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On the occasion of Professor Knud O Moller s 70th birthday Acta
Pharmacologicn et Toxwcologica and 1ts edrtors have presented him with
this wood-cut as a token of ther admimtion and good wishes.
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From the Departovent of Pharmacology ( H. Lusdbeck & Co. A/S,
Otulleve] 7 Copenhagra-Valby

Pharmacology of a New Antitessive Agent
Meprotixol (N 7020)
By

W Hangs, | Maller Nichen, 8. Norn sad AL Nyosark
(Revelved Augort 20, 1565)

In & previous paper (MOLLER NIELSEN e7 a/ 1962) a comparison of the
central depressive activity of 66 thuaxanthene derivatives with those of 8
phenothiazines was reported.

Among the thiaxanthenes 2-methoxy 9{dimethyl-ammopropyi)-thia
xanthenol (N 7020 meprotixol pINN) (fig. 1) was found to have only a
slight cemtral depressive effect.

0CH,
c’gnfcquHz-N{E

Fig. | Formola of mepeotoxol (N 7020),

Further studies of thus compound revealed a potent antitustive actvity
This paper describes 1ts pharmacological properties

Methody
Meprotool was  vailable a3 the base, whits qubtance (molwt, 329 4), soluble by
wilsr on the addrson equrrikent amonsts of crd. All resuits given in this paper oefer
lmmhmmw&dmpwntﬁfmdﬂmmmﬁm

HCL HCl and ch bxokIHCL In pre
lmmn&nmwmﬁvmhdmdmmmnﬂlh-nh.
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Af riflty in mice

The spo tancoms motor ctivity of mice was determined | higgle cages by the method
previouly desctibod (Morrsx Nouun & Nrurowo 1939) The DRSD ks the dose that
redwces the activity (13 minute test-period) of treated mice 1o balf that of control mice
(1 anlmals per group)

Potsnitatio of barbitar te unessthesda | mice

a) Two groops [ mice (== 10) wero pretreated, one with 2.5 the other with 25 mg/ky
meprotixsl Lp. Ar intravenous Lajection of 50 mp/kg enhexymal-Na (hexobarbital sodlum)
was ghven 30 min tes later Bleoplog tims, defined m the timo doriag which the anlmals
remal on thelr backs, wea recorded, The potentlating factor b deflood aa

aleeping time, test nimaks
sleeping ime control nimah

b} Four groups of 10 mice sach wers p e with doxs
of meprotixol Helfa hour later 50 mg/kg enhaxymal-Na were Injected Intraven mly tho
sleept g time was recorded  nd compared with that of control mice. Obeervatio  time was
fimited to 30 minutes thus > preceding the verags sleeping time for the group (0 T ble 3)
ndicates that st last one mouse skept for looger than 30 minutes.

<) The duratio of th ! p Ing effect war d by pretreati g
3 groups of 10 muce sach with meprotizol, 25 mg/kg Lp At vardowm Intacvals afler the
maprotixol dosege, the gro pe wore given | travenom | Jectiom  f enbexymak-Na, 30
mp/kg. The aleepi g times 1 treated mico were compared with that of control mics.

d) Three groups of mice (= 10) wers ghven eohexymal L and the slecping ume was
recordad. At the tme of awakeming the mico wer given  n Intravenous kajection of small
doses { mepeotinol that would  t In themselves | dnnddplrpotmdl!bnmn.m'
animak will pu  become uneesthetized. The sccond sleeplng lmo o recorded.

) G ups of 10 mee were precreated whts meprotixe! 1 p. 30 mimetes beforo divided
Intravenous inpection f thi mvebumal-Na (thiopental podlom), 025%, 003 ml every 10
seconds untl anaestheda sosued. Siscping times & volumes of dowe T
thiomebumal selution were recorderd.

Perentia ww of alcokol neestheria in mice

Gro ps 10 mice were protreatad with meprotix 1L.p. 30 ralnutes before 0 mirrvmons
injecti 0 f 20 solutio of ctbanel | gected In divided doses [0 03 mi every 10 seconds
nolll asvesthen occurred. The velumes of anessthotic doses of akcobol and deepl § timed
were registered.

Effect o body temprratace ox refs

Tha body t ture of caprd J ruts was recorded by means of &
tharmoco pk.(Rnocatmpcmunu—u)Tbelcrnpcr-ru:vmwndliwnm
before doungand } § 1 1] ., 3 4and § hours after Lp. Injection of he test compound.

Axticatalepiic efext  erncel rod tew ex micr
Amimmmwnsmwmmmmmmmrmw
weotal mkce wero dimded 1nx groups of 10. N rmal wics placed on the rod will nae-
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Myﬂmblpudﬂw&“hhnﬂlkhmﬂlhkdmof!pmo&p&vﬂ]mﬁn
where placed for wore the 30 seconds (cataleptio resction) When pratreated with a drg
hntngmdanhpm-cdonbdmmlujccdunefmwmbp&,mcmom-ﬂlcumb
the rod hke the wrtreuted movse (ZImLan 1963} The experimental procedare was t - ghve
the test compo  dmc. 30 mi utes later & catabeptio dow of chiorprothixess (2.5 my/kg
1) wan Injected 20 minutes after the fnjection of chiorprothixena the nimaly were tested
o the rod every 3 miaxtes for one hour { totsl of 13 ak).

Evalustion Moaso climbs within 30 seconds -
Mouse does pot climb within 30 seconds
Mouse falls or stides from rod bs mwarked (+) bt cow ts a3 +

Average of + (cataleptic reaction) per group wis calcnlated. (Maxdmal possible score 13).

A droyerpine fect In mice

1 joction of reerpine, 2 mg/hg Lp, bt mice cames Incramiing sedution nd plosh. The
ptoshs wa ovatuxted 30, 60, 90 nd 120 ml wtey afier | fection, on an arbitrary scalo from
010 4 The score O i given ' folly opeoed oyeas 4 menns maximal cosare of oyeiids.
Compounds whh antagontstio action egainst the central depresstve effect of reserpine wifl
delay or prwvernt the derelopmsent of reecTpioe-induced ptomt. The compound b gheen Lp.
30 minutes before admindrtration  resarpioe.

Influence ox LD100 of couraisive i sther saxic apents

Mice f body weights from 13 to 23 g werw employed. For the bodividua] experimenty
the mice were seicrted 20 that the weght ddference between asimalk did pot cuwed 2 g
Groups of 10 nucs wers pretrewtod with test eompound before the sjection of the comvul-
shveftatio sgent, which was injocted fa  sotetion of aultable conceatration, at ¢ rate of 0.05
@l svery 10 scconds untll eonvobloas or death occusted, 0 both. The  verags voelume of
toxxc solation (LD100) wes recorded. The LD100 vithass for text antmals were compared
with that of otreated control nkmals (HNT & RrcwTan 1936). When the former fa Larger
than tes etter (e teat compound ks rotective sction apuinet the toake sgont in question.
Meprotzol has been tested  guinst the icthal of comvulrve sction f the toxkc agemts
harmine, icotine, picrotoxn, memcakne, scetylchohine, sirychuing and pentetraznl

Protection ayminst stociroconrveinens in mic

Electroconvulsioss are badoced [n ouce with sy clectrodes (Swinraxn 1%49) A high
voltage curteat, § 5 A, 0.2 sec bsdwces  maxtomal shectrocosrrutsive seirure (MES) with
fufl tonk sxtenuion of afl bmbs m 100 / of mice, Growps of 10 mics wers pretrontad whth
(ke tes: compound ¥0 mutes before challenging by clectrogtimnlation The PDMESS)
the dows protecting 50 », of e spunst the maximul eiectroconvalsive seinire (ed-powst,
tomc exterroon of [mba), was recordad.

Effect on riphitag refirx - rats
Ammmmwmmmwmmummmmm
Rats wah wmmpeired nghting reflex will tumedately grt on to thelr fest. Pretrested with

anscabetioy or ' miitabic doses, raty may remadn on their backs for mots
than 30 swconds. The ED30 was determined,
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Holdtay reflex, rotaring druom-test on mice

Mhmwhmwﬂwmw(ﬂmwm length 70 em, meh
0.5 ¥ 0.3 cm). The cyllnder was raled ap sa‘udcmdmtcdulircvclmhmpu
mknme-Tcnmltlvmpl.lcndthtcyﬂnda Every 13 mt otex the number of mics that
hl"flllmdaVntromeeCyﬂndahmmrd-iTthD,OmdﬂlrmbdlnlMumﬂ
manner

Bakawct test  otuting red on raty

R.luvn:fnphmdonlhndmnuﬂymuﬂn;wwdmmd.hmﬂaunm,)mﬂnm
permi um.Gmup!nl'lﬂln)mhmmpbytd.lndlbopuu:nnpufrmnmhhlamy
on the rod for 15 seconds was recorded. The ED50 was determined.

Ansitass! ¢ actien ox th ansestherized cat

Thelmhmdnrﬁcdmddmdncdhuubylhcmbodufw(ﬂmT
cats, kb with an | lnmlonor?ﬂm;fkghypwphenrh.nu,u

S mun tes (cwrrent 3-10 Hr, 0.2-1 msec. 15 volt, duratfon 5-10 seconds). Esch stim -
lbnwomdﬂnrhmnmpmdmbhm;hmpumwhkhmmkymmpihﬂl
Via « pharyngral tobe and a ambour

Infnenc copiration

Tncats auesthetired with hlomlose nrethane £ ypnopban the respiralory volume wa
recorded by means e spl (an 1922) the with  tambowr and
the frequency with  mercury contact meunted on the bever

huru-uumnunmdnfndfrm/hr&m- werre

Cats wore 5 with e fethane and A bipotar plat-
ram recording slectrods was placed centrally on the cot phremic nerve, The impules waver,
which wore amplified (Amplifer 8 & W A 59) and recorded by menas of an oscllloscope
(DIBA $1B00) equmppad whth 35 mm canera, wre coasidercd o bo an cxprosths of the
-tumyonhomplnwrymnm(ﬂwc- 1964).

1 floewer ox blood presrire
Experiments were carned out on rats ander ursthans ansstberia dmﬂ::d':;“
chloalose-arrthang naesthesla In both speess the blood prosairc wes recot i
mnuhmmmnmmrmmumﬁmnmmuomlmqw
writing on  smaked drum.

Electracardiographi  whes

The ECG vahes were ecorded from 4 caty b ::";'
nophen) and rabbets under akroms o sla. R Fr wrero
20 o4ellowr{pd (Phulips), with 3 beuds, bef roand 3 10 and 15 mrswtes Nt Iotravenoos

Injection of meprot 1o
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Axtons mic ofects ox rebbirs
In rabbits gmecsthetized with ursthang the effects of meprotixel pa blood presaro, n
respiration and on the motlliry f jeuwom aod uteris In sl were studied. The toows and

co tractions of oterus and gut were recorded kymographically by mwans of isotonic
exyographs and frontal writing bevert.

Ixfleenc on the funciies of the mictisatmy memirene ix the cat

1 s hatired with U srethaos stiurulatl g e wrere placed ou
the cervical hetle trunk on tse pragangl| a5 wall a3 on the postgaaglionde fibres,
The nictitat g membruoe was conbected by mesns of a etrng with a light myograph

vight 5 p). The of the membean In resposss t submaxbmal pre.
ke and it fatlon (10 Hr, 034 | msrc, 105¢c.) of th norve ay
well a3 1o lajectson of di (10 ug/kg L ) wers recorded. Thegs

procedires were repeated Jo the sequence menthoned at 5 mimeics [ntervals, ane cycle belng
compirted each 15 mizntes

and sorpion

The s agalagt e aod Shydroxytryptamine pressoc
rerporoes {n pitbed Nt were stodid by the mathad proviomly describod by Mmoo
Noimn & Nruuoio (1959).

Acttylcheline assagonttm

The effect of mepr ked co tractions of the fsalated gaincs.
pl.unmmddnmm-dbymmbodofmmﬂm

Efect on pupil damerer 1u wice

The popal diamater i mice was meummed  an wrbfoary scalein  binocnlar divsecting
mucroscipo gader constant | ghting conditrons. The dow causing 100/ Increass In papll
dumeter wa determuosed.

Broacksiviee fect peivee py

The brancholytic sffecs of ewprotixal wis stedued o modifted Konzst Romla prepan
bon (ATrur & Houos 962). Bronchospasms were clcrted by watravesows njectiont of
wcctyicholine or S-hydroxytryptamise.

Anitveciceptive acthity
Foar test methods wero used for the actio of it
stronull wy mice.
} Hatfoer's test (fl pinciu g) (HArPeT 19291 Mice were pinched at the root of the
tul whh  Péan End point squesking or bithey fler the Péan. Each mouse was tostad 15

30, 43 and 60 musater Afler the mection. The EDI0 1 the doss slimmatimg this reaction tn
0% of the psxce

on nock
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b) Pheaylquinonstest. 1 traperitoneal Infection int mice of a 0.03,/ sotutlow of
phemylquinone caums a scries of writhing to abdominal paf The
anfmals were observed for & period of 12 mi utes after the injectho  of phenyiquinone, The
ED50 h the dose of test compound that prevents the phenyiquinone rrection withis the
experimental period {12 minutes) in 30 7 of the mice.

€} Hot plate test. Mico wers placed In & perspex cylinder on 8 copper plats beaisd to 5¢
Normally the animals resct to this beat stimnlus by Lifting thefr paws, bicklag their paws
o fumping out of the cylinder Tho ankmahs wero tested before treatment and thalr resction
times were recorded. After Injection of the test componnd the animah were retested ot
15 30, 45 and 60 minstex. The EDSO was determined as the dose that  bolished the reac
tlon in u test porfod of 30 seconds | balf of the anlmals.

&) Elsctrical stimalation of the tall. Mice wers placed In - narrow wire-mesh cyllader
and two needie tlectrodex, $ o part, wers placed subcutansously at ths root of the tail
Hlectrical stimull (square wave, 1 Hz, 20 mmec, 4 o2c) ware  pplicd theough the dectrodes
with incressdng volt ge until & squeak was heard. Tho voltags required foc thi reaction
wat defined a1 the d, Tho hold of ted anbmals varied from 2 to 8 volls
After Injection of the test P the d wwy T nod 15 30, 43 wnd 60
minutes later The ED40 was tho dese that n 50 of the animaks doablod the thrahold.

Io all amioocicoptive tests 10 mice per dosc lnvel were used.

Lacel anaazthersc cffect on mic
Tho reflex to sttmulation of 1he cores with Frey  balr was maed for determining sor
face lutloas of test pound at variom were {nstilled fato

1ho conjamctiva! sac. The EDS0 was defined a3 the concentration Inbibiilsg the cornes
reflcx in 50 of the animaks

Ansiphlogisne efect o rany

Four test methods were used 1o arsens tho antiphlogistic ction of meprotisol.
')R“V"anmlmh\dncdhlhhlndplnbymmmmkm&(phw
sorfeca) of varkons phlogistic gents dextran 0.1 % epg afbumin 105 and ahydron-:;
trypiamine 0.05 . Tho volume of the paw was determised 23 described by Kotr
phlogh.\f-Tbumcumpomdw
Injected 30 mimutes before the phiogrstic, The codema-inbibuting effect wes exprosscd &84
percentags of the oedema m untrested controls (n = 10
b) Thermoodema in rats (SrecTox & WilLouarmy 1959). Amu wero
of the o exposed
depllated on the bdomaen. A crrcular aree (dlamoter 2.0 cm) o

t late, hested to
t hext lafory by contact for 30 seconds with a copper phate, Tho rats wers ther

out, weighed,

When 0.4 m per 100 g body weight | Ilembnofu-yp-nHu:mthh;
hombtrmuwsmmbngm:m-nluupihrywwbrhl!ﬂ"'d‘" ”
Infury thoatd resah 1 extravasation of the dys la tho osdrmatous arce. The lateusty
bluelng was scored (0 to 4) The tent compou d was injected 30 misutes before the cxpoate
to beat. The ioh bitng effect of the d was cakubited ring 1be Lutenallies
of otdema and bluang 1a test nmaks whb thoso of uotrouted contreds (1 = 10

] rmmum,-mmmr—mwﬂmwmwﬂ
m(dumntmmemedlMdMS-mmﬂd were
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to stimulats granolorm formation Two disca were placed umder sterllo conditions sub-
cutaneowmly  the back of cech rut. Thirten days kater tho rat were Killed, and the pellcts
with the granolatio tiwus werd remeved, dried and weighed. Experimentsl suimals wero
treated daily dum g the cntire test perfod wkth the teet compound. Inhibition of granulation
ia treated animaks was calculated us  percantape on the basis of the granudation in ontreated
controls (= 10).

d) Gran loma pouch et Rats were anscxthetizod with mebumal-Ne aod shaved oa
the back. Under aseptac condhlops 20 ml of wr were mjected sabcuiansorsly to form &
sobcutansous pocket. Into thia pocket was Infocted 0.5 m! of a 1 4 sterile solatlon of
croton nupa.unn.merpmmmlunimhmu-mmepo,dmym;m
test period. The jnhibi of of the exwdats ln
untreatsd controls { —ln).Anznd.-ynhauhmhmkmcd.thcpodmopmdmd
the quamtities of cxudate mamsyred.

Atuis xicity to mice amd rats

Groups of 3 to 10 mics of rais wero ghen increazing dosss of meproibiol. The animahy
were placed in slagle cages at 22 24 and obeerved over £ period of 6 hoore. The LD3
was determined on the lethalty t 24 boury by the method of Muoirr & TawTeR (1544).

Results
Mollity

Meprotixol reduces tho spontaneous motor activity of mice, but jts

potency 1 negligible 1n comparmon with thoss of neuroleptics such as
chlorpromazine and chlorprothixene. Codeine 13 even weaker

Tabke 1
Radoction of spontansoms motor activity b mdce.
DRI b the dos that rednces the sctivity to 50 4,
that of controd mice. (= 12}

| DR mag
Componods Lp. (13 o )
Codelne. 150
Chtorp omarine 24
Clopenthtxol, 46
Chiorprothixsoe. 04
Meprotoot o5

Potentiation of barbiturate anaesthesia

) Although meprotixol, when given alone, Is unable to induce anaes.
thahlnm}cc.itdoupmlongth:ma:nhuhmdumdhybarhimnm

1 At phacesssiopics. wl. 34 b, |
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Table 2
F Yo of N in mbce. Half an
hour after pretreatment, as Indicated, 50 mg/kg enherymal Nu
were ghven Intravenowsly The potentinting fact r h defined 2y
dlaeping time, test animals o
sleeping tims, control animafs (a 101

Dows mp/ky Potentiating

Compouad Lp. fat r
Meprotteol 23 16
25 >
Codeine 25 s
23 >3
Chlorpromaring 3 5
23 24
Clopenthixol, 5 4
23 n
Chlorprothbxene s 13
25 >43

It may be seen from table 2 that meprotixol prolongs the anaesthesia
of enhexymal, but this effect is much weaker than that of the neurc
Iephcs, chlorprothixene in particolar Codemne, on the other hand, shows
some antagonism against barbiturate ansesthesia at the low dose Jevel,

whereas 25 mg show a weak potentiatimg effect.

b) The potentiating effect of meprotuxol is related to dose, as an be

seen from table 3

Table 3
Shecping time of mics pretreated whth (ncteasing
d-mﬂnfmeprnﬂxol,Lp..IOm!mul-btfonhln
venovt mjectlo {50 mp/kg enbaxymak-Na.

(n = 10)
secp! g time,
mlnutes
Comtrol 33
Meprotho! 3.125 me/kg ~10
[%=] ~13
- 118 >19

- 23 - >26
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Table 4
Durstlon of barbiturate-potestlsilng effect of
meprotriol in mice. Pretroatoent with meprotk-
x0l, 25 mg/Kg LP. at verfous ntarvals beforo L
Infection of 30 mg/kg snhexymal-N (a = 10).

seephog time,
minuies
Coutrol a3
Immediately after ~123
15 miswtes »1.3
3ol mtes. >25.6
60 minutes ~1%6
120md utes [ &3

c) From table 4 it appears that the effect of meprotxol (25 mg/kg L.p.)
scta in mpidly reaches a maximuom within about 30 minutes and lasts
for samewhat more than 2 hours.

d) When meprotixol is injected intravenomsly into mrce just awakening
from enhexymal anaesthests, they agam revert to anaesthena. As mepro-
tixol itself has no thetlc effect, this ph may be explaned
es a potentution of the effect of » subanaesthetic concentration of the
barbiturate on the central nervous systent. 1t also means that the potenta
tion demonstrated under 2, b and ¢ i not due to an inhibitory action of
meprotxol on the enzyme systems responsible for the breakdown of the
barbiturate Table 5 shows the resnits of expenments with meprotixol,

Table 5
N mn esker,
Enn,mx-m,som;.-upmu and the shecp-
ingtlmo w  recorded. At the tme of waken! g intra-
venoms wojectrons of varous doses of meprotixol ware
ghven, od the 2nd Ucepbeg time was recorded. (= 10).

minasy [

U Eskscymat 50 46
+ maprotal 25 >11

Il Enbexymal £ 34
+ meprothod s >1

11 Eniexyroat k) 64
+ owprotisol 10 >26
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Table 6
P of thi Ne In mice. Half an bonr afler pretreatment with
tncroesing doses of meprotixol Lp. & 0.25 4 solution of thlomebomak-Na was | jected
intravenomly In divided dowes of 0.05 m! every 10 seconds  ntl asacstheria ensoed
Amevthetle dose (ml) nd skeoplng thne werp recorded. (w = 10),

mgig ml 0255 | tlerplag tlme,
Pretreatment 1 [rs thiomebumal-Na,  minoes
1
Nooe a3 15
Meprotizal 10 011 42
- s 016 >127
- © o >240

¢€) Meprotixol m surtable doses reduces the quantity of barbiturate
required to secure ansesthesia. This 158 demonstrated 1n table 6, which
gives the results of expenments in whuch the anaesthetic dose of thio-
mebumal Na fs “titrated by fractional intravenous mjection unfil
ansesthesa is observed. It can be seen that not only does the anaesthetic
dose of thiomebumal decrease with Increasing dose of meprotixol, but
alao that the anaesthesia 1s considerably prolonged. It should be mentioned
that the effect of meprotixol, however clear 13 decidedly weaker than the
smilar action of neurokeptics Thus chlorprothixene ywelds similar
potentlating action at mmuch smaller dosss, 1. 0125 mgfig

P latlon of ethanol hesia in mice
Table 7 shows that meprotixol in doses from 10 to 40 mg/kg caused
sigmficant reduction in the dose of aleohol required for ansesthetia and

Table 7
Pmmmndﬂhxmmmthlumhmlewm(whﬁM
dowes of meprotixol Lp. mvah-ummmamthumu:
005 ml evory 10 stconds unul anacthesa was observed. Amsesibetic dose (m) &

alceplng tume wero recorded.
i 24 slecping v
Pretreatment ( g lp «ethanal L wluites
t
None ase 0%

Meprotixol 024 12
- o1s >168

s

10
- 20 013 >182
w 009 >242
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Table 8

Effect 0 body temperature of mts. Maximal fall in
body ternperature  flar | p. tnjection of & stsndard Jose

of 5 mg/hg.
Max Ml In
Componsd my/kg Lp. | body tempe-
ratare, *C
Meprotixol 3 as
Chiorpromazine s 36
Chlorprothixene 3 46
Clopenthix 1 s 23

that the skeping time was considerably prolonged The potency of
meprotixol, however 1 weak in comparison with that of neuroleptics,
Chlorprothxene, for instance, will show & sumilar effect in doses of the
order of 1 or 2 mg/kg.

Effect on body temperature of rats

Tho temperature reducing effect of meprotixol is negligible In comperi-
son with that of newroleptics (tabie 8).

Anticataleptic effect vertical rod test on mice
Meprotixol showed slight anticatalepuic effect agninst the cataleptio
reaction induced by chlorprothixene 2.5 mg/kg a.c. In muce pretreated

with 10 mg/kg meprotol s.c. the average score for cataleptic reaction
was significantly redeced (table 9)

Table 9

Aptagoanm  punst cataieptic reection 1 micr Pretrestment with meprotixol, 10 my/kg

6.c 30 minntey bef Te the cataleptogeale ot (chiorprothizrne 1.5 mgfkg s.c.). Tho care.
Jeptic feaction was scored ay badicated mader methods.

Average sors Number of animals

Pretreatment ‘ =akg Iu!-lh-pucrmd. xore 53 | scorez10
Coatrot none | 10 14 0 9
Meprotizo] 10 10 54 3 m

)P <P <9 N PF>9e
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Table 10

Effect on LDI00 of various toxic agents. Moprotixol, 40 mgigLp was given 30 minotes
beforw | ln}udicnoﬂmlc-.rnllndlﬂdddo-u(\lusmlmylﬁmodq).mmhm

of th toxke sofution was recorded, Ratlo b Soree R0 o o1t
LDI00 control {mh
pratection.
Toxk agent mgml &E« ratlo
LDI0O contr 1

Nicotine bit, 1 0.24/0.09 167 P » 9595
Rirychmine pitr ol 0.22/0.18 122 995 <P <9995
Hareine, HCL 10 023020 113 985 <P <HY
Acetvicholine, HC1 10 o312 103 D <P <8O
Pentetrazol 10 ai4p2 1y P~
Mescafine, sulph 50 o.19/0.19 10 0 <PF<TO
Pkotoxn 3 0.300.23 131 P> 9998

1) P valics are based on the t4est fo LD100-values of test and control

Antireserpine effect on mice

Meprotxol in doses as high as 32 mg/kg1p had no antagonisticeffect
agaunst reserpine ptosu. This is in contrast to the true thymoleptics, such
as amitrptyline, which showed significant antagon:sm at doses of 1 mg/kg.

Influence on LD10GO of conrulsive and
other lovle agents

From table 101t appears that meprotixol 40 mg/kg! p given 30 minutes
before the toxic agent rendered protection against convuluions and
death induced by mcotine, harmine, plerotoxin or strychnine, wirereas
the protective effect ngainst mescaline, pentetrazol or acetylchaline
was insgnificant or noneustent, Faclitation of convulsions was not
demonstrated.

Protection against electroconvulsions in mice

Meprotixol showed marked protection agalnst the tonic component of
maximal ¢lectroconvulsive seizures 1n mece. In table 11 the protective
dose PDMESS0 for meprotixol 13 determined together with that of 2
number of neuroleptics and of codeine. It s evident that meprotixol hasa
stronger anticonvulsive effect than most of the other substances.
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Table 11

Protection agaiost maimal slectrocoavuliive
setzures in mice. Eyw-electroder, 9.5 mA 0.2 sec,

PDMES 30

mu/kglp-
Meprotixol 96
Chlorprothbuss 1.8
Chjorpromuazine 7o
Clopenthlzol 0
Perphenaring B0
Codeine 400

Effect on righting reflex in rats

Meprotixol had no Inhibitory effect on the righting reflex of rats even
at toxxc dose levels.

Holding reflex rotating drian-test on mice
The ED50 of meprotixo! was 11 2 mg/kg i.p

Balance test rotating rod on rats
The EDS0 of meprotxol was 20 0 mg/kg Lp

Antitussive e¢ffect on cat

Meprotixol inhibited the cough responsc provoked by stimulation of
the superior Iaryngeal nerve in ansesthetized cats. The compound was
compared with codeine by both intravencus and oral admmistraton.
Table 12 shows the individual reqults of comparative experiments with
meprotixal and codeine It appears that meprotixol 1 ebout 4 times as
potent as codane,

A portion of the kymographic recording of an experiment in which the
cough responses were temporarily depressed after Lv admunistration of
meprotixol, 1 0 mg/kg, s shown in fig. 2.

Effect on respiration

In experments on mbbits, anaesthetized with urethane, meprotixol at
doses of 0,06 to ] mp/kgiv bad no effect on respiratory frequency or
volume. Doses from 0.25 to 1 mg/kg ceused a transfent increass in
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Table 12

Anthoaive effect anuathetlred cat, Superior laryngeal wervs stimulation

C mpound

my/kg

[PRT RPNV VTR TNeE

10
10

028

EEEEREER

Latent period

Ro te ml mes

- 10-15
10-13

Daradon of
antitussive
effect, mlnuta

13

>im



MEVROTIXOL 17

11 11111121121'

Fig. 2. Antitussive effect, ansesthetond cat, yuperior laryngeal
perve stimolatlon.
A. Ropirstion sod cough reepoase.
A Mivster
C. fagnal | = gtimulmtio [arymgea! necve
2 = double eilmutation laryapeal nerve
1 = meprotixol 1.0 mg/kg L

Durstion of intubltion of covgh reeponse  pprox. 50 minater.

amplitude. In cats, ansesthetized with chlorslose-urethane 0.25 to 0§
mg/kg, meprotixol 1v cansed no changes in respiraton A dose of
| mg/kg produced an 1ncrease 1n respiratory volume of 25/ 2 mgfkg
increased the amplitnde, the respimatory volume being slightly reduced
(20%) The frequency was initially mereased for one minute before a
slight reduction. A dose of 8 mg/kg Ly caused respiratory arrest and
16 mg/kg caused cardiac arrest

Effect on potential wares recorded from
the phrenic nerve

Intravenous injection of ra¢protixol 2 mg/kg, had no effect on the
hesght, keogth or frequency of the impulse wares

On truothcrhmd2mg/kgeodclnephmphm1.v caused a shortening
of the impulso waves and a d q with normalk
within 15 mmutes,

fon
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(2]

£

A before Injection B, Cand D 1 15 and 30 minotes, respectively after Jotravemccs
Infection of 2 my/kg meprotital.

“l]

2}

lurv

F g 4 Impnlte waves recorded [rom the phrense nerve In (he cat
(chlomalove-ursthan ansesthesie)
A befors opection B, C and D 3 15 nd 30 minutey, respectivedy afler hirevenoss
Injaction of 2 my/kg codewne pheaphate.

Effect on blood preswure

In anacsthetered rats (urethane) meprotwol, 2 mg/kg Ly had a mode
rate hypotensive effect of about 15,/ of the intial fevel In contrast to
neuroleptics, the pressor effect of adrenaline was not affected by ths
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dose. In anaesthetized cats (chlornlose-ursthane) the effect of meprotixol
was studred 1n doses ranging from 0.078 to 10 mg/kg 1v Doses under
1 mg/kg had no effect on blood pressure. When large doses (25 to 10
mg/kg) were injected, an increasing wnitlal depressor effect, from 25 to
70/ of the mitfal level ked to a long lasting reduction in blood pressure
level of about 10 to 15/

Electrocardiographic studics

In chioralose urethano anaesthetized cats no ECG changes wore scen
after intrmvenous mjection of 025 to I mg/kg, but 2 to 4 mg/kg Lv
delayed the atnoventricular impulse transmusmon (PQ segmient) and
caused & widening of the ventncular complex (QRS) A dowe of 8 mg/kg
caosed ventrreular fhittering.

In rabbits Lightly anaesthetized with N;O/O; (4/1) one mg/kg Ly was
without effect. One minute after {v injection of 2.5 mg/kg a slight
broadening of the QRS-complex occurred, indicating a partal branch
block. Purther the atrioventricular impulse transmission (PQ segment)
was delsyed The ECG was normalized within 15 munutes. A doss of

5 mg/kg 1v caused ventricular tachycardi, which subuded after 30
roinutes,

Autonomlc effects

In angesthetized rabbity (urethane) meprotixol, 0 125 to 4 mg/kg Lv
showed no effect on the tone or motility of jfunum or uterus in et

Effect on the function of the nictitating membrane

In expeniments on anacsthetized cats (chloralose-urcthane) meprotixol
was fryected intravenously at doses mnging from 0 078 to 5 mg/kg. Doses
of 1.25 or more caused an equal reduction of the response to both pre
ganglionc and postganglionic stimulation of the cervical sympathetre
trunc. Stularly the response to noradrenaline was increasingly redveed
by meprotixol at doses from 0078 to S mg/kg Lv Thus the inhibitory
effect of meprotixo] on the function of the nictitating membrane Is
considered to be localized at the effector organ and not st the sapetfor
cervical ganglion

Adrenallne roradrenaline and S-hydro<ytryptamine antagonism

In blood pressure expermments on pithed rats meprotixo! showed weal
antagorustic cffect agamnst the pressor responses of adrenaline and nor-



20 HOUGQGS, MOLLFR NIELREN NORN AND NYMARK

adrenaline The EDS50 could not be determined within the tolerated dose

rangs (up to 10 mg/kg Lv) The antagomsm against 5-hydroxytryptamine
compared to that of neuroleptics, was also relatively weak, the EDS0

being 1 8§ mg/kgiv

Acetyleholine antagonism

Meprotixol had no significant antagonistic effect against acetylcholine
spasms 1n the isolated ileum preparation from guinen pigs.

Effect on pupll diameter

Meprotxol had & weak mydriatic effect on mwce. An increase in pupil
diameter of 100/ was obtamed with 26 mg/kg1p

Broncholy tic effect

Meprotixol showed & potent bronchospasmolvife effect agaimst 5
hydroxytryptamine spasms in guinea pigs. Thus 0 08 mg/kg meprotixol
Lv 1nhibited the spasms bv 50/ In contrast, the spasmolytic effect
agatnst acetylcholine spasms was relatively weak, 50/ inhibition re-
quiring 7 4 mg/kg Lv

Antinoclceptive activity

Meprotitol showed weal analgenc effect in all tests performed.
Table 13 compares the ED50 s of meprotixol, morphine and codeine.

It should be mentioned that meprotixol causes a slight fncrease in tho
analgesic effect of morphine, When used with & subanalgesic dosc of
morphine (5 ma/kg 1.c) meprotixol, 27.5 mg/ke. 1ncreases the reaction
tume to above 30 seconds in 50 / of test anmals.

Table 13
Astinocregptive  ctivity In mice.

| EDS0 (mp/kp. nti occapiys test methods

Compoand = -
\ Tad panch Phenylquinone l Hot phts | Tl sumalstwn

Morphine Vop Lowc. 14sc 4Lp.
Codelne 0 23 se sic 1skp.
Meprothxol e s p 143 8c. up
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Table 14

Inhibltlo of oedema produced by verious phiogutks fn
the pawa [ anaethetired raty (urcthane).

