed to reduce a submaximal con-
traction of an agonist by about 50% (40-60%) This rather primitive way
of jdgmg the potency of an antagomist was nevertheless considered
::sfactur} for the present experiments on relatively smpure drug ex-
bet::s In order to eiminate to some extent the effect of the differences
lhm:;n muscles, the agonssts were pared 1 pairs (. 5 1n

o) on the same biological preparation Acetylcholine was used 1n alt

Periments as a “standard™ agorust In the experiments on gumea
33 Veum, rat uterus and rat duod the add of was

“::zsﬁgeuted for the number of cycles necessary to develop maximum
atons “ausuaéd:slgn of an experiment on three types of biological prepa-
o Kubma;as ; Z%nbtd below As soon as the muscle had become stable
o the am’:n.ll ) oses of the n q lower 101
Lage dfﬂ‘e‘m HRIT w3ted 1o judge the slope of the dose effect curnves
c""cspondlr:nlces 1 slope would make the compansons of mhibition
orcomm f {h inaccurate Thyme was then added as antagonist at a
o the agon: at decreased by about 509 the submavimal contraction
Oncentrations “Trocsl!n:sﬂydmhxbncd (acetylcholine) Then the thyme
ofthe other agmey alsocase 50 as to reduce, 1f possible, the contractions

ecause of techmical difficulties caused by a considerably longer cycle
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varied from 15-40 seconds, and the interval between doses was fixed withm the range
of 3 to 4 munutes The thyme was added as antagonsst 13 to 2 punutes before addmg
the agonist

In some of the experiments we used a 10 ml organ bath, 1n which Tyrode solution
could replace the fluid by means of upward displ. and overflow C
were produced by manual addition of volumes ranging from 02 to 0 5 ml from 1 ml
graduated syringes Washing between doses was performed 1n two stages* Washing for
10 seconds, an interval of 5 seconds and then washing for 5 seconds The total volurr
of wash fluid was 50-60 mi from supply bottles of switable height The bath was
supplied with air.

In other experiments we used an automatic assay apparatus from Casella Electro-
mics Ltd, London The bath volume was about 3 ml, and the fluid was changed by
emptyng the vessel and refiling from stock bottles The washing between doses con-
sisted 1 a threefold change of the wash flurd

Il Rat uterus The procedure was as described previously (Briseib JENSEN & SUND
1960) with some modifications The loads on uter: ranged from 0 8 to 1 3 g, depending
on the agomist employed The period of contact of active solution ranged from 30 to
70 seconds The intervals between doses, mn the range 3} to 4 minutes, were fixed for
each experiment The thyme was added as antagonsst 13-2 munutes before adding
the agonist All the experiments were done in the automatic assay apparatus mentioned
above 1n connection with the work on the guinea pig ileum

1 Rat duodenum The proximal 3-4 cm segment of the duodenum of a rat weigh-
ng 150-250 g was suspended 1n de Jalon solution at 30° (0 1°) Otherwise the appara-
tus and the procedure were as described for the guinea pig eum

IV Guinea pig lungs The method of SCHILD & ARUNLAKSHANA (1959) was used

V' Rat blood pressure Male rats weighing 250-350 g were anaesthetized with a
solutton containing 6°, w/v of urethane and 4% w/v of sodium barbitone 1 mi/100 g
was imjected intraperitoneally The trachea was cannulated and artificial respiratton
applied Blood pressure was recorded from a carotid artery (with heparin in the
polythene cannula) on a mercury manometer Thyme extracts were diluted with
099 sodium chloride and injected alone or together with other substances mnto a

femoral vem

C Matenals
Acetylcholme Acetylcholine chloride, crist, Hoffmann La Roche & Co, A G
Basel Switzerland
Adrenaline Adrenalincryst E Merck A G Darmstadt Germany
Bradyhun Bradykinm (synthetic) 1n ampoules of 100 yg/ml, Sandoz, A G, Basel,
Switzerland
‘H/smmme Histamine di HCL, Light & Co, Ltd Colnbrook England
Oxytocn Syntocinon ®, Sandoz A G, Basel Switzerland
Serotonn 5-hydroxytryptamne creatmune sulphate, Hoffmann La Roche & Co
el, Swatzerland
L“’irhlzafioses of acetylcholine and serotontn menttoned refer to the salts used the
adrenaline, bradykmin and histamine values are expressed as base, the doses of oxy-

tocin are givensn 1 U
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T
25
Fig 2. The effect of thyme on the acetylcholine sumulated gutnea pig leum
Gradual reduction of thyme concentratton
Acetyleholine concentration 6 pg/ml Thyme (T) pgml Wash fd (W) instead
of thyme solution
The letters Tefer to the marked and the subsequent cycles

Table 1

‘Thyme mhibition of the isolated guinea pig leum
Comparative experiments on ihe effects agamst different agomsts gving sub-
maximal contractions

Tleum Agonist Thyme concentration
premon | Agomst concentration inhibiting
i | by about 50%, pg/ml
1 1 Acetylcholing ] 15 100
Bradykinm 20 not attainable with 50 000
Acctylcholine 3 [ 50
2 Histamine 3 not attatnable with 10 000
[ excessive cffect with 100 000
Serotomin 100 2000
i
B Rat Uterus

Contrary to what has been stated above about the guinea pig ileum,
thyme occasionally stimulated the 1olated rat uterus Frg 3 shows
Tesults of an experiment m which thyme at a concentration of 100 wg/ml
initrated regular contractions When the thyme was then washed out and
acetylcholine added instead, the latter was at first strongly inhibited
Atropine did not abolish the stimulation by thyme Because of the rather
wregular thyme effect, 1t should be mentioned that 1n the expeniment mn
question bradykinin and pilocarpine had been given Pilocarpine does not
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LN
TTITTTTITTT
bcaaocbraborT
Fig 1 The effect of thyme on the
acetylcholine stimulated guinea pig tleum Development of mhibuion
Acetylcholine (a) concentration 10 ng/ml
- ) - 5 ng/mt
- ) - 25 ng/ml
Thyme - 40 pg/ml
The letters refer to the marked and the subsequent cycles

and accordingly a higher sigmficance of changes 1n sensivity, the compan
sons of the lung preparattons were less accurate than those of the other

muscles mentioned above

4. Results

A Gumea Pig lleum

The only tmportant thyme effect recorded on the 1solated gutnea pig
1leum was the mhibitory one, but concentrations just too low to mhibit
sometimes shghtly potentiated an agonist contraction Fig 1 shows an
experiment 1n which acetylcholine was the agonist A concentration of
40 pg/ml of thyme developed 1n the course of 4 cycles its maximum
intubiting effect, reducing a submaximal acetylcholine contraction by
about 50% Fig 2 shows, from another experiment, the effect of loganith
mically decreasing thyme concentrations For the muscle to adjust stself
to another antagomst concentration under the conditions chosen 2-3
cycles were necessary

Representative examples of experiments on the relative effectiveness of
thyme 1n intubiting various agomsts are shown n table 1 Acetylcholine
was strongly nhibited, 40 times higher doses of thyme were necessary for
serotonin, and extremely high doses inhibrted bradyhinin and histamine

only shghtly
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T 1 1
B 1B B

Fig 4 The ¢ffect of thyme on the bradykinin relaxed rat duodenum
Increased relaxation.
Bradykinin (B) concentration S ng/ml Thyme (T) concentration 500 g m!
he letters refer to the marked and the subscquent cycles

When serotonin was used as agonist, thyme concentrations from 100
#g'ml to 2500 pg/ml, according to the senstivity of the uterus, gave a
significant potentiation of the agomist The effect was readdly reversible,
when thyme was washed away, the scrotonin contractions settled down to
the onginal level 1n the course of 2 or 3 cycles

Table 2 shows the results of comparative mhibition expeniments agamst
different agonists Apart from the observations with serotonin as agonst,
the results were rather symilar to those obtained with gminea pig 1leum
Doses of 10-100 pg/ml inhibated the Icholine ¢ ons strongly,
“hereas concentrations up to 100 mg/ml did not significantly influence the
bradykinm or the oxytocin contractions

C Rat Duodenum

Addition of thyme as an agonist to rat duodenum resulted 1n a gradual
Telaxation wath a fall of the recorded base line The inhibiting eflect of
2dykinm on the muscle was shghtly potentiated when thyme was added
s an antagonist, and the bradykinin relaxations decreased only slowly
%hen the thyme was washed out agam Fig 4 shows the potentiation of
El'ad'ykmm by 500 pg/ml of thyme The thyme effect, which had not

ped to 1ts , COTT ded roughly to a doubling of the
bradykinin dose

When acetylcholine was used for simulating the rat duodenum, the
contraction herght increased over 15-25 cycles to a stable level The 1n-
Crease was due to a gradual fall of the base hine while the contraction peaks
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T 11 T

Fig 3 Irregular thyme effect on the acetylcholine stimulated rat uterus,
stimulation tnstead of inhibition
Acetylcholine (A) concentration 150 ng/ml Thyme (T) concentration 100 pg/mt
At]the third arrow thyme was withdrawn as antagonist and replaced acetylcholine as
agonist. The letters refer to the marked and the subsequent cycles,

Table 2.

Thyme mhibition of the isolated rat uterus
Comparative experiments on the effects against different agonists
giving submaximal contractions

Agomist Th "
Uterus concentration yme concentration
preparation Agomist ng/mt, mU/ml wnhibiting
for oxytocin by about 509, pg/m!
1 Acetylcholine ( 2000 100
QOxytocin 25 Not attainable with 100,000
Acetylcholine 50 10
2 Bradykmin 01 Not attainable with 100 000
Scrotonin 5 Very weak inhibition with
1500, Potentiauon with 2,500
3 Acetylcholine 100 25
Scrotomin 20 No eflect with 250

Potentiation with 2,500

normally stimulate rat uterus, but potentiates bradykinin and some other
stimulating substances (BRISEID JENSEN & DyRuD, unpubhshed observa-
tions).

Usually the effect of thyme on the acetylcholine contractions was an
inhibition, which developed and was abohshed by washing again, in much
the same way as was the intubition of the guinea pigileum The doses were
also of the same order as for the 1leum; the antagomst concentration
inhibition curves, however, appeared considerably steeper for rat uterus

than for the guinea pig ileum
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Fig 6 The effect of thyme on histamine-€ontracted guinea pig lungs
nsignificant mmhubition
Histamine (H) dose 1 pg Thyme (T) doses in mg

E Rat Blood Pressure

In doses up to at least 120 mg thyme app. ly had no pr d
effect on blood pressure When 1t was given together with adrenaline, the
nse 1n blood pressure was not affected by the thyme doses tested (1 to
%mg) When small doses of thyme (1 mg) were given just before acetyl-
choline, the depressor effect was not altered, but the responses became
more trregular than before

5. Discussion

The results obtained 1n experiments on thyme inhibitiont with different
agomsts on various types of isolated smooth muscles all showed that

extracts of herb dried by infra red 1rrad pecifically inhuibited
acetylcholine  Serotorun 1nduced cc were also d hed
although by derably higher thyme but the st g
effect of h and esp y those of oxy and brady} were
hardly influenced

That the active principles of thyme had themselves a relaxing effect on
smooth muscle was seen 1n experiments with rat duodenum 1n which the
bradykinin relaxation was potentiated In expenments with gumea pig
lungs the broncht immediately relased to some extent when thyme was
2dded to the unstimulated preparation

For the most thyme sensttive preparations (rat uterus and guinea pig
tleum) the concentrations necessary for acetylchchne inhibition were m
the range 10-100 pg/m! of the dried herb As1tis hardly probable that the
unknown active principle (or principles) was present m the herb in large
amounts, 1t must be a highly active substance If, for example, 2 content
0f 13}, 15 assumed for the dried herb, this means that i some Ppreparations
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Fig 5 The effect of thyme on the acetylcholine contracted guinea pig lungs
Signtficant inhibition
Acetylcholine (A) doses in ug Thyme (T) doses in mg

reached the same herght Thyme inhibited acetylcholine and pilocarpie
rather strongly, but somewhat higher concentrations were needed than
for gumea pig 1leum and rat uterus Serotommn-induced contractions were
also mnhibited by thyme, but exceptionally high concentrations of seroto-
nin had to be used (400-800 ng/ml), and the agonist was not particularly
suitable for rat duodenum stimulation

D Gunea-pig Lungs

When thyme was added to the perfusion fluid, a small relaxation of the
bronchi was usually observed Histamune and acetylcholine were used as
agonists 1n the experiments Fig 5 shows an expertment 1n which a dose of
500 pg of thyme reduced the contraction caused by 3 pug acetylcholine to
about half, roughly corresponding to the contraction caused by 2 pg
acetylcholine The 15-minute intervals needed between agonist doses made
reliable compansons between agomsts difficult, but in the same lung
preparation, as shown in fig 5, contractions initiated by 1 pg histamine
were not mhibited or only shghtly inhibited by 1-2 mg of thyme (fig 6)
On both figures a small but distinct relaxation after addition of thyme can
be seen for most of the doses added The thyme doses were given 5
minutes before the agomist doses

Bradykinin was also tested as agonist on the lung preparation, but 1t
proved difficult to obtamn reproducible contractions, as the effect sub-
sided more or less quickly The sensitivity of different preparations to
bradykinin also varied considerably, doses from about 01 g to 12 pg

being necessary
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of rat uterus concentrations of 10 ng/ml of the hypothetical compound
nearly abolished the effect of a submaximal acetylcholine dase.

The somewhat specific inhibitory effect on acetylcholine might suggest
an atropine-like action of the active principle of thyme. However, a
number of experiments on serotonin-stimulated rat uteri indicated that
the thyme effect must be more complicated. On uteri in which thyme
extracts inhibited acetylcholine normally, the serotonin-induced contrac-
tions were potentiated. It must, nevertheless, be remembered that fairly
high concentrations of thyme had to be used to obtain such an effect, and
heterogencity of the crude herb extract might well account for the observa-
tion. A further purification of the active substance or substances will be
necessary before a mote thorough pharmacological analysis can be
carried out.

Summary

The spasmolytic properties of thyme (Thymus vulgaris L) have been
examined on various isolated smooth muscles (guinea pig ileum, rat
uterus, rat duodenum, guinea pig lungs) and against different agonists
(acetylcholine, serotonin, histamine, bradykinin, oxytocin). Extracts
prepared from herb that had been quickly dried by infra-red irradiation
or from alcohol stabilised herb were considerably more active than those
from herb dried at 20°-23°. The results confirm the observation of
Lenpit & Lu-Fu-Hua (1937), who found that fresh thyme actively
relaxed the pilocarpine-stimulated lungs of spinal cats, whereas dried
herb usually had no such effect.

In muscle of all the types used for our experiments thyme strongly
inhibited acetylcholine-initiated contractions. Serotonin-induced con-
tractions also were diminished, although by considerably higher thyme
concentrations, whereas the stimulating effects of histamine, oxytocin and
bradykinin were only unspecificically affected.

In the most thyme-sensitive preparations the amounts of thyme ex-
tracts needed to reduce submaximal acetylcholine contractions by about
509 corresponded to 10-100 pg dried herb per ml. This suggests that the
active principle of the herb must be highly potent.

The thvme extracts did not only inhibit substances stimulating‘smqo(h
5, LI |

d, but the sumuaUNE €L U1 aviiyiv

i)r;dykinin was potentiate the 81
and of pilocarpine were strongly inhibited.
A further purification will be necessary before a more thorough pharma-

cological analysis of the active principle(s) of thyme can be performed.
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the CO; tenston 1n the tissues tended 1o nse and produced vasodilatation
and respiratory stimulation (LuxphioLM 1958) In order to venify expeni-
mentally the phystological significance of lactic acid acidosss, 3t would
have been desirable selectively to block lactic acid production :n the muscle
dunng exercise, without nfluencing other physiological reactions This,
however, was impracticable, because the agents that might have been
used - monotodoacetic acid and sodwm fluonde - had too many side
effects The problem had to be attacked from another angle

It ss well known that duning hypoxia 1n man, fespiratory alkalosis
develops as a result of the hyperpnoea, and 1 acchmatization to hypoua
there 15 a decrease 1n the bicarbonate concentration of the blood (for
feview, Mde STICKNEY & LIgre 1953, WINTERSTEIN 1955) This has also
been shown 1n experiments on mice (CLARN & Otis 1952) - The question
weposed was 1f, in acute experiments, alkalosis was prevented or changed
to acsdosts, would the sesistance to hypoxa then be altered, and would
anmncrease 1n the alkal 1l that

In expenments on white mice, we accordingly subjected the animals to
continuously increasing hypoxia and determned the lethal O, partal
pressure, that 1s the O tension at which respration ceased Other groups
of white mice were pretreated by subcutancous nyection of hydrochloric
#ad or sodum bicarbonate, after which the lethal O, partial pressure
was defermined  Lactic acid was not used, being oxdized farrly rapidly
by the organism, so that a constant degree of acidosts would have been
1mpracticable In the different groups of animals the oxygen consumption
as determuned at vanous O, partial pressures

Methods
pl::le white mice weghing 15-20 grams were used Five mice were

4 simuftaneously 1n a BENEDIKT metabolic
apparatus of a type
deseribed earlier (LunpHOLM & MosE 1949)

h'fmhi‘reg:m;mn chamber had a capacity of two litres and was immersed 1n a water
Vet divded m“ o with a 500 ml The chamber
ity of n: ve compattments with wire neting to restrict the spontaneous
on vesels o o8 1l-1h= airim 1t was pumped through soda Lime and silica gel absorp-
Hled et a;:lre the expeniments the spirometer and the tubes runntog to 1t were
vas ben sea}ed_ 1:;1 which the ammals were placed 1 the respiration chamber, which
iorbed e e hn;:e consumed oxygen and exhaled CO; and H,0, which were
¥ fomed fron, lha and the silica ge] Owing to the fall of pressure in the system,
madually k\unme spirometer, so that the O, content of the respiration chamber
e o e wuu Wway, contnuously increasing hypoxia was produced, from which
Camber 1, gg w}?e died The animals could be observed through a window in the
was m‘”d‘&‘ T fae“n one of them ceased to breathe the total fall 1n the spirometer

was also recorded when any of the othet mice died. The fall 1n

A Pharmacstogic, val 19 ¢ 4

24



Acta pharmacol et toxicol 1962, 19, 356-364

From the Department of Pharmacology, University of
Gothenburg, Sweden

The Effects of Acidosis and Alkalosis on Resistance
of Mice to Hypoxia
By
Ingrid Nordén and Lennart Lundholm
(Received September 10, 1962)

The Jactic acid acidosis that accompanies muscular work, asphyxia,
cardiac insufficiency, hyperthyreosis and shock 1s generally regarded
merely as an indicator that the oxygen supply of the tissues 1s deficient As
to physiological sigmificance of the metabolic actdosis as such, the general
view seems to be that 1t 1s neghgible Only 1n muscular work 1s lactic acid
acidoss considered to be of limited importance for respiratory stmulation
and vasodilatation in the muscles SCHULTZ, MORSE & HASTINGS (1935),
in experiment on unanarsthetized dogs, found that during experimental
metabolic acidosis 1nduced by ammonium chloride the performance rose
comctdently with a smaller rise in the lactic acid content of the blood
than in the controls In metabolic alkalosis produced by admmstration of
sodium bicarbonate, the performance decreased concurrently with a nise
1n the lactic acid content greater than that 1n the controls These expen
ments could indicate that the organism tn muscular work tries to attain
a certain degree of metabolic acidosis

In McArdle’s syndrome the working capactty of the skelatal muscles
were much reduced There were no formation of lactic acid during mo-
derate degrees of muscular exercise or ischemic work The skelatal
muscles were lacking phosphorylase — an enzyme necessary for the con-
version of glycogen to glucose-l-phosphate (MCARDLE 1951, ScuMiD &
MAHLER 1959)

In studies on the stimulating effect of adrenaline on lactic actd produe-
tion 1n skeletal muscle, the view was expressed that the ability of the muscle
to produce lactic acid was not only an emergency measure to cover its
energy requirements during nadequate oxygen supply, but also gave rise
to physiologrcal reactions — respiratory stimulation and vasodilatation ~
calculated to secure a sufficient oxygen supply An ncrease 1 the lactic
actd content of the blood 1mpaired its CO, transporting capacity, so that
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Table 1
Effects of HCl and NaHCO; o reustance to hypoua.
Mean fethal { No of Mean O consumption

Grou Oy tension mm g mlgmin at “0°,
P ol 59 s | Nt o tension
Control 401:x146 70 1 002500010
5,
015 mg HCl g 2652091 45 ! 002200028
49)
027 mg HClg 2581132 55| 0021200010
{3 40y
063 mgNaHCO,fg 4382122 30 | 0032200028
15 903
Table 2

Statstical analyus of effects of HCl and NaNCO;
2t the mean lethal O tension

Difference between Dufference j t P
t
Controf - 0 135 mg HO 135172 78 <0001
Control - 027 mg HQ 1432197 726 | <0001
Control- 063 mg NaHCO, 4719 248 | <002

between 14-63 mm Hg The mean lethal O partial pressure was 40 1 mm
Hgat 0°C and 760 mm Hg the equivalent of 528% vjv 0,

In the expeniments on njection of hydrochlonc acid the ammals tole-
Tated a far greater degree of hypoxia before respiration ceased (table 1)
After 0135 mg/g the mean lethal O partial pressure was 26 5 mm Hg,
¥ith a range of 14-41 mm Hg but after 027 mg/g the corresponding
Mean was 258 mm Hg and the range 10-52 mm Hg The difference 1n
tolerance with and without HCI was statistically sigmficant (table 2)

Alter subcutancous mjection of 063 mg NaHCO;, the ammals’
flerance to hypoxia was somewhat decreased (table 1) The mean lethal
O, partial Pressure amounted to 44 8 mm Hg with a range of 28-53 mm

¢ The difference between controls and mice treated with NaHCO; was
statistically sigmificant (table 2
thhe lmcr\.ml between beginning the expenment and death vaned with

e amimals' oxygen p and therr to hypoua In the
t({mtrol expeniments the first ammals died after 115 mp and the lasg
?; ter 158 min In the experiments with HCI the corresponding times werg

45-184 min and 1 the experiments with NaHCO; 118-176 yn The
increased resistance to hypoxia on administration of HCl was thus as:
CGiated with a longer duration of exposure to iypoua asser
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the spirometer enabled the total O; loss from the system to be calculated, and hence
the relevant Oz concentration as well, since the total volume of the system was hknown
This total volume — respiration chamber, absorption vessels, pump and tubes - was
deternunced expenimentally by adding a specific amount of N to the system when 1t
was filled with air The same volume of air was released via the spirometer, which
was not included 1n the system When the added volume of N had been muxed with
the air in the system by means of the pump, samples of the gas were taken and analyzed
by means of the HALDANE apparatus as modified by KrRoGH & LILIESTRAND The
principle for determining the solume of the system was thus identical with that for
deternuning the residual volume 1n the lungs The total volume amounted to about
2,450 ml, but varied with the amount of gas in the absorption vessels In the indvidual
expenments the size of the mice was also taken 1nto account When all animals were
dead, samples were also taken, 1n most instances for analysis of the gas in the system,
1n order to chech the reliability of the method The difference between the experiment
ally observed and the calculated O, contents did not exceed about 0 1 per cent An
important requirement, for reliability, was an unchanged CO; content 1n the system
Gas analysts at the end of the experiment showed that this did not exceed 003 per
cent, so that varations n 1t were neghgible