+ [nhibitkon
m| 1]
Compotmd g lp 4 Shydroxy-
exics b tryptamise
84 10y 008 £
Meprothol 25 33 (13 59
- 3 51 3 "0
Ma-alicylate 400 2 43 24
Phenylbutazone 100 32 - 3
200 3 -

Local ancesthetic effect

After intraconjunciival jnstillation, a local anaesthetic effect of mepro-
tixol was observed The EDSO was 0.32/ For comparison the EDS0 of
lidocaine was 1.38 / of cocalne 0 77 / and of tetracame 02/

Antlphlogistic effect

a) Rat paw ocdema Table 14 shows that meprotixol in smaller doses
possessed far better inhibitory effect against all threo types of oedema
than did sodium salicylate rnd phenylbutazone,

) Thermoedema 1n mats With & dose of 25 mg/kg ip of meprotixol
oedema was fnhiblted by 19 / and dye-diffusion by 18 / wwhen recorded
2 hours after beat injury

©) Felt pollet test In thus test meprotixol showed only slight inhibltron
of granuloma formation The results found were 25 mg/kg Lp 5/
inhibition, 100 mg/kg 1p 7/ inhibiion and 100 mg/kg omilly 14/
inhibation.

d) Granuloma pooch test meprotivol, 12.5 and 25 mg/kgip daily for
6 days redueed exudation 1n the pouch by 35 and 43 / respectively With
an oral dose of 50 mg/kg daily Inhibltion was not observed

Acute roxicity
Tho results of acute toxicity tests on mice and rats are shown in table 15
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Table 15

LDsot rmprulolmmk-mdnumulnw
i ororal dmink

LD30, my/kg + 8.E.M

Intre enom
Intraperito eal
Oral

Sommary

Meprouxol, a thisxanthene derlvative, has been examined pharma
cologically It appears that the compound combines a low central de-
pressant effect with an antitussive effect about 4 times greater than that
af codemne. In contrast to codeine, meprotixol thowed no respiratory
depressive effect on the contrary a certan stumulatory effect was ob-
served Meprotixol inhibits the tome extensor component of the maximal
electro-shock seirre. Moreover this compound has a marked inhibitory
effect agninst varous forms of ocdema and exudation in the granuloma
pouch, though the inhibition of granuloma formation was only slight.
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Auatoradiographic Stodies on 3S-Thiamine
Distribation In Mice

By

L. Hammarstrém, H. Neajbr aad 5, Ullserg
(Recelved Angnst 26, 1965)

Most of the available information on thiamine distribution in anmmals
18 based on results of chermical or microblologscal assays of extracts from
organ homogtnates (SPECTOR 1956 Lona 1961). Such results are ne-
cessarily fragmentary and give no information on the distribution within
the tistues.

CoHEN er al (1962) have, using sutoradiography compared the
distribution of 33S-thiamune with that of the fat soluble derivative dithio-
propylthuamine. They reported a fugh accumulation of thismune 1 the
tver and kidney and a lower concentration in the myocardum, brown
fat and brun

In the animal body thiamine 13 converted to thiamine pyrophosphate.
which 18 the most abundant form of thiamune. In siervous tisse thamine
monophosphate and th tnphosphate have been found besides
thinmine diphosphate, and several mvestigators report that free thiamine
1# Tiberated on sumulation (von MurALT 1962), Smali amounts of thia-
mine trphosphate have also been isolated from liver and brein (KirsstLING
1961)

Thiamine pyrophosphate is the by whose action the end
products of anaerablc metabollsm of ghicose and aliphatic ncids are mﬂ‘:
avallable for compketo oxidation by aerobic systems. This Mond:o—
thiamine in ghicoss metabolism justified vs 10 comparing the autor
graptuc distribution pattern of thismine with that of glucose which h":
recently been studied 1n our laboratory (ULLBERG & KORANSKY unpu!
lished results)

In spite of the comparatively large amount of mformation oft thiamine
function in enzymic in vitro systems, the relation between
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and chnical P in thiomine defickency is still quite obscure. It
was hoped that our whole body autoradiographic mvestigation might
contribute to the elucidation of such problems.

Methods

13 labelled thlamine was obtalned from Hoffmann-La Roche & Co  Basle, Switzer
land. The specific acthity of 1he preparation 1 the timo of [njection was 75 pC/my. The
substance was disolved in physiological saline, and 0.2 ol was | jected [nto tha tail veina
fmice. Th individnel doss was 0 26 mg thlamine, corresponding t  bont 19 pC.

Thirteen whit muce, 6 od 1t malest vernge weight 23 @ and 7 pregnast femates (average
ereight 38 g) wers oeed. The fotervabs betwoen 1 ketlon and szcnfico wers (o7 the males
and dx of the fomle mice $ min, 20 min. | bour 4 bours, 24 boun and 4 days. The
femmle micy were kllfed two d ys befors axpected partuntion. The fostises from the addi-
toral female were removed 24 hours after the Intravencin Injection of the moiber uad
treated separately

The mmsls wese Xifed by immendan in baxane cooled to —75  with sofld swsbo
dloxide. Saphtia] sections 20 |1 thick were cuf at varkom Jevels thro gh the wholo animah
at —10 The sections wers dried  t tho eamé tempernture and autoradsographio exponsrs
was made by appoaltion agalnst Structerix X-ray film (Gavaert). The exposure tme was
—4 weekn. The autoracdiographic method has ban previcwly described fa detml (UrLaema
1954 & 1558).

Results

The distribution of the radioactivity after intravenous injection of
35§-thiemine was characterized by a gradual decreass m blood concentra
tion which was completed after 4 hours, and an accurmulation in the tis-
sues, especially in the Jiver the renal cortex, the corporu lutea, the brown
fat and the Hardenan gland. A rapid but transent accmmulation was
also observed in the thyroid gland, m the walls of the sorta and the
arteries and in the cartilage.

The dutribution in varlous tiwsues at different time Intervahy wilt be
described jn detail below

Circulatory system

The radioactivity gradually left the blood after the intravenous injec
tlon after 4 hours no activity could be observed i the crreulating blood
There was a slow increase of radicactvity in the myocardium  the
accumulation was high 4 days after the inpection, The walls of the sorta
and of the artenes showed an initial high concentration which then
gradually decrensed and reached a low level after 24 hours,
Allowmdmwcmr.eupukewmobscrw:dinthcbonemm)wtbe
spleen, the thymus and the lymph nodes.

1 Aer phacmeeiopen. vl 24, (e L
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Braln Brown tat

Fostal bone  Myocsrdium Grmric mucosa

Fig. { Awtaradlogram of two full term mouse focttnes 24 hours after an htavenem

injectlon of 115 {hwmmine 1510 the mother White areas correspond to high cancentratlo

of radicectivity Nots the high ia brown [ t, Ever gattric
mncon-ndmucomNou-hoLhomhindtnbp! ¥ bone.

Nervous syxtem

In the brain radioactivity ncoummulated slowly but after 2 davs the
concentration was fairly high. A modernte concentratlon was seen {n the
frigeminuz nerve a3 s00n as 5 minutes after the inection and this concen-
tration was still unchanged after 4 days. Five minutes after the {njection
2 higher uptake was observed also in the spinal ganglia and 1o the se-
milunar ganglion. The accnmulation in these ganglia proceeded more
rapidly than in the braln, but reached the same final level

Digextive 13 stem

In the oral and ossophageal mucosa no observable amounts of labelled
substance accumulated [n the gastnc mucosa the concentration of radio-
activity was low afier S minutes, but 1t 1ncreased to 8 high level after one
hour and was still high after 4 days, The activity of the muscular laver of
the gastrolntestinal wall way low
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A rapld hugh and long-lasting accumulation was observed in the sub-
salivary glands.

The Liver had a high level of radicactivity throughout the investigation
penod

A modemte concentration was seen fn the pancreas after short intervals,
After one hour the activity of the pancreas had Increased to about the
same level as that of the liver but later on 1t decreased more rapidly than
the hiver activity

Rezpiratory s1stem

A high concentration of radicactivity was observed n the nasal cavity
The trachea! cartilage also showed a strong accumulation of radioactivity
after 5 and 20 minutes, but the concentration decreased and was low after
one hour

After 5 minutes the activity in the lungs was equal to that in the blood,
but the mdioactivity of the blood disappeared, whereas that of the lungs
remained after 4 days. The tughest concentration In the lungs was seen
1 the bronchial walls,

Urinary system.

The kidney showed a high concentration of 33S-activity during the
whole period Inrtlally the concentration was high in both the cortex
and the medulls, but after Jonger intervals only the cortical tissue,
especially the inner cortex, showed high sctivity Thero was a high con
centration of mdioactivity in the ureters and in the urinary bladder after
short survival periods.

Endocrine system

The pltuitary showed & higher concontration of radioactvity than the
brain proper Within the priuitary the highest concentration seepied to be
confined to the postenior lobe

In the thyroid sccumulation wats observed mainly concentrated in small
spots. The accumulation had disappeared after 24 houny

There was o slow lation of rad vity in the adi s, The
concentration was slightly higher in the cortex than in the medulla.

The concentration in the islets of Langethans was {ow at all the mter
vals studred.

»
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Besin Brown tat  Heart blood Adrensl Kidney

Spinal gangta  Myocard um Prostete gland  Tests

Flg. 2 Antorsdiopram of an adult mats mocsc 4 days afier an | travenowm Injecthon of

355-thiamime. Note the high concmtratbons {n brown fat, myocardine, U er Xidney asd

prostate gland. The concentratioms ars comparatively high In brain, spina! gangie sud
tosths,

Reproductive syxtem

The testes showed faurly high concentration of radioactivity m the
interstitium, An accumulation was also observed in the epididymis and in
the vealls of the ductus deferens. The concentration was high in the pro-
state gland.

In the ovanes & high uptake was observed m the walls of some large
foliicles 5 minutes afier the njection the follicular fluid also showed
accumulation of radioactivity After one hour the radioactrvity In the
corpora latea had mereased considerably to about the same high con-
centration as that of the liver and also remained high throughout the
investigation

The placenta showed about the same concentration as the blood, but
Lheammymm:plucenmpcnm:d,whmxummth:blooddmed
The concentration of radioactivity m the uterine wall waus moderaic
throughout the investigation perlod

Mamman glands
In the mammary glands a moderate concentration was observed
throughout the mvestigntion period.

Sheletal tissues and muscles

No uptake was observed 1n compact bone. Cartilage showed a strong
accumulation wiually but this had largely disappenred after 4 hours. In
the permanently growing incusors the activity was especally concentrated
in the enamel. The skeletal muscles showed & fasrly low concentration
throughout the i estigation
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Brol  Brown tst Myocardmm  Adrenal

Herders gland  Saftvary gland Liver Gastnc mucoss Fostures
Fig. ) Actoradiogram of preguant mocse 20 o utes sfler an ntravenous bajection of
4C 1-gincoss, Nots the high coacentrations In brafn, Harder s gland, brown fut, myocar
dium, Lrer 0d gastric mocosa, (From Urtama & Koaarmxy unpoblished resuits)

Brown fat
The concentratron in brown fat increased during the fist hour after

injection to a hugh level, which persisted thronghout the Investigmiion
period.

Harderian gland
The uptako in the Hardersan gland was mmilar to that in brown fat.

Serotiy cavities

A furly high achvity was observed in the serous cavities duning the
first hour The radioactlvity was concentrated to mumute spots, posalbly
representing mast cells,

Foetuses

The radioactrvity gradually appeared in the foctuses, reaching about
the same concentration as 1n the mother after 4 days. A selective socumula
tion was scen in the gastric mucosa, but not m the intestinal nmrcosa. A
high eccumulation was also seen in the foetal liver kidneys, brown fat
and cartilage. In the foetal central nervous system the concentration
gradually reached a kevel emilar to that In the mother

Dhsenssion
An essentml question when Interpreting the nuforadiograms is to what
extent the B5-radioactvity r h and its phosphate denva

trves or degradation products Previous studies on thramine metabolism
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have mainly been performed on urine and facces (McCARTRY ef al 1954
TacoNo & Jounsow 1957 VERRETT & CIRECTDO 1958) NEAL & PEARSON
(1964) uang 14C thiamine found that 48-51 / of the radioactvty re-
covered in the urne of long term inpected rats represented nondegraded
thiamine Those of the published values based on tissue analyses indrcate
that degradation of thiamine may occur mainly 1n association with the
disappearance of the vitamin from the tissues. Thus Wiss & BrusaciER
(1962) found thiamine diphosphate to be the only radioactive component
in the liver of thiamine-depleted rats to which small doses of 33S-thiamine
had been administered ConEeN ef al (1962) got a similar resnlt with larger
doses of 355-thiamine,

The distribution of 35S-labelled Heminevrin & the thiarole morety of
the thuamine molecule, has been investigated by ALLGEN ef af 1963 The
drstribution was lughly uniform in most tissues except for an accumula
tion in the liver ‘Thus the distribution of the thinzole molety a compound
that seems to appear in ammal tissues only as part of thiamine, shows
hittle resemblance to the diversfied pattern obtained after injection of
3sS-thramme

A comparmson of the autoradiographic distribution pattern after injec
tion of 35S-thuamine wath that after injection of 4C-6-ghrcose reveals
several wmilarities (ULLBERG & KORANSKY unpublished results) With
both substances a selective accumulation was obtained in the myo-
cardrum, arternl walls, gastric mucosa, brown fat and Harderlan gland.
Thero was also a raprd but transient localzation of both 1n the carti-
lage. Both substances showed a low conceniration In the adrenal me
dulla and 1n skeletal and imtestinal muscles In tho pervous system the
mrtoradiograms of both 335-thiamine and 14C glucose showed accumula
tion 1n both CNS and peripheral nerves, The uptake was higher in the grey
matter than in the white and higher in the ganglia then in perpheral
nerves. However 14C-glucose was taken up more rapidly and to s higher
extent than 33S-thiamine,

Changes 1n ths cardiovascular system aro among the most prominent
symptoms of thimine deficiency Cardiac arrhythmias appear ia early
deficiency and enlargement of the heart and low blood pressure have
been reported in severe beriberi (SEpRELL Jr 1962). The high concentra
tlon 1n the myocardrum may indicate o direct action of thiamine on the
heart muscle. Also the arterlal walls showed a high uptake, and these sltes
of accumulation may be of fmportance for the normal function of
the cardi lar system. Thiamine has been shown to increase capillary
resistance In gumea pigs (PARROT & COTEREAU 1949)

Thyroid trssue has been found to be capable of producing 1400, from
labelled giucose and also from 14C pyruvats (FILD ef al 1961) The
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accurmulaton of thiamune in the thyrord may be doe to jts function as
coenzyme 1t these processes. Therapeutie doses in man may produce
symptoms similar to those of thyroid hyperactivity (MILLs 1941)

35 sulphate i known to gecumulate in corvilage but the transient
accumulation observed m our Investigation can hardly represent this
degradatron product of 335-thiamine, since sulphate shows a slowly 1n
creasing and long lasting accunmlation in cartilage.

Samenary

The dustribution of 35S-thfamune in male and pregnant female mice
after intravencus iojechion has been investigated by whole body auto-
radiography There was @ slow decrense in blood concentration The Liver
renal cortex, corpora lateg, brown fat and Harderian gland sthowed a high
and perustent accummlaton A rapid but transient accumnlation was
observed in the thyroid gland, the gortic and arterm] walls and the car
tilage. The central nervous system showed a alow uptake, but » compara
trvely high final concentration. The dotribution pattern after injection of
355-thiamine exhibrts close similanties to the previously studred distribu-
tion of 14C-glucose.
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Anzeroble Glycolysis in Isolated Diaphragm from Thyroxine
Treated and Untreated Rats

BY

NIk Sredmyr
(Recerved Sepomber 2., 1965)

In earler expenments it was found that the strmulation by adrenaline
of Iactic acd production m the rat dwphragm was potenteated by admuni-
stratton of thyroxine (SvEDMYR 15652), In different series of experiments
attempts have been made to localrze the point of attack of this effect.
Thyroxine did not affect the glycogenolytic or phosphorylase-sctivating
effects of adrenaline (SVEDMYR 19652 & b) or its effect on the concentra
tions of hexose phosphates (SVEDMYR, unpublished results) According to
GoLosTaN (1952) however anacruble glycolyms 1 increased m the mt
diaphmagm after thyroxine treatment. BARGONL ¢t af (1961) found that
thyroxine mecreased the content of ¢énolase and lactt aad dehydrogenase
1n the rat liver NIKKILA & PrreANEN (1959) demonstrated an increased
content of phosphoglycenc acd kinase in thyrotoxic uman liver Finally
Harary (1957 & 1958) found that the enzymatic activity of acylphospha
tase was increased in rat Irver and muscle after thyroxine adminstration.
This enzymo hydrolyses, among other substances, | 3-diphosphogly
certc acld to 3-phosphoglyceric acsd and may therefore conceivably act
a3 an “uncoupler” of tho glycolys:s from the phosphorylation If the rate
of glycolysis 13 hmrted by phosphate acceptors (ADP) or morganle
phosphate or both, an mcrensed acylphosphate activity could stimulate
this rate.

A number of observations reported in the hitteratare thus indscated that
thyrosine treatment could potentite later links in the glycolvtic chaln
Such an effect of thyroxune coukd eventunlly explain its potentiating effect
on the stimnlation of lactic acid production by adrenaline, T have there
fore compared tho rates of anscrobic glycolysis in diaphragms from

4 Acw pharmacelepien, ol 34, tae. L
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thyroxine treated and untreated animals. In an attempt to find out
whether there was any ‘uncoupling of glycolyns and phosphorylation,
the of ad triphosphate (ATP) and creatine phosphate
(CrP) were also determined.

Methods

The ankmals in the thyraxine treated growp were Injected subcutansouly with thyTodos
inadoso {100 pgfanimal/day for 7 days. The bexl metabolbun Increased by pprodmatsly
30%. The anlrals weighed betwesn 200 and 250 g. In order that the muscle shoukd bare 18
high an inklal glycogen cootent as posdible, the animals were not fested befors the v
penmants,

Of the ruis 4 weors killed by a blow 0a the neck. The dimphragms wers dissected out and
Inenbated tn 13 mi ice cold Krebs Hemalait hicarbonate baffer eontaining 0.3% gincost.
The solution was guteed with 95/ Oz 4 3% €Oz In order that differeat growps of dis-
phrugm sectlons should have as similar composttions as posible, the muscolar part of esck
dixphragm was divided saghally lato four equally stred scctions 1 beft Bateral, 1 Jeft mediel,
1 right medial nd 1 right ateral From esch origleal diaphragm one scction wes thes
takea and pooled with secthom from the otber duphragms so that 4 groups were obtalord,
cach consfsting of 1 1eft lateral, 1 left medial, 1 right medial and 1 rigtit lateral sactson, but
with tho sections from differsat animals. When these groups bad been Incubated for 30
minotes | ks cold blearbonats buffer  ne group (the controd group) was froom with
freo 11 contalning dry bos. The other groups were incabated in 15 ml bicarbosats baffer
contlnleg 0.2 £ glucose, at 37° The sotutlon bad been prmed for tho previom 30 mbxutes
whh & mixture of 93% Ny + 5 COy. Aftar 15, 30 and 60 minwtes  group of dlaphragn
sections was tiken for anatysn, and 1 ml of the sospension solrtion wax abo anlysed fof
Lactic acld.

After freed pmmmn-‘mwmwmh'%m

6V hlorke sd win
=S pcrihhrh:ndd.An:r . tho p st e e extract

CrP by that of Lunpmotu &
Linmnaots & Yaros (1963)

The p wES
was rulywed for ATP by the method of ADaw (1962 far

The arwoust of lactic aad produced was determined from
the suspension sotatlon nd musche et the ood [ ths crperiment ke the lactlc ackd contest
of the musche at the begl ning.

Resudts.

The extent of anaerobic lvis at different times and the contents
of ATP and CrP are grvmsflny?g. 1 and table § Lactio acid production
was greatest duning the first 15 mun 1n both treated and untrented animakt.
Lactic acad production during this period was almost ientical fn thyro-
xine treated and untreated anumals, The changes in content of ATP and
CrP were almost dentreal in the two groups dunng the first 15 mn.
period. After 30 and 60 nun. respectively the mte of lactic acid produc
tion decreased 1n both untreated and thyroxine-treated anmats. The
reduction was greater however in the untreated animals, so that after
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Fig. 1 The ruts of lactic ecid prodoctio
pmolayg/mis. doring diferent perfods of Incubation in dlaphragms
from ntremted and thyrovne troated rats.

Tabte 1

Effect fryroaine trestmemt on spontancoms asacrobic gtycalysisy, ATP  d CrP contsnts
T isolated rat haphragme after differest thnes of Incobatlon. Figure Indicats mawns

+1em.
‘Thyroxine Diffsrencs betwee
Untreased l tronced thyrexns treated and
-7 nt outed

Lactc acid production
umol/g

015 min. Bo£1N 251 £ 184 21 +2.67

-3 e+ LI 413 £23 9.6 £ 189 P <005

o 4To 54 £6.6 £ 249 196 £ 611 P <00l
ATP concontr thon
kmolg

besal 333508 149 018 016 + 043

135 mro. 120 t 02 1.4 + QLI0 004 + 024

0 073 +022 100 Qa2 026 +026

60 0.61 +0.15 077 £ 0.2 Q1 + 037
C P congent ation
kwoizg

basal 365 5031 450 +027 083 1 057

15 ml os7 yan Q47 £ 0.7 —0.10 1 QI3

0 as2 016 D43 013 —009 £ 021

] 0.43 £ 0.0% 028 + Q07 —013 £ 012



36 NILS SYEDMYR

30 min. and 60 mn. the total lactic aced production was significantly
greater 1n the thyroxinetreated then in the untreated animals The ATP
content continued to fall in both groups It appeared somewhat higher
however after both 30 and 60 minutes 1n the thyroxine treated than 1n
the untreated ammals, but the difference was not statistically significant

Discumlon

The Jactic acid production showed its maximal increaso during the first
15 min in both untreated and thyroxine treated animals. No difference
in the maximal rate of glycolysts was found between untreated and treated
ammals. The reduction in ATP production was also of the same magmitude
in the two groups during the first 15 nunute period. These results indicate
that the admunistration of thyroxine did not affect the maxmal rate of
glycolysis and that ATP production from glycolytic processcs was
probably the same m untreated and thyroxine treated ammals. There
appeared to be no indication that any powble increass in enzyme con-
centrations was of importance for the maximal rate of glycolysis. Nedther
wers any signs found of an  uncouphing” effect between glycolysis and
phosphorylation as has been suggested by Harary (1957 & 1958)

After 30 and 60 mun lactlc acid production was higher m thyroune
treated than in untreated anunals this was because, as may be seen in
fig. 1 the reduction in mte of glycolysis was smaller after thyroxine than
in untreated annals, If the rate of glycolysis had only been determuned
after 60 min for example, this effect would have given the [mpression of
potenuated glycolysis after thyroxine administration

J The decrease In rate of glycolysis after 15 min. may be explained in
various wayz. The glycogen reserves of the muscle may possibly be used
up after this period The reduction n the ATP content was probably duc
to the decreased glycolysis. Both the hexoklnase and phosphofructokinase
reactions utilize ATP however 1f the ATP content decreascs sufficrently
it s poxsible that these reactions may be rate-limiting m the glycolysis
chain In fig. 2 the rates of lactic acid production during the periods 0-15
15-30 and 30-60 mun. have becn correlated with the mean AT contents
(the mean values of ATP at the beginning and the end of the perlod) As
may be seen from the figure, the decrcases in the rate of lactle acld
production and the contents of ATP ran fairly paraliel There was
some difference between the curves for thyraxine treated and pntreated
antmals. Thyroxine treated animals had a higher rate of loetre acd
production than untreated amumals with the same ATP content. This may
indicate that the lactic acid productron in the diaphragm was effected to 8
lesser degreo by ATP reduction after thyroxine treatment than in un-
treated anmals.
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productio  and the mea  ATP concentaution In dlaphragms
from o trewtsd and thyroxine-treated rata

Semanary

On ncubation of isolated mt dlaphragm in krebs-Henseledt bacarbonate
buffer with 0.2/ glucose, the anaerobic rate of glycolysis was highest
during the first 15 minutes. No difference in the maximal rate of glycolyis
was found between disphragms from untreated and thyroxme-treated
nmmals After 30 and 60 min mcubation the rate of glycolyns decreased
in both groups, but the decrease was conslderably smnaliet in the thyroxine
treated animals. During these persods thyroxine treatment appeared to
potentiate the anserobic glycolysis The decreases in the contents of ATP
and CrP were similar in both groups, and there appeared to be no indica-

tions that thyroxine had “rncoapled™ the glycolyss from the phosphory
lation.
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The Release of Kinios In Human Plasma Sabstrates
By

Klell Briseld, Otav KJell Dyrod snd Skisel Flem Rimik
(Recarved Scptember 27 1963}

The significance of the results obtained by existing methods for deter
mining human plasma kininogen 1s reduced by our incomplete knowiledge
of the kintn system of blood. Not only are the propertics and the mode of
functioning of the different kinin releasing and inactrvating factors only
partly known, but st has also not yet been settled whether or not there exist
more than one kinlnogen, The differences in biclogieal actrvities of the
konown kinins make it a matter of specaal interest, 1n the determunatron
procedure, to know which kinins are set free by the different releasing
enzymes employed. Information about the specificities and effects of such
enzymes can be found {n several papers, but the mterpretation of the
results i3 complicated by the fact that placmas from ddfTerent species have
been used and that amall differences in preparation procedures may
affect both the properties of the kuninogen and the factors participating
in the releaso process.

In expennments with acd-treated human plasma, Hameena (1962) and
WimsTiR & PrExce (1963) found that plasma kallikrein released mainly
bradykimn whereas HARERMANN & BLENNEMANN (1564) obtaned the
same result with acd treated kininogen from bovine serum and cassin
actrvated hop-scrum hallhrem Recently however ELLIOTT Luwrs &
SufyTH (1963) and ELLrOTT & LEWRS (1965) were ablo to solate methionyk
lysytbradykinm from the acld trezted pseudoglobulin fraction of bovine
serum after a spontancous activanon, end AxMsTRONG & Muss (1963
1964) reported on the rebease of hutherto unknown kinins from tho
cuglobulin precipitate from human plasma not submitted to acd.

In experiments with human or bovine plasma substrates and dufferent
glandular kallikreing WERLE, TRAUTSCHOLD & Levaat (1961), Wepster
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& PrERcE (1963) and HABERMANN & BLENNEMANN (1964) all conctuded
that the main kmin primanly released was probably identical wath kallsdin.

The reports on the effect of trypsin are not entirely conclunve about
the identities of the released kinins. The expeniments of Eutorr Hokton
& Lewis (1950 1961) suggested that mainty bradykinin was released by
trypsin from the euglobulin precipitate from ox serum, but ELLIOTT (1963)
pointed out that trypsin might be able to break down kallidin to brady-
kinln PrRcE & WEBSTER (1961) and WensTeR & Prerce (1963) obtained
aa bradykimin nearly 100 / of the kimin released by trypsin fram human
plasma. At the same time, however they stressed the ability of trypsin
to cause a slow conversion of kallldn to bradykinin and also showed that
aminopephdases were present 1n the plasia. HABERMANN & BLENNDMANN
(1964) found that trypsin released mainly bradykinin in their acld treated
bovine kininogen but also some kallidin. In view of paralle] expeniments
with trypsin and hog pancreas kallikreln the last mentioned authors
discussed the possible presence of two separate kininogens. Previous work
also reflects uneertainty about the homogeneity of plasma kininogen
(WERLE, KeHt, & KoBKE 1950 VAN ARMAN 1955 HARERMANN 1963
FascwoLo 1963)

Our own work was carrled out as experiments prelumwmary to the
establishment of & method for the determination of kminogen in huran
plasma. Human citrated plasma, and in some experiments also gnnea
pig and rat plasma, were heated at pH 2 for 30 minutes at 100° or for
10 at 37* or ph hroline was added as a stabilizing agent,
without atidification Trypsin and hog pancreas kallikrein were used as
kmm-releasnng enzymes. The kinmns released were tested on the isolated

) rat uterus, and 1n mmnbuxkuxpcnmnuthdrkmhmmv‘mwﬂﬁm‘d
by paraliel arsays on the 1solated mt duodenum.

No direct identification of the released kinins was attempted some
indirect evidence, however was obtained through conversion experiments
with aminopeptidase The interpretation of such experiments was based on
the known molecular weights and relative biological activities of kallidin
and bradykmin.

Tecknlque

A, Materiels »d methods

| Plasnw kintmogen sabiirares Hmwwmwmlm"”d
sillcontred bottho contalnmg 10 mi of uvmdmmdmuahydr-mmlmmw”w
blood, fmmediately tramsferred t sifico 1red centrifugs bottics and centrfaped at4 X |
for 30 minutes t 10° The plasma was drvided mt 3 portlons. o

S-bwuftlmp-rrpuudby-ﬂdjnlos-gpbcrnmhmljnolnnu!mlo(‘nuri’ﬂ
citrated plnma, with sabtequent heating for 10 minates xt 37° “The subrtrato wit
at —20° in | ml samples, corraposdmg to 0 13 m! plavme.
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Subzerete [T was prepared by adding aboot 02 ml 1 N hydrochlork acid per ml of
duu-dplumprhﬂLhmbuqumbadn;rurlOmuzunn‘ln waterbathe
The substrate was stofed at —20 In | ml empe, correspond ng to 0.75 ml plagma

Swbarrase I11 waa ackiifted [n tho same manrer o substrate 11, diluted with 4 ml of 0.9%
sodlom chloride, hoated for 30 minutos at 100 s a waterbuth and stored t —20° ln 3 ml
samplen, corespondiag to 0.73 ml plama.

2. Klalmoge determinations. Sabstrate { wet incubated with reieasing enzymes witbout
pH-sdpoytment, nd rabsrrares I7 and [T] were brooght inad  ncet pH 8 by adding bowt
7ml .1 N sodivn kydroukde. Incubstlons with trypsia were wsually carried ont with 0.5 my
enryme par el chirated plaama. If plesma was found to coataln Jes than 3 g of bradykind
pef ml, the amay was repeated with trypsla siso (pretreuted s in the 163t solotlons) dded
to the standard solutlons. The amoiunts [ the differsnt enrymes med sre showa o the
T bl

The tinin ammys were poaerully carried out on the bolated rut urens as “bracketlng
esaps” whh u ganderd doso rutio 3 2. Bradykinl  wes psed a3 standard substance, !
soma sxperiments paraliel axmys on tho Bolaied rat dooden m were paod to conflrm that
the subetances stim fating rat uterus relased from plasma wers in fact kintos (Gapoow &
HosTox 1959 Hoatow 1939),

1 Chemicals,

Leocins P LAP 5912, gto  Block | Corp.,
Freekold, New Jeriey U.S.A. Bradpkiefy (synthstic) b ympowtes of 100 jg/m!, Sandez,

A.G., Barel, Switrerland. Pederin @ (bog pancreas aflfkrein). In amvpoules of 10 blol

Worthington Biochemical Corp. Freehold, New Jasey USLAL

B. Commen: ox ok mmterinls and metheds

| Mhasma kucwepen sub rrates. Phomanthrollos has bewn vsed a8 Lr pire Inhibltoe of
kinjmases by Eande & Sioam (1962) and Exnde, Ronresw Sioams & Wosrim (1963).
The last-camed observed strong labdbition ¢f both beman plasma kninese and hoosan
erythrocyts kininese at inhibitor molar coscsalntion of 3 10~ Later Dyauvo, Rovvix
& B0 Jnowod (1965) found phenanthrohine effective aguinst the sime Kdnfrases at ths
sams o somewhat lower concentriticos. | or work the concestration chosen for sube
wieate 1 was abowt 2 109M

GanpuM & HomToN (1959) Inactivated plasme Xuurwse by adding bydrochiomic acd
to a pH somowhas below 2 nd then iocubating for 10 mimrcs wt 37 This procedure bay
woce beem wadely used  nd was adopted o our work for substrats [T

Van Ansan (1933) nd jater Haumag & RocHa E &1t (1957) prepared plasma wb-
wnte by adding an cqual volume of U2%¥ Aceixc aod and heatiag to ¥0-50* for some
mmgios 1 & waterbuth. The ecidiication and hesting proced re  dopted In our wark for
subetrats 111 bt even mory nigorom.

Kimincgen detwminarsons. The condstions chosen for the kiuinagen determinatiom

are discumed by Rivvix, Dyauo & Banaop (1966).
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Results
A. Kinin release by trvpsin

Tabk 1 shows that the plasma substrate heated for 30 minutes at 100°
and pH 2 (substrate I1Y) released no kallidin on mcubation with trypsa.
No imncrease m activity was observed on subsequent incubation with
amunopeptidase the results might suggest that only bradykimin was set
free. If the temperature during the ecid treatment was lowered to 37° and
the time reduced to 10 minutes (substrate IT), a mixture of bradykinmn
(or other kanins not convertible with aminopeptidase) and kallidin (or
other kinins convertible to bradylunin with aminopeptidase) was set free.

Table 1

Comparison of the relcass by trypaln kining from hums  plasma subsetratey stabllieed by
addition of pheranthroline, by beating t 37" or 100% st pH 2

Plusma substrate 1 0.5 mg phenanthroline/ml citrated plasma and 10 minutes st 37
Plums substrate 11 Hydrochlorke scid to pH 2 eod 10 mi  tey ot 377

Plasna cubstrute 111 Hydrochlorc scld t pH 2 aod 30 rl wies at 100°

Trypen 0.5 mg/ml fresh plasma.

Aminopeptidase | § pg/ml fresh plasma.

The fncubatiom wore carmed 0t a1 pH 74 eod 8 for subsirate [, at pH § axd 37 for
rubstrates 11 od HL For all substrates the fractions were then heated at pH | boding
wate bath for 3 min tesa d wnayed on the solated rat otero.

pg Kinin per mi fresh plaame a1

Playma bradyblnin after facubation with
B - trypaln 20 mi utes
) rabstrat speaimen trypa 30 minutes “‘m
1 ) 63 (2 m wes) -
| 50 6
2 ° z
1 3 R
4 -
s 40 46
s 47 33
63 «©

10
50
42
48 46
b 54

mn

o s s -
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Table 2
Significance { pH duting Uee preparatton f platma suburate fo the
refative amounts eheased by
trypsl  of the katSdin — end bradykinin frections.