Hydrochloric actd was injected subcutaneously 10-15 minutes before the beginning
of the experiment, 1nto some antmals at a dose of 0 135 mg per g body weight 37
mEq/kg) and 1nto others at a dose of 0 27 mg/g (74 mEq/kg) The solution injected
was 0 5 N The amount of hydrochloric acid injected was far less than the lethal dose,
which amounted to about 16 mg/g (L D 50) In the experiments with NaHCO;3,
063 mg/g (7 5 mEq/kg) was mjected

Results

Figure 1 shows the number of ammals that died at the oxygen tension
ndicated, with a group range of 5 mm Hg The lethal O, tenston variated

15 CONTROL % HCL 0135 mg/g
%}m ’7 104
z
F4
<
w
©
-4 5
&s
@
2
v 125 225 125 425 525 125 225 325 425

LETHAL O~ PARTIAL PRESSURE mm Hg

urves for lethal Oz partial pressure 1 nspared atr

cy ¢
Fig 1 anuma}xlld the effect of 0135 mg HCl per g
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The relation between oxygen consumption and Ox tension 1s evident
from fig 3 The oxygen consumption, as will be seen, already began to
drop at about 100 mm Hg and at 75 mm Hg 1t began to fall more rapdly,
reachung a constant value between 45 and 30 mm Hg, when most of the
ammals died The decreased O, consumption, mmnally at feast, was
certaunly attributable to a reduction i physical activity At about 75 mm
Hg when the oxygen consumption began to fall more swiftly, the mice
were not active, rather, the decreased Oy consumption may well have been
fargely due to a reduction 1n oxidative processes as a result of the hypoxia

After adsunstration of HCL the intial O consumption was reduced to
about 70 per cent of that 1n the controls This reduction must be partly
attributed to decreased muscular activity The oxygen consumption fell,
with increasing hypoxia, more slowly 1n the acidotic ammals than in the
controls At about 50 mm Hg the oxygen consamption 1w the acidoue
mice exceeded that 1n the controls Thereafter it showed a far greater fall
than in the controls before the amimals died

In the mce treated with NaHCO; the oxygen consumption was mnitally
pasallel with that 1n the controls but at approxmately 75 mm Hg the
treated mice were abie to a tugher Gy p atthe corres-
ponding Q; tension than the controls This notwsthstanding they died at
21ess advanced stage of hypoxia

The refationshap between O, consumption and O, partial pressure,
however, 15 unlikely to be directly comparable 1n the different expert
mental groups since with a decreasing O; content, and the death of some
2nmals, selection occurred 1n that the most resistant ones still lived These
fmay well have been able 1o maintan a relauvely high oxygen consump-
ton despue a reduced O, content A more adequate compartson is, there-
fore that of the Q, consumption of the st1ll iving animals when 50 per
<ent of the rmce had died It has been calculated and 1s shown 1n table } ~
The table shows that the animals treated with NaHCO; had 2 higher 0,
Consumption at 50% lethal O, tenston than the controls The difference
0007 -+ 90027 mifgfmn ) was lly sig (P <005 The
dmmals treated with 0 27 mg HCl/g had, on the other hand a lower O,
Consumption at 50%, lethal O, tension than the controls The difference
0004 + 00014 mifg/min ) was highly sigmificant (P < 001)

Discussion
It1s evident from t
! vident from the experiments deseribed that the tolerance of muce
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1t1s well known that the alkalosis and reduced CO; tensionin the blood
accomp hyperventit are d with a & d blood
fow 1 the central nervous system, reduced vasomotor tone and some-
times a fall i blood pressure (for review, vide BROWN 1953) Conversely,
acdoss and elevated CO tension n the blood flow to the central nervous
system increase the cerebral 1 and tone
(for review, nide GRIGER 1958) LENNOX et af (1944) 1 expenments on
human subjects, found that 3-5% CO, m the imspuwed air ncreased
cetebral blood flow dunng hypoxia, amplified the electro-encephalo-
graphic activity, and delayed loss of consciousness

With an increase 1n the amount of fixed acids 1n the blood, nts CO,
transporting capacity will be smpatred, for the CO; tenston of venous
blood and tissues will be fugher with an unchanged blood flow and artenal
CO;tension This 15 due to the fact that the curve for the relation between
the CO;content and CO;tension of the blood flattens 1n metabolic acidosts
Tn alkalosis due to an crease 1 the blood content of fixed bases, the
cune, conversely, will be steeper than before (Vide Luxprory 1958)

The sigmificance of this change 1n the CO;, transporting capatity of the
blood 15 that, at the same CO, tension 1o the alveolar ar, the CO; tenston
m the central nervous system was probably hgher in the HCl treated
ammals than 1n the controfs whereas in the mice treated with NaHCO,
1t was probably Iower In view of these considerations about the influence
of these d about the 1nfl of CO, on cerebral circulation,
it seems probable that the blood flow was directed to the central nervous
system to a greater extent 1n the HCI treated ammals than tn the controls,
whereas the reverse was probably true of the muce treated with NaHCO;

Further expeniments are needed to elucidate how phystological mecha-
Tists 1m metabolic acidosis and atkaloss affect the resistance of muce to
hypoxia The experyments, however, indicate that metabolic acidasts may
b of physiological smportance m hypoxia

Summary

Mice were subjected to acute progressive hypova and the lethal Q;
tension was determined At the same time the oxygen consumption was
Tecorded at different parual p of O Sub of
2135027 wg HCYg substantially increased the ammals® resistance to

hypoxia in acute expertments, concurrently they tolerated a greater reduc-
&on 1n their oxygen consumption than did control anmals Admmstra.
tion of 063 mg NaHCO,/g reduced the resistance to hypoxia These

2mmals had a higher oxygen consumption than the con
t -
Pondingly fow O; partial pressures rols at a corres
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effects cannot be answered with any assurance The oxygen consumption
of these ammals under vanous experimental conditions may nevertheless
serve as a basis for discussing the probable mechanism

The mcreased tolerance to hypoxa after acidosss was not accompanted
by an augmented oxygen consumption at the mean lethal 0, partial
pressure On the contrary, these anmals tolerated before respratory
arrest a greater mhibition of oxygen consumption than did the controls
In metabolic alkalosis, however, respiratory arrest occurred at a higher
oxygen consumption level than in the controls These observations suggest
that the mechamsm underlying the effects 1s not to be sought 1 an en-
hanced capacity of the animals to utilize the reduced amount of O, 1t
the 1nspired air Thus, the increased tolerance to hypoxia accompanying
metabolic acidosss can scarcely be attributed to compensatory phystolog
cal mechanisms, such as augmented ventilation or an mprovement in the
oxygen-binding or oxygen-transporting capacity of haemoglobin through
a fallen body temperature or pH

The ability of the resprratory centre to function at a lower total oxygen
consumption 1n actdotic than n control amimals should therefore perhaps
be ascribed to the orgamsm’s capacity for utthzing the available oxygen
more “‘economucally”

Tt has been amply demonstrated that a fall in body temperature parallels
the decreasing oxygen consumption n ammals subjected to hypoxsa
(LINTZEL 1931, GELLHORN 1937; BLOOD ef al 1946) When the tempera
ture fall was blocked, the animals showed reduced tolerance to hypoxa,
whereas 3% CO, n the nspired air intenstfied the remperature depression
(GELLHORN 1937) A possible explanation 1s that the temperature reduc
tion was greater n the acidotic ammals than 1n the controls, in which
event the oxygen requircments of the respiratory centre may be assumed
to have decreased The mually depressed oxygen consumption may
favour this explanation In the acidotic ammals the tissue CO; tension
presumably increased by means of a mechanism to be discussed below
After an O tenston of approximately 50 mm, however, the acidotic
amumals had a somewhat greater oxygen consumption - 1 e , heat produc-
tion - than did the controls The demonstration of a close correlation
between the depressions of body temperature and of oxygen consumption
(LinNTzEL 1931) asgues in some degree agamnst the assumption that the
temperature reduction was greater 1n the acidotic amimals 1n this O

e
tel:;:’:tl:::l ‘c;:oncelvable explanation of the observed effects 1s that the
metabolic acidosis acted on the circulation 1 such a way that a t];reater
proportion of the blood flow and of the available oxygen supply was
channelled to the bramn and the respiratory centre
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Itiswell known that the alkalosis and reduced CO: tension in the blood
hypenentil are d with a decreased blood

fow 1n the central nervous system, reduced vasomotor tone and some-
uzes a fall in blood pressure (for review, vide BRown 1953) Comersely,
aadosss and elevated CO, tension 1n the blood flow to the central nervous
sstem increase the cerebral \f and 1 tone
{for review, vide GEIGER 1958) LENNOX ef al (1944) 1n experniments on
fuman subjects, found that 3-5% CO, n the mspired air increased
arbral blood flow dunng hypoxsa, lified the electro-encephalo-
maphic actenty, and delayed loss of conscrousness

With an increase 1n the amount of fixed acids in the blood, its CO,
transporting capacity will be impaired, for the CO; tenston of venous
blood and ussues will be hugher with an unchanged blood flow and artenal
COstension This 15 due to the fact that the curve for the relation between
the COycontent and CO;tension of the blood flattens 1n metabolic acidosis
Inalkafosis due to an increase 1 the blood content of fixed bases, the
wine, comersely, wall be steeper than before (Vide LuNphoLy 1958)

The significance of ths change in the COx-transporting capacity of the
tood 1s that, at the same CO; tension 1n the alveolar air, the CO, tension
1 the centraf nervous system was probably hugher 1n the HCl treated
amals than i the controls, whereas 1n the mice treated with NaHCO,
z{“;‘ Pmbabljy lower In view of these d about the infl
N :““‘: about the 1nfl of CO; on cerebral circulation,
Syslcn?sg Probable that the blood flow was directed 1o the central nervous
vhe 4] l? greater extent 1n the HC treated amimals than 1n the controls,

" :;t € reverse was probably true of the muce treated with NaHCO;
I~ r expeniments are needed to elucidate how phystological mecha-

8 1 metabolic acidosts and alkalosis affect the resistance of mice to
bi?"fm The expeniments, however, indicate that metabolic acidosis may

of phystologicai importance 1n hypoxia

Summary

\tn}‘slxl‘;: ‘\‘:credsubjectcd 1o acute progressive hypoxia and the lethal O,
Tcorde as dclcmumed At the same time the oxygen consumption was
Tes z;it ifferent partial p of O; Sub of
S mg HClg substantially increased the ammals’ resistance to
o :culc expenments, concurrently they tolerated a greater reduc-
e o ©OXygen consumption than did control animals Admnistra-

3 mg NaHCO;/g reduced the resistance to hypoxia These

2rmals had o hugher ox
‘ygen consumption than the controls
Pondingly jow O3 partial pressures @ corres-




362 1 NORDEN AND I, LUNDHOLM

effects cannot be answered with any assurance The OXygen consumption
of these animals under various experimental conditions may nevertheless
serve as a basis for discussing the probable mechamsm

The increased tolerance to hypoxia after acidosis was not accompanted
by an augmented oxygen consumption at the mean lethal O, partial
pressure On the contrary, these ammals tolerated before respiratory
arrest a greater inhibition of oxygen consumptton than did the controls
In metabolic alkalosis, however, respiratory arrest occurred at a higher
oxygen consumption level than in the controls These observations suggest
that the mechamsm underslying the effects 1s not to be sought in an en
hanced capacity of the ammals to utihize the reduced amount of O;
the inspired air Thus, the increased tolerance to hypoxia accompanying
metabolic acidosis can scarcely be attributed to compensatory physiologt
cal mechamsms, such as augmented ventilatton or an mmprovement 1n the
oxygen binding or oxygen transporting capacity of haemoglobin through
a fallen body temperature or pH

The abuility of the respiratory centre to function at a lower total oxygen
consumptyon 1n actdotic than 1n control ammals should therefore perhaps
be ascribed to the organmism’s capacity for utilizing the avaslable oxygen
more “economcatly”

It has been amply demonstrated that a fall in body temperature parallels
the decreasing oxygen consumption m anmimals subjected to hypoxia
(LiNTZEL 1931, GELLHORN 1937, BLOOD ef a/ 1946) When the tempera
ture fall was blocked, the animals showed reduced tolerance to hypoxia
whereas 3% CO, mn the inspired air mtensified the remperature depression
(GELLHORN 1937) A possible explanation 1s that the temperature reduc-
tion was greater i the actdotic animals than m the controls, 1n which
event the oxygen requirements of the respiratory centre may be assumed
to have decreased The mmtally depressed oxygen consumption may
favour this explanation In the acidotic amimals the tissue CO; tension
presumably increased by means of a mechanism to be discussed below
After an O, tension of approximately 50 mm, however, the acidotic
animals had a somewhat greater oxygen consumption —1 e, heat produc
tson — than did the controls The demonstration of a close correlation
between the depressions of body temperature and of oxygen consumption
(LINTZEL 1931) argues n some degree against the assumption that the
temperature reducfion was greater 1n the acidotic amumals 1n this O:
mﬁ:;l::: ieoncelvable explanation of the observed effects 1s that the

etabolic acidosts acted on the circulation 1n such a way that a greater
mo ortion of the blood flow and of the available oxygen supply was
E}rlaﬁnelled to the bran and the respiratory centre
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From the Biochernical Laboratory, Northern General Hospital,
Edinburgh Scotfand

Defection and Determination of Hypotensive
Drugs in Human Serum
By
S. L. Tompsett
{Recerved August 27 1962)

The d and deter of some hyp: drugs (hexame-
thontum, darenthin ®*, guanethidin) sn serum has proved troublesome
This 1s due to a lack of specific colorimetnc reactions and dsfficulties 1n
effecting concentration

Although there 1s an extensive literature on the use of hypotensine
agents (¢ £ WiEN 1961), there 1s a Jack of data about serum concentrations

We (ToupsETT er al 1961) have described a procedure for detecting and
approumately determining these substances 1n urtne A modtfication of

the procedure has been found applicable to thetr examination n blood
serum

Procedure
The hypotensive agents were absorbed on a column of Dowex 50 x 12
from a trichloroacetic acid extract of blood serum Elution was carried
outwith SN hydrochloncacid 14 and determina
tion were carried out by paper chromatography

Preparation of Colurn

The column contaming 3 g of Dowex 50 x 12 mesh size 200/400 -
(height — 70 mm, drameter — 10 mm) was prepared as described in previous
commumicatians (ToueserT 1959, 1960)

Initial Treatment

To 10 m} of serum were added 30 ml of water and then 10 m} of 2%,
tnchloroacetic acid (w/v) The muxture was centrifuged and the reudueo
extracted twice with 20 ml quantities of 4% (wjv) trichloroacetic acid

*) Darenthin § = bretylium tosylate (WHO NEN, BAN)

Acus pharmacologlca vol 19 fasc 4
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The combined trichloroacetic acid extracts were applied to a column
The column was washed with 100 ml of N hydrochloric acid, and elution
was then carried out with 160 mil of SN hydrochloric acid The acid eluate
was evaporated to dryness in an all-glass vacuum still The residue was
dissolved 1 0 5 ml or 1 ml of water

Paper Chromatography and Detection

Thus was carried out essentially as described 1n a previous communica-
tion (TOMPSETT ef af [961)

100 p1 (1n quantities of 20 at a time), were applied to a sheet of What-
man No 1 filter paper, and development was carried out with N-buta
nol/acetic acid/water mixture Detection was carried out by means of the
Dragendorff reagent

The R of any ‘spots’ were noted, and determinations were made by
companson with a series of standards (10, 20, 40, 60 and 80 pg) developed
and detected at the same t1me

Standards

To 10 ml quantities of serum 100, 200, 400, 600 and 800 pg of hypoten-
sive drug were added The complete procedure was carnied out

The final extracts may be preserved for a number of separate examna-
trons
The recovery of hypotensive drugs from column eluates was found to
be within the range 78 6 to 83 1%, For this purpose the eluates obtained
from a number of columns were combined, and determmations were made
by the colortmetric remeckate technique (TOMPSETT ef af 1961)

Discussion

Quantitres of 10, 20, 40, 60 or 80 pg of hexamethomum, bretylium or
guanethidin may be readily differentiated on paper chromatograms after
spraying with the Dragendorff reagent The Sakagucht reaction may be
applted to the detection and approximate determunation of guanethidin

within the same range
The technique as described allows determinations n serum down to

10 pg/ml, but determnations of even lower levels are possible

Summary
A procedure has been described for the detection and approximate
determination of some hypotensive agents m serum
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Preparaion of Column

The column contamng 30 g of Dowex 50 x 8 - mesh size 200 400 - (height -
140mm dameter ~ 15 mm) was prepared as described 1n a previous commumication
{ToupseTT 1961)
Inttial Treatment

A 100 ml quantity of urine {+1 ml of 10 N hydrochloric acid) was applied to the
column The column was washed with 200 ml of 0 1 N hydrochloric acaid and then
with 400 ml of water Elution was carried out with 300 ml of 33% (6 N) aqueous
ammoma solution, basic substances containmg 2 free phenolic or carbowylic acid
group only being removed (ToMpseTT 1961) The ammoniacal solution was evaporated
10 dryness in an all glass vacuum still The residue was dissolved m a small volume of
water

Paper Chromatography and Detection

Of the solution 20 pl were apphied to a sheet of Whatman No 1 filter paper, and
development was carried out with n-butanol acetic acid/water (4/1/5) - organic phase
Detection was carried out by means of the Dragendorff reagent

The Ry of any ‘spots’ were noted, and the was made by

agunst a series of standards (50, 100, 200 and 400 pg) developed and detected at the
same tme

The Jower limut of detection was 50 g, but there was ready differentiation between
the standards Solutions of the standards were prepared in exactly the same way as
those of the unknowns

drThc orange red spots did not develop immediately but only after the paper had
ed

Dried residues of the eluates were also examined by the estenification
techmque of PLOTNIKOFF ez af (1952) These were refluxed with a muxture
of 2m! of concentrated sulphuric acid and 20 ml of ethanol for 2 hours
The mixture was then diluted to 50 ml with water The *pethidine’ content
was determined by the indicator method of EL DARAWAY & Towueserr
(1956) Recoveries of 2, 4 and 8 mg of pethidinic acid ranged from 49 2
054 1% of the onginal As a further a1d to 1dentification of the estenified
pethidinic acid, the product was d by paper ch phy after
1ts extraction by an organic solvent

Results and Discussion

of]gg:le n butanoljacetic acid/water system, pethrdinic acid has an Ry

The immedrate appearance of an orange spot when Paper chromato-
grams are treated with the D dorff reagent ind a ci d
that docs not possess a free carboxyl group, whereas compounds harv
free carboxyl group give the reaction only after the paper has drlcd"’,]%]a
latter p ds are also rel. towards the reagent ¢
fied substance, found n

Normal hus ’
man urine contains an umdenty
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From the Biochemical Laboratory, Northern General Hospital,
Edinburgh, Scotland

The Detection and Determination of
Pethidinic Acid in Urine
By
S L. Tompsett
(Recenved August 27, 1962)

Pethudine (meperidine (USAN), demerol @) 1s one of the recogmsed
drugs of addiction and 1n Great Britamn 15 the most mportant after
morphine (DRUG ApbicTioN 1961)

The metabolism of petlidine has been studied in the human and other
species (McDONALD et al 1946, PLOTNINOET et al 1952, 1956, BURNS
ef al 1955}, and existing knowledge has been recently summarised (WiL-
LIAMS 1959, STEWART & STOLMAN 1960} It would appear that httle un-
changed pethidine 1s to be found n urine, the main excretory products
being those due to de-esterification and de-methylation In man, the mamn
excretory products have been shown te be pethidinie and nor-pethidinic
acids, the former apparently predominating There 1s appatently little
difference tn the metabolism of petiudine between normal subjects and
addicts

Scanty information ts available about the identification and determina-
tion of these metabolites The procedure described below perrmts the
detection and approximate determination of pethidimic acid 1n urine

Pettudinie acid 1s absorbed from urine on a cation exchange resin The
substance 1s then eluted with ammonia Identfication and approximate
determunation 1s then carrred out by means of paper chromatography
and the use of the DragendorfT reagent

Procedure
The pethidiuc acid used was prepared by the alkaline hydrolysis of
petudine
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Preparation of Column

The column contamming 30 g of Dowex 50 X 8 — mesh size 200 400 ~ (height ~
Omm diameter - 15 mm) was prepared as described 1n @ previous communication
{TompserT 1961)

Imtal Treatment B A tadea
A 100 ml qua - ~ * LT

column The col . e ., .

with 400 ml of - ) '

ammonsa solutic :

group only besng removed (TowupsexT 1961) The ammoniacal solution was evaporated

10 dryness 1n an alf glass vacuum sull The residue was dissolved in a smafl volume of
Water

Paper Chromatography and Detection

Of the solution 20 1! were applied 1o a sheet of Whatman No 1 filter paper, and
development was carried out with n butanol acetic acid water (4/1/5) - organic phase
Detection was carried out by means of the Dragendorff reagent

The Rrof any spots’ were noted and the determination was made by comparisons

against a series of standards (50 100 200 and 400 pg) descloped and detected at the
e time

The Yower himut of detection was 50 ug but there was ready differentiation between
the standards Solutions of the standards were prepared 1n exactly the same way as
those of the unknowns

The orange red spots did not develop immediately but only after the paper had
dned

Dried residues of the eluates were also examined by the estentfication
techique of PLOTNIKOFF ef @l (1952) These were refluxed with a mixture
of 2mi of concentrated sulphunic acid and 20 ml of ethanol for 2 hours
The mixture was then diluted to 50 m) with water The ‘pethadine’ content
%as determined by the mdicator method of EL DARAWAY & TOMPSETT
(1956) Recovertes of 2 4 and & mg of pethudinic acid ranged from 49 2
1054 1%, of the onganal As a further aid to identification of the estenfied
Petiudinic acid the product was d by paper ch aphy after
Us extraction by an organic solvent

Results and Discussion

rln the n butanolfaceuc acidjwater system, pethidinic acid has an Ry
of 064
The immediate appearance of an oran

ge spot when paper chrom,
trams are treated with the Dy o 2o

il reagent nd LRy d
~h;“ docs not possess a Iree carboxyl group, whereas compounds having a
tee carboxyl group give the reaction only after the paper has dried The
lawer compounds are also relatively nsensitive towards the reagent

an umidentified substance, found 1n
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extracts prepared as described above and appearing on paper chromato
grams at Rr 0 51 after treatment with the DragendorfT reagent No other
spots have been noted

Pethidinic acid produces an insoluble retneckate 1n aqueous solution
at pH 1 2 Tlus 1s soluble 1n acetone and could form the basis of a non
specific colonmetric method for the determinatton (TOMPSETT ef al 1961)
This rcinechate does not dissoctate on paper chromatograms when
development 1s carned out with the n butanol/acetic acid/water system
An nsoluble reincckate 15 not produced m aqueous solution at neutral
reactions

Ecgonine, obtained by the de estertfication of cocaine, could possibly
be present in the urinary extracts described above This substance does
not producc an nsoluble reineckate 1n neutral or acid aqueous solutions
and 15 not detectabe in neutral or actd aqueous solutions and 1s not
detectable on paper chromatograms after treatment with the Dragendorft
reagent

The other metabolite of pethidine - nor petiudimic acid — was not
examined, since none was available

Summary

A method 1s described for the 1dentification and approximate determna
tion of pethidinic acid a major metabolite of pethidine 1n man
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From the Department of Pharmacology Unnersity of Goteborg,
Goteborg Sweden

Comparnison between Effects of
Cannamide and Probenecid on Thiosulphate Secretion
in the Renal Tubules of the Dog
By
Frednh Berglund
(Recewved September 10 1962)