Plosma whetate Hydrochloric scxd to pH 2 and 10 ml ates 137 Thaen hydrochiork
wctd or sodlum bydroxida to different pH valucsand 100° {30 miautes. Control sampio
without pH ad]ustmemnt nd 100 beating

Trypdn | sgfml plosma.

The Incubatfons werp carrhed out I 30 mi utes at pH # & d the fractions wers Uhen

hested #t 100 [ 3 misutes and tested 0o the imoleted rat Uterus.

el

pg kinln ps ml plasma as ‘ ‘
bradykiain €3] 63 63

Co trot
mmpte

36| 30| 50 <0 50

On addition of ammopeptrdase the uterus-actvity of the released kinins
increased to the level obtained 1n substrate 111 The results might indicate
that the kirunogen of plasma during the acid treatment was altered 50 as
to rekease bradykinin on trypsin incubation Some convermon already
scemed to have taken place durmg the 37° incubation, and heating at
100* caused a complete transformation of the substrate. If a sample of
substrate Il was adjusted to pH 74 and then heated for 30 minutes at
100° the same kinfnevalue was obtmined v with untreated substrate 11

indicating that the pH and not the temperature was primarily responsible
for the kininogen conversion Experiments were accordingly carried out
to investigate roughly at what pH value the heating of piesma et 1007
would cause increased quantitres of bradykinin to be released on trypsin
incubation The results are shown in table 2. Though the kinin activity at
pH 5 was still the same a3 that observed at pH 7 and 8 some kininogen
trandormation had taken place at pH 4 At pH 3 and at lower values the
convernon scemed to have been complete.

Evidence of the kimn nature of tho nterus-strmuieting substances
released from substrates It and 10 was obtained from parallel assays on
ot duodenum (Gapbuss & Homron 1959)

Table | shows, for one specimen, that the same kinin actrvity was found
fo the phenanthroline-stabilized plasma (substrate I) as m substrate 111
and in substrate 11 on oddiuon of aminopeptidase. The results sugpest
that no significant loss of kinmogen took place during the acd-boiling
process used for substrate [T The results presented in table | might also
indicate that trypsin drrectly rejeased bradykamin in the phenanthroline
plasma (substrate 1) especially ns model experrments carried out with
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phenanthroline and leucine-aminopeptidase showed & complete Inhibitlon
of the enzyme at the inhibitor concentration used

However the expeniments did not exclude the possibility that the amino-
peptrdases of plasma were active to some extent in the presence of phe-
nanthroline, thereby converting to bradykinin the kallidin eventually
released by trypsin

In the experiments with substrate I we used a low incubation tempers-
ture (26°) to restrict the effect of small amounts of the kininaso still present,
In spite of this low temperature, the kmin was released considerably more
rapudly than in the partly denaturated nod-treated substrates. After
1 minute incubation about 80/ of the total activity was found, after
2 minutes 100/ after 5 munutes 80/ after 15 minutes 70/ and after
30 munutes 60 /

If the phenanthroline concentration was increased from 05 mg to
2.0 mg per ml plasma, the inactivation of kinin was ngnificantly delayed
At the same time, however the phenanthroline seemed to inhibit the
release of kinin by trypsin, a lower maximam valoe being obtained. Also
an increase in trypain concentration resulted in lower recoverses, probably
through an activation of kinin splitung enzymes.

B Kinin release by hog pancreas kalltkreln (padutin @)

Itis well known that less kinin will be released by hog pancreas kallikreln
than by trypsin both in human plasma (FAscroLo & HALvoRsEN 1964) and
in bovine plasma (HABERMANN & BLENNEMANN 1964).

Accordingly the results in table 3 compared with those in tble 4
show that padutin only partly exhausted the plasma kininogen of sub-
strate [I After conversion by aminopeptidase of the kallidin frections
released, the resulting brzdykinin fractions amounted to about 70/ of
the bradykinin fractions resulting from trypsin release and ammopeptt-
dase transformation (plasma specimens 1 5 and 6) When the padutin
and aminopeptidase incubated samphes (table 3) were further treated with
trypsin more bradykinin was sct free, the final amounts correspondmg
roughly to those in the trypsin and aminopeptidase incubates (table 1).

Table 3 further shows that the yield of kinln by incubation of substrate
11 with padutin gradually decreased with increasing incubation fime. After
20 hours only about 20 of the frutial activity was keft, and subsequent
further incubation with trypsin caused only a small additional release of
hnin The loss of activity was not due to contaminants in the padutin
preparation tsell as a parnllel expenment with plasma heated at 100°
and pH 2 did not show a decreass in kimn, It is more probable that the
heaung at pH 2 for 10 munutes at 37 did not completely Inactivate the
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Table 3

Compario of the stepalso reloaso by padutin @ (hog pancreas kallikrein) d trypsin of

klaimy from bums  plasma substrates stablllzed by heating at 37 or )00 tpH 2

Phaama substrato 113 Hydrochloric acld 1o pH  nd 10 ml wtes &t 37°

Ptayma substrate 111 Hydrochloric aod to pH 2 nd 30 mlautes at 100

Trypsla 05 my/m! fresh plama.

Pudetl | oaltym! fresh plasma. Addtlo of anotber m [t [t lncubation perrods over
120 minutes.

Aminopeptidess 1.3 pg/ml fresh plema,

The Incubstioms were carrhed out at pH 8, end th sumples wers then bested £ 5 mf -

tes 1 100° asd nrrayed o the holsted ret ters  furthe Incwbated with another

mryme

g Knl per ml fresh plasco o3 bradykinin In
plaama apecioens

Plasma
b Eazyme ! ]2‘:‘4‘ ! s
s after incubation dmes In hoars
R RRIERINE ill 1)2
I
padutin 13(31 200631 26 - 248 - =33 - -
I +amopepiidese 42 - -06351l26 -3 Y
+trypmn 6 -~ —l6AH4HIE 4 - —58 - -
+ mtoopeptldars 60 - ~16 ~ o — —4 - -3¢ - -
pad Un 13162528 - 03 10031009 12121 4
U+ minopeptidase - - - 28 — Mo = 2
‘an’d --<|u - [ _
|

kininase present. Traces left of the enzyme might cause slow mactivation
of the kinin gradually released. Experiments wath plasma specimens from
other subjeets also indicate that the preparation procedure mentioned for
wubstrate [T will not always mive & completely kiminaso-free subatrate. In
practice howover only incubation times beyond 1 hour caused a sigmf
fcant decrease in the amounts of kinin determined.

When plasma had been heated for 30 minutes at 100 and pH 2 (sub-
strate I[T) it was less suitable for kinfn release by padutin. Though trypsin,
10 kess thap 30 mnutes, cansed a maximal release of bradykinin, padutin
quickly (in about 15 minutes) sct some kinin free, but the man part anly
slowly Table 3 shows that afier 20 hours incubation at 37° less than 0/
of the theoretical amount was relessed in plasma specuman | Subsequent
meubation with aminopeptrdase suggested that only bradykinin had been
oct free, no increase In activity taking place. On the other hand, subsequent
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Table 4

Release  bradykinin by trypain and padutin @ (hog pancres kall kred ) m
guloed plg plasm  substrates ptablized by beating &1 37* 0 )00 at pH 2.
Plagma s betrate 11 Hydrochlaric acid to pH 2 and 10 minutes at 37
Plasma ¢ batrate 111 Hydrochlorke scad t pH 2 and 30 minutes at 100°
Trypin 1 mg/ml fresh plasma.
Pad tln 2u ts/ml { exh plasma,
The Incubdtions were carriod out t pH 8, and tha samples then heated f 3 ml utesat 1007 2w
eraysd 1 the solated ret uteris £ rat d odenum of further Iocubatod with enother smrym

pg kinin per ml fresh plasma as bradykinla

Pl
m‘:J Emzymes after Incubation time inho ™
st i [1)2]s } 0
n trypst - - - - -
famn poptidase 60 60 (rut duoden) - - -
trypsin - - - =
+ami peptidese 55 59 (rat duoden) - - -
it
pad tn [ 1.5 20 2.7 42 42 (rat dveden)
+ minopeptidase - - —20 -

incubation with trypsin demonstrated that the kinnogen was intact, the
final amount of bradykinin being of the usual order

Discresion

Our expenments cartied out with human plasma specimens stabilized
) by heating at acid pH were ntended to provide a safer basis fora method
for determining the kimnogen The results obtained with substrates
prepared by acd treatment ot different temperatures and subjected 0
different enzymes suggested that heating at 100° at pH 3 or lower (1.5 was
the lowest pH exanuned) would yield a kininogen that reacted as 2
homogeneous substance to trypsin The cnzyme seemed to release ont
kinm only presumably bradykinin Such o substrate, which B8 mther
umilar 10 the substrate descnbed by Van ARaaN (1955) reacted fess
readily to padutin R (hog pancreas kallikrein) but obviously also set free
bradykunin when ncubated with that enzyme (table 3). In this connection
we report our abservation that heating at 100° at low pH also made the
plasma kininogens of the guinea pig and the rat accessible 10 padutin-
According to FASCI0LO & HavLvomsen (1964), Brixmp Josm RINVIK &
VENNTROD (1965) and Brisrm Jensen Dyrup & RiNviK (1965) P‘“"“:
specimens from those species do not relense kinins on incubation wl
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padutin Table 4 shows how padutin st kinin free from guined pig plasma
substrate prepared by heating for half an hour at 100 and pH 2 (sub-
strate TIT) Just as ws observed for human plasma (table 3), the refease
was slow and as the activity of the kinin fraction was not increased
through incubation with aminopeptidase the product was judged to be
bradykiun only Evidence of the hinin nature of the actrve substance was
provided by paralle] assays on the isolated rat duodenum As was notleed
with human plasma, the yield of kinm released by trypan was the same
as for the substrate prepered at 37° (1) indicating that no loss of kum
nogen took place durng the boiling with acid, Expennments with rat plasma
specimens alyo showed that heating at pH 2 and 100° rendered a substrate
accessible to the effect of padutin

Though the heating at 100° at pH 2 (subsirate 1i}) ahiered the Xininogen
50 that 1t yrelded one ksmin only the results shown in tables 1 to 3 indicate
the presence in substrate 11 (37° at pH 2) of two kininogens, ane of which
was a conversion preduct of the other and was produced by the acid treat
ment. Substrate 111 released only bradykinin, whereas substrate 11 relensed
& mixture, possibly consistmg of kallidin and bradykimun Both trypsin
end padutin acted mpidly to release the kailidin fraction from the
altered part of the kinmogen molecule, however trypsin set free brady
kinn readily but padutin only acted slowly to release bradylumin The
fact that padutm from substrate I relcased a kinin fraction that, like
kallidin was convertible to bradykinin by tncubation with Aminopepti-
dase supports the view commonly expressed 1n the Literature that glandular
kalllkreins will rejease kallidin from plasma kininogen As mentioned
earlier i this paper 1t is not, on the other hand, genemlly accepted that
trypsln sets kalldin free to e considernble extent, as suggested by ocur
results.

It should be pointed out that the kinin fraction rapudly relessed by
padutin did not confist exclusively of kalldin Calculations based on
the aminopeptidase transformation experrments summanzed in table 3
on the known relation of the molecular weights of bradykinin and
kalidin (about 09) and on the relative uterus activities (about 0 6)
showed that a significant part of the kimin must have been released as
bradykinin Thus gives some evidence of the preserice of another Kinlzogea
beuides the main one, more or less altered by the actd heating procedure
at least there s an 1nd of the of one kini that does
not react ay If 1t were homogeneous

Semmary
Human atrated plasma acidified to pH 2 and heated for 10 minutes gt
37° on incubation with trypsin rekeased a mixture of kallidin (or other
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kining convertible to bradykinln with aminopeptidate) and bradykinin
(or other kinins not convertible with ammopeptidase) If the acrdified
plasma was heated for 30 minutes at 100 the kinnogen was transformed
30 a3 to rekease one kimn only presumably bradykinin, The transforma-
tron did also take place at pH 3 and partially at pH 4 but in the pH
range 5-8 the heating at 100 caused no demonstrable conversion of the
kininogen. No significant loss of kinlnogen took place during the heating
at 100 and pH 2.

Hog pancreas kallikrein (padutin ®) also released o kimn muxture,
conststing probably of kalidm and brmdylamin, from citrated plasma
acidified to pH 2 and heated at 37° but the total amount of kinins was
less than that released by trypsin One reason for the smaller yreld was
that the part of kimnogen transformed by heating with acid was less
accessible to the glandular kallikrein. In accordance with this the maln
bulk of brdyhinin was released only slowly and incompletely through
padutin from aitrated plasma acidified to pH 2 and heated for 30 minutes
at 100 This heating with acid also made the plasma kininogens of the
guinea p1g and the rmat, normally not accessible to padutin slowly refens-
able by that enzyme

The kinin fractions were tested on the isolated mt uterus and their kinin
nature confirmed by parallel assays on the isolated rat duodemum.
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The Antidinretic Effect of S-Hydroxytryptamine in the Rat
after Subcutaneous Injection of ‘Physlological” Doses

By

Per Frandsen and Ange Theil Nichen
(Received October 19 1565)

About ten years ago Erspader and collaborators (ErspAMIR & OT10-
LENGE 1953 ERsPAMER 1954 ERspAMER & CORREALE 1955) demonstrated
an anudiurete effect of S-hydroxytryptamine (SHT), when infected
subcutaneous!y 1 hydrated rats. The smallest actve dose was about
4 pg/kg. Clearance measurcments indlcated that the effect was duc to
constriction of the afferent glomerular artcroles. ERSPAMER considered
the response physiological’ mince about 5 pg/kg of endogenous SHT
metabolized by the rat every half hour For some yeart he regarded SHT
as 2 hormonal substance partcrpating in the regulation of the mtrarenal
circulation of the mammalan Xidney Thms theory however has not
been supported by expeniments on other species, including man Except
in rats, the antidiuretic effect of SHT 1 variable and obtaned only with
high unphysiological doses (cf PAGE 1958 ErspaMer 1961)

Although EMfPAMER s observotions on rats have been confirmed by
other authors (ARMAN & JENKINS 1956 DasquPT 1957) opinion 1 st
divided 23 to their physiological mgmificance. The objection has been
advanced that the cffect of subcutaneously byected SHT ls merdly
artefactual, an ndirect effect of pain at the site of Injection (CoRCORAN
ctal 1958 PAGE 1954 THoRN 1958) It is well known that SHT at bigh
dilution (10 ) produces pain when applied to the exposed human dermss
(ARMSTRONG cf af 1953), and pan may ehat antidiuresis ia the neuro-
hypophysis or by reflex renal vasoconstriction (PAPFENUIDIR |
THEORALD & VEanry 1935 Tirosasp 1934) This conception fis wel
with the fact. also noted by ErspaMTR, that SHT does not inhibit water
excretion when mjected intrpentoneally in similar doses.
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Table {
Rate of watar sxcretio  In hydruted rats after subowtaneous Infection
of SHT Four ratafgrowp V lumo injected 1 mlkg of body weight.

Time of excretion of 43% of watar Joad (minstes)

Control Sotuticn Test Solutlon
Sodlum chlorids 0.9 4 SHT 10 g/l
Growp 1 Groop It Qroup 11 Qroup IV
kel 9 120 101
k2 67 91 86
95 44 12 125
11 ” 103 1t
1 100 12t 1
Meant 863 mi utes Mexn 1073 munutes

Deluy 107.3 — 363 = 21.0 mioutes
t-text of significance P < 0.001

In this paper a reinvestigation of the antidnuretic effect in the rat after
subcutancous and ntraperitoneal injectfon i reported, To test the
hypothests that the antidiuretic effect of SHT after subcutaneous infection
15 indirect and due 10 local sensory simulabion, experiments were per
formed in which a local ansesthstic was added to the solution of SHT

Metbods

Fenale slbico mts weighing betwean 200 and 230 g were mied. Food wa removed
from the tnirah o the evoaiag befor as experiment was to be carried oat. Next morning
16 ynimals wers given 3 mi/100 g of tepid water by stomach tube xnd distributed at randam
into f or cage for urise collection, 4 rxta m each cage. Two groups of 4 rats were Injected
with 0.2 m! of controd solution and two sinflar groups with 0.2 ml of test sabutlo  {for
detells see tabley 1—4). The solwtions wers mede hotoax: to blood by ddhion of sodlum
chlorsde. Tha arina was coDected, and the emounts wer racorded at 15 m! utes lotervaly
watl @cretion bad nearly stopped. The potot of maximum rst of excretion wee detormined
graphically as the polot 8t which 457 of the wuter dniaietered had been excrvted. Fach

was repeated oncs  wwek on (be lame sock of olkmah For testing the signl
Bcancs of the ddffgrence betwaen the effects of comtrol and teut scintions (e “treatment
x day’ frteeaction meen squars wes aaed xa the acroc variascn,
Dows of SHT v cxgawessd as base.

Rewilts
Effect of SHT

The expenments secorded in table 1 show & significant (P < 0.001)
antidiuresis when 10 pgfkg of SHT were inpected subcutaneously In



5 FRANDSEN AND THEIL NIELSEN

Table 2

Rata of waicr excretion In hydrited rats after intraperitoncal injec
tlon of SHT Four rat)/group. Yolome Injecied 1 mlfkg of body
weight.

Tiums of excrethon [ 45 ,, of water load (minutes)

Coutrol Bolotlon Taxt Bolution
Sodlum chloride 0.8 / IHT 20 pug/ml
Gronp [ QGroup IT Group I Qroup IV
L] 107 L 91
108 97 94 9s
114 97 100 4
Mean 1005 minutes Mean 965 minutes

Dolay 96.5 — 100.5 = —4 minate
ttest of dgnificance P > 04

contrast, 20 pg/kg were wmactive (table 2) when injected intrapentoneally
®>04)

Effect of procaine on response to SHT'

Rats were injected subcutaneously with 10 pg/kg of SHT with 2/ of
procaine hydrochlonde added to the soluhon No antidmiretc cifect
(P > 0.9) was noted when comparcd with that on animals injested with
& control solution of 2/ of procaine hydrochloride (2ble 3)

To mvestigate whether the suppressant effect of procaine on the ro-
sponse to SHT was local or systemic, the expeniments summuarized 1
table 4 were carned ont. They demonstrute that the usual response to
SHT was unaflected by the | infection of procaine, when the
substances are snjected separately at two symmetneal sites of the skin on
the back (P <. 0.001)

Discussion

The present results confirm ERspAMIR s observations on the antidrretie
effect of SHT 1n microgram doses given subcutaneously to rats and the
lack of effect when simular doses are injected intraperitoneally ERsPAER
explains the difference between the cffects after subcutancous and |nh;r
penitoneal mjection by assuming that the antdwrenc effect of St
depends on the slow rate of absorptlon after subcutaneous injection 0[‘:‘
experiments, however demonstrate that procame SUppresses the an
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Table 3

Rate of water excretion is hydrated ren afte aubcutaneoms

injection
f SHT with procsine. Pour raty/growp. Volume Injected 1 mi/kg of
body welght.

Time of excretion T43% of water Joad (minetes)

Control Soletion Test Solution
Procalne bydrochlorids Procalne hydrochlaride
2% (wiy 1 {wh) 4 SHT 10 ppiml

Qraup 1 Grup 11 Groap 11T Qroup TV

 *3 "8 %0 99

n L ki k13

" # 7 121

3 ¥ n 76

71 % 60 @0
Mesn 902 munutes Mesn 80 3 mrinutes

Deley 05 ~ £0.2 = 0.3 sdawtes
oot (aipifeancs P > 09

Toble 4
Ruis of water excrytion In bydrated rats after SHT and procaive,
1nfectod swpurately at two symmetrical altes { the kin of the back.
Fou rutt/growp. Vel me lnxcted | mifkg of body weight,

Time of mcretlon of 453 of water Joud (minutes)

Control Soimtons Tout Bointloas
Laft slte Sodi m chioride Left she SHT 10 pg/ml
09%
Reght shs Procaine hydro- Right dta Procates hydro-
chlords 2K (w/v) chlaride 2% (w/v}
Qroup 1 Qroup 1T Qroup 1M Group IV
”» 9 106 105
s 0 125 1us
[ (24 ' P
L n 106 T
93 nz 9 1%
" 103 122 2
had n 8 116
Mean 91 1 mimates Mesn 106F minktay

Delay 1068 — #1 | = 154 minwter
tad of wgnificance * < Q001

Acth atrmmcclagis, vol. H, fo, 1.

53
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Table 2

Rate of water excretion in hydrated rats afte intraperioneal | jec
Uo of SHT Four raty/group. Volume Infected 1 mUkg of body
welght.

Time of excretlon of 43 of water kead {minutes)

Contro! Solstion Test $olutlon
Sodiam chioride 0.9 3HT 20 pg/ml
Group 1 Gr up Il Groap UI Gro pl1V
0 107 99 97
108 97 91 93
114 97 100 94
Men 1005 mi utes Mcan 965 miouten

Delay 963 — 1005 = —4 min tex
t-test of significance P > 0.4

contrast, 20 pg/lg were inactive (table 2) when injected intrapentoneally
P=>04)

Effect of procaine on response to SHT

Rats were injected subcutancously with 10 pg/kg of SHT with 24 of
procaine hydrochlorde added to the soluton No antiduretic effect
(P > 09) was noted when compared with that on animals imjected with
& control tolutron of 2/ of procaine hydrochloride (table 3)

To investigate whether the suppressant effect of procame on the 1€
sponse to SHT was local or systemic, the expenments summanzed in
table 4 were carried out. They demonstrate that the usual response to
SHT was unaffected by the 1 injection of procaine, when the
substances are myected separately at two symmetrical sites of the skan on
the back (P < 0001)

Discostlon

The present results confirm ERSPAMER s observatlons on the antdiuretic
eﬂ’mofSHTmnmommdmpmmhcumnwuﬂytumunﬂd“‘
lack of effect when smilar doses arc injected intraperttoneally ERSFAMIR
explains the difference between the effects after subcutancous and '“‘;{“;{
peritoneal injection by assuming that the antidiuretic effect of 3
depends on the slow rate of absorption after subcutaneous inpection. Oi':
expeniments, h d rate that procaine suppresscs the &a
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From the Research Lab tis of AB Asire, jo, Swedes

Inhibitlon of Liver Phenylalanine and Tryptophan Hydroxylating
Enzyme Systents In Vitro and in Vivo

By

S. B. Rows and 0 Haljesmas
(Recetved September 2, 1965)

a-MethyDOPA and some dihydroxyphenylacetamude dervatives
decrease the level of S-hydroxytryptamine (5-HT) and S-hydroxyindole
acetic aad (5-HIAA) in the brains of rats and mece, indicating Inhibition
of the enzymatic hydroxylation of tryptophan to 5-hydroxytryptop
(5HTP) (Roos & WerpinNrs 1963 Camisson, Cormonl & WALDECK
1963 Camiszon & Coxrodr 1964) The phenylatanine and tryptophan
hydroxylating enzyme system in rat liver hes been shown to be inhibited
by these compounds {7 #itro (BUurkARDT Gy & PLETscHER 1964 Rots &
HaLTASMAA 1964) and in rive (BURKARDT GEY & PLETSCRER 1964)

In the study reported here we investigated the in vitro and ix vivo Inhibi-
tion of the Liver phenylalanine and tryptophan hydroxylases actrvated by
different cofactors. Four of the inhibitors (esculetin, a-propyl-3 4-di
hydraxyphenylacetamide (H 22/54), e-methyl DOPA and aminopterin)
were studied in more detail

Methods

Phexyladanine snd Aydrexyiare, Crads liver extract was obtabaed by boao-
weniung rat ves with 3 volumes of ioscold 0.067 M phorphats baffer pHT4 and aanrk-
Tugs g ot 27 000 g For oo hoor at +2° (Bumxarot Orr & PLITICRIN 1964). The prepara-
et wars stored et —17" and uied within  few days.

A partially perrfed enryms wes prepared from rut Iover by ths method of Kaonan
(1957), 1n whsch the parffication was giopped after the it anxmoztum selphate precipits-

tion. The preciphate %as dimalved fn 0,003 M Trks buffer pH €4, and dlntysed galngs
thnb-ﬂu

An coryrm of from rat fver waa gho made by
NWNHHM(IQSGLWWIMMWZMME&.‘M
xylation axmy
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The phexyialaning avd trypophan kydroxyase ctivities were datermined by the method of
Uptnrmowp & Coorea (19520) 2 d FARDLAND, WADZDGX! & Warsax (1961¢), mpees
tively In the phenymianine hydrovylase usexy 0.5 mi {the eazyme solotic  was incabatsd
with 2 ymol L-p I 3 pmoi nkotl e 2 pmol of the gcthvatof used and any
inhubito 1o be tested. Tho floal volums was 135 ml The incnbatlon was porformed by
shaking for ane hour t22 The tryptophan bydroxytess anay was performed with 1wl of
the caryme solution, 40 ptmol Lryptoptn 5 pmol meotl smbde, 2 pmol of the xetrvator
vaed nd aay Inblbitor to be tested. The final alume was 2.5 Ml and the locybetloa midore
was thaken at 37 for ne hour Every enzyme asay was performod in depBeste. Hent
dooat red enzyme was used In the control for nomenTytatic hydroxylation. The resction
s termin ted with 1 ml of 20/ trichloroacetle acld. The amount of tyrostne formed wiy
determined In the cetrf ged extruct by the method of Uoewranns & Coorse (1952b) and
X-hydroxyladoles formed by the method { UbenrFRrND Wrimaacy & CLARK (1935

The of the used wure denlne {NAD)L
redoted nicotinamide-adenine dinucloxtids (NADH), reduced nicotloamide-adentse di
nucteotids phoapbate (NADPH) snd 2 amino-4-Iydroxy-6,7-dimethy-4,6,7 Usteatrpdro-
predding (DMPH )

The kineric stmires were paf Tmed with the crude caract aod with the partfy purified
rat-iver enzyme, with DMPH; a3 sctivato Tho Incubation tima for the phenylalasiac
hydroxylase eray wat § mingtes with S mimmtes proincubatl  befors  ddinon of the
activator The substrate concentrati na used wets 1.5 % 10~ 3 x 10~ 6 x 10~ and
16 % 1073 M Tho Michaells coastanta and the Inhibltor conptanty were evatuated by b
methods of Loarweaven & Burk (19H) and Dreow (1953)

S-hydraxyirypramee In mowse brain was cximicted and dstermined by the mathod of
Bomarsxy ¢ L (1956)

Resalts
Pheny lalanine hydrox) lase
The thme curves for the phenylalanine hydroxylase activity of the crude
liver extract activated by the different cofactors are given in fig. | Inafl

20-
TP,
H
3N
i -
E. /uu«
FLELINE ) o

Fig. | T ras curves for phemylaly oe hydraxylass aciivities of
crude mat-liver extract with varioos cofactors. bie 1
The bcubation coadusas werw thy wame 11 thove described I tho legesd to 18
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Table 1
Phenylalanine bydrovylass activity of rat-llver cxiract
activated by dufferent cofectore
The Incubation mixture was 03 ml f tbe extract, 2 pmol of L-phanyhleaine, § pmel of
nkotnamide, 2 pmal T the colactor used. The fimal volume wus 135 ml The locubatio
was condocted t 22 for ono hour

Tyrosios formed pmol/gh

st e, l NAD  NADH  NADPH  DMPH:
1 35 46 24 1
2 14 11 20 21
3 - 52 14 )
4 64 .7 73 | &)
H 49 50 67 96
M

oas ‘ 42 49 4 70

experniments DMPH, hnd thz: hxghcs‘t activating effect at high concentra-
tions the three adenine dinucleotides studied had about
equal activities (table 1) The concentration response for NADH and
NADPH was, however different (fig. 2) Although these cofactors
activated the hydroxylation in catalytic amounts, higher concentrations
of NADPH than of NADH wrre peeded to obtain maximal effect. Thrs
finding indicates a higher level of NAD reducing enzymes 1o the extrect
Fig- 2A demonstraies that at the incubetion temperature of 37° the
simultanous activating effect of NADH and NADPH was additive at low

A B R
L.f\~m
[ Rgges=r-
.! e
« i4 1 ] 44 i i~
Wl COtnir

Fig. 1. Phenyllamne hydroxylse sctivioes with differant
mounts ¢f NADH sod NADPH.
Incubation way performed at A I7* gnd B 22* The dotted ke represents the estituted
surd of the effect of NADH  nd NADPIL Other imcubatron conditsany wery the same a5
those described in the kegrad to table |
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Table 2
Effact of preincubation of cruds rat-lver extract
with 0 ygen at 37 on the phenylalanine hydroxyluso activity
with different cofecton.

The preincabution way conducted { r 30 minutes with oxygen at 37 The other experitental
coedittons wete the sams 2 those described I 1he fegred 1o table |

Tyrosine formed pmol/gh

Experiment
No. Nos-preincubeiod Preincubsted extract

NAD NADH NADPHDMPHR,;| NAD NADH NADPHDMPH,

1 64 &7 73 .2 o3 13 14 3
45 50 &1 34 ol 13 33 T4

toncentrations, but was lower than the esimated sum at higher conceatrs-
tons At room temperature the hydroxylase activity with the simak
taneoualy acting cofactors did not exceed that with NADH alone at any
concentration studsed (fig. 2B)

UpenrRIEND & Coorer (1952a) found that preincubation of crude
rat liver extract wath oxygen at 37° for half an hour almost completely
eliminated the NAD activating effect on phenylalanine hydroxylation,
whereas the NADP-ectivated hydroaylation deoreased to about hall of
its Initial actrvity These results were confirmed by us, and we also fonnd
{hat the DMPH, activated hydroxylation decreased somewhat under

| this condition (table 2) UpewrriEND & Cooper (19528) found, oo, that
storing the extract in a refrigerator for some davs considerably
the NADP-activating effect on hydraxylation, whereas the effect of NAD
was only slightly decreased. As is khown 1n table 3 we were able to con-
firm these results and found as well that the activating effect of NADPH
and DMPH, remained after this treatment of the liver extract.

Inhibition 1o vitro

Esculetin was the most potent mhibitor of the three ds tested
on the phenylalanine hydroxylation when the enzyme reaction %38
activated by the nucleotrdes (fig. 3 and table 4), confirming previots
results (Ross & HAUASMAA 1964) It way, however a considerably weaket
inhibitor of the DMPH_c-activated hydroxylation reaction compared
the rucleotide actvated reaction, When the extract preincubated in oxyg=t




PHENYLALANINE AND TRYPTOPHAN HYDROXYLASES 59

Table 3

Effect of refrigerator storape of tho rat-liver extract on
s pheanylalanine Wydroxylse acthvity

The frorea rat [ver extract was thawed and dtored In

refrigerator (+3°) foc 36 hours. The hydroxylso acthe

Ky was determined & described in the legead to tabls |

and compered with that of  freshly thawed extract of

the seme prepanatioa.
Tyfosine formod umol/g/h
: i rigerut
Refi or
extract Fresh extrect
NAD 56 71
NADH 3] ]
NADP o 15
NADPH 4 17
DMPH, 73 76
o [ -
1
1
!
H £ ;
SR ST e
—
Fig. 3 Intbltion of the phenyta tese activity

of crude rat-ltyer extract ix Wire.
Tho iscabatioa condrions wars the saxs as those deverfbed | the legend to table I The
bydroxyltton reaction was sciivated by 1.5 X 103M [NAD O, NADH A, NADPH ¢
or DMPH, x
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Table 2

Effect of preincubation of crode rat-liver sxtract
with oxygen at 37 on the pbomylalanine bydroxylase activity
with &uff rent cofmctors.
Th prelocubation was conducted for 30 minutes with oxygsn at 37° The other experimentsd
conditioms were the kame as thoss described in the lepend to tabls 1

Tyrosins formed pmol/g/h

Experiment Non-prelncubated
caract

No Preincubated extruet

NAD NADH NADPHDMPH;| NAD NADH NADPHDMPML

1 6.4 .7 73 2 03 13 34 2
2 49 30 &7 94 [:X} 13 32 74

concentrations, but was lower than the estimated sum at higher concentra-
tions. At room temperaturs the hydroxylase actwvity with the simuk
taneously acting cofactors did not exceed that with NADH alone at 20y
concentration studied (fig. 2B)

UDENFRIEND & CooPem (1952a) found that prencubation of crude
rat liver extract with oxygen at 37° for half en hour almost compidely
climinated ths NAD nctivating effect on phenylalanine hydroxylatios,
whereas the NADP-acuvated hydroxylation decreased to about half of
s inrtial activity These results wero confirmed by us, and we also found
that the DMPH, activated hydroxylation decreased somewhat unde
this condition (table 2) Upenemienp & Cooper (1952a) found, too, that
storing the extract in a refrigerator for some days considerably
the NADP-activating effect on hydroxylation whereas the effect of NAD
vwas only slightly decreased As is shown In table 3 we were able to €00
firm thess results and found as well that the activating effect of NADPH
and DMPH, remained after this treatment of the liver extract.

Inhibition 1n vitro

Esculetin was the most potent inhit of the three compo! ds tested
on the phenylalamine hydroxylation when the enzyme reaction w3
activated by the nucleotides (fig. 3 and table 4) confirming w“;‘;‘
results (ROSS & HALIASMAA 1964) It was, however a considerably wez
inhibitor of the DMPH s-activated hydroxylation reaction com)
the mcleotide actvated reaction When the extract preincubated in oxyFe*
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Table 2
Effect of predncabation of crudo rat-llver extract
with oxygon at 37° on the phenytatanine hydroxylase activity
with different cofuctors
The preincubstio  was conducted for 30 minates with oxygen at 37" The other experimestsl
conditlons were the sme as thoso described In tho legond to table |

Tyrostne formed pmol/gh

Experiment Non-prelacubated

No. extract Preincubated extract

NAD NADH NADPHDMPH;| NAD NADH NADPHDMPR

1 64 a7 73 82 0.3 13 14 23
2 49 so0 67 94 01 L3 12 M

concentrations, but was lower than the estimated sum at fugher concentra-
tions. At room temperature the hydroxylase activity with the simu-
taneouly acting cofactors did not exceed that with NADH alone at any
concentration studied (fig. 2B).