Thiosulphate 15 secreted by the renal tubules of Lophius (BERGLUND &
Forster 1958) the cat (EGGLETON & HApip 1949) and the male dog
(FOULKS et al 1952} It 1s both secreted and reabsorbed 1n man (Bucur
1939) and in the female dog (FOULKs ef al 1952) The secretron 1s mhibsted
by carnamide?) but not by probenectd!) (= benemid @) (Bucur 1949,
FoULKS ef al 1952, BERGLUND & FORSTER 1958) The different effects of

and prob on thiosulpt transport are somewhat
femarkable since the two drugs have identical inhibitory effects on the
tubutar secretion of pemicillm (BEYER ef al 1951) BerGLuwp (1960)
imestigated the secretion of the two drugs in the aglomerular kidneys of
Lophius Cannanude reached 10-20 times as high concentrations m the
urne as i plasma whereas probenecid levels in the urine were lower than
m plasma It was concluded that carinamide was actively secreted by the
tubules and during the transport through the cells mhibited the secretion
of thiosulp whereas prob was not secreted and thes did not
affect thiosulphate

WEINER WASHINGTON & MUpGE (1960) showed, however, 1n the dog
that probenecid was excreted when the urine was alkaline and that the
excretion was d by PAH (p hipp ) They concluded
that probenecid was secrered actively and reabsorbed by a non some
difusion mechantsm Thus would render invald the theoty of Berglund

1t sl seemed possible to explain the lack of effect of probeneeid

Lophws and in the non alkalope dog by the absence of
the acid unne The effect of ~--+ 8 T probeneed from

%) Canmam d¢ 1s pabennt 1
Probenexid 1s pa
S nce the mojecula
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dog and compared with the effect of carnamude at equivalent excretion
rates The results dertve partly from earlier work (dog K, BERGLUND,
HELANDER & Howe 1960), partly from new expertments (dog N)

Methods

Clearance expeniments were performed on female mongrel dogs 1 the standing
position by the technique described earlier (BERGLUND, HeLANDER & Howe 1960)
Creatinine was determuned by the alkaline picrate method of BonsNEs & TaUSSRY
(1945) Thiosulphate was determined on tungstic acd filtrates of plasma by the 1odate
method and directly on unine by the 10dine method of GiLMAN, PHiLips & KOELLE
(1946) Cannamide was determined by the method of Bropie, LEvy & BERNSTEIN
(1957) and prot d by the spectropt 1c method of TiLLsoN e al (1954)

Results

Under the experimental conditions recorded 1n table 1, probenecid
exerted no cffect on the tubular transport of thiosulphate In the three
parts of the experiments, there was an average net secretion of thio-
sulphate of 25, 24 and 25 pmoles/minute, 1n that order The plasma level
of probenecid n the last two thirds of the experiment averaged 153 and
194 pg/ml, with uninary excretion rates of G 46 and 2 31 mg/min The rise
1n unnary excretion of probencerd was produced by admimistering sodium
bicarbonate, with a concomitant nise in urine pH from 6 to 8

These results should be compared with the effects produced by carna-
mide Carlier experiments (BERGLUND, HELANDER & Howr 1960) showed
that almost maximal inhibition of thiosulphate secretion was reached at
carmamide levels of 20 pg/ml plasma (dog K, fig 1) Expeniments on
Dog N showed fair agreement with earlier results (fig 1)

The effect of varying the urinary excretion of carinamide, by means of
sodum bicarbonate, was shown 1n exp 131 (table 1) In the control

5303 #EABSORP ON

T L ™
CANMAM OF poimi PLASHA

4 am sk oae tnkota grapsport
Fig 1 ~0 Dog N, 22 kg

m two dogs x-
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Table 1

tween probencad and cannamde at d flerent plasma levels and excretion
camw;::sbf)os N,pzz kg V — Unne Rlow GFR = Glomerular fliration rate

Thiosulphate Drug
Tume v GFR Urtne Re-
mo | mlfmn | mimn § Plasma o0 e | Plasma | Unine
weote/ml - Ty umole/mun | P& ME
Exp 119 Probenecid
- 65 400 ml §;0 orally
o Prime 23 g creatimne 13 g Na $,03 § H0
Infusion 1 2°, creatimne ¢, Na S O3 S H O 14 mlfmin
1826 20 81 109 [EL
- 34 20 8 132 13) ~2
34y 15 72 143 120 17
p L P TR T
- 68 . . ) - 043
676 ‘ . . 049
7%- 82 - 045
82 8 Prme 70 ml 5°, NaHCO,
tnfusion 3 as nr § + 08°, probenecid + 5%, NaHCO,
108-116 34 84 156 159 ~13 193 230
16-12¢ 2.9 81 1359 154 ~25 194 23
124432 30 85 152 15t 1 23 196 23
Exp 131 Caringnude
-5 400 mt Hy0 orally
0 Prime 2 g creataine 22 g Nas$;05 S B0
Infusion | 2°, creatinme 4 5°, Na;510; 5 Ha0 14 mt min
33 [3 175 177 ~4
1 4 1 9 170 181 ~15
) 16 100 168 182 18
51 5w tnac 2N N
R 5 H;0,035°, canna
66 74 4 181
82 a8 100 113 130 4 13 204
2 9% 13 100 173 1s 58 196
9%- 83 Pume 60 mi 5°, NaHCO,
53 Infosion 3 asnr 2 + 5%, NaHCO,
108116 21 100 173 21 46 316
16124 21 97 173 123 45 n 328
124032 30 100 178 136 42 375
Ppertods there was a net of tt \|

’ p ging 11 pmoles/mm
With cannamde  there was net reabsorption of thiosulphate, averaging

50 and 44 pmoles/min The simultaneous plasma levels of canmamide
averaged 13 and 31 ua/ml with excretion rates of 19 and 34 mgfmn
Thus at suboptimal plasma levels of cartnamide (< 20 pg/ml) 2 marked

115 in als unnary excretion rate did not enhance tts effect on thiost
1
' 10sulphate
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QCHZ501 NN‘O coo

CARINAMIDE

CH,CH.CH,
S oD
CHJCNICH:
PROBENECID

Fig 2 Structural formulae of cartnamide and probeneaid

Discussion

The purpose of the study was to test the effect of probenecid on thio
sulphate transport under conditions favouring the urnary excretion of
probenecid By adrumistering sodium bicarbonate the probenccid/creati
nine clearance ratio was ncreased from 004 to 014 WEINER et al
reported clearance ratios above 1 0, these lugher ratios were evidently due
to a higher dose of sodium bicarbonate (5 trmes ours) and higher urine
flows (> 10% of GFR, compared with 4% m exp 119) Broadly our
excretion rates of probenecid agree with those of WEINER et al

Thiosulphate transport was not affected by probenecid, i spite of
plasma levels exceeding 150 pg/ml and urinary excretion rates of 23
mg/min Carinamide, on the other hand, already exerted maximal effect
on thiosulphate sccretion at a plasma level of 20 pg/ml At suboptimal
levels of caninammde (11-13 pg/ml plasma) an increase 1n its excretton rate
from 19 to 34 mg/min did not alter quantitatively the effect on thiosul-
phate transport

The following conclusions may be drawn I The inhibition of thiosul-
phate secretion should be correlated with the plasma level of carmanude
and not with 1ts concentraton 1a the urine 2 The absence of effect of
probenectd 1s probably not due to 1ts low concentration in the urme 3
The difference 1n effect between carmamude and probenecid on thio
sulphate secretion seems to be due to some specific difference in structural
configuraton (fig 2)

The position of the sulfone group might be the significant factor The
structural sumulanity between sulfone, sulfate and thiosulfate 1s indicated

by the formulae, which may be wntten

R o -0 o -S (o]
AN N o N/
S 7 S S
N 7N 7N
R/ o -0 o -0 O
Sulphate Thiosulphate

Sulphone
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Arrows ndcate »semipolar bondse The sulfur oxygen bond distance
averages 145 A 1n a number of sulfones and sulfate 1ons (Price & Oae
1962) and 148 A 1n sodwm thiosuifate (Taylor & Beevers 1952)

In probenectd, the sulfone group 15 directly attached to a benzene
nng probably causing strong interaction between these groups (Price &
Qae 1962) - In connanude, the sulfone group 1s not directly bound to
any unsaturated group and its properties mught be more similar to those
of sulfate and thiosulfate Carmamide rmght therefore show aflimty to
a suffate thiosulfate carsier 1n the tubule cells and thus intubst the secre
tion of these 10ns

Summary
The effects of cannamide and prob: d on t} 1ph by

the renal tubules were studied in the dog Cannamde clearly inhibited
secretion at plasma levels of 11-13 pg/ml with simultaneous vrinary
excretion rates of 19-34 mgimn Probenenid exeried no effect even at
plasma Jevels above 150 pg/m), and unnary excretion rates of 05-23
mg/min The difference 1n effect of the two drugs on thiosulphate secretion
15 probably not due to diff urmary rates It 1s suggested
that the SO,~ group 1 cannamude shows affimty for a thiosulphate-
carner 1 the tubule cells The SO~ group 1n probenecid may have lost
this charactersstic owing to direct attachment to a benzene ning
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Thialisobumal* (Baytinal @) as an Intravenous
Anaesthetic for Rabbits
By
Bo E-son Schldt and Evert E:son Schildt
(Recewed October 5, 1962)

In research with small amimals there 1s need for an anaesthetic suitable
for short surgical procedures The 1deal anaesthetic would be one that
produces a short and sufficiently deep anaesthesia with 2 rapid recovery
Although some fulfil the first part of this requirement, many current
anaesthetics do not completely satisfy the second Many anaesthetics
leave the ammal 1n a post anaesthetic non-phystological condition that
mterferes primanily with respiration and arculation Thys means that no
function can be constdered normal for vanous periods afterwards

The requirement for a short-acting anaesthenc hasansen froma planned
study on rabbits with combined 1njuries, that 1s, 1murnes from 10mzing
radiation combined with thesrmal or mechanical jury or both Good
chnical experience with baytinal r (thialisobumal sodim) in man gave
a further impetus to this investigation

Baytinal ® 1s a thiobarbiturate (the sodium salt of 5,5-ally}-2-methyl-
propy! thobarbitunc acid) 1t 1s usually used as a 10% solution for smyec-
ton and 1ts action in man 15 transient and charactenzed as “vltra-short™
Information about 1ts ime of action 1n animals varnies No published re-
Dorts can be found about the use of baytinal 8 in rabbuts, but tn Germany
some mvestigations have been made on other species The first report of
baytinal % used on cats was published by AHLERS 1 1957 Teuscher has
reported the use of it on swing 1n 1958 In 1959 TEICHMANN used the
anaesthetic on both dogs and cats He found that 2 cats out of 3 died
from fatty degencration of the liver, a condition which FREY earlier
(1957) had attributed to the fack of fwver glycogen PAUFLER (1960) stu-
died the value of premedication before anaesthesia produced with baytr-
nal & w dogs

¢ Buthahial (WHO) = Buthalitone (BAN) 21 sodium salts
Bayunal @ Farbenfabnk g
AR D’tlsar. & octhoi en Bayer AG Leverkusen, has been placed at our disposal by
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Thiobarbiturates in general are characterized by a short anaesthetic
but a fawrly long post anaesthetic stage This 1s partly explaned by the
fact that BAYTINAL, at any rate, 1s rapidly eliminated from the blood and
taken up by lipord contaming cells, particularly those in the central
nervous system, but also by other fat contatning substances (BoLz 1961)
By this mechanism most of the anaesthetic accumulates where 1t cannot
act specifically It has been shown 1n heart, lung liver preparations that
decomposition of baytinal @ occurs i the Iiver (Merkblatt den Fabriken
Bayer) The rate of decomposition 1s slow, and the intermediary products
are hypnotic 1n their action According to BRODIE ef al (1952) only 50 per
cent of the drug has been eltminated at the time of recovery from ana
esthesia which means that the post anaesthetic stage must be relatively
long Except for its short duration of action baytinal ® has all the
characteristic properties of barbiturates It 15 available as a yellow powder
soluble 1n distilled water to give a basic reaction The carbon dioxide of
the air alters 1ts pH and hence 1ts solubihty Intentional perivenous injec-
tions have shown that 1t 1s not very toxtc to the tissues