UDENFRIEND & Cooper (1952a) found that preincubation of cude
rat-liver extract with oxygen at 37° for half an hour almost com|
eliminated the NAD activating effect on phenylalanine hydroxylation
whereas the NADP-activated hydroxylation decreased to about half of
its wnstial activity These results were confirmed by us, and we ko foond
that the DMPH, activated hydroxylation decreased somewhat under

) this condition (table 2) UDENFRIEND & CooPer (1952a) found, too, that
storing the extract in a refrigerator for some days considernbly
the NADP-activating effect on hydroxylatlon, whereas the effect of NAD
was only slightly decreased As is shown in table 3 we wers abic to &5
firm thess results and found as well that the activating effect of NADPH
and DMPH, remained after this treatment of the liver extract.

Inhibition 1n vitro

Esculetin was the most potent inhibitor of the three campounds tesied
on the phenylalanine hydroxylation when the enzyme reaction ¥
activated by the nucleotides (fig. 3 and tablks 4), confirming previos
results (ROsS & HALIASMAA 1964) 1t was, however o considerably weakes
inhibitor of the DMPH r-activated hydrozylation reaction
the nucleotide-actrvated reaction. When the cxunctprdﬂﬂlb“"din“m
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L

PERETION  par comt

2 on b muw e om
COMCEXTIATION b i
Flg- 4 Inhibfting effect of esculets oo the phenylalaning
bydrotylass sctivicy with crud  ver extrmst (x) nd with the partly
enzyme (KAUTMAN 1937) (O}

parified
Activaroc DMPH, (1.3 x 10-9M). Tncubation conditions e described 1o the legend ¢
table 1

Of the threo compounds tested on the nucleotide-actrvated phenyl
alanine hydroxylation c-methy-DOPA was the weakest mhibitor and
had scarcely any effect on the DMPH -activated reaction at the concentrn,
tops nsed Higher amounts of the compound than that causing about
50, whibition could not be investigated, uince it interfered with the
tyrosine determunation.

Aminopterin was shown by KAUPMAN & LEveneeRG (1959) to Inhibit
the pteridine reductase from sheep hver that 18 {nvolved in the phenyl
alanine hydroxylating system. We found that at 10-4M it had no offect
on the DMPH -activated reaction, but consderably inhibited the NAD
activated hydroxylatron with crode rat liver extract (fig. 5) The concentra
tion course of the inhibitory effect ind: that pterm at fow
concentrations (10 *M) had a different mode of action on the hydroxylase
system from that at higher concentrations.

Rewults of kinetic studies with different concentrutiont of the substrate,
the activator and the inhibitor Jodicate that H 22/54 inhiblied the DMPH,~
activated hydroxylation noncompetitively with the substrate (fig. 6) and
the activator (fig. 7)!) Esculetin inhibited the hydroxylation competitively
with the substrate (fig- 8) The inhibition constant (Ky) for H 22/54 was
about 1-2 x 10-3 M with either the crude extract or the partly punfied
enzyme K for esculetin was 1.5 x 10-8M with the preiecabated ornde

) Although H 22/%4 | most experiments reactad &5 noncompethive Inhlbbior we

obeained 10 80w cxperimants retty that can be Interpreted as an uwcompotritve (coapll g
Inhubdion
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100~
§
v
£ 50~
z
[=]
=
[
z XN
bbb { P
logmotcone trae] et
Fig. 5 Inh effect [ aminopleri on the ydroxyte
sctivity of crude rat-tiver extract.
The i? ditl werw a3 do 1 the kgend to table |

Activators 1.5 % 10~3M NAD O and DMPH, x respectivedy

Flg. 6. 1 verted vebocttles of the phenylalanise hydroxyhse
activithes (umol/g/h tyroxioe formed) plotted agabnst the different concentrations
of H I1/%4 at two substrate comcentrations.

The phenylalanioe concentrations wers 3 x 10~ or 1.2 x 10-IM. The incubation 1
performed for 3 minutes at 37  Crude hver extract was oed. Activator DMPHy
(L3 % 1073M)

-<|—
)
tt

3 bbb i
[H22/54) 105

Fg 7 Inverted clocrtes of the pheylalamine bydro ylase
actrvites (zmol/b tyrosine { rmed) plotted paknat the different amowats of 1 21/H
at two concentrations of DMPH.
The phenylalanins concentration wa 1.5 % 10-3M The incubatios was conducted for 3
mlegtes ¢t 37 Partlally porified caryme (Kaufmas) was oaed
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[ I T I I
feseutern] whn

~

Fig. 1. Inverted velochtlen of the phenylalaniog bydroxybuse
actrvities (mol/h tyrostse formad) plotted sgalnst the different amounts [
suculetln at two pharylatanine coscentrations.
Tha conditions wsed were the same & those described In ths legend to fig &

extruct and the partly purified enzryme. The Michaells constant for this
enzyme reaction was about 7 X 10¥M with both the crude and punfied
enrymes.

Inhibition 1n vivo
Table 6 demonstrates the inhibition of the phenylalanine hydraxvlise
activity of mouss liver eatract after ingection af the compounds studied
Table 6

of hvar pheny y Y octivity is ire.
The cazyme activity was sssayed /v lre with Tiver exiract prepared as described In th
begend  tabls 1 Tho compounds testod were injected intrperitonsally 30 minntes before
the micy werw kullod. Esch figure fs the mean for threo groups of threw micy each.

Dose Per cant Inhibiton
Compound
s mr/xg | NAD DMPH,
I
Encoiot 20 & 7
100 [} “
2y 200 4 s
100 o -
@ Methyl-DOPA 0o 36 10
m0 u

Ammopterm 100 7 6



B8

ROIS AND HALJASMAA

100~
H " -~
v ' N
g ¥
a
£ 5p-
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E
a
2 B o
| L I O | 3 i ‘
~9 8-7-6-5 & 1% Vo2 ‘9
Log mol.conc [Hars) whe
Flg. § Inht efect aml on the p droy

acthvity of crods rat-Dver extract.
The incubation co ditlons were as deacribed In the kgend to table 1
Activators 1.5 X 10-IM NAD O und DMPH, X respectively

Flg 6 Tnverted velocities of the phanylatanise hydroxyless
cthvities (umol/g/h tyrosme formed) plotied agaknst the different concentratiom
of H 22/54 at two sobetrate concentrtions.
The phenyhlanine concentrations wers 3 X 10-4M or 1.2 X 10-3M. The Incabation ¥
performed for S minutes t 37 Cruds Liver extrict was osed. Actrvator DMPHy
(1.3 x 107IM).

N ENE
M 22/84) w05

Fig 7 laverted volocrtus of the phenyluning hydro yle
actrvithey (pmol/h tyrosne formed) plotted sgxinst the dlTerent amownts
at two concenirations of DMPHL
Tha phenyialanine concontratio mrs 1.5 x 10 IM The Incubetion was cosdected 157 3
mminwtes a1 37" Parually punfed snyyme (Kaufma ) was wcd

of H 2%
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Flg. 9 Inhrhfuonofl.hotrypwphuhydmxyhxnumry
of erude rat Ttver extract in wirre.
The Incabatio  condition were the sime o1 those described o the legead ¢ table 7 The
wasactreated by 8 % 10- M of NAD O, NADH A NADFH @ or
DMPH ~»

Table 8
Inhitvtor concentrations grvl g 30 wnhubltion f the tryptophan
bydroxylase activity with different cofactors.

The ghnog 30% bl of th tryptophn  bydroxylate activity worw
obiained from the yalucs chown in figure 5

" 50 per can inhubntory moler concentration
Compon NAD NADH NADPH DMPH;
Escutetsn 3 %10~ 3% 10 3107 2x 10+
Hayw 310 Ix104  1x104 3 (0
o Metirg- DOPA 1%104 Ix104 Ix 104 >4 x 1o

hydroxylation (fig. 9 and table 8) Esculetin and a methyl-DOPA mhibted
the hydroxylation activated by the different nucleotides to about an
equal extent, but H 22/54 scemed to have & somewhat greatereffect on the
NAD-activated hydroxylation than on that activated by the reduced
nucleotides. Though ¢-methy-DOPA had scarcely any effect on the
DMPH, activated reaction, 1t was as active as the other two compounds
on the nucleotide-activated hydroxylation of tryptophan Aminoptenn
had no cffect on the DMPH -activated hydroxylation of tryptophan snd
wnhibated the NAD-gctrvated reaction at concentrations abont equal to
1frose affecting the phenytalanme hydroxylase (fig. 10) ‘The concentration
response was also similar to that obtained with phenylalanine as substrate,
The compounds studred were almost equally actlve on the hydroxylation
activated by DMPH, with the prancubeted Liver extract as with the un
mcubated extract.

Since tryprophan had a low affinity for the enzyme, the inhihitar con
stants could not be determined
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100-

INRIBITION in per cent
0
o

R 4
i
98-76 54
Log.mol.conc
Flg. 10, Inhbiting effect of amiopleria on the tryptophan hydrorylase
activity of crude rat-brver extract
The Incubation conditions were the same as those described In the legend to bk 7
Acthvatonn 8 x 10-4M NAD © o DMPH, x

Inhibition in vivo

The in vivo effect of numerous compounds on the DMPH -activated
tryptophan hydroxylase activity in mouse liver extract was
(table 9) For some compounds the effect on the NAD-activated hydro-
xylation also was determined. The mice were killed half an hour aflet
intraperrtonenl 1gjection of the compounds tested At thu time H 2/5%
had its maximal nhibuting effect the other compounds were not tested 22
this way The effect on the Shydroxytryptamne level in mousc braif
after treatment with the compounds studied 1 olso given in the table fof
comparison of the In viro liver-enzyme Inhibiting effects (most of the
values were kindly communicated by Dr H CoRRODI see also CARLSSDY,
CorRoDI & WALDEC 1963 CarLssoN & CORRODI 1964) The tabk
demonstrates that those compounds inhibiting the DMPH eoctivated
liver tryptophan hydroxylase activity at the same dose level also d
the 5-HT content of brain. An cxception, however i a-methyl-DOPA,
which had almost no effect on the enzyme activity Some com
inhibiung the NAD activated hydroxylation fn rivo had no effect on
5-hydroxytryptamine content of bramn, /e esculetin and amunopterit
(Rexson er al 1962) The most active inhibitors of the DMPH sctivate!
tryptophan hydroxylation &1 rivo were H 22/54 H 22/59 end H 4418
These compounds were also among those that had the highest cffect c:
the 5-hydroxy tryptamine content of moe brain (CARLSSON, CorRoo!t
WALDECK 1963 CARLSSON & WaALDECK 1964)
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Discussion

Several Investigntors heve pomted out the sumularities between the liver
phenylalanine and tryptophan hydroxylating enzyme systems (FreeD-
LAND, WADZINSKT & WADMAN 1961 RENTON ef af 1961) However some
differences between these two systems alto seem to exist. FRIEDLAND
(1963) found that Fe-* activated and EDTA suppressed the enzymatic
hydroxylation of tryptophan, but these agents had no effect on the phenyl-
alanine hydroxylatron. GAL, CHATTERIEE & MARSHALL (1564) found that
sodmm borohydride (NaBH,) ighibited the phenylalanine hydroxyla
tion, but did not affect the tryptophan hydroxylation iz vitre Qur findings
that a-methyl-DOPA and H 22/$4 inhibrted the nucleotide-activated
phenvlalanine hydroxylation differently from that of the tryptophan
hydroxylation (fig. 3 and 9), whereas the inhibition of the DMPH
activated reactlons followed the same type of responses, also indwcate
some differences between the two enzyme systems,

The cormpounds studsed fnhibited the nucleotide-activated phenylalanine
hydroxylase with different concentration responses, as shown in fig. 3
The concentration curve of the inhibition with H 22/54 seems to bo com
posed of two different curves, one sumilar to that obtained with @ methyl-
DOPA and the other 1o that with esculetin.

The partal Inhibition of the nuclkeotide-actrvated phenylalanine and
tryptophan hydroxylases by low concentrations of aminopterin (fig. 5)
may bo related to its fnhibitory effect at thes concentration level on df
hydrofoltc reductase, which accordimg to KAUPMAN (1963) may be
lovolved 1n the phenylalanine hydroxylase system. The increaso in the
inhibtion of the hydroxyl at derably hightr concentratwoms of
amunoptenin may on the other hand, be related to its inhibiting effect on
pteridine redoctase (KAUFMAN & LEVENRERG 1959)

The Inck of inhibitory effect of e-methybDOPA on the DMPH
activated hydroxylation of phenylalanine and tryptophan indicates that
this compound inhibits the muclotrde-activated enzyme systems at a
stage proceeding the last ptendine-dependent hydroxylation reaction. At
least two enzymes are involved at this stage of the system, i & pteridine
rechuctase (KAUFMAN & LEVENSERG 1959) and NAD or NADPH reducing
enzymes. Either a~methyl DOPA may inhibit one of these enzymes, or
the reaction with the naturnlly occurnng pteridine, boipterin (KAUuFMAN
1963), may be more semstuve to a methylDOPA than that with the
DMPH, used 1n our investigation.

Although escubetin and H 22/54 Inhibit the DMPH,-activated hydro-
xylases, these compounds also may interfere with the nucleotide-actrvated
systems at a different site, as discussed above for ¢ methyl-DOPA, The
¢ Ack phacmacsiegio, vl M, B




T ROSS AND HALJASMAA

considerably higher actwity of these compoonds on the nucleotide
activated tryptophan hydroxylation than on the DMPH i-activated reac
tion may afford support for this assumption

The increase 1n sensitivity of the DMPH ractivated phenylalanine
hydroxylase to ¢sculetin mith purification or prelncubation of the crude
extract may not be explamed by loss of an esculetin metabolizing factor
since the sensitivities of the nucleotide activated reactions were almost
unchanged

RENsoN et al (1961) and Rson, WESSBACH & UDentrEND (1962)
suggested that the hiver tryptophan hydroxylating systems has no function
1 the formation of S-HT 1n the organs contarming it. In spite of this, the
In vivo effects of the dihydroxyphenylacetamude dervatives stodsed on the
liver tryptophan hydroxylase-activated by DMPH, and on the 5-HT
content of brain seem to thow some relationship In contrast to esculetm,
H 22/54 intubits the phenylalanine hydroxylase noncompettively with
the substrate and with DMPH, It 1s possible that the other noctamide
denvatives also are noncompetitive inhibltors of this enzyme and that
compounds of this type had the same mode of action on other hydrozy-
lases involving a ptendine denvative as cofactor

The phenylalanme hydroxylase actwity with NADP after storage of
the extract in a refrigerator found by UpeNrrienD & Coopx (1952a) my
be due to a decrense 1n the enzymes reducing NADP since the enzyi®
activity with NADPH was only slightly affected by this storage of the
extract.

Summary

The intubition of the phenylalanine and tryptophan hydroxylatmg
enzyme systems from mat liver extract by esculetln a propyl-3 4-dihydre-
xyphenylacetamude (H 22/54) a Methyl DOPA and amunoptern wis
investigated with mcotinamide adenosine teotides (NAD NADH
NADPH) and 2-amino-t-hydroxy-6 7-dumethyl 5 6 7 8-tetrahydropteri
dine (DMPH,) as enzyme activators.

Although o methyl-DOPA mhibited the nudeotide-activated hydroxyl-
tion of tryptophan completely and that of phenylalanine 1n part, it
hardly any effect on the DMPH c~activated hydraxylations.

Esculetin and H 22/54 inhibited the hydroxylations of both amio
acids with all tho activators used, but genernlly the DMP
reactions were kess senstive to the inhibitors than the nucleotide-activated
hydroxylations. Whereas H 22/54 was a noncompetiuve escuketm wad :
competitive Inhibitor of the DMPH cactivated phenylalanine hydroxy®
ton.
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Aminoptenn inhibited the NAD-actlvated hydroxylation of the amino
acids at about equal concentrations but had no effect on the DMPH~
activated reaction

The actrvity of mouse-liver tryptophan hydroxylations was investigated
after treatment of mice with some tryptophan hydroxylase inhibitors, with
NAD and DMPH, a3 actrvators. Of the mhlbitors on the DMPH,-
activated hydroxylation H 22/54 was the most potent. Esculetin, o-
methybDOPA and amunopterin, being good inhibitors of the NAD-
activated hydroxylation, had considerably less effect on the DMPH
actvated system in this /2 v/ro ~ in vitro system.,
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In Vitro Inhibition of Noradrenaline~"H Uptake by Reserpine
and Tetrabenasine in Mouse Cerebral Cartex Tissues

By

S, B. Roes asd A. L. Reayl
(Received Oct ber 1 1965)

DenvaLer, SHEGEL & Trros (1961a & b) and DENaGLER ef ol (1962)
investigating the n vitro uptake of tritisted noradrenaline by different
tisanes from the cat found that resetpine was a potent fa vitro and &1 vivo
inhibitor of the uptake.

In this paper wo report studkes of the mechanum of the reserpine
lan[lhg effect on the uptake of tritlated normdrenaline by use of mono-

inhibt tetrabenazine and other compounds intedferring
with the metabolism of noradrenaline.

Methods
Uptad of rriviated war adrenaline

The ix ricre uptaks of tritlated noradrenaline by the cortex tme of monse bealn wis
datermined by the method of Drnava et &, (1962 with soms minor modifications (Ros
& R 1964). The locobation mixturs wes 100 my cortex slices, 2 ml Krob-Hensalelts
whulon, 0.1 mamal ooradrecaline-72H (3.6 Cfmmol, New Esghind Nocker Corp,) asd
anycompou dt be tested. The atmosphsrs wia 93.5 % O3 and 6.5 %X COy, the temperatyre
37 od the incubation time oe hour | the wxiraction th procedure was that the elices
wero rapadly wiped on Biter peper and weighed and were then bomopesized with 2 ml of
teolute cthendal fn mall ceotril ge tubes. A 0 | ml portlo  of the lcubation mediam was
added to 2 al of cthanol All sxtracts were contrifuged half &n hour ot and the radio~
activicy ia 0.5 ml of the alcokobxtract wis comnted tn - Iquid scintillstion system (Packard
Tri Carb Astounalymtor). The scistiDation Oquid ceed wes 10 ml of & toloone-ethasyol
@ 1) solonom of 0.4% 14-diphemyloxunlo and 0.01 % B-ber{2~{phenylosarolyl)-beazere,
Thee ratio of radiosctiviy concentration In the wlicos (o Lhat bt the mediom (R} was takem a1
mweaaure of the uptake of poradronalise. The percentage blocking effact of the compounds
tested wan culcntated by (he formula

™ — R)I100
Re—1
wherw R, b the o of the control and R the ratio | the peessnce of the Inhiblior or the
treated arumal. Pvery asmy was performed at bt bn tripfcate.
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Fig. | Iohiblton f poradromahee3H aptak by reserpine / vitre with or withowt pre-

by MAO-Inhibttors N p oF jnio hydrochloride, 10 mg/k§

Lp. A Tranylcypromine sulfate, 10 my/kg Lp @ Pargyfine bydrochlotide 60 mg/kg

Lp- O The mice were trrated thres hours bel re the experiment. The slices wers incobated

whh reserpine nd 01 ] 3H by ride In Krebo-HesssieRs
soloilon for one hour The pof ts plotted e means for t bewst four slices.

Flg. « Intubition [ nomdrenaline-SH optak by
tetrubenaring ! riro.
U treated mice O Phonuprarioe kydrochloride 10 mg/kg Lp. A Experimental conditiost
were the same 23 described 1n the legend to fig. |

Afster octivity | mdre

The explomtory m tor sctivity ia mice was testad | a locomotion cagpe (AsTROs,
rarno & Rost, unpublishod). The mice were tested for & tea minuto perlod  nd U
mouss was med for o ty ono sctivity test. The Inhibltion of motor activily #¥

calcnlated &3 percentaps of the activity of saline-treated animaly.

Results

Reserpine amd tetrabenazine actions

The concentration responses of the i rira inhibitory effect of reserpine
and tetrabenazine on noradrenaline uptake was determined (fig. | and 2
Reserpine was about 100 times more potent than tetrabenazine. The
inhibitions of noradrenaline uptake to 50 / were obtained at 5 10-*M
and 5 10 ™™ respectively

Given in vivo cach compound also had & marked inhibitory effect 60
the uptake of the amune (fig 3) The mice 1n this experiment were killed
18 hours after the reserpine njection and half an hour after the teir®
benarine treatment, respestively ot these times the compounds wErT
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Fig. 1 Dose response T the fnkibdtion of
pradrenaline-JH aptak  nd of pontsneous motor acifvity
by reserpine and tetrabenerdos tn arice x rire.
Moto sctivity x Noradrenalln ptak O Rewerpioo Tetrabmanny ~——— The
experiments ware perf red 18 bours after tho reserpins sofection and half an koo nﬂ.ct
the tetrabenazins injection Tha sllces wery bated with 0.1
for aos howr The potats plotted are meam for at Joast four antmah.

strangiy active. The dose-response curves for the inhibltory action of the
componnds on motor activity in mice were determuned In comparison
with the effect on noradrenaline uptake (fg. 3) It v scen that reserpine
was somewhat more potent m inhibrting the motor activity than the up-
take reaction (ED50 045 and 1.3 mg/kg Lp respectively). For tetra
benazne this difference was considerably larger (EDSO 6 and 50 mg/kg
Lp., respectively)

The time-carve for the reserpine action (fig. 4) shows that the mhibltion
persisted at & lugh level for one day and began to decrease duning the
second day The reserpine-induced sedation in mico kept at a room tempera

1A

v piidd LS
TME AFTER BUECTION
Fig. 4 Dunatlon of the fnhibito  f noredrenaheeH optake

§

)

-Hmvml W PER CINT

by
Resarpioe, 3 mg/kg [p. @ Tetraberumne, 60 mg/kgrp O The pol ts piotted are means
for deternumasoms from ¢ besst [ o7 aganals
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ture of 26 showed a umilar time coutse At a lower room tempernture
the sedation persisted much longer

The duration of the effect of tetrabenazine on noradrenaline uptake
was much shorter than that of reserpine (fig. 4), consisteatly with the
duration of other pharmacological and biochemical activities of this
compound (PLETSCHER, BesENDORF & BAGHTOLD 1958)

Interactlon between tetrabenazine and reserpine

Tetrabenazine was shown by QUINN Srors & Bropm (1959) to
counteract 1n rabbits the long actmg pharmacological and S-hydroxy
tryptamine-depleting effects of reserpine when mven shartly before
reserpine, indicating a competitton for the same site on the reserpine
“receptors” The depletion of noradrenaline from the brain was, however
not antagonized.

We found that pretreatment of the amimals with tetrabenazine counter
acted in part to about 50/ the in ¥iro reserpine-induced mhibition of
noradrenaline uptake (table 1) Tetrabenaznne, 80 mg/kg p., was i
jected half an hour before reserpine, 5 mg/kg Lp. and the mice were
iled 18 hours later In vitro however tetrabenazine had hardly any
antagonuzing effect on the irreversible reserpine inhibition of the amine

Table 1
1 viro counteraction of rescrpine Indeced
f noradrenallne uptake by tetrab Four anlmah
woes uped for each determlination,
Hours Concsntrs- | 1safbitlon
Pretreatment Doue before tonratlo | of wplake
vk P experiment | (& cam) [¢4)
- - 902
Reserpine Smg/kgLp. 12 21401 62
Tetrabenarine ©omgkylp. IX] 37202 1
Tetrabenarine ¥rgkglp .5
+ 100l 3

Rescrpino Smgkgrp it
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Table 2

Int raction between teirabwnacine and rasscplos on the  plake
of tritted noradrenatine in trre.
ﬂndhﬂmpfdrtuhldwkhlbcmmpwndlﬁudkdfnrl’ﬂinmudtuhdh
freah Incubation medium [ ¢ 3 mi utes, axd the uptak of tritieted noradrecallos wes
continued In fregh modhim [ ¢ 45 minata

The figares are menns for four slkees.

C ity Con k of
Fretreatmont ng/ml rtio (4 vem)  uptake (%)
- - 41303 -
Tetrabsnarine. 2 33 Q0 16
Reserpine 003 13 +02 74
Tetewbenazine 2
+ 22200 &l
Reserpins am

uptake (table 2) In this experiment the alices were pretrested simulta
peously with tetrabenarine and reserpine and washed before the amine
uptake. This also shows that the mhibitory effect of tetrab iy
revermble,

MAO-inhibitors

Pretreatment of antmals with MAO-nhitutors counteract the pharma
cologrcal and biochemreal effects of reserpmne (BroDtE, PLEpGHER &
SHORE 1956 GIARMAN & SCHANRERG 1959 HILLARP & MALMFORS 1964)
We found that pre-ncubation of cortex slices with pheniprazine — 2
potent MAO-inhibrtor ~ countermcted in part the reserpme indoced
inhibition of poradrennline uptake {fig. 5) The same resuits were also
obtained when the tissues were treated with pheniprazine afier reserpine
incubation or simultancously with reserpine. In these experiments the
noradrennline uptake was allowed to proceed 1n a fresh incobation me
dium, since phenipranne jtself has an inhibitory effect on the uptake
reaction when present 1n the medium. As shown in the figure, 1t had no
effect under the conditions used

Tetrat -Induced inhibitlon of the drenalh

uptake was not
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Phersprane 24
Besortere L0 ]
Fig. 3 Counteraction of the reserpine Induced Inhibitlon of
lineJH uptake by in Itro
The slices were washed after the prancubation which Lasted for 15 minutes. The oplate of
tritlated poTudrenatine was performed In fresh modium foe 45 minutes. Four dices wero esed
In each experiment.

Table 3
Iohibltory effect of tetrabenarine on boradreneline optek
by pheolprazine-treated timos slicen.
“The slices were prelncabated for |5 minttes with phenipraring, waabed nd Incubated stk
rns asd trittated fo 45 minuter
The figures are means £ four allco.
Cs C lon of
Tresiment py/ml rato (+ tam)| upaks ()
1
- - 41018
Phentprazine s 441012 0
Tetrabenanne 1 19 £ 003 n
Poeniprazioe oy
+ 23008 ¢l
Tetrsbenazine 2

nigmficantly antagonized by preincubation of the shees with pheniprazin®
(table 3)

When the MAO-inhsbitor was given in iro three hours before killog
the mice, marked counteraction of the reserpine response in vitro ¥ab
obtamed (fig. 1) Pheniprazine had a derably larper effect than
tranyleypromune and pargyline 1n the doses nsed.
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Table 4

Counteracting effect of thres MAO-Inhibyt 13 00 reser

pine-isduced Inhfbatlon of  oradronaline uptak  The

MAO-nbibitors were fojected alx b 13 bel re reser

pine, § mg/kg Lp. The mics wern kilied 18 houra later

The | hikdilon figures re basod on sxpenments with
four antmuls for each dose.

Dose 1 hlbito
MAOnhlbito et tp | P
(§4)
Phenlpraxioe [ ke
o4 62
2 12
5 1]
10 0
Tra yiypromlne [ kil
04 ™
6
10 4
20 2
Pargyline ° )
) <
&0 o

The in vitro mhibitory effect of tetmbenazine was on the other hand
only slightly counteracted by pretreatment of the animals with pheni-
prazmne (fig. 2)

The potencies of the fr rfro counteracting effect of thres MAO-inhibi-
tors on the uptake 1nhibitory action of reserpme was studsed in a series of
experiments. The MAO-nhibitors were injected slx hours before reserpine
5 mg/kg Lp., and the animals were kilied 18 hours later Pheniprazine was
slightly more active than tranylcypromine under these conditions (table 4)
whereas pargyline was only about one forticth as potent as pheniprazine,

The result of phenrprazine pretreatment of mrce on the effect of reser
pine on noradrenaline uptake when the animals were killed half an hour af
ter the reserpine infectton was investigated in another experiment (table 5)
Under this condition pheniprazine also antngonized a great part of the
acute jnhibitory effect of reserpne on the amine uptake, but the counter
action was not s0 complete as 1t was 18 hours after the reserpine inpection.

The tetrabenarine-induced inhibittion of nomdrenaline uptake was in
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Table 5

Effect of phenlprazine on reserpine- or { duced of i
plake by cortet slices. Pheniprazine was ghven fo  hoars before reserplne or teirabem-
Zne. The mice were killed hall an hoor later
Th figures ro meaps for fonr animals

Doso Concmtration  Inhibiion of
mpkglp. i (feem) uptake( )
- - s zxan -
Roserpine H 19 007 a
Ftenipradne. 10
+ 30009 »
Reserploe 3
= - 361013
Tetrubenazine [ 2300 50
Pheniprazine 10
+ 25 £ 010 42
Resarplos 60

contrast 10 the effect of reserpine being hardly at all counteracted by
of the anumals with phemiprazine under the same conditions
- Ztublc 5) The sedating effect of tetrabenazine was, however antagonized
by pheniprazine at the same dose
The duration of the MAQ-inhibitors counteractng effect on amme
uptake 1 shown in fig. 6. Phenuprazine, 10 mg/kg i p. had a marked
effect when injected as long as five days before the reserpine admunistre-
tion Tranvicypromine had & somewhat thorter duration of action and
did not antagonize reserpine as completely as phensprazine. The figure
also shows that when the MAO-intubitors were grven mmul
with or after the reserpine adminsstration they only counteracted 30/
or less of the reserpine response
PLETSCHIR & Bestvposr (1959) and Homima & McGrat (1960) bave
demonstrated that pretreatment of armnes with o short acting MAG-
inhibitor e g harmaline, counteracts the long-lasting effect of o M-AO;
inhibitor with itreversible action. Consistently with this we found th3
harmaline, 2 mg/kg Lp gven half an hour before phenuprazine sho
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Fig. 6. Domatioa of the comntercting effect
of phemupeuzing & 4 t amykeypromioe on reserploe-induced inhlbltion
of noradrenuliveH uptaks  mice.
Rceserping, 3 mg/ig | p., was ghven ¢ 0 hoor and the mice wers killed 18 kours Liter

RATHO
+

+

Phomipragine hydrochionds, 10 ;g Lp, ——— od truyteypeosmine raiphats, 10 mg/ky
. p. —— were njected into £ ur almah et the o indicated, before o wfler the ramrping
injection. The InetH uptak  was 1 for oe0 bo c. The conceatration

ratiog (+ #.m.) of the control acimals and of the reserpioe treated antmals are ghven by
the horizontal linss.

counteracted the effect of pheniprazioe on the reserpine-induced inhibl
tion of poradrenaline uptake ({rble 6)

Table 6

I tre cou termctson of the pberuprazing asta pontrug ciffect on romer
pine-taduced [atnbitlon [ poradresallne sptaks by cortex tbems by
barmahse.

Harmaline, 2 my/hg Lp. was | Jected Balf o hour befors pheaipes-
dne, 10 mg/kg | p. Rescfpta was given six houn Lter od the mece
were kilbod [8 bonra after th rescrpino dagection

The figures are mears £ £ wr animals.

Conceatration | Inhibition of

Treatment o (+ ea.m) | wptake (%)
- ol
Reserpine 15102 ”
Pheniprarme + Rescruns 41402 3
Harmallos + Pheatpructos +
Reserpine 2402 ®
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Table 7

Co nteract] g effect of chlor 7ine on phanip tring sctio
on tho reserpine-ndoced hnh bitlon of trmttated noradrenaline uptake.

The figures uro meanm fo four nlmaks

Do Hours befo Concentrati- | Inkbitson of
Pretreatment mg/kg e on ratle  |worndresshm
Lp. (+ em) | upake(¥)
nd - - 734035
Reserpine 3 13 s ion n
Chlorpromazine 20 24 €9 4 029 6
Chlotpromarine 20 24
+ 5o o
Reserpine 5 18
Chlorpromazise, m 24
+
Phen prazine. 10 n 4.3 + 026 “
+
Reserpine 3 18

! ! |

High doses of chlorpromazine counteract the amune increase induced
by MAQ-infubitors, but have no effect on MAO-inhibition (EHRINGER.
HORNERIEWICZ. & LECHNER 1960) We found that chlorpromanne (2

)mg.[l\g ip) injected half an haur before pheniprazine partly nnmgonﬁﬁd
the effect of phemprazine on reserpine (table 7)

3-lodo-L tyrosine is a potent tyrosine hydroxylase inhibitor fn ¥itro
(GoLpsTEN & WEDs 1965) Since inhibitlon of this enzyme may causc 2
decrease in catecholamine content of the brun in phenrprazine-treated
mice also we nvestigated the effect of 3-iodotyrosine on the phenipranine
counteraction of reserpine induced inhibition of amine uptake. fodo-
tyrosinc was given shortly after the pheniprazine njection and elso 1#0
hours after pheniprazine, whereas reserpine was injected three thours afief
pheniprazine adminstratfon In this experiment the brain stem of the
mouse was used instead of cerebral cortex, since the former contals
considerably more of the catecholamines than the latter Table 8 demon
strates that the concentration ratio with this part of the brain 15 highet
than with cortex. 3-lodotyrosne completely antagonized the clfect o
pheniprazine and also antngonuzed the pheniprazine-induced reversal of
the sedating effect of reserpine
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Table 8
Counteractl g effect f 3odo-L-tyrosine on phenlprazine antagonl-
ey actlon on the raerpine-dnduced Inhibltl n of po adrenatine up-

tako by Hices from the braln wtem of mome.

3Jodo-L-tyrosine, 250 my/ig Lp., were grven 1 two iojections, oas
hortly after nd the other two bo T after pheniprazine, 10 mg/kg Lp.
Reserpine, $ mp/kg Lp., wa | jacted three hours aft  pheniprazine.
Tho figures ave means fo fou  nlmah.

Concentration (I hiblifon [
Pretreatmant mtlo (£ eem) | pt k(%)
Pheniprazine + Reserpine 90104
Phealprazing + 3-Todo-1. tyroabre 9.3 +03 °
Flodod-tyrodne . 105 10
Rezerploe 3803 [1]
Phempraring + lodo- -tyrosise
+ Reserpine 23 £ 04 k4

« Methy! DOPA ond a-methylsoradrenaline

a-Methyl- DOPA antagonres some of the pharmacological effects of
reserpine (NEGINA 1962) and in part the noradrepalino-depleting effect of
reserpine (PFErFER & GALAMBOS 1965) In the dose studied (400 mg/kgip )
it also counteracted 10 part the reserpine induced inhibrtion of noradrena
Iinc uptake when given half an hour or six hours before reserpine (table 9).
a-Methyl DOPA 1tself had only a shight inhibitory effect on the amine
uptake under the condrtfons used. Since a methyl-DOPA /n vivo s
metabolized to a methyl-dopamine and a-methyl-noradremaline (Caxts-
30N & LINDQVDT 1962), the effect of preincubating slices wath a-methyl-
roradrenaline before reserpine was stodied The shces were washed
before incubation with tratfated noradrenaline sinco a methyl-noradrena
line 13 jtself a potent mhibitor of the uptake (Ross & RENYI 1964) Tabie 10

shows that a-methyl-noradrenaline antegonized the reserpine effect
in vitro

Discosslon
It my be pointed out that all the radicactvity soluble m ethanol in the
slices was recorded, Le both the nomdrenalme and its metabolites
present in the tssues, DenGLER ef af (1962) found that about 70,/ of the
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Table 9

Ia iv cou teraction of reserpine-lndoced Inhibhtion of noradrenaline aptake b corty
slices by a-methy-DQPA.

& Methyl-DOPA, 400 mgig L.p., was glven half an hour (o p. 1) and six howrs (e1p. B
before reserploe, 3 rag/lg Lp. The mke were kiTled 18 hoars later

Bxperl-

ment No. T eatment

Raerpins

a Methyl DOPA

a Methyl DOPA 4 Reserpine
Reserping

@ Methyl DOPA

« MethyhDOPA + Reserpine

Nombar
of
nhmals

Concantratl-
on ratfo
(£ xem)

44 £02
15 4+0.1]
3240,
2301
6.6 + 04l
11 £006
€0 038

43 021

uptake.
for 13 mintes with rewrpiss

Table 10
Effect of @ methylnomdrenali 0 on the reserploc-induced
Inhibitloa of noradrenaline
The atices wers p with i 1k

Iahibition of
ke (%)

1

a9 3 &

In fresh medium for 15 mimutes, and the noradrenal ce  ptake was coatimoed b fred
medium fo 45 11 utes. The contral slices were (acubated [n the eame masner but wiowect

the ddition f any test compound.

Tha concentratio  ratio figures are maeam [ r foar slcen

Treatment

Rexerpne
a-Metbytnorndrenaling
a Methyorsdrenaline
Reserine

|

Concentrath- | Concestration
on pg/m! | ratio (4 1em)
3.5 £003
0.0 2.3 + 006
10 43 £028
10
39 £ 016
0.0}

Tnhfbhion of
wptake ()
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radioactivity taken up by cat cercbral cortex slices was in the intact amumne.
The metabolites, on the other hand, accumulated in the medrum. These
authors concluded that any noradrenaline taken up is rapldly bound and
thereby protected fram catabolism, mnce inhibition of MAO has no
appreaunble effect on the uptake, This mpid uptake and binding of nor

adrenaline by stices may be compared with the uptake and binding of
noradrenaline relessed from nerve endmgs, which seems to be the prin

crpal brological means of wnactivating the amune (WHITBY AXELROD &
‘WenL MALHERBE 1961)

The results obtained In our investigation indrcate that the action of
reserpine on the uptake of tritnted nomdrenalme by cerebral cortex
tissues in vifro 1 smular to or identical with the action of reserpine cousing
relenso and depietion of catecholammes from the tissues. This assumption
18 supported by four results. 1) The /r rivo doses of reserpine inhibiting
the uptake reaction and those causing depletion of catecholamines are
of the same order 2) MAO-inhibrtors counternct both types of reserpine
action 3) Tet ine, which depletes catecholamines in brain, aho
inhibits the uptake of noradrenaline. 4) Tetrabenazine counteracts the
long-acting irreversible i rivo effect of reserpine in both types of action

If this axsumption i3 correct reserpine does not act on the transport
uptuke of the tritiated noradrenaline through cell membranes but on the
intracellular binding and storage of the amine LINDMAR & MUsCHOLL
(1964), vestigating the uptake of nomdrenaline in perfused heart
in vitro found that in this organ reserpine blocked at the noradrenaline
stornge sites. Results obtained by histochemical determimation of nor
adrenaline alto support this mode of action of reserpme fn viro (HiLLARP
& MALMFORS 1964).

The antagonizing effect of MAO-mnhibitors on the reserpine-indaced
long-lasting inhibition of noradrenaline uptake seerns to be partly caused
by the MAO inhibltron itself and also 1n part by the increased amounts of
catecholamunes resulting from the MAO-nhibition When the MAO-
inhibitor Is admmistrated afier reserpine or when alices are pretreated
‘wnth the MAG-Inhibitor fn vitro the enzyme nhibition alone may explan
the partly reversing effect on the reserpine-induced inhibition of the amine
uptake under the expenmental conditions i vitro the oxidative deaming
tion of the tritated noradrenaling fs then inhibuted

To obtain the complete antagonining effect on the reserpineinhibited
uptake of the amine, the MAO-fnhibitor had to be infected some time
before the reserpine ndministration, Carisson, Hoiare & WALDrcx
(1963), investigating the effect of reserpine on catecholamme uptake by
adrenal medulla granules &2 vifre found that the inhibuting effect was
competitive with the amine. They suggested that the tncroased level of
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catecholamines after MAO-1ohibition may be essentinl to the antagonkzmg
mechanism of the MAO-Inhibitors on the reserpine-depleting oction of
the amunes, Our findings on the uptake reactions support this assumption.
1) The counteracting effect of the tyromne hydroxylase inhitntor 3
lodo-L tyrowine on the action of pheniprazine on the reserpine induced
inhibition of amine uptake and on reserpine sedation may be explained
by a decrease In the catecholamune level of the bruunt In spite of the MAG-
inhibitron.
2) a Methyl DOPA, metabolized in bran to a methyl-dopamine and
@ methyl-norndrenaline (CarRLssoN & Lmnpqvest 1962), which are not
attached by MAO counteracted partly the reserpine action This roay b
explamed by an increase of these amunes 1n the brain Premncubation of
slices with @ methyl-noradrenaline before reserpine also antagonized the
inhibitory effect of the latter
3) Chlorpromazine counteracting the increase on amines caused by
MAQ-mhibitors but not the enzyme inhibition (EHRINGER, HORNEKIEWICZ
& Lecuner 1960) partly antagonized the effect of phemprazine on the
reserpine induced inhubition of noradrenaline uptake
Although tetrabenazine antagonized the irreversible inhibitory effect
of reserpine on the noradrenaline uptake, it differred from reserpioe it
some respects. Phemprazine only slightly counteracted the action of
tetrabennzine on the amine uptake, but completely reversed the sedating
effect of tetrabenazine 1n mice. It may be that the sedating effect of tefr
benazine is due to interference with 5-hydroxytryptamine stomge &
sugpested by QUINN, SHORE & BRooiE (1959) This assumpuion may 850
explain the large difference 1n the doses of the compound ghing {nhibitiont
of motor activity and amine uptake in mice This difference could, ho¥
ever also be ciused by o leakage of the revermble bound tetrabenazint
) 1nto the mcubation medrum under the in ritro conditions used for the
amune uptake reaction.

Sixnmary

The mhibitory effect of reserpine and tetrabenazne in réro and & vim?
on the uptake of tnttated notdrenaline by cerebral cortex slices from (b
mouse & vitro has been investigated  The Interactron of other com
on the effect of reserpine and tetrabenazine has also been studied.

The reserpine induced nhibition of nomdrenaline uptake had 2 fong
duration, whereas the effect of tetrabenazine lasted only for a few hours

Tetrabenazine connteracted 1n part the long-acting cffect of

in vivoe but had no effect i vrry
MAO-inhibitors letel d the cffect of reserpine #b

¥ Y £
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given i riro before reserpine, but had only & partly antagonizing effect
when given after the reserpine, I vifro elso the MAO-inhibitor phentpra
zine only partly counteracted the effect of reserpine. Pheniprazine had
only a shight effect on the tetrabenazine induced inhibition of amine

take
npm short-acting MAO-inhibitor hannaline infected before pheni-
prazine ontagonized its counteraction of tho reserpine effect, Chlor
promezine at a high dose had a similar effect. The tyronne hydroxylase
mhibitor 3-iodo-L tyrosine, also antagonized the effect of phenprazine
when given after the latter

o-Methyl DOPA partly antagomzed the effect of reserpine when
injected before reserpine. Preincubation of slices with a-methyl-noradrena
hne before reserpine partly antagonired the reserpine actson ix vitro

The resulty obtained indicate that reserpine nterferes with the accumu-
latton of noradrenahne by bmin slices at the Intracellular storage site.
The irreversible (long acting) Inhibitory effect of reserpine on the amine
uptake is antsgomzed by an mcreased content of catecholamines 1n the

brain, which s induced by for example, MAO-1nhibitors and c-methyl-
DOPA.
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Effect of Synthetlc Oestrogens and Analogoes on the Uptake
of Oestradiol by the Tmmature Mouse Uterus and Vagina

By

Lars Terenlm
{Received Beptember 5, 1965)

The relation between chembeal structure and oestrogenkc ectivity has
been the subject of extenuve jnvestigntions. Around 1930 the important
biphenolic oestrogens, dicthylstilbopstrol, hexoestrol and drenoestrol
were synthetized by E. C. DooDs and coworkers. These compounds were
structurally not related to the natural oestrogens but equalied them in
biological activity Further work on this subject reveaked other potent
compounds, xech as the trrphenylethylene derivatlves and the doisynolic
acids (f GRUKNDY 1956) In an earher communication (TERENIUR 1965)
we examined the uptske of oestradiol by organs of immature mice under
vartous conditrons. Uterus and vagma accumulated ocstradiol3H, and
this uptake could be ssturated by camer oestradiol Inhibition of the
uptake by uterus and vagina had a distinct strocture specifiaty in experi-
ments with same steroid hormones, but the uptake by Hver and skeletal
muscle waa unaffected We decided to Investigate whether or not certnin
synthetrc oestrogers and enalogues also Inhibited ocstradlol uptake,

Material and Methods
The 17 Pocstradiol§,7-9H %as obiained from New Eapiaad Nuckar Corparation, 1t

Bomwrs end T8 pre-
rared by the  thor mmmzawmmmwmm.ﬁm,

Acts phucmacelepics. vel. 2 fase. |
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hexoestrol bomen ks only Irel). C sl prep of aliestril ® and TACE
® wero ased.

Albino mice of the N M R.T strain, 16t 17 days ok, wers used in all sxperimons
Thelr body welghts ranged from 9 o 11 g The synthetie oestrogens for the competithe
perl wers Infected sub in 0.1 ml olive ofl Three bours hater {xa 2 rak)
001 pg cestradlol'H was infected subcutancomly in 0.1 ml kotook salac at 2 e
tite. One hour later the nterus and vagina were dinsected free and weighed wet. Amounts of
20 mg tiune was cut out from liver und mouscle (rectes femorulha), Tho coatenls of ndw-
nctivity of the erpam & d tizsue samples wete measured individoalty by the Ligukd scintlts
tion techalque, and the counts recorded wirs transformed 1o disintegrationt/tims wnd sl
wet weight a3 described sarlier (TEnxsaua 1965). The chemical natare of the radloaciey
i the rpaca wes not stodsed

The oestrogenic activities of the tested compounds » ere measured by (he Increess Jo
aterus dry welght in mice of the sama age. The test compotads waro injected in @1 ml ole
ofl once dafly for 3 days, and the animals were kified on the 4th duy Their ster wert
dissected free, dried for 24 b at 100 and then welghed.

Tri il wymer and sbbren iations

Oestradsol 17 pocstradiok(oestra 1,3,5(10)trkeme-,17 P-diol) when ot etbernbs
stated

Oestrudiol3H 17 B-oestradiol-6,7H

Hexoemrol 3 4-bh(p-hydroxyphenyl)}-hexane

Desoxyberoestrol  3{p-hydrovypbenyl)-4-pheny! hoxane

Butocstrol 13-bis(p-hydro yphenyl-butane

vallatril ® 3(6-metho y 2-mephtyl}-2,2 dimethyl pentanoic scid

TACE @ 2-chtoro-1 1 2 tm(p-methoxyphenylji-cthytens

The coutent of d as per m uie/mg wet te

y b oy
(DPM/mg). [n the figures mea  valocs bave been used.
U = wterus V = vagina L =~ fiver M = skeletal mowcic

Resalts

The meso form of hexoestrol 1 a potent oestrogen. It was sbout 10

1/ times more uterotrophic than the racemic 1somer when tested on 08
strain of mice (fig. 2) Vanous amounts of meso and racemic hex

were mnyected in 0 1 ml olive oil 3 h before 001 pg ocestradiol’H T

meso form was o much more effective inhibitor of ocstradiolJH uptake Y

) A comment on the chemitry f these 1 and buweed
Bi te erymmenc carbom, which are ke, linked to the wm atom Of GO
There 15 ose pucally Jnsctn e form. nd thery ars two optically acthvo eosolioneTs
which 1n cqual parts gv  recesw [ rm Ow the other hapd, deso bt
Mnm-mmum‘mnenmummmm'“"‘f:
ctheand form tx acematen, whuch e ealled ey rive wd thers formes. The 77t

L
of & ia be den ed [ om 'nnmm-:r:
phenolic o ygen and the rhreo form from rec L Tho &)
thres configuratso ha  been tentaurvely w peed the basry of the compouads (i i

chemcal propertscs Work s i progres ( wsaigm the coufipuration snequrvectlf
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Flg. 1 Fffect of the koxosstrol lsomen on oestradiol-IH uptake
1 vadom orpam,

A The hexoestrol homen wern dimotred | 0 1 m! olf and inpectad 1. 3 b befare the s.c.
Inpection of 0.01 pg oartradiodH in 0.1 ml saltne. The anlmats were kilked | & fler the
injection f tho rdioactive material.

B The hexoestrol bomers wers bojected 3.c. b 0.1 ml 10 propylene ghycol in saline

ly with 0.01 pg 1PH In calae. Arumgly were kifked 1 b juter
Thers were 68 anlmah/group. Mean values are grren yernaa| ban show one  em.
1000 Dpm equabs 23 > 10-3% of the | jrcted dose.

uterus and vagina than the racemic isomer The amount of mdwoactivity in
liver and skeletal muscle was not much affected (fig. 1A) In one experi
ment 1 pg of the hexoestrol isomer was inyected in saline smmltaneousty
with 001 pg oestradiocl*H in ealine at & separats site. Only the meso
fsomer mmhibited oestradiol uptake by uterus and vagina (fig. 1B). Thus,
there 13 & parallellism between uptake inhibftion and uterotrophic activity

The same cxperiment was conducted with some closely related com
pounds, whose dose response curves for uterotrophic activity are given
in fig. 2. The desoxyhexoestrol isomers 1n ten pg doses stimulated oestra
di0l3H uptake by uterus ard vagina (fig. 3) This effect was most pro-
nounced in the uterus, which reached almost twice the control level 3 h
after mjection. The uptake by uterus and vagina was significantly hugher
also 6 h after ingection, but gpproached the contro! level 12 h after 1njec
thon (table 1) At the 100 pg dose teved and 3 h after injection the eryrhro
1somer depressed oestradiol incorporation by uterus and vagina (P < 0 01)
but the rhreo somer which also f$ the kess uterotrophic one, was withount
effect.

We investigated whether or not the stimulation of oestradiol?H uptake
in the uterus by the desoxyhexoestrol somers abo could potentlats fx

7
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Table |

Effect [ erythro-desoryhesoesirol (e-DH) on uptak  of oestradiodlH by vanous organe. At

differeat times bef ry 001 pg oestradiol'H In 0.} m! bot i sallne 10 gy DH wete injected

Ia 0.1 e! olrry oil Anlmah wers billed 1 hafler | jection of the rediosctive materal. The control

anlmaly recarved ofl 3 b bef rc the owtradiol3H injection. There were 67 animaby/group.
Mea values Lsem re ghven

Interval betwee Uterus Vagina Liver Muncie
«DH ¢ e
ocemtrachol [ wet weight Dpm/mg. wet weight/ Dpe/mg. Dpm/mg wet Dpm/mg wet

(mp weight (o) welght welght welght

C ot

(o #-DH} 6 LMz 52 74 615+ 50 S0l : 47 0+ 21

3h [ ¥] 177 + 157 V] 1036 £ 163 484 £ 119 47+ 49
(33 L3 M6l K1 1058 PLL I3 S84
th 123 DR N 80 104 L 67 91+ S1 M 54

biological action An amount of 10 pg threo-desoxyhexoestrol, which has
no cestrogenic effect of 1ts own, was infected 3 h before 0 003 pg vestradiol.
These injections were performed on 3 succestve days, and the anumals
were killed op the 4th day (table 2) The pre-infechon of threo-desoxy
hexoestrol was found to wereass the utenne dry weight (P << 0 001)
The butoestrol 1somers were more effective mnhibrtors of uptake than
the desoxyhexocestrol isomers (g 3) Ten pg meso-butoestrol sigificantly
decreased oestradiol uptahe by uterus and vagina The racemic komer

Table 2

Uterine dry welght aller oertradod and rhree-desoybevostrol
admmntration. Every day [ thres duys 10 g theradesoxy-
bhexoestrol werc J pected o G ml o1l 3 h bef re 0003 g
oentrudio) § 01 ml ol The control recedved oul or ol with
nly be of the tewt compounds, The nurals were killed on
the 4th day Mes valuss taem. gtvn = umber

mmals.
Troutment Dry weight
oh 3b (mg)
ol ot 10 1124008
thrre-DH ol 10 116 £ 0,016
ol oestradlol 13 ~3 + 0066

rhrve-DH et radhol - 290 £ 0160
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UTERINE DRY WERKT {mg)

o a3 0w [ | v »
DALY DOSE (pg)
Fig. 4 Uterotrophic activity of vallestril @ sod TACE ®-
Thero wers $ andmah/group. Bes abo 3. 3
—¥—Y— valestril —8—8— TACE

decrensed uptake only at the 100 pg Jeve] The oestrogenic activity of the
racemle form is also  that of the meso form (fig. 2) Agaln, the uptake
by liver and sleletal muscle was largely unaffected

Two important oestrogens, vallestril @ and TACE ® whose structet®
and geometric pattern are entirely different from those of the natural
oestrogens and hexoestrol, were also studied. Vallestril s a potent ocstroged
with a uterotrophic actrvity 7y that of meso-hexoestrol, and TACE &
less active (fig. 4). The uptake of oestradiol3H by uterus and vagina ¥&
effectively depressed by 100 g vallestril, Ten ug vaflestril slightly nbibets
the upteke of oestradiol by the uterus (P < 001) but not by the vagii
{Big. SA) Three g vallestril injected simultaneously with 0.01 pg oestt
diolH did not affect the uptake of radicactrvity (fg. SB) Higher 6%
could not be dissolved 1n 0 1 m! saline.

The oestrogen:e triphenylethylene derivative TACE 13 known to hate
a fong durntion which is thought to depend on storage 1 body fat (&
THoMPsoN & WIRNTR 1953) Onc dosc of this substance, 50 kg ¥
injected in O 1 ml ol at vanous times before 0 01 sig oestradiol-SH (table 3}
Three hours after the injection of 50 ug TACE, 3 of 8 ammals had 8 low
uptake of ocstradial by the uterus and | of 8 a low uptake by the vagin3
the rest had, if anything, & higher uptake than the controls. 51 h°“:1
after ingection of 50 ug TACE, however all uteri and vaginae were biocked
(cf table 3) Twelve hours after TACE inpction the uptake of & o
activity had partly recovered The amount per organ approached
control level at 24 h (uterus) and 48 h (vogina)
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Flg. 5. Uptsk of ocstradiol JH by varons orpans fler
vallestrll

® sdministration.
A_ The text compound was Injected ta il 3 b beforo 0.01 ug ostradio’H in seine.
Iy with the dial-9 A 3 ug vallextril were injected ac. fn 0.1 ml 104
Wﬁmummmnmmwmmwo{an
Thers wees 56 aaimaln/group. Meun valoes are given vertical ban show ope te.m

Discrrslon

The uptake of redioactlvity by the uterus and vagina of immature mice
after the Injection of oestradiol3H was depressed by carrier oestradiol
(TemenTuS 1965) A relationship between oestrogenic activity and inhibi
tion of uptake was also found for the two 17-OH isomers of cestradiol
We have now extended these findings to other oestrogens. The relation
between abillty to inhibit oestradiol uptake by the target organs and
cestrogeniaty Is perhaps best stndied by comparing compounds with
umilar structures but widely different biological activitres. The hexoestrol
series was most useful for this its members form many stercoisomers, and
closely related analogues can be

The meso Isomer of hexoestrol 15 about as uterotrophic m these mice as
oestradio] The chemcal structures of hexoestrol and oestradiol are
markedly different, but there are cimilsrities between their geometnc
patterns, CArLIwE & CrowToOT (1941) found the X-ray photographs of
meso-hexoestrol and the patural sex honmones to be closaly related.
Uncnane & Mozrms (1947) found mixtures of oestradiol and measo-
hexoestrol to be fsomorplue by analysing thely melting-point bebaviour
Equal doses of meso-hexoestrol and oestradiol wero about eugally effectrve
as inhfbytors of oestradiol uptake by uterus (of table 4 column 3) and
vagina. The two compounds thus seem to be also “bio-isosteric™ In this
property
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Table 3

Uplake [ ocsiradiolH by somw  rgans after prestimulation with TACE @. At v rines traa

befare the infection of 001 g ocstrudsol-dH In 0.1 ml botonke mtine 30 ug TACE were imjeckd

1 0.1 ml live ofl The animals were billed 1 b fter the Infection of 1 disactivity There o
68 loah/group. Mean vatues +yem

Intervat between| Uteres V g
TACE d | o
oourwd 1 | we wright Dprymyg | Wet weight Dposeg,
injectio (mg Dpm/organ wet welght ) Demfo g | Jg e

Cumntrol
(60 TACE) 79 9390 1702173 14 960 eS8

3h L7 370136300 11615901 66  610—640r 1071090
(13 100 1510 146+16 73 1550 MY

124 13 3360 432146 73 10 43

4h 153 40 527137 e 3500 1Y

43h 120 12950 424451 29 41%0 1619

! raoge.

Interval between TACE and ocutradiol | pecbont
Timos Cootred | ———— i
sk | en | o2m 2h ak

Liver Dpm/mg ‘ n
wet weight 43 0 | 3 _ 4 403 1> an 451 I

Moscte Dpm/mg st

wet weight 0 sl’ 4 73 651 27231 7122

The racentic hevoestrol isomer and the butoestrol somers have physial
properties closely ssmular to those of mero-hexocstrol and oestradiol
hic ~passive™ distribution patterns 1n the body are probably similar 7
desaxyhexoestrols are slightly less polar than the parent compo!
Racemic hexocstrol was about 100 times less utcrotrophic than the me%
form ond the uptake inhibrtion capacity was also correspondingly ot
This 13 certamly related to the fact that racensfc hexoestrol In contrast 0
the meso form 1 not taken up by the target orpans (unpublished obsend”
tions}

In table 4 a companson 13 made between the uterotrophic acthvites of
the compounds and therr capacitre to inhibit oestradiol-3H uptake
the uterus. It must be borne mn rmund that the inhibitron expenmicnts WETT



UFTAKE OF OESTRADIOL 97

Table 4

The reltlo  between nterotrophic acthrity end uptak Inhubltion. The table ft buscd on
dats from Temewaus (1965) od results ghven | this communleatiort Tho inh(biors were
admintstered bn ofl 3 h before the Infection [ oestradiol3H in salins waimale were killed
1 b after the | fectson of the radh msterinl. The p 1 wibion by a test
compousd of the uteriie  ptak of oestradiolVH of the controls s grven | colwmn 111
Doses caum g u deprosfon {uptake  round 70 per crnit are chosen. Thu 1 cod mn {V
the ratros

Do givi g 70/ inhibitlon
Ut rotrophkc doas (fram colum  11)
grven Valoet m brackets have beea lnterpolated.

R~

1
it
Uterotroptse 1 hibitlon of the uptale

1 4one (gt 350 of cestradicktH v
Compo d of mxumum Y R
rapomse) pg Do AR | priibieen
|

17 p-OH Ocstradiol 0.00% %] i t100)
1 7 200

17 a-OH Gestradsol o4 10 7 s
maso-Hexoestrol 0.01% 1 ” (40)
rec Hecowetrol 13 0 & 20
) rire-Desoxyhexosstrol 5 100 a“ -2
rev-Desaryhexoestro) 40 100 ° -
mezs-Butoestrol 3 10 « 3
rec Butowstrol 50 100 75 2
Vallestril ® a3 100 90 Qo0
TACE ® 3 50 m <It

1 6 b [nterval between TACE and osstradbol3H Lajaction.

made within a few hours, whereas the uterotrophic effects of the com
pounds were measured alter sunulaton during several days, Nevertheless,
when the two sterecisomers of o compound are compered, it i3 evident
that the more uterotrophic somer also 18 a more effective inhibitor than
the less uterotrophic Further the dose ratio for 70,/ uptake depression/
50/ of maximum uterotrophic actlvity (table 4 column 4) is around 20
for many compounds. This refative y indicates that the inhittion
i, In fact, competitive

The butoestrol momers had dose-response curves for uterotrophic
activity that differed from those of the other compounds in being more
shallow (fig. 2). Such oestrogens are called impeded (Huocoms & Jevsen
1955) They were more effectrve uptake inhibltors, relative to their utero-
trophic actvities, than the other test compounds by e factor of ten
(tabde 4) One might therefore expect them to be Anti-cestrogenic in certain
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0t UTERUS 0 VAGINA

38 1t

)
TIME (HOLWS)
Fig 6. Effect of presinjectlon of oestradiol or TACE @ o tha uptake of oestradiob’H by
wiers a d vagine, At variows times before 0.01 ug oesiradlol-3H In salime 10 pig ocatrudidl
o 30 ug TACE wero Infected a.c. in oil, The ankmah were kitked 1 b fusr the Iajection of
radioncthvity Thare wers 3-8 anlmulygroup. Mex  valoer ste ghea vertiaal ben tov

three times sem
—~&—9— ontrudiol —0—0— TACE
The orga wet welghts (mg) fter prestimulation wers owstradiol, 24 h pterms 177 vape
113 48h otens 31 6, vagina 294 TACE, 24h wierns 19, vaglas 133 48 b wterm 328,
vagma 239

doses. It has indeed been found that at least the meso lsomer of butoestrol
s antr-oestrogenic to the vagina, but only after local application (Es0ES
Cox & MARTIN 1962) Vallestril, on the other hand, was o weak uptake
hibitor

Pre-inpection of 50 ug TACE strongly depreased the uptake of ocstradiok
3H by uters and vagina. Pre-injection of cestradlol or the
isomers in oil tolution caused strong mhibition of the uptake 3 B after
injection. TACE In ofl did not cause complete inhibition at that time, but
only at 6 h after tnjection. This later appearnnce of the inhibrtion i most
likely due to poor absorption of a highly hydrophoble compound TH
depression of uptake 6 h after injection was even greater than that
by an equi-uterotrophec amount of meso-hexoestrol or oestradiol 3haftes
injection (table 4) The uptake of osstradiol3H by uterus and vagios
various times after prestmulation with 10 pg oestradiol was in’
carlier (TERENIUS 1968) This amount given daily for 3 days is much et
uterotrophic than simlarly given $0 ug TACE. Single injections of the
doses of the two compounds, however give almost the same Incren® &8
the wet weight of uterns and vagmna at 24 as well 83 at 48 h after injectios-
Flg.ﬁoompamﬂ\e:ﬁ':cuofpmmuhuonwﬂhmctwoodmﬂﬂ“m
the uptake of radionctrvity per uterus and vagina, It appesrs that 1
initial depression of owstradiolH uptake after TACE adminustratiol
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returned to the control level almost at the same rate as after oestradiol
pretreatment. The inhibition of the uterine uptake by TACE trestment
was perhaps a little more protracted than that by oestradlol treatment,
The strong initul depression ond the rapid recovery of oestradiol3H
uptake after TACE injection 15 surpruing 1f ope considers the long dum
tion of its effect The amount of radicactivity per organ 12 h after infec
tion and later on was, however higher after oestradiol pretreatment and
increased mbove the control level. It cannot be stated with certanty
whether this higher uptake depends on preferential stimulation of target
cells by oestradiol or on prolonged tnhibition by TACE or its metabolites,

At low doses 17 a-OH oestradiol, testosterone (TERENTUS 1965), the
desaxyhexoestrols and ravemic hexoestrol stimulated the uptake of
oestradiol3H by uterus and vagina, Threo-desoxyhexoestrol also aug-
mented the uterotrophic activity ot oestradiol (table 2), which points to
a relation between increased accumulation and final brological effect.
After the work reported here had been completed BiaLy Layne &
Pvcus (1965) reported that & unnary metabolite of norethynodrell}
infected together with oestrone resulted m potentated uterotrophic
activity Certaun doses of oestrone also give a small potentiation of the
uptake of oestradiol3H (unpublished observation) Such potentiation
may well have physiologxal importance

Summary

Various synthetic oestrogens and analogues were adminmtered system-
fcally to fmmature mxce. Tritfated oestradiol was given simultancoualy
or at vanous times later The effect of the test compounds on the nptake
of radwactiity by some organs was investigated The preferential
accumulation of oestradiol2H by uteras and vagina could be deprered
by the test compounds to & degree that corresponded roughly to theic
oestrogenic activity The stercosorners of butoestrol were the most
effective and vallestril B the least effective of the mhibitors of uptake,
relative to therr cestrogeareity The level of radioactwity in Irver and
muscle was essentially unaffected
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A L Bacharach,m.A.FrLC
Awgmt 11th, 1891 — July 18th, 1966

In l947ALBanh.un£hwmtaakﬂ:rtothccdltanofﬂ1hpumalfu]l
of 1 as to fts sch but with less flattering remarks
about the Engluh in some of the articles, written with that touch of humour
which was so characteristic of him ‘What was more important, however
be offered to correct the manuscripts into an *“acceptable™ language, and
of course the editory accepted his suggestion with entiusiasm,

Since volume 4 and until now A. L. Bacharach has edited the English
language of every articke which has appeared 1n Acta Pharmacologica,
He vwas a zealous goardian of the language allowing no laboratory slang
or pscudo-scientific terms to sneak into the text, and 0o manuscript hay
been delivered to the printer without his corrections and criteal remarks
written 1n the green mk &0 well known by authors and editors of this Acta.
Sometimes hus correchons were stight, and ther sigruficance remamed
cryptic to the non English speaking reader but most frequently they
represented very obvious improvements. It also happened that phrases or

phs had the remark in the margin  “What does he mean by

1 Ack paermecelopie vel. 24, tas 3-3




102

ths™ and had to be compktely rephrased Bewdes his editonal
work he often gave the articles marks on attached slips, ranging from

One manuscript more in this terrible English and I will resign® to “This
1s one of the finest pieces of English to have come my way for scvenl
months™ The first kind of slip was, of course, carefully removed before
the authours saw their manuscripts agnin. The vatue of such a member
of the editorfal board cannot be overestimated

Bacharach s work for Acta Pharmacologica Is rmuch more adminable
when lus many other activites and interests are considered. He wis
president of the Nutrition Soctety chairman of the Food Gromp o
Socicty of Chemical Industry vice president of the Royal Institute of
Chenustry and Socrety of Chemical Industry and of Socety of Analye
Chemistry

Moreover he was co-editor of many books, of which two have appearcd
recently “Evaluation of Drug Activities Pharmacometncs™ with D R
Laurence (1964) and “The Physiology of Human Survival™ with O C
Edholm (1965) Tn addition, he had a deep interest 1n musi, and be s
found time to edit books and articles on biographies of musical master:
Personally he was full of charm, and 1t was always a pleasure to meet him.
be it here In Scandinavia when he was a visiting friend o lecturer or when
one visited um 1 London.

The cditorial board of Acta Pharmacologica ct Toxicologiea b33
suffered a great loss by the death of Alfred Bacharach We shall miss b
as a collaborator and a good friend.

Erik Jacobeen

|
l
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From (he Research Dopartment { the Peychlatrio Chaic, 8t O8ran’s Hospttal, Stockholes,
and the Tastituts of Zoophynotogy Unhvmilty of Uppuala, Sweden.

Effect of Ethanol on Rat Liver
II. Number Size snd Appearance of Mitochondris*

By

K. H. Kiending snd L. Pitstrimw
(Received October 26, 15965}

Wehavepmuuﬂyrrponndthanhehvufrommurwumgcthnm]
over a long penod d mmerous mitochondria of altered shape
and size compared with those of control (Kieswtng & Toni 1964
KIEssLING & PrLsTROM 1966). The commonest was a greatly enlarged type.

Other deviations from the controls were a reduced oxidation rate of
vanous mitochondrial substrates (KIESivG & PrisTrOM 1966 KIESSLING
& TiLANDER 1961), a decreased ratlo between the DNP and the Mg2+
stimojated ATP-ases (KIESXLING & TiLanper 1961) and a decreased
thiamine-diphosphate level (Kimsiivg & Toaxoes 1960)

This report deals wnth the degree of enlargement of Iiver mitochondra,
their matrix and cristae and the quantity of mitochondna, all ¥3 & conse
quence af ethanol treatment. It also deals mith the question of how soon
the mutochondrial size 5 normalized afier ethanol has been withdrmwn.

Experirnental

Treeravent of eximals

Writar raty from the Mbotatory’ slock wers uzed. The mabes T ouch [tter were drvided
mmmmmmmﬂfmwmxmmmnmhdﬁnﬂn;
wuter and mmmmmwmwmmm
Both groups bad fres acoma 10 adeTmats s0Bd food. The tthasol med was

(coatroh) or ethanol (cthawol troated groop) The ammals wers treeted o this way for
cight months before Dver samples wer taken. The mean fuld intak  dunng thi thos was

*) Part [ of thls nvesugaton it 0 Ouerr. J Sowd Ak 1966, 37 in prose
14
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about the sams In both groups { bout 27 ml per day} During the whole treetmest pacisd.
the rats drinking cthanol grow mors slowly than thelr controk (mean weight after @ dapr:
cthanol treated rats 250 ¢, controks 325 g after 210 days 300 g and 350 g, respectiely).