The action of baytinal @® on respiration and circulation 1s constdered
to be about the same as that of enhexymal sodium (hexobarbitone (B P),
evipan ®) The nisk of liver damage and certain toxic conditions have
been considercd as contra idications for repeated use of baytinal ®

General Method

Since baytinal ® can bz characterized as an ultra short intravenous
barbiturate, the total dose of the drug 1s of no intcrest unlsss th> ime of
njection 1s considered Our 1nvestigation has been split into three parts
a) determination of mummum anaesthetic dose and minmum lethal dose
at different rates of inysction Some tests with an antagomst of barbt
turates are also reported,

b) the use of baytinal ® as an anaesthetic for surgical procedures,

¢) companson of baytinal ® with mabumal sodium (pentobarbitone
sodium B P)

The general method was the same 1n all three parts of the vestigation
except where otherwise stated

The classlcal scheme for sia.x‘gef :72: f:aiin::f: M»;'hclcil; was onginally given by

h of anaesthesia
hods was there

xes that give in

nd a mean ol detelnuig, Uk uep
o “;:cf;: a precise and reproducible sesponse and are well correlated with the depth
n?aes:ms(hcsm will be the best crterna of the stage of anaesthesta The most refevant
of an:
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Table 1

Division of anacsthesia into four
stages, according to Guedel s

scheme
———— —————
Stage ‘Name of stage
—_—
1 Analgesia
1 Delinum
e Surgical
Level |
-2
- 3
[} - 4
v ’ Respiratory
paralysis

—

reflexes are those m stage 111, level 3 (sce table 1), which 1s also called surgical anacsthe-
Sia.

Pilot tests were cartied out to select reflexes that fulfil the above-mentioned require-
ments The reflexes selected after the prelimnary studies were a) the corneal reflex,
b) the Achilles tendon reflex, ¢) the pedal reflex

2) MoRCH (1947) used a method for deterrmning the corneal reflex wath 2 horse hair,
i which the cross-section of the hatr was considered to be a function of its capacity
10 exert pressure on the eyeball but this method was found to be too delicate during the
prefmunary studres Another reason for not usig it was that narcosis produced by
barbiturates does not permyt a clear-cut scheme of anaesthesia in the same way as
Soes that nduced by an mhalation anaesthetic Further, stage I11, level 3, 15 not reached
until the corneal reflex disappears Some fibres of cellulose were selected as an irntant
for the cornea The cornea was kept mosst by physiological saline, and the seflex
response was graded according to the scheme - abolished reflex, +very slow reflex,
++ slow reflex, +++ normal reflex

) The teflex for deep pain was tested by pinching the Achulles® tendon Thus reflex
Was selected because 1t proved to be sufficiently sensitive and disappeared earher than
the corneal reflex but later than the pedal reflex

©) The pedal reflex selected as a reflex for superficial pam was evoked by pricking
the foot with a pin Disappearance of the reflex was correlated with other stgas indr-
€ating that the ammal was m stage ITT

Since the reflexes were tested by the same person as exactly as possible, sufficient
Preciston was considered to be established

The critena used for the smallest anaesthetic and the smallest lethal dose were as st
out below

The smallest anaesthetic dose was the one that 1t & group of animals

produced

ab;\mon :r ,:he rel?lex T;)r deep and superfictal pain as well as a very slow corneal
reflex and the smallest lethal dose was the one that kalled all the an:
despite artifictal respiration mats 2 group

Bayunal ® was used as a (resh 10% {w/v} solution,
fargnal cac ven When anaesthesia had been nduced,
Observation bench Infrared radiatron and repeated tu

which was mjected 1ato a
the animal was moved ta an
riung of the anumal from one
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side to the other were applied to prevent post anaesthetic complications A record of
anaesthetic results was set up for each ammal During the post anaesthetic penod it
was recorded when the animals began to move their heads, turned over m the prone
position, and tried to walk

Determination of Muni A thetic Dose and Minimum
Lethal Dose at Different Rates of Injection

This part of the study contamns determmation of

a) the relation between time of injection versus anaesthetic and lethal dose,
b) the range of anaesthesta (difference between anaesthetic and lethal

dose),
c) anaesthetic coefficient (ratio between anaesthetic and lethal dose)

Material

For this part of the investigation 95 rabbits were used They were of
various breeds, males and females, and their mean weight was 218 &
029 kg Many of the antmals were used repeatedly but always at longer
wtervals than 1 week

Method

The general method has already been described In thys part of the tnvesugation,
groups of 5 anwmaals were given doses increastng from a subanaesthetic up to a lethal
level at dafferent rates of mjectton The general outline of ths part of the imvestigation

15 shown 1n table 2
Different imes of injection (3 2 4 and 8 munutes) were used s0 as to correspond to

the short duration of action of Baytinal The was made as y as

possible
Table 2
Workling plan for determimng mimimum anaesthetic
and lethal doses
Dose mg/kg
e
Tnjection 50 ‘ 70 ’ 90 ’ 110 ’ 130 | 150 | 170

tme min

|

[P

1hwa

T van

[TV YINYY

[EXTARVN

P2y e
'

o0 & taae
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Table 3

Results of deterrmmng mimmum anaesthetic
and lethal doses for baytinal B

Miimum | Minimum thetic | Ansexthetc
Ingection ime. | 41 eqthetic } Tethat dose A“::,g: he den
mn dose mgkg| mgikg
124
T R
4 90 160 0 :Z:
3 110 mo

Table 4

Durauon of anaesthetic and post anaesthetic periods at different
nyection times for munimum anassthetic dose

| Tme 10 min
Cessation 1 tunutes of between
Toectontme | Dose —n
e me/ke attempts
Cotneal  Achilles Pedal p
{ r(:;ex reflex reflex at walking
]
i I s 19 | 140
i I e 2 3 4 240
4 50 n 2 38 163
8 l m | 2 x 2 l ] 215
.
Results

The results are set out in table 3

It 1s evident that the smallest anaesthetic dose for baytinal ® vanes
between 80 and 110 mg per kg body weight In the group with an mjection
time of § manute some of the animals showed adequate anaesthesa at the
level of only 70 mg/hg and all ammals at 90 mg/kg Transient apnoea
appeared among ammals 1 the group of only 50 mgfkg, and 2 animals
died from 90 mgfkg The smallest anaesthetc dose was 80 mg/kg, but the
depth of anaesthesia varied more with the longer times of injection The
fange of anaesthesia was small (20 mg/kg)

Surgical anaesthesia was produced at 90 mgfkg, and the ammals died at
150 mg/kg 1f the ume of mjection was increased to 2 minutes Apnoea

appeared in some witha dose of only 130 mgfkg The range of anaesthesia
was 60 mgfkg and the anaesthetic 1ndex 1 67
With an injection time of 4

minutes the range of anaesthesta was
wcreased to 70 mefkg, and the anaesthetic index was 1 7§ Apnoea
occurred from 110 mgfkg onwards

P

.
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posis_min tetalls

] | t 1
H 6

7 8
INJ TIME MIN

Fig { Dependence of injection ume
on anaesthetic and lethal doses of baytinal ®

If the time of mjection was mereased to 8 minutes, the mummum
anaesthetic dose was reached at 110 mg/hg and the minimum lethat dose
at 170 mg/hg The thdex of anacsthesia decreased to 1 55

A compilation of the results from the anaesthetic records gives the
figures (means) shown 1n table 4

With an injection time of } nunute the length of the anacsthetic period
will be some minutes Despite the short surmcal anaesthesia, a post-
anaesthetic persod of about 2 hours will follow With an myection time of
4 min the length of anaesthesia will increass to 15-20 min on about the
same dose and with the same length of post-anacsthetic period Further
ncrease of mjection tume gnves no strihing advantage The length of the
anacsthetic period 15 about the same, but that of the post anacsthetic
stage will mcrease

The results are graphically reproduced tn fig 1, which shows the de-
pendence of mummum anaesthetic and Iethal doses on the time of njee-
tion The distance between the curves, that 1s, the range of anaesthesia, has
its hughest value at an injection time of 4 nun It will also be seen that the
dose for anaesthesia will merease by only 30 mg/hg, but the lethal dose by
a factor 2, 1f the time of injection varies from } to 8 mn

Except for apnoca, no complications occurred One ammal that had



THIALISOBUMAL 383

seceped 110 mgfkg duning 3 min died 7 days later of an enteriis not
directly referably to the Both the wnd of and the
recovery from anaesthesia were smooth 1n all ammals

Trial with an Antagonist of Barbiturates

Attempts have been made to shorten the length of the post-anaesthetic
period by using different drugs that antagonize the action of barbiturates
Favourable reports have appeared on bemegnde especsally in England
{eited by Bolz)

To examine the effect of bemegnide malysol & *) 50, 100, and 2007 of
the dose {mg/kg) given to cats 1n the experiments Teporied above were
given to a number of Tabbits Imections were given between § hourto 4
hours after baytinal ® had been administered No sigmificant change
the course of the post-anaesthetic stage was noticed In connection with
the injection a short phase of excitement occurred

Trials concerning Addiction and Toxerty

In order to study the question of addiction and toxicity, rabbuts were
enen baytinal & repeatedly One amimal, for instance, was gien 10 doses
ranging from 30 to 90 mg/ke for ¢ month No change m the seaction of

theam ~

cunstuered to be of the same type as those reported by Frey

Baytwal @ for Mmnor Surgery

Baytinal R was tried 1n @ number of minor surgical procedures to
perrut chmcal evaluation and further observations of the relation between
depth of anaesthesia and oss of reflexes

Materwal

25 rabbits (small Chunchilla) of both sexes were used for thss part of the

imestigation None had been used carhies and all had been observed for
more than a week without exiubitin

mean weight was 2 17 1.0 46 k.
(840 1) 1 hour before Surgery

g any kind of disease or injury Their
¢ Ten ammals were given a dose of X rays

*) Inj maiysol = §%
Sm'k hq{m ® % bemegnde  Apotekens Komposutianstaboratomuar (ACO)

e
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Method

The general method has already been described The dose of baytinal ® va
between 50 and 125 mg/kg, with a mean of 90 mg/hg One third of the calculated ¢
was injccted for about 1 minute The rest of the dosc was injected during abo
consccutinve minutes, with close observation of changes in respiration and refle
Wheneser depression of respiration was severe or the corneal reflex abolished or b
the 1njcction was stopped  Surgery was begun within 5 mm of the njection
surgreal procedure consisted of making an incision 2-3 ¢m long in the nud line of
abdomen Then 10 ml of resuspended, antologous, Crs! tagged erythrocytes
ingected by means of a rubber tube The abdomen was closed in Jayers, and the tur
were observed in the post anaesthetic period, as described above

Results

In all amimals muscular relaxation was sufficient Shight movements
the legs were noticed n about half of them when the peritoneum 1
touchcd Duration of surgical anaesthesia was 10-15 min The corn
reflex was abolished or very slow i all amimals except one, and t
criterion was reached m 3 animals at the level of only 75 mg/hg Ir
amimals apnoea occurred after only 50 mg/hg The depth and the length
anaesthesia for the irradiated ammals did not show any difference frc
those 1n the rest of the ammals The post-anaesthetic stage, as measur
from njection to the trme when the anmmals began to move their heat
was about 14 hour The mduction of and the recovery from anaesthe:
occurred without any noteworthy discomfort and no late complicatio
arose

Comparison with Mcbumal Sedium

Mebumal sodium*) has long been used as an travenous anaesthet
for small ammals The mixture used 1 the present study was prepared fi
&OLs, Dot W EOR 4O sl

Mecbuma) 1s not absorbed by fat as are the thiobarbiturates, and th
allows faster excretion (STLVENsON 1958) Decomposition takes pla
through a process of oxidation, wlich gives hypnotically active product
The total time of excretion by dogs, measured as barbsturic acids,
petween 2 and 4 days (FRey) Injected intravenously and quickly 1
rabbits mebumal produces anaesthesia for about 10 minutes (BoLz)

Urethane has long been used as an anaesthetic with a long duration ¢
action and a wide narcotic range It has few toxic efects and can b
administered by various routes The above mentioned mixture of urethan

*) Pentobarbutal sodium (rINH)h . I8¢ Urethan 508
g ofprep 2 odum 40=  Glyeerol 125
Spir conc 150~ Aq stenl ad 100 m!
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sthesia will allow an ingection of about 757 too much baytinal @ and
5074 too much mebumal There 1s some difference 1n the length of the
post-anaesthetic period The ammals 1n the baytinal @ group began to
mose thetr heads after about 1 hour and those 1n the mebumal group after
about 3 hours If we compare the time from tnjection to attempts at
walking, we find that the difference between the two groups has decreased
to } hour The post-anaesthetic stage after baytnal & can be characterized
as somnolent and after mebuma) as soporovs

Discussion

The results show that baytinal @ has about the same action on rabbits
as that reported by carlier investigators (AHLERs 1957, TEICHMANN 1959
and PAUTLER 1960) on dogs and cats Baytinal @ produces a short surgical
anaesthesia and a post-anaesthetic stage of 1 hour or longer The short but
adequate anaesthesta from baytmal @ 1s a result of its pharmacological
properties Further administration of anaesthetics to maintan the depth of
anaesthesia will result 1n another short pertod of anaesthesia, which will be
followed by a longer and more accentuated stage of post-anaesthesia
Because of this mechamism and of the risk of 1njuries to the liver, it 1s
evident that baytinal & should not be used repeatedly A certawn prolonga-
tion of anacsthesia can be achieved by simultaneous admmistration of
chforpromazine (PAUFLER [9€0) or simular drugs Anaesthesia of long
duration can be produced only by changing over to another anaesthetic
The pharmacological action of baytinal R gives rise, as expected, to the
same pattern of individual vaniation as does that of other drugs For this
reason 1t 1s impossible to set up a general rule for its admnustration The
results presented n table 2 show that the range of anaesthesia 1s widest
with an injection time of 4 min The length of the post-anaesthetic pertod
as shown 1n table 4, at this rate of imjection 1s about the same as for 2
mun , but the corneal reflex remains slow for a considerably longer period
In the group with a 4 minute mjection time apnoea did not occur until
dosage was close to the lethal level (160 mg/kg) Hence, an mjection
time of 4 min 1s the best under the conditions of our investigation

The use of baytinal & 1n the second part of this study showed that the
drug can produce satisfactory surgical anacsthesta for 10 15 nuan Muscle
relaxation was adequate, despite some movements of the legs when the
peritoneum was touched The postulated correlation between loss of
reflexes and depth of anaesthesta was found to be correct The reflexes for
and supcrﬁcml pain were abohshed, and the corneal reflex was slow
als Apnoea occurred only mn 2 amimals that weighed consider-
thers This was probably explamed by the lack of

deep
m all amm,
ably less than the o
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buffer action of fat o the effect of baytnal ® No complications were
noted and baytinal ® can be regarded as a good anaesthetic for surgical
procedures fasting up to 15 minutes

From the third part of the study 1t 13 evident that mebumal givenin a
dose of 25 mgrkg did not fulfil the crtena lard down for the smallest

dose It can therefore be postulated that the smallest anaesthe~

tic dose 13 about 30 mg/kg A lethal effect was obtamed with 45 mg/kg,
which thus gives an anaesthetic range of 15 mg/kg Mebumal produced
anaesthesia free from comphcations Respiration 15 generaily known to
be affected by barbiturates, and our investigation has confirmed that
baytinal ® and mebumal are no exceptions, 10 this rule The respiratory
rate of the animals that received baytinal ® was about 50 per minute half
an hour after the wyection The carresponding rate for the group that
tecened 30 mp/kg of mebumal was about 30 per minute This means that,
even allowsng for individual vanations, the depressing effect of mebumal
15 probably more mtense A comparnison of the effects of excessive doses of
baytinal & and mebumal reveals a distinet difference Circulatory and
espiratory falure a5 a result of overdosage of mebumal was found to be
prognostically less favourable than that provoked by excessive doses of
baytmal ® Baytinal § seems to have a more selectine central action on
Tespiration, and circulation will be senously affected only at still higher
doses At fagher doses of mebumal this biphasic action could not be
recogmized Within a short tume afier respiratory Sariure the heart stopped,
and the animal dred Artificial respiration after large doses of baytinal @
frequently prevented all anoxic damage untl spontaneous resprration
returned but did not have the same effect after mebumal

A comparison between baytinal ® and mebumal has thus shown that
the anaesthietic and the post anaesthetic per1ods of both are about the
same Baytinal w hasawider range of and a less p. d
post anaesthetic stage and produces a shorter tespueatory depression
than does mebumal and, after overdosage the prognosis with baytinal @
1s more favourable than with mebumal

Summary

oo
all

anTh et of = wws 1L LUT 14DDILS
< effect of varying injection times (1, 2, 4, and 8 myp Yonth
22,4, e smallest
angesthenc dose and the smallest lethal dose was studied 1n 95 ral'ﬂmst
The optimal injection ime was found to be 4 funutes, at which the result;
obtamned were (sec tables 3 and 4, and fig 1) *
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smallest anaesthetic dose
smallest lethal dose 128 e P kgf ody wegtt
range of anaesthesia (difference between

Iethal and anaesthetic dose) 70 -
anaesthetic index (ratio between lethal and

anaesthetic dose) and 178
duration of the post anaesthetic period 165 minutes

A short period of respiratory arrest occurred at all injection times
The practical vatue of baytinal ® (dose 90 mg per hg body weight) was
mvestigated at 25 laparotomies The results were (see table 5)

Surgical anaesthesia with sufficient muscular relaxation was produced
for at least 10 mn tn all cases, nduction and recovery were smooth,
and there were no anaesthetic comphcations

A comparative study was made with 6% mebumal sodum as an

ntravenous agent 25 ammals were used and the results obtaned were
(see table 5)
a surgical anaesthesia of approximately the same length as from baytinal
@, a post anaesthetic perniod of approximately the same length as from
baytinal @, a “practical” anaesthetc range 3 times smller than for bayti-
nal ®, a depressive effect on resprration for a longer period than from
baytinal @, and a wider margin between the dose producing resprratory
depression and the lethal dose than that with mebumnl
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From the Department of Physiology, Karolinska Institutet,
Stockholm 60, Sweden

Decrease in Plasma Potassium during
the Disulfiram-Ethanol Reaction in Rabbits
By

T. Brundio, W. Green!) and E. S. Perman?)
(Receaved September 26, 1962)

1t 15 well known that ethanol ehcrts a characteristic reaction 1 human
subjects pretreated with disulMfiram (antabuse ®) (Haip, Jacossen &
LarstN 1948), and climeal studies have shown that hyperventilation,
d d artersal p hycardia and ECG changes are among the
recogmzed mamfestations of this reaction (HINE e al 1952, Rasy 1956)
The mechamsm of the reaction has, however, to a large extent been
odbscure Recent work (PERMAN 1962) has shown that 2 simolar reaction
can be produced 1n rabbts, this extends the possibibties for expenmental
worh on 1ts mechanism Raby (1952) often noted a fall 1n plasma potas-
sum during disulfiram-ethanol reactions in human subjects and suggested
that the ECG changes duning the reaction were connected with hypopo-
tassacrma In our study plasma potassium was determined dunng the

disulfiram-ethanol reaction in awake rabbits The haematocnt was also
followed

Methods

In male rabbits 24 kg) the marginal vewn and central artery of one ear were
cannufated under local anacsthesia, and the blood pressure was recorded as described
by PeRMAN (1962) Samples for potassium determunation were drawn through the
artenial cannula before and 40 mun after ethanol, and samples for haematocnt
detesrination before and 29, 40 and 60 mun after ¢thancl Under 8 m} blood were
withdrawn 1n ¢ach experiment
. :hsma 5 was d by flame y and the

echnique  Haematocnit was determuned 1o duplicate samples after ceatnfc
20 run at 12000 r/min 10 50 mm glass capsllanes nirugation for

1} Present adress Sets
MR eton Hal College of Medicine, The Medical Center, Jersey Cuty,
2) Recipient of a grant from the Swedisk State Medical Research Couneil



390 BRUNDIN, GREEN AND PERMAN

Ethanol (4 4mmol/kg), was infuscd 1 v duning 5-10min 1n 4 ammals not pretreated
and i 6 ammals pretreated with 1 + 1 g disulfiram (antabuse ®, Dumex Ltd) by
stomch tube 24 and 2 hours before experiments A corresponding volume of saline
was tnfused 1n 2 similary pretreated and in 2 rabbats not pretreated

Results

Plasma potasstum showed a statistically sigmificant decrease when
ethanol was administered to rabbits pretreated with disulfiram, there was
also, as expected, a signeficant decrease w arterial pressure mn this group
(table 1) No overt changes n potassim (fig 1) or artenal pressure

Table 1
—~ . (RN} - =aaf cnbaantf]  enmalilosv)
! | Inithal values Change 40 mun after ethanol
! No of
[ cxp Art pressure| Plasma K* [Art pressure| Plasma K*
mm Hg megq/l mm Hg meq'l
Controls ) 4 935 | 399x015 ~3+2 ? +0032015
Pretreated with
disulfiram ‘ 6 , 90+4 3391010 —23+4 | —058+006
!

* Mean — standard error of mean

45 meqf!
PLASMA POTASSIUM

40 MIN AFTER

ETHANOL OR °
SALINE
NF USION

-
28 PLASMA POTASSIUM

INITIAL VALUE

R
25 30 35 40 L5
meq {1

+ —n matrcanm content plotted agamst value obtained 40 min_ n[l'er
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occurred 1 any of the other expenments No noteworthy changes in
haematocrit were observed when ethanol was admunistered to rabbuts
pretreated with disulfiram (2 exp)

Discussion

The decrease m plasma potassium duning the disulfiram-ethanol reaction
m the rabbit corresponds well to what has been noted 1n human subjects
by RABY (1952), but our expenments have yielded no information about
its genesis However, PERMAN (1962) has shown an imtial mncrease in
artenal pH durnng the disulfiram ethanol reaction i anaesthetized rab-
bits, probably due to the associated hyperventilation This may be related
to the potasstem changes, In dogs, under certam conditions, respiratory
alkalosis leads to a fall 1n serum potassium (Sivmouds & Avipon 1659
and others) - The decrease in plasma p dunng the disulfi
ethanol reaction may be of some chinicalimp 8 g d
are perhaps required for admumistering disulfiram to patients, such as
those recerving digitalis yn whom a fall in potasstum might be dangerous

Summary

A fi d n plasma p occurs during the disul-
firam-ethanol reaction 1n awake rabbits This confirms carkier results on
man It1s suggested that increased artenal pH, associated with the hyper.

ventilation during the reaction, may be of importance for this hypo-
potassaermia
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Johan Gunnar Ahlgren

Gunnar Ahlgren died on the 1st of October 1962 For about the last
10 years he had suffercd seriously from several diseases he had to undergo
several major opsrations for repeated attacks of stomach haemorrhage
In the end his not very robust nature succumbed to the burdens of his
1llness

Ahlgren was born at Simrishamn; he matriculated at Halsingborg m
1915 and fimshed his medical studies at the university of Lund All these
towns are in Skdne, the most southerly county of Sweden

As a student of medicine Ahlgren already took an interest i exper-
mental phystology and pharmacology He tookh his medical degree
(med lic ) n 1927, and 1n the same year a doctor’s degree was conferred
on htm (Ph.D)