Llccires microscepr

Sowfl pheces of Gver wers removed from the periptaral pant of a Hver lobo with the mt
wnder ether narcosls. The pieces wero i od In an O8Oy solobon for two bowry, debydraiel
| cthanol and embedded in Epon. The dectron microscops used wat an Akash] Tromcrp
Moded TRS-50 EI

A necomary pro-requisit when comparing the 1o of mitochondria from the akvho-
treated animals wath that  f coatrols by slectron microteopy b that the photoprups shosid
bo taken completely at rand m. No possibility mest exist for comcions or wocomscion
slection of motives that support & hypothests. In order to avold this the persow takiay the
wmicrographs did not know from which animal the sewple ofiginated. Secondly tho etns
wore chosen tsuch  low enlargoment (1000 ) that thers was no posdbBity of decki
whetber of not the mitochondria were Lurger the  normal. Not wntll then was the wemtd
amlargement (3000 % } mads.

Onth micr graphs (final enlargement $000 X ), cvery mitochondrial profle wis tw-
sured, | dependent of alze,

Eech anlmal was represented by si grids from t o llver phoces and from three b of
oach piece.

Fg | Elettro mucrograph of tver mitochondra from et

recoving ethanol £ eight months e 2
Graatly calarged dra with ol ctta T8 oy
thoss of pormal ppearance. T th greatly snlarged mitochoadria the matrix i 308 &

slightty cleurer than normal. Enlargement 7.200 X

mwmphmmmmmmmmmwﬁwn
¢eviation beerved itk ethanoi o
4 moro T leea parTowed muddle pection 0ocu  tho most frequeatly  beerred deriatios!
targe oval mitochondna with doorgancesd chstae.
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From thoss micTographs the longwt  d the shortest axs of sach mitochosdrion were

messured and the Joral sreas of the dria] profiics wero calculrted as
described (Kontiwa of of l“ﬂ‘).lnﬂ;.lmu-nmnncbo.drhduﬂmlhlpa
to be found In rat Ever after d ethancl

d:vhﬂnnrmnth-n«mlmnodsondrbuhm:ancmmthephmu large oval,
wheress doviations te the shape { mitochondria with & nurrow middie section are redatively
rure. Thos this method of caleulating the wrea of the mitochondral profiles can canse oaly

-TOCY.

A materh] btalned xt randon fof mamsnring the tangth of the cristy way  tialoed by
letting soms oxs wmacquabnied with the problem pick oot sewral sairrged trer mbtochon-
dria from the alcobol ed rass and number from th controls. The
micrographs wers then entarped 50,000 timey, which made it postiblo 1o metners the length
of the eristao.

I mang the chectron echnfqes for studley of this Knd, one
wwwcfmofmybetilwmwcdonofmbuﬂuh particies during the alicing procedure,
A thotongh of tho p wed for ahape [ redati n to

pby
the sectional direstion excinded tids factor as of no Istportasce in cakeulatheg the mito-
chondrial size

Rewlts

Mean size of mitochondria

The size of liver mitochondrial profiles was examined by means of
electron micrographs from 15 control and 22 akeohol-drinking rats (eight
months on cthanol) All liver pieces wers taken from the periphery of a
liver lobe. However no differences of vanation in mitochondrial size was
found between petipheral and central parts of a lobe esther in aleahal
treated rats or in water-donking controls (Kreasiivg & Prisrias 1966).
At least 300 mitochondrial profiles were measured from two liver pieces
of each apimal, From these figures we calcnlated the meap areas for the
liver mitochondrial profiles from the two experimental groups the con-

Table 1

Thio size of mitochondriul profile: s kver from
Tuts consuming akobol and from coatrob.

Contro} Alcoboy
Number of mstochondra 11y 8343
Number of oooab 13 n
Toml mutochondrial ars (p1) 244204 Ri X v
Mean ares (29 a9 [ Xy,
Standard devirtron (WT) 0036 108

#value ~ 674 A3 P8 x IO+
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trols {(dnnking water) and the ethanol-consuming rats (table 1). The P
vatue of less than 5 X 10~ shows a significant difference In the mitochoe-
drial area between the two groups, This means that the mean area of te
mitochondrial profiles from the alcohol treated animals 1 nearly 5%
larger than that from the controls.

If we rotate the ellipse representing the area of a mitochondnal profie
around its longest axis, we obmin a body that we assume roughly to re-
present the volume of the mitochondnon We applied this way of cal-
culating the volume to 200 nutochondria from an alcohol-treated rat ad
its control The mtio between the mean areas of the liver mitochondml
profiles from the alcohol treated antmal and from the control was 154
The ratio between the mean volumes was 193 indicating that, on 22
average, the liver mutochondria from the alcohol treated animals s
nearly twice as big at thowe from contrals.

Cristae and marrix

The length of tho cristac was measured In a number of large liver
mitochondra from five alcohol treated rats and in mutochondria from
a3 many controls. The results in table 2 show that the length of the cste
in the enlarged mitochondria fs only about half that of the cristac from
controls.

We know of no reliable method of measuring the densty of the mil>-
chondnal matrx. Our impression, from the electron microscopic s
tlon of & large number of normal and enlarged mitochondna s, howere
that most pathologically enlarged mitochondna contafn & matrx that 8
not at all or only slightly diluted compared with normal oncs, tndicatinf
no water imbibition (fig. 1)

Table 2

Cristas (1 cnlarped mitockondria from eikcohoi-treetsd mts
and in mitochondria from controb.

| contrl Al
Nomber of mutochondria { 3 ]
Moan length of the combined cristae per .
mitochoadrio (1) | 1 681 o.ﬂ
Crista¢/mitochondrial area (w/p?) 160 gﬂ‘

Standerd deviation (/pt) \ o

rvaloe = 126) df 86 P <§ x 1074
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Tabfe 3

The nember of mbtochondria in Liver from rsta
coaruming lcoh 1 and from o troh.

| ol Akobl
Number { mitochondria/mm? (X} 192 % 109 235 % 107
Standard deviatron 046 X 100 048 x 105

rralne = 1.08 df 35 £~ 030

Number of mitochondria

From electron micrographs of the Livers of 13 control and 22 alcohol
treated Taty the tsne ares was measured on which more than 9000 and
15000 mitochondris respectively were scattered (table 3) About the
same tissue area was jnvestigated from each animal. The results are
expressed a3 the mumber of mitochondria per mm? af liver tissus. No
ugnificant difference was found between the two groups.

Return to normal size

Five rafy that bad consumed ethanol for at Jeast eight months were
used. Eiver bsopsies wers taken when the rats were still on alcohol and the
mstochondnal profites were d an elect phs. About
four and scven months after the withdrawal of alcohol new biopsy
specimens were taken from the same rats, and the mitochondrial profiles
were again measured. The results are ween in fig. 2. The points show the
mean vatues for the five animals. Only in one of the animals was a
complete return to normal uze obtained within four months,

Discuadon

Rat liver cells have been reported to have anything from 500 to 2500
mitochondna, with an average of about 300 per cell Observations on
chinges 1n the number of mitochondria in relation to variations in the
physiological state of the tissue occasionally occur in the [iteratore, Thus
Howatson & Ham (1955) apd Davip (1959) found s low oumber of
mutochondria in embryoro rat liver The tranattion from pre to postnatal
Iz involves an jocrease in the number of mutochondria, as well as in the
number of cristte per mitockondron (DAVID 1964) In mmuscle there is
an obvious reishonship between tissue activity and the mmmber of
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-4

% mitochoadria > I/k 2
®

[] N & 0 O[O 10 W W
days oher withdrows] of ethonol
F 5. 2. The pormalimtion of mitochondrial srs after
whthdrawal of ethanol.
The rats were given an ethugol solutioa (15 £ v/¥) for elght monthe, after which etiiad
was xchanged for water The doty aro mean velwes from five animahs. Ths highest sed
Jowest valoes f 1 each occaston are ho given,

mitochondna, including their concentration of crstac In highly actre
striated nruscle (red thoracc flight musle and heart) mitochondris ar
numerous and cnstac densely packed (BENNET ef af 1953 HOWAT®R
1956 MoomE et al 1957 LINDNER 1957), whereas in white muscle mmd 12
smooth muscle mitochondria are less numerous and cristas kess densely
packed (BENNET et al 1953) MARK 1956)

Changes 1n mitochondrial number have also been observed m patho
logreal conditrons. DAVID (1964) found a reduced number of anmmal byet
mtochondna in senous mutritional deficiency In severe hypermetabolsa
with a defective mitochondnal respiration control LUsT et al (1962) focd
an ncreased number of mitochondria 1n skeletal mmrscle It 13 co
that the ncrense there was a campensatory mechanmsm to overcome
handicap mmposed by the decrensed efficiency of the mutochondria.

These examples may indicate a connection between tissoe getivity 80
number of mtochondrea, as well as denstty of cristac per mut

After prolonged ethanol consumption by rats we observed in the Bu‘:
uuotniumincn:ugmmnodmndmx:tz“mdnuouhonmmzofdﬁ
enstac These structural changes are probably comnected with the
creasmg metabolic activity previously reported (RIESLNG &

1966 Kmwuno & Tmavom 1961) Roumree (1960) distingoi®
between two types of mitochondnal enlargement, one cansed b)"’"‘“m;
bibition attended by a diluted matrix and the other by a conceatration
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substances attended by a condensation of the matnix. In both types the
cristas may shorten or dsappear Ths phenomena are also discused by
Davip (1964) Electron microscope abservations, exemplified by fig 1
mdicated that i our exampkes the enlargement was only partly (f at all,
caused by water imbibition. Only in a few of the enlarged mrtochondrn
was the matrix clearer than in normal mitochondrie. A matrix denser than
normal hardly ever occurred b the enlarged rat-liver mitochondris after
ethanal treatment of the animals.

However as 1s shown in table 3 no increase 1n the number of mito-
chondna could be observed, Thus, although ethano! administered for a
long tme causes mutochondral malformations, including shorteming of
the cdstae and a decreased capacity to oxidlze mtochondnal substrates,
we could not establish any tendency to compensats for this reduced
capacity with an increased namber of lver mitochondna.

Tho dusapp of pathol Iy shaped mutochondrz after the
withdrawel of ethanol 18 extremely slow (fig. 2) and exceeds the half-lfe
of Hver mitochondria, that is, sbout 10 days (FLETCHER ef al 1961) by
more than 10 timex. Thus slow return to mutochondra of normal shape is
drtfrcult to explain

The bulk of the expenmentsl evidence on the blogenesls of mitochon-
dria favours the idea that pre-existng nmtochondria may grow and divide
They contain their own DNA (CHEVREMONT ef af 1960 NAss et a/ 1965)
and RNA (NEUBERT ef af 1965), which grves them, at least partly the
possibility of synthestzing their own proteins, At present it seems unlikely
that ethanol conld have infloenced these processes fo produce the long-
Iasting mstochondrial abno

If however the synthesis of biological membranes occurs by the
meechanum summarzed by LEANINGER (1964), the membranous stricture
of the mrtochondrion may posaibly have the enzymanc capacity to produce
new membranes io such & manner that the precusting membrane serves
a1 a template for its own assembly from speafic protems and hmde, A
change in the membrane compoution caused by ethanol raay therefore
survive the smglo mitochondrion several trmes over

A study of the membrane composthion of the malformed mitochondria
is in progress.

Sommary
Liver mitochondria from mts fed ethanol for eight months have been
studied by means of electron mieroscopy The mean area of the mito-
chondrial profiles, calculated from electron mucrographs, is abont 1.5
times that of mutochondria from contrals. The cristac of the enlarged mtto-
chopdrla are much shortened, on an average to half that of normal Irver
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mitochondria. The densty of the matrix seems to be not at all or only
slightly diluted compared wth that of normal mitochondria. No dgnif-
cant difference in the mumber of mitochondna could be found betweer
liver pleces from rats dnnking ethanol and Hver preces from their controbs.

The return to normal size after cthanol 1s withdrawn 1s slow (100-X0
days) A possible explanation of this is brrefly discussed.
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The Interference of Tetrabenazine,
Benzquinamide and Prenylamiie with the Action of Reserpint

By

Arvid Carlsson and Margit Lindqrist
(Recetved October 30, 1965)

The specific mechamism dependent on ATP Mg+ for incorparaing
monoamines 1nto the storage granules of the adrenal medulla and sdre
nergic nerves 15 selectively blocked by compounds such as reseTpi
tetrabenazine and prenylamine (segontin ®) (CArvsson, HoLAxr 4
WALDRCK 1963 EuLer & Lisuaxo 1965 Lunppomo 1966) o &
muttal stago the block induced by reserpine 15 competitive (CARLSO
HILLARP & WALDECK 1963 JONASON RoSeNGREN & WALDECK 1963) 2d
can thus be partially prevented by another agent with the same point o
attack but shorter duration of action. QuINy Strome & Brooit (19%)
were thus able to demonstrate that rabbits treated with tetrabeoti™®

} (50 mg/kg) 15 munutes before reserpine (1 mg/kg) responded in bebaviowt
#s though they had recefved onlv tetrabenanne after 24 houn the
had recovered, whereas the mbhits treutedmthmnenloncwm‘ﬂ]
heavily sedated Alo the duration of Shydroxytryptamme (-
depletion in brain was found to be shortened by tetrabenanne pretreat:
ment. However no statistically mgnificant effect on no (o
depletion was detected.

WemsuAN & Frvoer (1962) have reported that bennqumlﬂ“:ugl
mg/kg Lp} a benzoquinohzine closaly related to te
mild sedation and  decrease in both 5-HT and NA of mt brain Atio®
doses that ded niot affect bram amine levels this drug caused dlsropt>®
of conditioned avoklance reactions without overt sedatlon. [ ik
benzquinamide at relatrvely hugh concentration (5 X 10~ M) bat beet
found to cause blocknde of the ATP Mg++ dependent uptake by adren®
medullary gramules (Lunpaoma 1965 personal commuuication)
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In this paper the ability of tetrabenazne, benzquinamide and prenyl
amine to mterfere with the action of reserpine on brain and heart mono-
amine levels i reporied 1)

Methody

The experiments wers parformed on white female mice, welghing  bowt 20 g, &nd on
white rabbits of both sexse, welghing  bout 2 kg. Drugs wore njectsd a1 described under
Resuls  The animabs wore Lilked at varjous intervah after the | Jectione. U ks other
wise stated, the exp on mke were p t cocatant of 29* xnd
o rabbis st room tempersturs (23247,

Amios detarminstions were performed on briin, heart od  drenaly, adremaline od NA
bry the method of BIRTLIR, CAntescor & Roseeanan (1938), dopamine (DA) by the method
of CAnLmO & WALDECE (195%) with the modiicutions demcribed by Cantasow & Lowp-
QvisT (1962), S-HT by the method  { BaxTLm {1%61), exerpt that the perthiore acid raldos
weg od once with 0.4 N acid.

Results

Mice were wjected intrapenitoneslly with tetrabenszine 100 mg/kg and
30 nunutes later with reserpine 1 mg/kg. Control mice recerved tetra
benazific or reserpme alope. Analogous experiments were performed with
benzquinamide 100 mg/kg and reserpme 1 mg/kg after 30 minutes, and
then two remnjections of benzqumamide (50 mg/kg sach) 30 and 60 minutes
after the reserpins inection. Prenylamine was given as two intravenous
inpecnions of 10 mg/kg each, 30 and 5 mimnes beforo rescrpne (1 mg/kg
ip) In the prenylamine expermmonts the animals were kept at room
temperature. The mice were beheaded 24 hours after the first mjection.

A few minutes after the injection of tetrabénazafne or e
alope the mice became heavily sedated and could hardly be activated,
but 2-3 hours later they began to recover butﬂmmlunhdmthnd
recaved reserpine as weoll as tetrat or benzq do were stll
heavily sedated The sedation of these mice was more pronounced than
mﬂmcrpimﬂommlnmmljhndmﬁcdfahiywﬂﬁtoghmm
after the infection of tctrab ine or b | ide alone, and at 24
hours they showed a normal gross bchnvxour At 24 hours the reserpine
mice were still sedated, wherees the muce that had received tetrabenazine
plus reserpine appeared almost normal. The animals that had recerved
benzquinamide with reserpine were more sedated than those treated with
rexcrpine alone Prenylamune given alone caused lttle or no sedation. It
protected the animals from the sedative action of reserpins to a certam

) A preliminary communication of thes remilt was made et the Isternational ryme
POTm oA maechamens of reicase [ beogomsd bmtess | Biockholm, Febe 21 24, 1963
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dapletion of mowse bral and heart by reserploe.

Tetrabenazine or benzquitamids was given 30 mutes befors reserpine. Twa relajectest
of beczquinarmide were made 30 and 60 minutes after rourplne. The nimab were ol
23 5 hours after reserpine.

NA = nonadrenaline. DA = dopamine, S-HT = S-hydroxytryptamine.

Each analyns was performed on 6 pooled orgens,

Verucal Uney twpofmlnmmbdnumnduﬂmmo(memuvmhlh‘
bowe columns indicate differences necessary for p e= 0.01 For brain mooosmises B
difference bas been culcutatsd for eech amine by anlysis of varhines and rofess to o8
Fronp of 4 nimals and one gronp of § animals. Tt bs seen that the efect of trtrabeeo®
and b at the 1 per cent lavel, except for S-HT ¢
bemrqeisamide pretreatment. For heart NA, 1be statistical signlfcance test wis perf
on the two groups treated with tetrabenazing phas reserpine of reserpine alons.

LR » aN
- st

-y ™
) T T
o os
mom 33 3 0 w333 3333 3339
PREKTL AN 0D g
e -y
FAg. 2 Effect of p on Ine depietion

f mouse brun and heart by reserplos.
Prenylaminze was given 30 and 5 minutes bofors reserpine, The anlmals
21.5 hours after roserpice
NA = A DA — SHT = & $ 1%
Exch analyss was perf mmed om 6 pooled organ. rtieal It
Vertical Lioes at top of colmmm isdicate standard orors of the meant. Vi o
above columns Indlcat the difference betwosa two grounps of 3 animels g
P~ 0.0] cakculated for each amine by analysis of vartance. Far all throw breia
amines, te effect of I v leved

were b
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rabbat brain and heart by reserploe.

Tetrabenazine was ghren 13 minutes baf ro reserpine. Tho snimals wers kiled 27} hourn
aftes reserpine.

NA = DA — miine. &HT = &
Analyses wers performcd on the arpins of Indradual rebbity
Yertical fines at top of calumns lodicate standard errors of the menoe Vertical [nes sbore
colomns indicats the diferencd betwsen two gronps of 7 and 6 enlmals necossary for
p = 00! ak‘hlcdfo{n:hlmlmb’ylm}yﬁufmhmﬁbﬂf DA nd NA the
offect of uat the 1 per cent bevel, for brain SSHT
mman;an‘mhdnmanumupamm

by

=xtent, but scemed to be kess efficdent than fetrabenazine at this in the
doses employed. Higher doses of prenylamine conld not be used becanse
of fts toosclty

Treatment with tetrabenanne pertly but significantly prevented the
reserpine indnced decrease in tissue amine lovels (fig. 1). The bram Jevels
of NA, DA and 5-HT in these pretreated mice were 70 88 and 92/ of
normal, respectively compared to 40, 49 and 56/ respectively after
resermne alone. The differences are statutcally significant (see legend to
fig. 1) Pretreatment wath benzquimamide, however caused a decrease in
brain NA and DA to 12 and 15% respectively of the normal vahues,
which is significantly lower than after reserpine alone. The S-HT levels
appeared to show the same tendency but the difference was not statist]
cally signrfl (fig. 1) Prenylamine partally protected ageinst reserpine
in its effect on brain DA NA and 5-HT (fig. 2) the differences being
statstically significant,

In the heart umilar effects to those in bram may have been produced,
but were much Jess pronounced. In the control groups with tetrabenazine,
benzquinamide or prenylamino alone the hrain and heart enune values
obtained at the interval studied (24 hours) did not differ significantly
from normal,

Analogous expenments were performed on rabbits which recefved
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Table 1
Effect of berarl on depletion
of rubblt braln nd beart by reserpie-
Braln Hexrt
NA | pa | swr NA

Tetrabenazine 50 mp/kg Ly +
Reserpine | mg/kg Lv 007 ol a0 62
HO0Z7 () | £0.046 (4) £0020(4H 00U

Ruserpine 1 mg/kg L 0.01 0.06 am o8l
+0003 (3} #0.005(3) +00070) 00ME

Teirabenazine 50 mg/kg Ly a.t (A ] on 14
10014 (10) 20031 (10) +0025(10) +0.12(14

Normal 027 033 (%]} wx
£C.031 (4) | £0.020(H) Q017 (4 +0INTE

Tetrabenazine was ghven 15 mmutes beforw resrpine. Tho  nimals wers kified 23} et

after reserpine.

The valncs re means = nandard erron of the mrans, exprewed a2 /g trses. Pt

Lo brackets indicat number of antmaly

tetrabenazine 50 mgfkg intravenously and rescrpine 0.5 ma/kg b
venously 15 minutes later The animals were killed by mir embolion 2
hours after the injection of tetrabenaznne. Control rubbits received tei®
benazine or reserpine alone. The symptoms of the rabbits were fmiler ¥
1h0s0 of the mice Afler tetrabenanine alone, and after tetrabenazne ¥
reserpine, strong reserpine lko effects set in rapidly mnedz-shounﬂ"
were then succeded by recovery Thmenm.mnh:huwﬁdmmﬂﬂ"d
behaviour after 24 hours when the animals treated with reserpue 4%
stll showed typical reserpine symptoms

Fig. 3 shows the mean levels of DA, NA and 5-HT 1 the rabbets 675
and of NA in the heart A clearcut and statistically significent
cﬁmormtmhcnaumagamnmmncucﬂonmmm‘ﬂw
bran amunes (see legend to fig. 3) The heart NA levels were [ow it
groups. o)

In some expenments a larger dose of reserpine (1 mg/kg mtr
was used (table 1) The same tendency appeared, bot tho proteetive
of tetrabenanne against thrs dose of reserpine was shght. o

In the adrenals of mico and rabbrts no significant mem
tetrabenazine was found (results not shown)
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% 80 o B0 e 200
Pip.4 Norudoaios (A) and dopason (DA) i morms
brain 25 mioutes after yvariods X
Emhnn-lnh‘upnfumtdo-nlwipookdbfﬂm

The unexpected results with benzquinamide prompted us to study the
effects of this drug on amine levels

Vanous doses of benrquinamide (5 to 200 mg/kg) were given intm
penitoneally to muce, and DA and NA were determined in the brain
25 minutes after the infection. A 50,/ decrease in these amines requused a
dose of about 100 mg/kg (fig. 4)

After the 100 mg/kg dose DA and NA in bram showed 2 decrense,
with the lowest values at about 25 minutes and a return to normal vatues
within 6 hours 5-HT showed only slight deviations from the normal
value (fig. 5) In these two cxpermnents the mico were kept at room
temperature.

% s 08 0@ %" somo
Frg 3 Noradrenallng (NA), doparning (DA) and S-bydroxy-
tryptamine (-HT) m mousm beab a8 diffoceot atorvals after becrqulasmids, 100 myfke Lp.
Pach unalysh was performed om ) 10 6 pooled boaka,
Av gl mmpbugics, %l M, fac. 3-1.
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Discrssion

The results of ths investigntion are partly in agreement with those of
QUINN et al (1959) tetrubenazine was found to protect rabbits and mee
against the action of reserpine on behaviour ax well as on brain 5-HT In
our work a somewhat lower dose of reserpme had to be used in order o
obtain & clearcut protective effect of tetrubenazine, possibly owiog o1
difference 1 sensitivity of the animals to reserpine QUINN et af observed
no significant protective action of tetrabenazine on brain NA. In oer
study the protective effect of tetrabenazine appeared to be about the sme
on brain NA, DA and 5-HT The reason why QUINN ef ol. found po
significant effect on bram NA may be that the expermmental group &
question consisted of only two rabbits. Our investigation lends addstional
support to the conclusion of QUINN et a/ that tetrabenazine and reserpixe
have identical points of attack.

The other benzoquinolizine Investigated, 1 €. benzqumamide, was foud
to have an unexpected effect, namely to enhance the behavioural axd
blochernical effects of reserpine The mechanism of this effect 15 obscur®.
Like tetrmbenazine, benzquinamide causes & transrent decrease in brak
catecholamme Ievels, but 1t 1 uncertain if the two drugs act by the &
mechanism We have observed that they act differently after monoamis®
axidase inhibition After pretreatment with nlalamide, 100 mg/kg, 8™
intrapenitoneally to mice, tetrabenazine causes excitation (of PLEDGE
1962) whereas benzquinanude camses sedation under these condition
also (cf WESSMAN & Frvaex 1962) It thercfore seems probable that 1%
two drugs act by different mech The en! t of the sction &
raurpmebybcnzqulnanudumaybcrelmaitoltsunknownnwd‘
actlon 1n the brumn, but other posmbilities exist. For example, benzqmd®
mide, which like reserpine is an ester may compete with foc
metnbohc pathways in the liver and thus enhance and prolong its °°°“§

Like tetrabenazine, prenylamine partly protected agmnst the actond
reserpine on behaviour and on brain moncamme levels, It there/™®
scems hikely that the site of action of prenylamine on the ATPM&:
dcpcndemnmg:mcchnmmoﬂhcnmlmmuuluhrdmﬂﬂlm ot
of reserpine and tetrabenazine. Ons might ask why prenylamioe dodmn
cause sedation and other typical reserpine actions. No answer @
question can be grven at the present tme. Tt should be noted, howﬂ‘:
that the protective action of prenylaminc in the doses cmployed *2
relatively weak Similarly prenylaminc does not seem to be mpﬂw
c:u:i]:u;ﬂlenﬂ.memarl:ddegrv:cofmcmcoamh:rcclq:vlet:krﬂﬂ-"-hc oot
two drugs. It thus scems possible that the action of prenylamine #
powerful enough to cause interference with monoamine




DRUGS INTERFERING WITH RESERMNE 119

mechamsms. Further the possible occorrence of different monocamine
pools should bo considered Evidence n now accumulating that the
Hlocking action of drugs such as reserpine and tetrabenazine on mono-
amine transmission 18 primarily dus to depletion of & amall functionally
essential pool rather than of the ammne store as & whole. It may be that
the ahility of prenylamine to deplete this pool is kss than that of tetra-
benazine and reserpune In this connection it thould be noted that 1n man
treatment for 5 days with prenylamine results in cartain reserpine-like
actions, e.g bradycardia and reduced respontiveness to the pressar action
of tyramine (KUSCHKE ef of 1964 & 1965) This suggests that prolonged
treatment with prenytamine will ultimately result in depletion of the small

funciionally essential pool, at least in certain moncamme-containing nerve
termunaky,

Swmmnary
Mice and rabbris were treated with tetrabenazine, benzquinamide or
prenylamine shortly before an inpection of reserpme  After 24 hours the
animals were killed, and the brains and hearts were analysed for mono-
amines Totrabenazine and prenylamine partally protected the animals
against the action of reserpine on gross behaviour and brun monoemine
levels (dopamuine, normdrenaline and 5-HT), indicating that these two
drugs campete with reserpme for the same site of attack in the amine
storge grarmukes. Benzquinamide enhanced the effects of reserpine on
behaviour and on braln catecholamine levels. The mechanism of thes effect
is obscure,
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From H Losdbeck & Co. A/8 (Departments of $yntbetlc Chemistry (1) and Pharmaecology
() Ortillave] 7 Copemhages — Valby

Pharmacological Stndles of
2 New Serles of Blcyclic Thymoleptics
By

P V Petersen! N Lessest V Hsmen! T Huld! J Hjortkjer!
J Hoimbiad! 1 Meller Nicisen?
M. Nymeark? V Pedgwes? A Jorgensen? and W Howgs?
(Recerod October 30, 1969)

Antidepressants of the thymoleptic group are derived from the pheno-
thiarine and thisxanthene types of neurcleptics on replacing the S-bridge
between the two benrene nings by a carbon-bridgs. Thus the currently
known thymoleptrcs are all derfvatives with two benzene ongs condensed
to a tricydic ringstructare through & central alicydic or heterocychc ring.

Pharomacologically the thymoleptic activity of thess compounds has
been related to p ron of halamines and to against
reserpine induced sedation and ptosm. Further all thymoleptics known
today have strong antscholinergic activity In fact, the central antscholin
ergic properties have by someo investigatars been considered the key to
antidepressant action, though others tend to relate this effect to & poten
tration of adrenergrc mechanisms mn the CNS

It i important to realize that the cose chemrcal reiationship between
the tricyclic thymoleptics and the corresponding neuroleptics is reflected
alio n some degree of functional relationship Thymoleptcs seem to
possess dual activity thus the th leptic properties (p ian of
catecholamires and reserpune antagonium), which are clearly seen st low
dosagr, tend to reverse into neuroleptic properties (antegonism toerands
catecholamines and synergism with reserpme) at high dosage.

It might be expected that, by studying compounds with more remote
structural relationship to known neuroleptics, & subttance potsessmg only
the thymoleptic propertfes could be found.

Proceeding along these lines and employing noradrenaline poteatsation
and reserpine antagonssm as criterin for thymoleptic ectivity we have
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synthesized and studied a series of compounds, 1n which the ticycke
nngstructure has been replaced by a bicyclic structure. Although the
fundamental structure is a bicyclic nng system with only one benzeee
ring, 1t will nevertheless be shown that the highest activity is obtained with
the compounds that, owing to an aromatic substitution in the breydk
system show greatest resemblance to the tncyclic thymoleptis.

Materials and Methods
A, Chemical

Thmmpcunﬂaundwddymdﬂinﬂvudmd&cmmumh
B 1

“The activitles of thow substances wers compared with thoss {a umber of known or
new tricyclic compounds (ef tablc 4).

Detalied of the of all a7y ghven Ls bl T d
colwmn 2. Each compound wes proparcd as the most coaveatent water—solabls mit, sumsd
incolumn 4 T the tables. When no suitabls salt was obtalnable, solutions of the bases vt
ptcplmdhyldﬂnjhydmchlodchhnmh:Mwmlm!mlﬂnﬁuw
ars based on the subsiances as welghed.

B. Pharmecologioal

Acuts toncity wes determined by ntravenous Ijection Into male mucs (NME). 1F
22 g kept in tingle cage a2 23 The LDSO values, based on 3 to 4 doss levals (3 micd B
group) were determined by the method of Muves & Tanvrar (1944)

R rerpine 1) Apr 7 of rpine activity wus mede ¥
injocting the test compound Intraporttoncally at the dows keveh of 10 and 50 my/kg 0 0
groupe of 3 male mics cach The animals were then observed for sigms of CNY actrl?
(sodation or stimplation) for omwh nr Then & standard dovs of resepiss $ mp'ks wat Pt
intravenomly Observathon of the ocrarrenco and degroe of plosts knd prescacs of 108
of the typical reserpine syndrome wes made dorlery the pext lour. (o cich exporioeest %
mwmmmmorﬁmﬂmmmmmb‘
The degreo of antagonism agatnst ptosls and Immokukity was roaghly stipsatad o2 8 5
ranging from 0 to +++ The observer wux unawars of the licatity of the
&roups untfl after the experimant. This tett wes med only ;1 quick guide to the
thet be moxt exttable fo the more drtatled study

2) Prevention sf recerpine-indaced ptosis. Unlasted malo mico (NMRI) io the wo
range [13-25 g wees treated with test drag. A growp of t bt 3 enlmals per &% 1
drog way formed and placod in - cage. An untreated group served as coatrol. TH fion
of test compounds wees done by s ope delferent from thn cbecrver, ths htsor 800
informed about the iderttity  the groups ontll ftar scormy, After half an bowr Bsd
wll nimabs wers given recwrping (serpeul @, 2.0 my/ky) and returned to tholt
ammgned cagre. Ono hour wmmdww;mdmﬁm"":
wers tited up and down few times, 04 30 seconds Mter tho anlmals wers peored [
degrro T ptows .

The scoring system dopted by Ruson e ¢f (1957) wes cwed 4 = compleie, I :
2= l—ldmdlhqtﬂd:.Nmﬂogxdnlmmcdmumml‘:;;‘
Ptoals In the two eyes of an aztwel were observed, tha  verago score was wsed. AL et
were given ttrapectoncally and the volume isjected was 0.1 ml/10 g The activY
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1 Pt Windrma

e g

j
|

it
|

I Cubatotn XTI iy maiamaes
Egz‘ <
tast drug was expremped as the dose (mg/ky) that reduced t1ho protic scots to half that of
coatrel mes (EDX)

Noradrewelise (NA) petextrating cffect wis atimuted In the pithed 1at prvparation of
Smriry & Torod (1947) oy described sarber (Masim Nasnos & Nryeotd 1959) A small
submwnmally sctove doee, | 0. 0.05 ug/kgl  of NA giviag  promsor resposes af 10-20 mm
Hig was waad as standard. Alter L la)ection of the text drug, the ngmertation of the NA
response wes caknlated 51 parcertags of the baltial wine When | mg/kg of the text dreg
yreided Lesa than 30 % potentiation and the entireserpine effact was found weak, xwally 0o

further doses were Mated, and the reynit (bles | to 4) was ghen as > 1000 (waak effect)
o > 1000 (extremety wewk cffact) I other experimants at keast 3 daw bevels were teted,
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and a doss-effect curve was drawn on semHogarithmic paper from which the EDS wm
read. A fow druge were tested at 2 doso of § mg/kg to see whether saximal potentiatios v
stlll present or “roversal  had occurred.

Regults

In tables 1 to 4 the compounds arc identified 1 column 1 by code
number or generic name. In order to facilitate reference to mmy oot
compound they have also been assigned a serial number (extreme kft
column 1) As indicated under matenals and methods, varoos bicyce
ring structures have been tested. Most of the structures (IV to XIV)
listed 1n table 3 appeared of low or no activity and are thws only repe
sented by a tingle prototype. Owing to thelr structural similanty wik
some of these groups methadone and its desmcthyl-denvative wert
wncluded (V1)

“The most active compounds were found among the indanes (1L, bl 2
ndenes (1T table 2) and particularly the phthalanes (I table 1).