In 1917 he became assistant at the Phystological Institute at Lund, and
from 1925 at the Pharmacological Department of Karolinska Institutet
Stockholm During the following years he held alternating appontments
at physiological and pharmacological umversity istitutes, from 1927
to 1930 he was assistant professor at the Institute of Experimental
Physiology and Medical Physics in the umversity of Uppsala From July
15t to December 12th, 1937, he was temporary lecturer of metabolism at
the Mayo Foundation, State Umversity of Mimnnesota He paid research
visits to U S A 1n 1927 and 1929, as well as to many European countries
1n 1927, 1929 and 1938

Ahlgren was therefore 2 well-trained and experienced pharmacologist
when 1n 1930 — at only 32 years of age — he was appomnted Professor of
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Pharmacology at the unwversity of Lund, where he succeeded the famous
Overton

Up to about 1935 Ahlgren made numerous comprehensive scientific
publications, for many years they mnvolved the study of tiologieal oxida-
tion processes and ficro tissue metabolism, which was then a dominating
theme at the university of Lund, mspired by T Thunberg’s work at the
Physiological Institute True, Ahlgren's works are not characienzed by

great vision , they first and foremost show detailed precision and
selability As an example of Ablgren’s working methods, 1 should ke
1o mention his treanse “Ober die Emwirkung von Kohlensiduse, Bikar
bonat und ¥ lonenkonzentration auf {iberlebende Organe und ihre
Beeinflussbarkeit durch Pharmaka™ (Skand Arch Physiol 1930, 59,
1-24) This paper, which must be considered a classic on its subgect,
discusses the optimal composition of different salt solutions for different
purposes  For several decades we have here, at the Pharmacological
Insitute 1n Copenhagen, availed ourselves of the results of this mvestiga-
trl;r‘xl,“w;ha:e often made control test and have always found Ahlgren’s

s exact

After 1935 Ahlgreen, like most professors of pharmacology, became
2bsorbed 1 osganization

Among the many tasks he took upon humself Pharmacopoieal problems
were dominating In 1936 he was appointed a member of the Swedish
Pharmacopoera Commisston, he became chairman of the Commsston
from 1948 unts! 1llness in 1954 forced him to retire from all such work

Ahfgren took an vigorous and effective part 1n the many steps that
formed the necessary basis for constituting 1n 1948 *“The Nordic Pharma-
ZZE:::‘:: Council , and at certain periods Ahlgren’s contnibutions became

When n November, 1962, members of the Nordic Pharmacopoera
Council signed the fimsshed manuscript for the future Common Nordic
i’:};‘:‘;‘c“boell (Pharmacopoes Nordica) 1t was sad to be without

Even though all these important pracucal ta:
of tus time tha. for long pgnods Al;ﬂy:rc:s :1::12 sw‘vy:su::: ?o\:;;o ey
pubkcation this did not mean that scientific work had come 10 » zcndany
at tns Institution On the contrary, he was lucky, and clever, standsul
gather round him 2 number of young mv:suga’mrs cach ¢ ;nough o
brilliant acluevement Nop less than three occupant: 'f of them of
chairs 1n Swed pants of pharmacalogical

en came from fus mstitute Gunnar Ahlgren
Swedish as well as 2 hugh Damish order (RNO 193¢ KDSO PPt
During the War Acta pharmacologiea et 1oxteologica 2ar 1950)
smail cirele of Danes, when spite of the lso]atgp was begun by a
1on caused by war,
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Johan Gunnar Ahlgren

Gunnar Ahlgren died on the Ist of October 1962 For about the last
10 years he had suffercd seriously from several diseases he had to undergo
several major operations for repeated attachs of stomach haemorrhage
In the end his not very robust nature succumbed to the burdens of his
ilness

Ahlgren was bora at Simrishamn, he matriculated at Halsingborg n
1915 and finished his medical studies at the university of Lund Al these
towns arc 1n Skane, the most southerly county of Sweden

As a student of medicine Ahlgren already took an iterest 1n expert
mental physiology and pharmacology He took his medical degree
(med hic)in 1927, and 1n the same year a doctor’s degree was conferred
on lum (Ph D)

In 1917 he became assistant at the Phystologtcal Institute at Lund, and
from 1925 at the Pharmacological Department of Karolinska Institutet
Stockholm During the following years he held alternating appointments
at physiological and pharmacological umversity nstitutes, from 1927
to 1930 he was assistant professor at the Institute of Experimental
Phystology and Medical Physics in the university of Uppsala From July
1st to December 12th, 1937, he was temporary lecturer of metabolism at
the Mayo Foundation, State Umversity of Minnesota He pud research
visits to U S A 1n 1927 and 1929, as well as to many European countries
1n 1927, 1929 and 1938

Ahlgren was therefore a well-tramned and experienced pharmacologist
when 1n 1930 — at only 32 years of age — he was appointed Professor of
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Pharmacology at the untversity of Lund, where he succeeded the famous
Overton

Up to about 1935 Ahlgren made numerous comprehensive scientific
publications, for many years they involved the study of biological oxida-
tion p and micro-t bolism, which was then a dominating
theme at the university of Lund, inspired by T Thunberg’s work at the
Physiologseal Institute True, Ahlgren’s works are not charactenzed by
“great vision”, they first and foremost show detailed precision and
rebability As an example of Ahlgren's working methods, 1 should bke
to mention hus treatise “Ober dic Emnwirkung von Kohlensaure, Bikar-
bonat und H Toncnkonzentration auf Bberiebends Organe und hse
Beanflussbarkeit durch Pharmaka™ (Skand Arch Physiol 1930, 59,
1-24) Thus paper, which must be considered a classic on uts subgect,
discusses the optimal comp of diffe salt-sol s for diffe
purposes  For several decades we have here, at the Pharmacological
Institute 1n Copenhagen avarled ourselves of the results of this mnvestiga-
tion, we have often made control test and have always found Ahlgren’s
results exact

Alter 1935 Ahlgreen, Iike most professors of pharmacology, became
absorbed 1n organization

Among the many tasks he took upon himself Pharmacoposeal problems
were dommmatng In 1936 he was appointed a member of the Swedssh
Phatmacopoeia Commission, he became chatrman of the Commission
from 1943 until diness 1n 1954 forced him to retire from all such work

Ahlgren took an vigorous and effecuive part in the many steps that
formed the necessary basis for constiiuting m 1948 “The Nordic Pharma-

;opoem Councit , and at cestain pertods Ahlgren’s contributions became
ecIsIve

When 1n November, 1962, members of the Nordic Pharmacopoeia
Council signed the fimshed manuscript for the future Common Nordic
Pharmacopoeta (Pharmacopoea Nordica), it was sad to be without
Ahlgren

Lven though all these important practical tasks swallowed up s0 much
of s time tha. for long penods Ahigren’s name was not found on any
piicanan. thtddnmmemlnn seratfc-work mb tome 1o a standstill
at hus Institution On the contrary he was lucky, and clever, enough to
gather yound Tam 2 number of young mvestigators, cach of them of
brilbant achievement No less than three occupants of pharmacological
chairs 1n Sweden came from s nstitute Gunnar Ahlgren n:ccwze;ld a
Swedish as well as a high Danysh order (RNO 1938, KDDO 2 gr 1950)
m?xn_ni ‘l-hi rwra\{ Acta pharmacologica et toxecologica was begun by a

1es, when i spite of the 1solation caused by war, 1t
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Gunnar Ahlgren died on the 1st of October 1962 For about the last
10 years he had suffered seriously from several diseases he had to undergo
several major opsrations for repeated attacks of stomach haemorrhage
In the end his not very robust nature succumbed to the burdens of his
illness

Ahlgren was born at Simnshamn, he matriculated at Halsingborg n
1915 and finished his medical studies at the university of Lund Al these
towns arc 1n Skine, the most southerly county of Sweden

As a student of medicine Ahlgren already took an interest 1n expert
mental physiology and pharmacology He took his medical degree
(med lic) 1n 1927, and 1n the same year a doctor’s degree was conferred
on him (Ph D)

In 1917 he became assistant at the Physiological Institute at Lund, and
from 1925 at the Pharmacological Department of Karohnska Institutet in
Stockholm During the following years he held alternating appomtments
at physiological and pharmacological untversity institutes, from 1927
to 1930 he was assistant professor at the Institute of Experimental
Physiology and Medical Physics 1n the umversity of Uppsala From July
1st to December 12th, 1937, he was temporary lecturer of metaboltsm at
the Mayo Foundation, State Umversity of Mimnnesota He paid research
visits to U S A 1n 1927 and 1929, as well as to many European countries

9 and 1938
" Ai?;;e?%vas therefore a well trained and experienced pharmacologist
when m 1930 — at only 32 years of age - he was apponted Professor of
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Pharmacology at the unnersity of Lund, where he succeeded the famous
Oretton

Up to about 1935 Ahlgren made numerous comprehensive scientific
publications, for many years they involved the study of biological oxida-
tron processes and micro-tissue metabolism, which was then a domnating
theme at the umiversity of Lund, mspired by T Thunberg's work at the
Physiological Institute True, Ablgren’s works are not charactenzed by
“great viston”, they first and foremost show detaled precision and
rchability As an example of Ahlgren's working methods, 1 should like
10 mention fus treatise * Uber die Exnwirkung von Kohlensdure, Bikar-
bonat und H Jonenkonzentration auf uberlebende Organe und ihre
Beenflussbarkeit durch Pharmaka” (Skand Arch Physiol 1930, 59,
1-24) This paper, which must be considered a classic on its subject,
discusses the optimal comp of diffe salt sol for diffe
purposes For several decades we have here, at the Pharmacological
Institute 1n Copenhagen, availed ourselves of the results of this investiga-
ton, we have often made control test and have always found Ahlgren’s
results exact

After 1935 Ahlgreen, like most professors of pharmacology, became
absorbed 1n organization

Among the many tasks he took upon humself Pharmacopoteal problems
were domnatmg fn 1936 he was appointed a member of the Swedish
Pharmacopoeta Commusston, he became chairman of the Commussion
from 1948 until ilness m 1954 forced him to retire from alf such work

Ahfgren took an vigorous and effective part m the many steps that
formed the necessary basss for constituting m 1948 “The Nordic Pharma
;Dpocm Councl’, and at certain periods Ahlgren’s contributions became

eCisive

When, 1n November, 1962, members of the Nordic Pharmacopoeta
Council signed the finished manuscenpt for the future Common Nordic
Pharmacopoeia (Pharmacopoea Nordica), it was sad to be without
Ahlgren

Even though ail these mportant practical tasks swallowed up so much
of his time tha. for long periods Ahlgren’s name was not found on any
publication thus did not mean that scientific work had come to a standspll
at hus Insttution On the contrary, he was lucky, and cley er, enough to
gather round hum a number of young mvestigators, each of them of
bibant achievement No less than three occupants of pharmacological
chawrs 1n Sweden came from tus wnstitute Gunnar Ahlgren recewfld a
Swedish as well as a high Dansh order (RNO 1938, KDDO 2 gr 1950}

During 1““ war Acta pharmacologica et toxicologica was begun by a
small circle of Danes, when 1n spite of the 1sofation caused by war, it
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became possible to estabhish contact with colleagues 1n Finland and
Sweden (but not in Norway), two of them, Ahlgren and Armas Vartiainen
m Helsinki, immediately jomed the group of editors Not till some years
later did other Scandinavian colleagues jom the Editorial Board Ahlgren
was always deeply nterested i the growth of this journal, and the first
paper to be published 1n the journal described work carried out at hus
Institute

In outward appearance Gunnar Ahlgren seemed to maintain an attitude
of reserve, 1n order to get to know the man Ahlgren, 1t was necessary
first to penetrate hus shell of correctness and interest in formahties He
was sensitive and warm hearted He would go far out of lus way to help
his cooperators, cven though his assistance was not always properly
appreciated Critieism, which no person tn a promment position can avoid,
and of which he became especially a victim durning recent years, he took
greatly to heart

His collcagues have lost a dear friend, our journal has lost a highly
valued contributor

Honoured be s name
Knud O Moller
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