Among the phthalanes (table 1) by far the most active was Lu 3-010
(No 2) which vas found about twico as sctive as the most poteat o
thymoleptics available hitherto protriptylme (No 74 table :rysmi

compounds, appearcd essentlal for this powerful reserpine antagomsa
and NA potentiation 1) phenyl substitution in position 1 2) subsstutis
by two CHj-groups in pomtion 3 3)ath.reecnrbondduildn-0‘
secondary amine group in the sidechain Compound Lu 3-071 (No- 19
which has no phenyl group, was of ruch lower actwty than Ln 3-01%
and s0 was Lo 3053 (No 8) with a cvelohexyl ring m position 1 52
stitution with C1, CH; or CF; in the phenyl group likewhe e
actwvity Itiluppa:em.lyot‘mmclisntﬁcrmcet.hllj‘tlsiﬂﬂ'11"‘”"":”'['_‘5‘c
phenyl group in position 1 blishey the closest resemblance of
blcyclic compounds to the “tracitional’ tricyclic thymoleptics. R“"“;
sututing the C-C brdge between the phenyl groups, however, kads
complete loss of activity (Lu 3-056, No 59 table 3) petirt
Substitution in position 3 appeared of great fmportancs. Ons
mpwmmmmtdmmﬁmtmmmﬂﬁ
mdtwommhyipoqninmmdwdmymmmmmf"m{
rubmtnﬁoudm:mednﬂivnySunﬂulymﬂmh)dmﬂmw
groups increased the activity In the indencs, however CH; substl
appeared to have the opposits effect (compounds 45-46 v, 4344
I.ndudmgth:pr:viomlylmnwncompou:ndnnmhla4thﬂ po}
ton covered 24 painy of dimethyl and monomsthykamino derfB e,
The general ruk that monomethyl amines are contiderably moe®
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than the dimethy! derivatives was confirmed One exception was found i
the NA potentiating effect of the pair Lu 3-028 Lu 3-071 (Nos. 9 1nd
10), which are phthalanes with no phenyl group in posttion |

Compounds containing two different substituents in pontion 3 affod
the theoretical possibility for the existence of diastercotsomeriim. Some
a and f omers were easily separated (compounds Nos. 32,33 34 35 %
and 37), but others have not been separated (compounds Nos. 13, 14 19
and 31) Differences i biological activity were sometrmes seen betwees
two diastercofsomers (32 vi. 33 and 36 vi. 37}

For rapid screening purposces the prelimmary reserps s test
was found sufficiently reliable far differentiation between potent and weak
compounds. However it must be realized that the employment of oty
two rather high dose levels does not do justice to compounds soch &8
La 3-033 (19), amitriptyline (67), nortriptyline (68) and N 755 (71). &
which the neurokeptic component reverses the antagonism at farly lov
dosage In column 9 of the tables are indicated the doss levels at wind
reversal of reserpine antagomsm was noted, It may be seen from tabke 4
that the doalistic action is a dominant feature of all known thymoteptes
except melitrucen (60) and Dtracen (61) Even the high thymokpt®
actity of protriptyline is reversed at 64 mg/kg. In contrast, the To%
active compounds of the new senes, particalarly Lo 3-010 cven at ¢
bigh dose of 64 mg/kg, still showed 100/ antagonism to reserp*
ptoss, A few attempts wero also mads in the pithed rat preparation ©
demonstrato this reversal phenomenon. An mtravenous doss as high &
8 mgkg Lu 3-010 still showed maximal potentlation of NA-pressX
response (110 /), but with protriptyline the potentlation was reduced ¥
28 / and with desipramine to 19,/ A:muiptyﬂmwlﬂhx“op@d
mits at ths dose level. In motility cages Lu 3-010 does reduce spoatanco®
mtornwwtyufmbm\douumghuﬂmakahm“ﬂdr“
50 / reduction, compered to 11 mg/kgforprotﬂpty‘lmclnd5m’q
for amutriptyline. Thus Lu 3-010 appears to approach the xdeal of 8 P
thymoleptic substance devoid of neuroleptic properties.

‘Another feature of the most poteat phthalanes s thesr almost cUFEY
lack of anticholinergic actvity Ontheoonvmuonnluullmdxdm"?:
fleum preparation the antichohnergic actity was measured relatfv
thmofmmms-olowufmdnoonmammmmmﬁi
Ln3-002700 X < A, and Lu3-051 1300 X < A, Lu3-083300 X <
Lu 3-084 1200 X < A. Amitriptyline, melitracen and protriptyl™
strong antichohnergres (10 9 and 11 times leas than atropine)

Cocaine (76) 15 known to have catecholamine-potentuating proper®,
mnmmbymnNApo:mﬁanmpimmwﬂchbﬂPdpbf;
effect. Bt the antagonism against reserpine was weak aod did 09
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8 mg/kg reach 30,/ Among the phthalanes Lu 3-028 (9) is another
example of a substance with qure marked NA-potentiating cffect, but
with fairly low reserpine antagonism.

Amphetamne (77), which has been Incloded in table 4 was shown to
have reasonably good Na potentiating and antireserpine effects. But, in
contrast to all other substances incinded in this series, amphetamine in
effective doses induced nigns of psychomotor stimulation before reserpine
infection. Thus & clear distinction between amphetamine-like actlvity and
thymoleptic activity was established for the new compounds also Further
it may be stated that Lu 3-010 i completely free of monoamine-oxidase
Inhibiting effect, as are the previomly known thymoleptics.

No relationship appeared to exut between thymoleptic potency and
ncute toxxdty Generally the new compounds appeared lets toxe than the
previously known thymoleptics.

Ssmmary

A mumber of bicyclic propylk and cthylamines (of fig. 1) have
been investigated for “thymoleptic™ activity (reserpine antagonism and
noradrenaline potentiation)

The most potent compounds were found in group I, the phthalancs
(fig 1) The l-pheny}-3,3-dimethyl substitaton revealed potent substancey,
perticularly the secondary amine Ly 3-010 (No 2, fable 1) which was
found twice as actrve as protnptylme. Further Lu 3-010 1n contrast to
protriptyline and other known thymokeptxs did not show reversal of
“thymoleptic effects” and had no antwcholinergic activity Like other
thymoleptics, it had no inc-oxidass inhibiting activity or any
amphetamine-like central sthmulating effect.

Information added in the proof Further studies have revealed that be-
szdes |-phenyl-phthalanes abso donvatives with other electronegative, non
cydlic groups in the l-poaition have proved very active,
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than the dinethyl derivatives was confirmed One exception was found
the NA potentiating effect of the parr Lu 3-028 Lu 3-071 (Nos. 9 md
10) wiuch are phthalanes with no phenyl group m position 1

Compounds containing two different substituents 1n postion 3 affed
the theoretical possibility for the existence of diastereaisomerism. Some
a and P isomers were easily separated (compounds Nos. 32,33 34 35%
and 37), but others have not been separated (compounds Nos. 13 14,1
and 31) Differences 1n biologteal activity were sometrmes scen betwees
two diastereoisomers (32 vs. 33 and 36 va. 37)

For rapld screening purposes the preli Y reserpine-antag el
was found sufficiently relinble for differentiation between potent and weak
compounds. However 1t must be realired that the employment of oy
two rather high dose levels does not do justice to compounds such
Lu 3-033 (19), amutnptyline (67), nortnptyline (68) and N 755 (71 &
which the neuroleptic component revertes the antagonism at faly lo¥
dosage. In column 9 of the tables aro indicated the doso kevels ot wiid
reversal of reserpine antagomsm was noted It may be seen from tabie 4
that the duslistic action is 8 domnant feature of all known thymolep®
except melitracen (60) and Ltracen (61) Even tho high thymokp®
actiwty of protriptyline 13 reversed at 64 mg/kg. In contrast, the m
active compounds of the new senes, particularly La 3-010 even ot t¢
high dose of 64 mg/kg, still showed 100,/ antagonism to rexTp
ptosis. A few attempts wero also made 1n the pithed rat peepareto £
demonstrate this reversal phenomenon. An intravenous doge 83 gt 8
8 mg/kg Lu 3-010 still showed maximal potentiation of NA-pe
response (110 /) but with protriptyline the potentiation was reduced ¥
28/ ond with desipramine to 19, Amutriptyline was lethal to ped
rats at this dose level Inmctllhycapth—OIOdodmd\lCHPO“‘“w;
motcrum:l\ntycfmice,b\ltudosea.llnghu.l7.81113./131“"-"'4mrcd
50/ reduction, compared to 11 mg/kg for protriptyline and 5wt
for amutriptyline Thus La 3-010 appears to approach the ideal of # 2
thymoleptic substance devord of neuroleptic propertics.

Anomurumnnrmnmmmtmtphmmumcknlmwwg;
lack of antcholinergio activity On the conventional fsolated £ M
fleum preparation the antxcholinerglo activity was measured relsiiv®
that of atropine Ln 3-010 was found 1100 thme Jess active than sroR™
Lu3-002700 x < A, and Lu 3-051 1300 x < A, Lu3-083300 X </
Lu 3-084 1200 x < A. Amtriptyline, melltracen and peotoptyl®
strong anticholinergics (10, 9 and 11 times less than atropénc).

Cocaine (78) knmmhxwmtcchohmlnc-potmﬂlﬁnsp‘wﬂm
ThhhlhcwubymeNA—pcmuﬁndonlnpian.mh‘Pﬁm:ﬂ
eﬂ‘a‘:t.Buttllczmmgx:minm:L,galmtreacrphmwuw\:k-ﬂdC“d""t

|



MEPROTIXOL, ANTITUSSIYE AGENT 135

8 c

Flg. 1 Appumna
A Flowmcter B Nebuhzer C R bber bug. D Robea's valve. E Face muk,
F Mscrophome G Tapo recorder

Fach subject bad  “tralaing period™ dard g which tho concentrasion of chric acd
prodecag 3-8 coughs was defermined. Thhy cnocentraton varked from 5-.$% Lik
PeckEmMANN ¢f ol we found (e resction to lnhalston [ atric acd to be strongest Inf-
thally afier 34 tests 1t dropped to 40 almost consteat wvel

Each test [nvofved 3 Inhalatiom 1 tha fixed chirie ackd concenlrabon, nebulized to 1 5
pncroms (e flow 8 Jmm.), The response (pumber of cought) were recordad on  tape
recorder Each triw] incioded § tests per yubject the figurey in the table rypresent the mewm
of thesc S tests. The first part of te study was  double-b¥sd experiment with maprotbud
mabiets of 10 g Bach sebject recerved 3 tabicta. As placsbo we used glocoss tablets {the
rmé ppesrusce The expertment extended over 2 dayu.

2 Sids efects

T establinh whethar or not meprotxol m therspevtic dosm produced side effects
double-blind xpermment was performed. The mbpects were healthy pasoms,  ped 2440
ywars, § fensabew and 4 maken They wers tobd aboat the nature of the axperiment beforehand,
Dowes of 20 mg Mcprotod wers sdmnatered twico dally & pleccbo we used glucose
tablcts. Both were adnmistered § periods of 10 days When drugs wwro changed and at
the compdetion of the experiment the sabjecty fllled In - questionaarre. This coatained a
Iist of the capacted, nd  blank space for posubi nsexpected, akde sifects Tho question
were 1o bo answered by nooe”  qoetlonabie™ or “sumigtakable nde effects.

Resalts
1 Antiuzsive effect

The result of the investigationt 15 given in tables 1 and 2. The average
reduction in the mumber of coughs was at a maximum after one hour and
perusted for 3-4 hours,
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Table 1
Reduction in pumber of couphs afier 30 mg meprotiso! by mouth.
Tho fAgures In brackets give tho reductions a5 perteatages.

| o | ) ) 2t 3] 4w
RE 22 200 14058 14() 208
A9 8 o (1) 1.6 (49 28(0)
IM. 43 22 (30 2.2 (30) 2001 3530
FW 34 101 1.6 (s 26 Q1)
HE 44 22 (50 2.5 (46} 34
Mean fn / | | L 0 | -1

Table 2

VYarlation In number of conghs with ofal placebo.
“The figures In brackets Indicate tha variatiom per cent

{ e [ R i
RE 36 40(+120 36( 0 30(-10)
Ao 20 (4500 3I(4+30)
IN s 35(~ 6  3%( O J4(-1D
FWw 34 30(=1)  28(~16) 23(~18)
HX. 54 46(—15  46(~19) 44(~19

| ) | -

Meprotixo! was also admunistered intravenously to 7 subjects, In do%8
Ofﬁ'um20~35mg,1‘hllpanohhettudywmnotpcrfomtdﬂldﬂb:
blind expenment, because the mvestigator knew what was beng
minustered The subject was nformed that he was receiving either &%
substance or saline The rexults aro shown in tabke 3

Table 3
Percentage redoction in the number of coughs fer
! "

Meprotucol [ (I T B e
35 mg Is 3 i€
LEE HK 74 © 4
% - PF 41 2 |
k] RE “ 43 3
30 - AD 78 2 L] » "
25 - M I 3] 53 42 »
20 - FW 7 4 25
0 - wk | e [

[
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2. Side effects

The results are recorded in table 4 All the recorded side effects were
described as doubtfl

1t may be meationed that in the study of the effect upon experimentally
Induced cough no side cifects wero observed when the drug was adminis-
tered armlly m doses of 30 mg. Two of the subjects experienced shght
flnshing after recerving 35 mg intravenously

Discrsion
1 Amtitussive ¢ffect

Nearly all methods for the experimental investigation of the antitussrve
effect of drugy are beset by considerable sources of error (GRAVENSTEN
et al 1554). Thn also applies to our modification of Bickermann s method,

The factors producing coughs are mflammatory conditions with
oedema of the mucous membranes and accummulaton of secretion
inhalanon of smoke, dust, irritant vapours, etc. These hitants can be
called physiologcal. After having tried mhaling citrc #cid, even nt & low
concentration, we are In no doubt that this rritant Is at the upper lomit
of what may be calied phywological. By using the concentration that gave
a responss of 3-8 coughs, we belicve that we aro at least as close at
possible to a physiological irritant,

In order to obtain a constant irritation it Is important that the concen-
tratron of dtric aad m the air and the amount inhaled are constant. We
kept the concentmtion constant by nebulizing the ctnc acd, throughout
the expermment, at & flow of 8 [/min. However the inhaled volume varies
from one subject to another and also in the samo subject in repeated
expeniments (BICEERMANN et gl 1956)

Thus partly explains the small variation 1n the response to citnc acld
mhalation after the placebo These varmtions were not marked in 4 of the
subyects, (table 2) However subject A showed, in one hour an increase

Tavre 4
Hds effects (a8 matad 1o be donbifui).
Hesdache
Slecpmes

T anrtes

Symptom | Meprotixol |  Placebo
1
3
1
Dryoes of the moath 1

W e permaceinpi. vl 34 o, 3-3,
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of 50% from the value at the time of admunistening the placeho Possbly
the explanation of the low initial vatue is that, immediataly before the test,
the subject had administered 4 anmesthesas by vinydan @ (divmyl
cther)/ether with an open mask.

When the subjects had receaved meprotixol, the wrritability of the
passages was clearly reduced. A few subjects stated that when they
inhaled they felt the irritant effect of the citric acid far down into the chest,
but did not feel any particular need to cough, although they could essly
achieve one or more voluntary coughs Presumably the irritatron grew
more pranounced, because the volume of the citnc acid/ar mixtwe
nhaled was greater than in the early part of the expeniment.

2. Stde effects

Meprotixol was administered in doses of 20 mg twice daily for 10 days
to pertons who showed no signs of disease, The sgle dose 15 at the wppet
hmit of what would generally be needed to arrest cough on the ot
hand, the daily dose 13 at the Jower limit of what wonld be nceded %
obtain a continous antitussve effect.

In the experiment reported here the drug was admimstered to beatlly
people, The possibility cannot be ruled out, therefore, that it may s
tuate existng symptoms when given to patients.

The subjects who had dryness of the mouth worked all day fn » be®
manThecxpmmmtwn.bycoinddcnce,ca.niedomd\ndngnwodu‘
cold weather when the rooms were intensely heated and the air con¥
quently unnsually dry

Summary

Meprotuxol has » good antrtusuve effect upon expenmentally indod
coughing in human subjects. After oral administration the maxizs®
effect was attamed fn one hour and peraisted for 3-4 hours. 0

No nde effects were observed from doses of 20 mg twics dafly for
days.
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From The Ix of logy Uslversity of Cop
(Frofeasor Kond O Meller M.D)

Rate and Mechanlsm of the Renal Excretion
of 14C Dy bonium by Rabbity
By
Chr Broep Christemsen
(Recerved November 29 1965)

The repal chmination af decamethonfum has been dealt with only 1n a
few papers, and no yeports seem to be available on investigations into 1ts
clearance rate and the mechantim of s renal excretion The compound
being chemically a methenium salt, the exeretion i likely to take place by
glomernlar filtration at a clearance rate near that of ymuhin

Tn 1950 Zanurs described a photometric method for determining metho-
nnmmlurnunntyth.Bmcthod:hc:howcdthuthebulkoflutru
venously fojected b honh d unch d 1n the urino
dunng the first 24 hours after ity udmmistnt{on to cats, rabbits, or rats,
Other workers have obtained similar results by the same procedure m
experiments oo rabbrts and human sobjects. (WoEN & Mason 1951
MINE & OLEEskY 1951) Zaodrs s method is, however not sufficiently
sersttve for demomutrating decamethonimm 10 urine after administering
ordinary therspentic doses. With a fuitdy rough biologreal method of
azsay based on the motar response 1n chickens after intravenous inrection
of decamethonmm, 2 rapid ronal etmination of decamethomum has been
demoastrated after parenteral administration to human volunteers
(PATON & Zanars 1952)

The syntheals of sotope-labelled decamethonnim has opened up the
possibility of more exhaustive studies on its hiologeal fate (Wasex &
Lunn 1957) Thﬂruult! of an investigation 1nto the dustribution of 14C

Ised rabbats are given m a recent paper
(Bma:CHumwl%S).Anncmuntwiﬂbegiwubelwafmlmuﬁ-
guntion into the renal excretion of 14Cd honfum after intr,
inpectron into mbbite, The object of this myestigation was to study the

t of the renal ion by simul measurement of the

e
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clearances of decamethonium and mnulm To make sure that the
activity measured in the clearance deter fons represented unchanged
decamethonrum, the unne was also submutted to paper chromatognply

Methods
Experimenta]

As axperimental animaly we ascd [5 mabe albino rabbits weighbrg from 1600 1 460 ¢
‘Tho animals had been fasted for 16 koars before the experimeots wers began, bat had fo0
access to water During the experimeats the antmals wrro strapped in saplod podition s s

hoated ting tabde, Under bak N;0-0; thae antwcs bed
mmmmmm.mmmmwﬂnm
stralght rubber catheter (Resch No. ) into tho bladder In all the expertstnts o siegic s
of 100 g 14C-decamethontum dibromide per kilograra were infected tnto the pargisl of
vein bn & carriar-fren aqueous sohstion contalning 100 pig/ral. The 14C-dacrraethesin 1
beva prepared by The Radiochemical Centre, Amerskam, England, with a specic sy
of 120 pe/mg.
Thres long-term experiments, in which the wrine was collected duriag the St N bt

of catbeter nto the carotid, The golmals were kept In metabolism cages, where they B4
fres access 1o beet-root and water At the conclmlon of the experiment the bisdder <%
«mptied by suprapuble compression.

Foe o) of the » and Inmlta clearowces 3 1% bl
tolution In 0.6% fallne was Infused at & constant rate (0.2 mifmn.) tato the Jepead Vo
This wes preceded by & priming dose of 10-20 mi of Egulln sotution. The aakah were £
ghven water (hrough a stomach tube, 30 ml/kg. Deczmethontom o §H%

decamcthonium Injection. Tha volume f blood whhdrawn totalod
ankmal

Adminhtration of halathano cestcd 5-10 minutes bel Nlhiﬂcumﬂww

Determinetion of decamethoniznt in platme end wrine

The phisma level [ decamethontum was detormised 1 deacribed b r“;‘ﬂd_
(Broex Cprrremn 1965). The “C-actinty was measnred by o Beokd
:wmmmwmwﬂnhphw‘ﬂ“"'w
mwmummxwmhw'uwwm
mwmmnmummummmw:'ﬂ":;,
mired and ominfoged, after which 200 pt r:h-mpmnnmmm w
10 ml of mmmmmuvlmmmmnww“’”"
that for standard arino semplos preparsd by adding knowa arsonsts of

2}
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to urine collectsd bufore the injaction of decarssthomlum. As the samples may differ some-
what in cojoar axd Sthon, (e of the wn flod for
@mby.mmmmumarumofmmmmm
lCNEC]MmmanﬂmdanmxAﬂ‘mfan;m
decamethorines content of the e could be caicultsd oa the basis of the counta for
the standard sumples There was direct proportionsBiy between the dded gmoent of
decamethonlum and the corrected coants. County of a blask collected within the prefim-
Laary period wers weed for beck groand. Not Jem than 3000 cotints wero recorded pee smple,
wnd eounts ahrays amoented to more than five times the beckgronad vahee. The radloacs
tivity was mewrmred with 1 1DL scint/Bation counter typo 6012 (Isotops Developments
Lad., Englend)

Dotermination of [nelle [n playmes awal wrise

For dotermeimation { loolin wo employsd Bomxxw's metbod (1952), which in besed on
formmtion of & blws colour whh dipbenytimine jo £n ekcoho! and extphuric scd mbxture t
100* W followsd chosely the procoders described bry Bojeson, except that the volumes wars
reduced. After protein pracipltation by the procedurs of Somoay1 (1930), 400 il of plesrse
fittrate were pipetted  ff and transfwered to a glam ampouke To this waw  ddad 2 ml of
dipbeoylmine reagent. The ampoukt wirs maled and then placed first in water bath ot 100°
for axactly 15 minutes and thea In jco-water

The extinction wes measared In the Beckman spectrophotometsr DU at 630 my with
beotute akokol In the blank cavite. Tho colour [ntenalty of ginceae being only sbout ono
hrmdredth that of b, spoxtanoss fectmations [n the playme gincose Jeve] will have ao

affact ou the resnht, provided the (nulln concentration in the plasma ks saffl-
Gantly bigh, La, sxcreds 200-300 g/l The extinction i plasme paxpier withdrawn befors
beginalug fhe Infuakon way taken o3 the blak.

T svemsurs the concentrstion of fomlin in orine we waed 400 41l of the mixture of orios
and wush water which bad been farther dlinted with distified water lnthe ratio 1 20. The
saumple was treated bn the qame manser 45 playma Aftrats. Doplicats detrminations wero
caried 04t oa both urine and plxsas.

Cateubation of cloarances of docemahesivm end jmita

‘The chexrence was calculared at the U/P ratlo, whare U represents the average amount of
the swbsiaock ancresed with the urine per miant (Rg/min) nd P the plitma concentration
of the substance (ug/ml) ADowance wes mads for the dalay dee to prwage of the urine
sumphe throwgh the mriary tract nad estbeter (“delay-time™). Thos, In cakahating the
Hrutin chearancy we need the phrse concentration of inuln three minstes before the middie
of tss  rinc-collecting pariod e of tho exp period. In eakenlating
1ho decamethontom ceariace we waed the average decarnetboniom concentration in platm
during « perkod three minntsa abead of the arins-coliecting perfod. The cakewlation
based on the curvs for the {8 plasma d
by sempimg blood cvery 15 mioutes.

Chromategraphic procedary

Chrematography of urioe and the preparatios to be injectsd wes caried out by the
sceading techadgue on Whatuas paper 50 1 Al motuw phess we weed two different
systran A, ethanol, water emmoms (73 25 2) and B, n-butanol, ethanol, gleckal scetic
neld, water (8 2 1 3). The mmphas were appised whb & Carkeberg plpetts i narrow aeripec
(sbowt 3 x 40 i) at gt anghes Lo tho fiow direction in  valume of 100y, ead drying
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was perf rmed with hot tlr Am aqueons solutlon of non-iabelled decamethontes (8 pg
was abo applied s control, The chromatograms were developed at 20 for bowt foor heem
and were then dried The 4C-actlvity was scanned with an antomatic chramatogram xw-
ner (spectal derign constructed by Phitips Ltd  Copenhagen [ the Isotope Laborrory,
Ripthosphalet), stepwies ¢ each 1.3 mm. The diiribatio  of sctiviry war thereher
Motted, with counting rites a3 & fanction of the ditance from the starting Ene. The &
values were calenlated as the matio betwean the distunce from the starting Bot to stmenm
activity  d front reapectively Th cootrol spot was produced by spraying the drroms-
yram with Dmgendorf® reapent (potassiom bismuth jodide), allowing decanethoamm W
be localised 11 2 red streak on & yellow background (TosrsrT 1964)

Results

The renal excretion of 14 Cdecamethonium

The radicactvities measured in urine collected during 4 and 24 homt
after intravenous injechion of 100 pg 14C-decamethonium per Kilogram
are shown 1n table 1 Itn:.cen!.hl-.\tabauthalfoflh.cin_yccts:ldcﬁr!ll'd
been excreted after 4 hours and sbout three quarters after 24 howt.

Fig. | illustrates the mean course of the plasma
concentration during the peniod of clearance determmations. Each paitt
of the curve represents the mean of wx experuments. In table 2 are gned
the results of the decamethonium and mulm clearance deternunatios
camed out dum:lgtwo3.0—m1muc];vmod.qoneachm-ﬂ.m.u.L'[‘llc""'-"3~“m
of the animals averaged 1970 g (ranging from 1710 to 2270 g). The aversé®
urine volume per minute was about 0 5 ml and about 0.4 ml,
during the penods of 60-50 munutes and 90~120 minutes after the W<
tion of decamethonrum Duning the former penod the decamcth>
numfimalin clearance tatio was 082+ 011 during the latter per
084 4 009 (mean 4 standard deviation) In fig. 2 all the valoes fo £
decamethonfum/inulin ckarance ratio have been plotted against
corresponding values for the urdnary flow

Table 1
Rat of renal excretion [ 14C-decumethoahmn
after L injespon
Percentage
Period Nt acretion

XPrTICIR | of Injected doto
04 hours 13 51 £ 9(M +SD)
0-24 bours 3 78 (runge 66-83)
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tisa in plosa (raooy/ol)
g ¢

%

Dec mathe fem ¢ wer fTa

7 w0 1 0 w0 w0
wiewtes afte Ly knjection
Fg 1 The sverago time cours of 4C-decamethonnmeoncentraton
platma fizr Ly Injection of 100 ug/cy In 6 rabbats.
The vertical bare fndicets the standard devistion,

Abscipal Time bn min 162 after kyection,
Ordmat  C of

in plagma

Chromatographic ldentification

The results of the chromstographic analyses in & single expertment are
shown in table 3 1¢ 18 seen that the injected preperation was mseparabic
chromatographically from non-labelled decamethomum. Further both
systems gave the same Ry value for the 14Cabelicd urine component as

Table 2
Remal clesrunce of docxmethoaium compared with
foohn cearance.
| Rato fo decame-
No 30 Averigo clearance (ml/mm.) thosd m/iulin
A perrnenty poedoo. |
decamethonl m | mwh (rwe £ SD)
. T 4 om £ all

5 & 044 L0
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|
o

Decamvhhonium-cearasca/muls-clearance ratto
|4
%o
<
o
°

03 10
Urinary flew (mi/min)
Fig. 2. Ratlo for lnnlin/decamethoninm clourancs b
relation to urine flow
Abwchma  Urine flow (ml/min).
Ordinate  Ratio of huolin/decamethonlum clesrunce.
Data from 12 experments In & rabbits.

for suthentic decamethontum, and no other activity peak was dend®
strable In the chromatogram than that representing decamethonmom. T
same results were achieved in five other experiments, when the eof
collected within two hours of decamethonrm injection was submitied ©
chromatographsc analyss.

Chromatography of urine samples Iater with system B (ﬂ‘b‘“’:
cthanol, glacial acetic ackd 82 1 3) disclosed two activity peals

Table 3
Paper chromatographic identifcation { urinary 1C-labejed comporsd
sftor | Injectio of MC-decamuthontum. _
Sotvent Ry vale
systom*) m
(3]
A as
Prepanution Inpected B 048 od
A os o
Urloe eolbected 0-120 min after ijection B oAs [
——

) Sotvemt sysicnns wero A, cthanal, water emmanka (75 25:2) and B, -butanol
glaclal acetic seid, water (8 2 1 3)
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several expenmments, one representing decamethonfum  the other with a
hfgbu‘Rrvnlnc.‘I‘lrhtt:rpeakwmnotlnvnmblyprumt,mdth:
mpect:dmctnbulhewuufnmllqunnﬂtyrclamwthenmumof
activity admumistered

Discrrdon

The rate of excretion noted for decamethopum is of the same order as
that reported in the hterature for hexamethonfum. WiEN & Mason (1951),
in experiments on rabbuts, found up to 84/ of mtravencusly injected
hexamethoninm to have been excreted in the urine withm 24 hours.

We found the clearance of decamethonium to proceed at the same rate
as that of imulin, which soggests that decamethonium 1 excreted by
glomerular filtration. In this respect there is also agreement between onr
reslts with decamethoninm and those achieved by other worken with
hexamethonrum. Youna DE WARDENER & MiLes (1951) studsed the
mechansm of the renal excretion of hexamethonium by mbbits and found
ths hexamethonram/imulin clearance mtio to be pearly ope. MclgaAc
(1962) who measured the hexamethoninm clearance in cats by an fsotope

hnique, arrived at ah /ereatmine ch rato of 0.52.

It 5 worth noting that in most of the expermments tho clearance values
found for decamethoniom were somewhat below those for inulin. A
certmn reabtorpuon (rediffusion) of decamethontum must therefore be
asumed to take place in the tubules. We should expect the reabsorption
10 depend on the decamethonrum concentration m the tubular urine and
thus also on the nrne volume. However, fig. 2, m which the decametho-
nfumfinulin clearance ratio hay been plotted agmnst the corresponding
unne volumes per minuts, affords no besis for this assumption. The
objection may be raised to our method of cakculating the decamethoniom
clearance that a fixed valuc has been employed for the delay-time, frres-
pective of tho urine volume dmcharged. We ought, perhaps, to have
reckoned with a somewhat longer delzy time for the nrine sample from
animals with low urine flows and acoordingly with a lower decamethomum
ciearance than that calculsted for animals discharging only amall urine
volumes. Varianons in the delay time could have no appreciable influrence

Binding of decamethonmm by plasma proteins might be & canse of &
lower clearance of decamcthonium than of inulin. Qur study did not
indude mvesugations throwing light on this question, but some of the
results schjeved militate against the hypothesls of protein binding,
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On the baus of our investigations into the course of decamethomm
concentration {n plasma afier intravenous inyection into nephrectomied
rabbits, it was possible to cakeulate an initial volume for the distritation of
decamethonium corresponding at any rate to the extraceliular space
(BRoEN CHRISTENSEN & SchHOU 1963). The demonstration of & opd
passage through the capillary wall suggests that decamethonmm s osfy
present in a diffusible form in plasma.

Further the results of the dearance determinatrons at high urine flom
showed that on several occasions the clearance of decamethonmum ws
equal to that of inulin This also argues against the view of & partsl
binding of decamethonmm by plasma proteins.

The chromatographic results prove that decamethoninm was excreird
unchanged in the unne during the period of clearance studwes. The resds
suggested excretion of & metabolite later on but this question regoins
further investigation by means of a more sensitive chromatographe
method or use of an sotope-labelled preparation with n high pecie
actlvity WaAsEr has since 1957 been working with 14C-decamethonion
with & high specific actrvity has recently pubhished the preliminary ressks
of a metabolic study on cats (WASER 1563) In experiments mvolving oglf
the first 40 after adminstening d honfum small amounss of
a metabolite were found 1n extracts from liver tissue

Mclsaac (1962) found no evidence of metabolum of 14C hexsmet-
nutm 1 cats. Using paper chromatography he noticed that
num was excreted nchanged m the unne. Further no 14C0; ¥
demonstrable in the expired air

In our studies on the fate of decamathomum fn nephroctomized rabbs
1400, was detectable 1 the expred a though m only small quasiits
This finding supports the hypothesis of tlow metabolism of decameti>
nrum (BroEN CHRISTENSEN 1965)

Sammary

Investigations 1nto the renal excretion of 14C-decamethonfum g
mtravenous mjection mto rabbits showed about 75/ of the mpﬂfddﬂr
excreted in the unno durmg the course of 24 hours. Determmation
decamcthonivm clearance gave vahues of the same order 83 tho®
smultaneously measured mulin clearance,

Paper chromatography of urme samples showed decamethonimn £ te
excreted unchanged within the first two hours after the ingection
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Effect of Certain Drugs upon Amitriptyline Indnced
Electrocardiographic Changes
By
M. Nymark snd J Razumwen
(Recrlved January 10, 1966)

In cases of human amitnptyline posomng the cardiovascular oo
sequences have been described s hypotension, tachycardia, ekectrocardd
graphic (ECG) changes and cardiac arrest (ANDERSEN & BRULSGAE
1964 SomeNsin & ANDREAWSEN 1964 MIKKELSEN & RoviL 1965). T#
doses taken 1n suscide attempts have been in the range 10-50 mg/ke.

Even at the therapeutic level, Le 1-2 mg/kg, amitriptylme has &
casionally provoked ECG changes, particularly 1n certain older patients
(ScHou 1962 KrisTIansEN & Poursen 1963 Orsen 1963). <

Apart from tachycardia, theso changes consist 1n varymg degre®
defects 1n conduction as manifested in atrioventricular block or bend
branch block or both. In massive poisoning these changes may giv 2%
1o bizarre ECG 3, probably camsed by sinfting ventricular pacemates
polyectopa. Nevertheless, all the changes are fully reversible.

mmamdofacammhummdmwamﬂ?;
amitriptyline porsoning in guinea pigs (BOTSSTER, SIMON & WITCHITZ !
and 1n dogs (ScaARER 1965) In the expermments reported here wo oo
thess changes 1n rabbifs with the object of using porsoning in th i
23 2 model for studylng the effects of a seres of drmgs on the cours
polsoning, 1n order to gain some msight into the mechanism
tho cardiac complications.

Material and Methods -

New Zealsnd Whit nmwmumwmwmmrm

‘“'W'W‘manlmﬂ-nlmnopclun;txthalwunndnmbl;”x"’D
tracing, the srumals wero naxt put uoder bght agacsthesiz with & gry mbtwe
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inOp 4+1 fml By meam of used gu the roixtere was
uﬁnlnbmvdwhhtbnAyntc:hnlq-.AmukM}n;dlﬁdlbﬂﬂ(‘Omm)lhin-
walled rubber tublng, was employed securisg  close concection t the munde and mounted
on  sainkees sieel bese with tw ﬂrtluufwtbcmhhlndouktmba.mm
standard Jeades were taken from H and dings wery
made on a direct writing hanoel oacil h (Phdlips Ol type Fo 2300
Useally ooly readbegs { ead I and [T were racorded, bt switch box allowed the subse-
quent bead ITT recording when required Batisfactory ECG s were prodoced with  paper
spesd of 50 mumfsccond. The keart rato wws cownted from the ECG The drogs were
disoived In or ciluted with distilied weter and Infected {ntrperitoneally [ntramoscolady
or intravencmly knto  margisal ser vein ko & yolume of } ml/kg bodywsight, For Infuskon
the drug was diluted bn physiclogical ealine, the drop specd being sdfusted 50 e9 to glve
volomes of betwesn 1 and 4 ml per minate. 1nt some experinaents & polycthylens cxanole
waa ineerted into the femoral rtery mnder loca! smmesthenls, and the blood premurs wes
recocded on. mok-idmn.Ahnm-puim-nmwinl-nob’nwdfnrmen.

The drags employed were o
(DCD, proprasolod (denl @) dliydrocrpotamine mrthisernlphosaty, pkmh:hmh‘u
Uregitine &), ressepine (secpasll @), Tire base,

mine (mestinon &), ltmplncmlph:l-ﬂ. pmﬂmuﬂm'ynnd@),

procatnamide hydrochloride (nronsstryl @), desacetyllanatonds C
{cedllundd @) The doees arv all given in terma [ the malt, except that of norepiwephrine,
which Is ghven a8 base.

In evutoating the ECO comparisan was mede with tho truce obtadned | the control
period before domng furthber the £ Iowing normal valoes ghven by Bcancr, (1933) wore
comidaed PQ 0.05-0.074 orsec and QRS 0.015-0.025 oamec,

Resuits

Our first aim was to determme @ dose that would constantly provoke
the changes without kilhog the animal too soon, but an the contrary
allowing a convement duration for therapeutic atterpts, It proved im

Controt Smin._ Omin 25min 4Omin_ E3min

lZIET i3 _!2; 1350 L3280
S koo

Fig | ECQ tracnp rom  nabbit, § 39 kg,
sbwited to pomroning.
Aous Plarmarniopies, Tul, 3, fe 33,
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potsible to satisly thess critena by means of oral doses from 100 to 30
mg/ke. Tt was found that 50 mg/kg intraperitoneslly provided the mogt
reproducible results an example Is shown 1 fig. 1 After this dose, oaly
5 of 49 rabbits did not respond with ECG changes. Fourteen rabiuts died,
seven apparently from the amitriptylme possoning itself but the other
scven as a result of the combined amutriptyline- antidote” posoning
The tume 1nterval between the injection and the first changes vaned fron
3 1o 10 minutes, and the duration was never less than one hour and wes
maximally recorded for 3} hours Accordmgly therapeutic attempts wert
Limited to one hour after the amitnptyline mjection. In three expermeats
performed without N2O/O-anaesthesia changes of the same degres were

Table 1

Effact of diffacent drogs on electrocardiographic changes [n rabbits indweed
by embtriptyline 50 mg/kg Lp. Bee text for farther cxplanation.

Effect o0 o |3
Drug testad Dose mg/kg l:-nnn) ECO 24 s
Dihydrosegotamine 0.1-0.5Lm,  1futer wome 4 °
3 slower
Phentolamine 1oLy dowlsg  no 1
Dichlorohopropylnor
adrenatis 2330Lm  2fumr  wore 4 2
2dower
Propranlol 0.5350Llm.  dowing nocrwos T 4
Ly
Propranolol pratreatment  0.5-1.0Lv dowing preveatn 1 ¢
Jom 2 caes. )
Reserpine pretreatment. o1 101y dowing wooruget 3
provent PR
Noradresaling 0.001-0.003  slowing 3 wone
L Jmin, 1 botter s
Prostigmine 0.025-005Lm.  slowing noorbetsr 4 H
Pyridostigmine 0.025-04 sowing  pormalldng 3
Lm.-Ly P
Acetylcholine 0.001 sdowing a0 f
L Jmln. B
Atropine protreatment 20L 0o 0o L
Almaline 10-100 dowing  wor 2
L 4m
Quinkdlne LT.IN slowing  sfightly ot '
rmliring L
Procatzamido 10.0L dowlng  moorbese I ]
Lanatosds C o5y no » !
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provoked, and 1n 4 experiments mvalving such anaesthesia, but wathout
apy smitriptyline mediation, a normal constant ECG was recorded for
1-2% hours.

Iﬁmmtupmmﬂnu the possible antrdote was admimustered when the
ECG changes were mamfest, but In some the possibility of proventing
the changes by pretc with the “antidote” was Investigated. The
drugs used may be clasmfied into those exerting an interference with
adroncrglc or cholmergic autonomic transmisston and those with known
anti-errhythmic properties. The results aro coliected and summarized in
table 1

A Interfering with adrenergle transnrission

The a receptor blocking drug dihydroergotamne In & doge of 0 | mg/kg
i.m. reversed the amitriptyline-induced tachycardia to bradycardia. In-
creasing the dose to 0 2 mg/kg + 0.3 mg/kg 15 mimutes apart provoked
the same respense, but 0.5 mg/kg in one doss increased the tachycarda.
In all these tests . mare proncunced bundle branch block resulted. All
the animals died shortly after the end of the experrment.

The same¢ bradycardic effect, but with no effect on the ECG was seen
1n on¢ experiment with anotber a-receptar blockmg drug, phentolamine,
in & dose of 1 mg/kg Ly This anlmal survrved.

Two f-receptor blocking agents, DCI and propranolal, were tested
DCI in doses of 2.5 or 50 mg/kg 1. m. slowed the heart rate by abount
50 4, thus changing the tachycardla into bradycardis, The ECG changes
were not affected on the comtrary the QRS complexes tended to become
even broader Two out of four rabbrts dred within 24 hours. The same
effects were observed when propranclol was administered 1 doses of
Smg/kgim, 0.5 mgkgly + 25 mg/kgim 1 mg/kgLlv or 0.5 mg/kg
iy ropeated 3 times 10-15 mirutes apart. Two of these rabbits died
during the experiment, presumably because of too high a doss of pro-
pranolol (5 mg/kg L. m. and 1 mg/kgiv) On the other hand propranslol
pretreatmiont prevented the occmrrencs of the ECG changes. In ¢ exped-
ments 1 mg/kg L.v given 5 ounutes before amitriptylme was effective,
and in two expenments only slight tranment changes wers seen, In yet
another expermment 0.5 mg/kg Lv prevented the changes. Propranolol
always mduced bradycardin, which was pot altered by the subsequent
amtriptyline adminustration. Likewise the drop in blood pressure usnally
seen afler amntriptylne was provented. Ono of the pretreated animals died,

The significance of cardiac amines for the provocation of the ECG
changes was ined by reserpine p tment. According to CarLasan
etal (1957) a dose of 0.1 mg/kg Lv after 16 hours had depleted the hoart




152 M NYMARK AND J RASMUSSEN

of at least 90 / noradrenaline (NA) However this treatment failed b
prevent the changes. Increasing the reserpme doss to | mg/ke, cansingaa
almost complete depletion of NA from the heart, provided a slight pro-
tecting effect, sinus rhythm bemg preserved, but the QRS still broadened.

The transmitter itsell m the form of NA mfustons at a rate of 13
ng/kg/minute up to 20 minutes in one experiment showed a normafizng
effect on ECG but 1n three cases the changes wert increased. Some degres
of bradycardin was induced. All four rabbrts dsed,

B Interfering with cholinergic transmlssion

Two choline-esterase Inhibiting drugs, prostigmine and pyridostigmiee,
were exammed. Prostigmine m doses of 25 or 50 pg/kg Lm. produced
some slowmng of the heart and showed a slight normalinng effect on the
ECG Two out of four animals died within 24 hours.

Another stigmine, pyndostigmne, proved to have a beneficial effect
the ECG changes In all but one caso the trace normalized, snus rhytis
wat restored, but the mital complex was still somewhat broadened
Further the amitnptyline induced tachycardia was mmuch redocrd
Pyndottig;mknuwug;vcnmdwﬁ.eddosumngmgﬁom)jtomwh
im inall All the animals survived.

Acetylcholine infunion at 1 pg/kg/minute produced some bradycardit
but was without any effect on the ECG changes. Atropine pretreatmeth
at 2 mg/kg Lv 10 mumutes before amutniptyline, also had no effect onthe
course of the poisonmg.

C Antiarthythmics

The rauwolfia alkaloid agmaline which possesses antrfibeillatory P>
pertres, has recently been reported effective in differcnt cases of &
systoks and paroxysmal tachycardia (Lorpick 1964) When
was ndministered in doses of 10 mg/kg Lm or 1 mg/kg repeatedly LY
bradycardia was prodoced and sometrmes the P wave mppwdw
the QRS—complex was further broadened.

The two wellknown antr-arrhythmics, quunidine, § mg/kg Lv ol
procainamide, 10 mg/kg 1.v., both provoked bradycardia and had 8 u':
stent normalinng effect on the ECG Sinus rhy‘thmwummffi but
one experrment the QRS complex broadened even more. With P‘°:j
amide this effect was evident for about 5 munutes and could be prod
agnin by an additional dose. In one experiment 4 doses of 10 mgBf
procainamide during one hour were given without deleterions effect +

The digitalis glucosde, lanatonde C, given in doscs of 20 pe/kE mo::
30 pg/hg 1 v 45 minotes apart was without any detectable cffects It

expertment,
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Discesadon

With amitnptyline polsoning, the ECG changes and especially the
tachycardia could theoretically be produced by an inhibition of cardio-
mhibitery vagal fibres or an enhancement of the sympathetic accelerant
nerves or & combination of both. But & direct effect on the myocardfum
chquld ako he consmidered.

The possibilities of marked local activity exist, as after amitniptylino
administration relstively high emounts are bound in the heart as in other
argans (Hocxex & Parix 1961 Cassano, SHSTRAND & HAXESON 1965)

The autonomic effects of amitnptylme are charactenized by a strong
antcholinergic atropine-like action and a relatively weak NA-potentiating
effect (THEORALD, BUcH & KUz 1965 CAIRNCROmS 1965). The net result
of these effects 15 & ghift 1n autonomic balance towards adrenergic dom-
1panca, For the heart this means & positive chronotrople effect, i.e. tachy-
cardm mainly due to the blockade of peripheral cardio-inhibitory vagal
fibres but a contdibuting factor may be a potentiztion af the effect of the
sympathetic transmitter at the receptor mte caused by amitriptyline s
ability to mhibit the actrve amme pump funchion in the membrans of the
synaptic ternunals and thus the most important normal physiological
fnactrvation of the transmitter (Premscymz 1964 CarLwsan & WALDECK
1965)

By itself such a shift to adrenergre domimance should not necestarily
couse ECG changes On the other hand, it 19 well known that temporarily
increased ventricular excitability as expressed by ectopic beats can easily
be produced by mpections of NA, When the normally occurring inactiva
tion by uptake n termunals is then inhibited by amitrptyline, {t seems not
unlikely that euch changes could be long-lesting and aggravated, partic
ulardy when at the same time the cholinergic cardme inhibrtion 1 Impaired.
A contributing factor to this could be an uncconomse heart work caused
by & decreased stroke volume and an increased load on the right heart,

On the other hand, one should consider also the doal achon of amitrip-
tyline on adrenergic mechanlyms. Thus, at high dose kevels the NA
potentraung effect tends to reverse to an inhibrting effect. In such cireum
sances the recepior blocking properties domipate and overwhelm tho
oppoute directed effects of the mhibited membrane pump (PETERSEN ef af
1566}, In thrs investigation involving high doses there was, however no
endence of reverial. This may be taken 1o indrcate that thys effect 13
limited to a-adreiotropre receptors and thits plays no part in the heart
where NA combinies with f-receptors (Koch-WemR 1964)

‘When the sympathetic traosmitter was almost completely depleted by
rescrpme pretreatment, the ECG changes were less pronounced. On the
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other hand propranolol, which is a highly effective p-sympatholyte sgext
(SHANKS 1964 LrpsoME, LiNDEN & NORMAN 1965), except for n brady
cardiac effect was without beneficial effect on the ECG changes ficst
established. However when propranolol was given before amitriptyis,
the changes were prevented The discrepancy 1n these observations is pot
casy to explain, but differences m affinity for receptors in the heart,
amitriptyline possessing the highest, might perhaps provide an explass-
tion. In this connectron it Is worth noting that it hag been demonstrated
that anutriptylme, lihe catecholamines or sympathetse stmmilation, &
tivates the myocardual glycogen phosphorylase, which catalyses the bresk
down of glycogen to glucose 1-phosphate. Amitnptyline also potentiates
the activating effect of isoprenaling on the heart, This has Jesd to (e
suggestion that amitnptyline brings about thess effects by actrvating B
myocardial f-adrenotropic receptors (SATCHELL, CAIRNCROSS & FrEauY
1964} If it 19 correct that amitnptyline and propranolol compets for
tame receptor, 1t seems that, once one of these drugs has occupeed 1%
receptors, there is & nmrtual insurmountable antagomsm, Le.
competitive antagonrsm (VAN Rossud & Aritha 1962}

The findmg of SCHARER (1965) that pyndostigmine can affect amiry-
tyline-nduced ECG changes in dogs was confirmed, ss for rabbets
fact this drug was the most effective sntidote in our frvestigation 1!
more effective than prostigmine, SCHARER suggested that the differenct
in effectivencss of the two sugmmes was related to thewr different sct00
onml:tﬁnnlnnoothm\mlc,therebynﬁ'eﬁingthnn}mrpthndm
tyline to a cafferent degree. When i p inycctlcmmmcd,thnm@“‘;’
15 chiminated, and the difference in action thereforo stcms alo &
related to a difference m the ability to inhibit cardme cholinesterss
Pyndosﬁg;mmehuheendmﬂxdumahnoﬂ:peaﬂtmﬁdﬂuw
human amitriptyline poisoning (MoESCHLIN 1965). 5

The normalzang effect of qumidine and especially of procalnanid
most likely due to ths prolongation of the refractory pcﬂod%
1965) accordingly n!th.oughnnECGwhhal]componmﬂW‘ﬂm
forﬂ:hoﬂpmmd.th:QRScomplexbmmambmadu‘mf i
oflamtondecwnﬁcctthnchnngubyinamsingthecnnmuﬂem:”
in accordance with cllnical findings (MixxELsEN & Rome. 1965 7
MusseEN, unpublished observation). .

To all species lutherto exammed, including man, the ECG chanfss &
fully revenible, which may bo const with the lon of et
autonomic dysfiaction, but i also in accordance ith the xS
nmﬂiptyimedimpw&umthnhmnmm:mpidlythlﬂfm‘”w,
organs. After admunistering Cl4amitnptyline, high conoentration? *20
found in the myocardium 3 minates later but one hour later e
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centration was low In contrast, radicactivity “was still noticeable after
24 hours™ in the lungs (CAZSANO et al, 1965)

Tn concintion, although & direct cardiotoxke effect of amitriptyline may
be favolved, the most likely mechaniam in the production of the ECG
changes scems to be a heavily disturbed autonomic balance with an
adrenergic domunance,

Sommery

Rabhits given 50 mg/kg amiriptyline Intraperitoncally were used for
studying the mechsnizms underlying the electrocardiographic changes
produced by amitnptyline seen in human cases of amitrrptyline poloning.
The effect of some drugs interfering with autonomic function or drugs
with enth-arthythmic properties on the course af the pomoning was in
vunpt:d,mdthcmulnmdumd]nﬂxhghtofpruemknawbdp
of lation It was Tuded that the most Hkely mechanism
in the production of the electrocardiographic changes is a heavily dostrbed
autonomic balance with ¢ shift towards adrenergisc dommance,
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The Inhibltory Action of Cardisc Glycosides
o the Isolated Guinea Pig llewmn
Effects of Alterations in the Yonic Composition
of the Mediom

By

Gmirmn Bleltredt and Kjell Briseld
(Received December 16, 1945)

In a serfes of publications GODFRAIND & GODFRAIND-DE BeckER have
reparted on the effects of cardiac glycosides on the isolated gumea pig
fleum (15618 & b 1962a & b 1963a & b) Therr jovestigations were
primarily directed to the second and inhibitory phase of sction that
follows a stimulating one. The results grven In therr papers might suggest
the possibilty of usng the smooth muscle inhibitory effect of cardiac
glycosrdes as a basls for thesr quantitative evatuation. Some difficulties
mvolved in such an applicstion, however were obvious the Inhibition
was perststent for a long-acting substance liko digitoxin The slopes of the
antagonmst inhibition curves were mther low and the necessary concen
trations of the glycorrdes relanvely high

In our work we altered the fonic composition of the Tyrode solation to
obtam higher glycoside senutivity and stecper inhibition curves. Further
a procedure, based on the use of a temporarily increased concentration
of potassium, was developed for washing the muscle free from glycoside
relatrvely quickly Digitoxin and strophanthin-G were used as test glycosd-
des, and & procedure for their quantitatrve estimation » suggested.

Techaigoe

A Modified T rode seluasns

Durmg the whibtion penod [ the expariments we ueed 8 Tyrode solutian modified
o contam 66% of the aral amount { potssunm (A) and, dunnag the waabing pecdod
mrroduced to free the mwscle from K glycosk!  contsat,  Tyrods soimtion attered to con-
tako an amount of potssdum 33% higher than vsmal (B). In both Tyrode A and B the
alanm concmtration was lowersd t half (be wwal amount (abie 1)
L A pecmnsiapion. vel. 34, fute. 31
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Table 1
Tyroda solutions used
§ vobstance per 100 ml

Tyrode NeCl  GaQl;y KA MgQl; NaH;PO4NasHCO; ghwow
Normat el 6m 0oz a0l oS of &
Modised A o8t oot oo3 - - -

Viodiied B o aol ooy - - N

B. Gulnes pig fenm cod apparatss

Pieces of teyminal Sowm from fasted and freshly kiled guisea plgy welghlog 120-19§
wero suspended In modified Tyrods solntion A maintained st 34 (:10.1%- The raeck »2
sitached 1o an Botonle frontal writing lever yiclding & magnification of about 5. The knd
wua 0.7-05 ¢

Tho expetiments wees carried out in an  utomatic assay pparatm from Cascla B
tronks Ltd, London. Th beth volumo wat about 3 ml, and the fluid was cheaged ¥
cmptying and refiiog. The period [ co tact of agonist solution ws woally 250 8
seconds (rangs 20 to 41 seconds). The washing consisted In roplacoaent of the sgould
solution with wath fluid and an exchenge of the wash flwid with freeh wask faid, which 5
Jeft In contact whth the muscle for 30 to 45 seconds befaro being agals repleced by spest
solation. The hterval between dones wes fixed t aboat 2 minates. The bath wes st

C. Agomirt end axsagomist soluticns
Hhtemino at concentrationt of 4 to 4% ng/m] wes used as agonmt. "
Digitoxin and strophanthin-G at concentratioas of 36 to 3 ng/ml kod 100 to 193
17> y were tied a1 I Boﬁupnhiud-m.-pob(.owommmﬂ"
with Tyrods solutlo AL

D Meteriaix

Digitexis. Sandoz A.Q Bascl, Bwitreriand. Hlrtowss Histamine d-HCL Light £ O
11d. Colnbrook, England. StrephamtkisG g-Strophanthinom eryst. Omabebe. E.
A.G., Darmstadt, Gerrmany

E. Precrdury

Annbdazmpmdcdumomebeammwnmrrzamwmmw&:
then stimulation was begizn with & submaximal doss of hietarmine. When the muc
stable, tho linerity of the gonuet carve was checked by also pnng two ke B0
doens logartibmically epaced. Tho agtagonst solstion was then beft In cootsct W
faumte 20 muactes (the solutis was repowesd afber 10 misutes beoswws of the el
[ the bath) and weshed way end stimulation with the submaximal histaoos e
ﬂoucmhuiAhalldmLhmmnmmdhnm}ﬁ‘;ﬁ;"'“‘
satagontst 4ose was gven a1 described above. The increass ba watt)
hmmdemmhmAmumw4mmmwmom"f,
If i became mecomary to btllnmhhihﬁcnm'ﬂmnmrmﬂw/"m
amtagont dom was Eppbed i the sume way and fimally the Liocesity of the 1okl 7
wmwmwmmwwmww
times higher than before the first antagontst contect wers urmally reqained.
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The muscie was than wished fres from ghycoskd by replecing the modified Tyrode A
with Tyrod B for 45 mieutex, retainieg the -clnute dosc cyck. Wih flnld was substitoted
for mhphﬂcndnrh‘lﬁhp&bd.%cn(bkuhh]pﬂﬁoﬂmﬁnhh&Tym&lol
was replaced by Tyrods A snd the moscic stimat with wotdl the
had fallen 10 the original level, corresponding to th riginal potassiom contest. The
maacke wan then ready for contact with & Dew antagonist.

P Asaay of dyitaxin and of strephexthin-G

A quantitativo estimation of an wimowa glycoude sohitlon required two experizettal
mo-mﬁﬂdlybﬂnu(nmtﬂmmwﬂuuwfwlmdudndﬁon
and then fo  tost solstion, Each of the curves wa based 0n two antagonist concentrations,
&3 descTibed under Procedwrs. On the next day the cxparhment was repsated on a péscr of
flecm from snother guincs pig, but this tine the wnknown sohodon was tested first. The
fival reanlt was calculated A3 the mean valoo f the resalits of the two dayr The giycosldo
concantration of the test solutioa was calcmiated om the beths of the fog-concentrations
tast and standard solutiond ding to 30% h of the agonist
dowes. Exch log giycoside toa 50 Ibition (og Ise)
wes calculated from two ghytoside concwrimations, causing lnh bitloa In the rangs aated
(25-35%0 s shown n the following example 63 ng/ml (log = 1.30) of digitonln cansad
35 inhibitlon wnd 79 wg/d (o ~ 1.90) 36X thlbfion.

- %
Woglsm =150 + | (1.50 + 1.00) T]—].rn

1If both ghycosk! concwotrutions camwd hibinon effects on the sowe sids of the 50X

leved, the regnlit way obtained graphically by extrapolapon, bot tis was onfy conyidered
permmmble If 0xe of the effeets was within the inhibitios rangs 43-35 3%

Conrments om the Techeiqwe
A. Modified Tyrode solutions

Slgnificance of a reduction ta calcium fon concentration Tyrods solu-
tioms wath half the usual amount of calchim were not Introduced especially
for the experiments deacribed here, but have been used generally in our

lah i

y to p con of the guinea pig ileum,
whrch were otherwise sometimes troublesome Such 2 redunction fo con-

centration of calcrum fons reduced by about half the sensitovity of the gut
to histarnine. If the ation of p jum jons was sob Ty
lowered to that of the modified Tyrode A (66% of the wrual), the sensi-
uwity of the muscle was further reduced by a factor of about 2.

The significance of such alterations in the jonkc composltion of the
medum for the whitatory effoct of digitoxm is shown in table 2. In
experiment I a log inhihitor-effect curve was first extabiished in normal
Tyrode, and subeequently ~ when the glycostds had been washed away
m modified Tyrode B — also in & Tyrode solation with half the normal
concentration of calcium. The resalts given 1n table 2 for this experiment

suggest & dderably i d effect of digitoxin in the low calcium
o
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T c,lBGng/mluEﬂerH5ngjnﬂbchlgmquutd As, however the
:ﬁ‘ﬁw concentrations of the cardiac glycoudes were often somewhat
Jawer after the perrod of washing with modified Tyrode B experrment la
might overesmate the significance of the change in calaum ron concen
tration Tho was in fect demonstrated in  reversed experiment, beginning
with Tyrode solutton having half the normal content of calesum and
ending up with 2 normal Tyrode solution. In this expenment (1b) the
digrtoxun concentrations causing 507 Inhibluon were 209 nglml for the
normal Tyrode and 186 ng/mi for the Jow-calaum Tyrode The combined
results from the 2 expenments show that & 239 lower concentration of
digrtoxin was required m the low-calclum medum. The log glyconde
mhibition curves were somewhat steeper In the low-caloium Tyrode than
1n normal Tyrode

Sigrificance of a reduction in potasstum lon concentration The effect of
a redoction in potassfum fon concentratfon on the inhibrtory action of
digit was dderably more prc d than that of a reduction in
calernm jon concentration. In & double experiment (2a, 25) denigned st
described above for the two caleum 1on concentrations, it could be
demonstrated that a 64 / Jowered digitoxin concentration was required
for & 50,/ mhibtrtion of the agomst when the potassum content of the
Tyrode solution was reduced to 66 7 of the usnal (1 8 mM against 27
mM) At the same time 1t was noticed that the change in potassinm lon
concenteation sterpemed the log glycoside-mhitntron curves. A further
reduchion fn potaminom lon concentration to haif the normal (1.35 mM)
was Impracticable, as the agonist cffect gradually declined. GODFRAIND &
GooramnD-DE Becker (1963b) observed n similar expenments that a
decyeaso m potassium jon conceatration from 2.7 mM increased the
antagonism, which became unsurmounisble when no potassium lons
were added.

Significance of @ simul; redu in calcin and potassivm fon
concentrations (Tyyode A) Tuble 2 also shows the results of an expeniment
(3a, 3b) 1n which the calcum and the potasymm fon concentrations wers
reduced to those of the modifted Tyrode A. The inhibttion 1n this medmm
was of tho same order as that observed in the Tyrode with low potassrom
and normal caldum concentrations, which shows that the sensitivity of
the muscle to digitoxin was predominantly determuned by the potasstum
1ony. Several expenments dermonstrated that there was required in the
modified Tyrode A (in most expeniments 40-80 ng/ml) about one fifth tie
concentration of digitaxm of that in normal Tyrode (200-400 ng/ml) for
the same inhibition. The concontratlons of digitoxin vsed by GaDFRAIND
& Goorranin-DE Becken (19638) to reduce by hall the effect of histamine
was 500600 ng/rul or roughly 10 times higher concentrations than thase
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necessary 1n the modified Tyrode solution A to redoce the histamise
contractions to one third to one quarter It should be pointed out, how-
ever that the authors mentioned used a S-mimute rmuscle-digitoxin contact
period instead of the 20-minute penod employed by us.

The persistence of inhibition after the contact time also vaned wik
the Tyrode soluhon used. Though the inhibition in normal Tyrods ko
some expermments had already reached its maxomum after about 7
histamine-caused contrachons, and then slowly decressed sgus, te
mhibition in the modified Tyrode A arose more slowly but was hughir
persistent. In one experument the inhibrtion Jevel was unchanged afier
an observation thre corresponding to 22 histamine-induced coatractions

Sigmficance of an tncrease In potassium ion concentration (Trrode .
When the potasstum jon concentration was increased by 33/ from te
normal to 3 6 mM, the muscle oould be washed fres from glvcomde R ¥
40-45 mumrte perfod, GUOFRAIND & GovFRAND-Ds Becxe (19634
have also pointed out the reduced mhilution at concentrations of P
tassium chlonde over about 2.7 mM. Fig. | illustrates an experment it
which the digitoxin effect was climiated as mentioned above. It will
noticed that the histamine contractions were connderably cnhanced &
the high potassium Tyrode, but were again normalired fn the coune o
30-40 mimtes (15-20 cycles) when the modified Tvrode A rephoerd
Tyrode B

B Procedure

Linearity of the iog glycoside-inhibition curres The suggested caulehe
of log sahibitor vatues corresponding to a 50,/ inhibitron from fwo eat*
gonist concentratons on]ywasbuedonmuhnmntvofthnlﬂhniz
carves. Fig. 2 shows two linear curves, one with digitoxin and oo
strophanthin-G as inhibitor and each based on 3 glycoside mmmgﬁ

Period of contact between antagonist and muscle GOpPRAIND &
Frano-De Becxen (19634) employed & 5-minute contect time bewee?
glycoside and rmuscle 1n most experiments, bt showed that the 83
of inhibition increased with the contact period up to about 4.‘)1111‘1‘“1:c
Our proposal of a 20-minute period represents a compromise betweed
time causing the strongest possible mhibition and ths time most s2i% A
from a practical point of yiew When the contact time was
from 20 to 30 the § 1 1nbibith was not consite
sufficient to yustify advocating the longer period. The averags {nhite
vﬂuufmmwvcrﬂnpmmmumniadnutwnh:dlgimﬂﬂ%
tion of 63 ngfml were 36,/ 60/ and 84 / for cantact periods of o7
and 30 munutes, respectively The slopes of the inhilution curve
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T

< babac a

I I II I
Fig. | Inkibwtory effect of dightoxin om the bolated
histamine smwlared guises plg fiem.

Remeral of the giycoside by wastung with  Tyrods salution comtalalng
concemtration of potasatun chloride 33 higher than wrmal,

1 Hutamine effact bofor dighaxin inhbition.

TL Hutamine cfect afier two 20-minute consact periods with digitorin, 70 ng/ml and

u yml
mwm;mmmmmmrmm
Histaraing effect after of the high ¢ Tyrode solntion with the
Tyrods soletica otighnally cwed (66 % of the neml concentrution of potasdmn ehlodd ).
Histaing concsatration (2} 10 ag/ml
- - ® 20 -
- () 40 -
- @ e -

) 120
“Thee Jetters refer 10 tha marked aod tke sbeequent cycha.

pearly the same for the periods mentioned and 30 were the number of
agorust contractions required for a stable inhibition level (about 11) and
the persistence of inhibition.

Inhibitton level When the antagonist solution had been removed, &
stabje mhibition level was ordinarily obtained after 8 to 11 cycles (16-22
mimutes) A pommal development of inhibition is evident tn fig. 3, which
shows the first stages of an caperiment. Three log histamine doses de-
monstrate the linoarity of the agonist curve after each of two successive
periods of contact between the muscle and digitoxin (36 and 45 ng/ml),
the contractions levefled out In ths course of 5-10 and 10-11 cycles. The



164 G BIELTVEDT AND K. BRISEID

& STROPHANTHIN-G

» DIGITOXIN
50
30
20

10

INHIBITION %
& 8

v B o120 g 2223
L0G MIML GLYCOSIDE
Flg. 2. fnhibition by cardue ghycoskdos [ the isoleted hirtamino-
stim Lated guines pig flonm
Libearity flog dighoxls  d log stroptunthin-Q iahibition curves.
Both curves were based on 25 % Increaver In giycoslds concentntiast
For details aco tyst.

inhibitions recorded were 21/ and 69/ respectrvely It shoukd &
pointed out that in & few expernnents 12-13 hrstaminenduced cont
tions were required to obtam an inhibition level after the first antagors!
dose. The decreases 1n contraction heights observed being <o
insignificant, a 11-cycle procedure was novertheless adopted. The inblxr
tion observed m modified Tyrode sotution A was satufactarily perssten
No increase m the inhibiion level obtained had taken plece after #
observation time of 44 minutes.

Taking 1nto consideration the persistence of nhibiton, it was concsl®
ahlcﬂmtthndmmofmhibmonobumcdatnommnnnmsoﬂmmﬁ
tration might be due both to the effects of preceding antagonist doses
to the current concentration. To render any possible comulatio? cffict
insigmficant in determming the relattve strength of a test and &
preparation on one muscle, the same number of antagonist doxs ¥
used In both series. An expenment carned out, however with 3 digdo®
concentrations before the washing period, asd afterwards with the h@":
digitoxin concentration alone mdicated that the concentration iﬁﬂ
the determinmg factor and that the preceding antagonist dosss
contribute appreciably

Remoral of glycoside In modfied Tyrode solution B The mm
level obtained after a 40-45 minute washing perrod wath modified
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bcabe c

I I Ir
Pig 1. Tohibliory cffect  digitoxia on the iaclated histamloe
rimuted guincs pig Deum.
Development of inhibition after two contact periods betwesn
the maecic and digrtoam.
Tyrode solution modified to contuin 66 % of the xmea! concentration of potastm chlorids,
L Hrsuowne effect befors digitonn inblbition.
IL Histamine sffact after 20 minwiss conixct between the mnecle and dystoxin, 36 ng/ml
o wfiect after an 20 te contact pariod this timw with 45 g/ml

o

edcde

Hiktamine coocestration (/) 3 pml
- - @ 10 -
- © o
- &) 40
~ - [ON 4
The bettexs refer to the marked and the sabscquent cycte.

solution B was usually nearly the same as that observed before the firat
antagonist dose was added. In some expenments, however the fimal
contraction Jevel was considerubly higher than the original level, and a
prolongation of the washing peried to 60 numites dud not reduce the
contraction height. The increase in histamme effect might be an un
speafic reaction of the muscle to the preceding inhibitlon, but it might
also be du¢ to an incomplete removal of the glycoside used, If the [atter
explananon {3 correct, the transitory potentiation of histamine often
observed after the first antagonist dose probably demomstrates a sti-
mulating glycoside effect caused by Iower concentrations than those
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resulting in {nhibrtion. When the new contraction level did not exceed te
original one by more thao about 15-20/ the experment was mt
ugnificantly affected When the contraction level, however was mor
strongly potentiated, the experiment had to be rejected, as the slope of the
nhtbition curve subsequently obtained was then lower than usual

C. Assay of digitoxin and of strophanthin G

Inhibition effects of glycoside before and gfter the washing period In1
considerable mmber of the expenments the muscle was more mhibted
after the washing period when the glycoside concentrations were retested.
The fact was mentioned under “Commests on the Technique ogofl
reanice of a reduction m caleum lon concentration”™ and demonstrated
in table 2. The increates 1n whibition were ofien negligible and pewt
exceeded about 10 / To chminate any bias, however in the determinaton
of an unknown glycosde solution, & two-day procedure was adoptd
based on an alternating use of standard end test solutions.

Assay No systematic series of glycoside assays was carried ot ©
amminthnpmaﬂnnufthepmwdure,uthhmprmnﬂlyimwdcdfd
semi-quantitative compansons of the effects of different cardise giyet
sides. Table 3 however gives the result of an “amsay” of dightexiz, ©
which the standard aad fest solotions were known and identical, and 149
of a smilar “asway” of strophanthin-G Under these ideal conditiont ¥¢

Table 3

Inhibition by cardc glycosides of the wolated,
hittamine-stisorinted guines plg team.
Aseys [ digitoxs () and strophanthis-G (IT.
Fo both glycosides the standard #ud “text™ salmtions wero known and idestial
F  further dotails e text. —_—
n

Sequence { solutlons § ? ‘! g § ;! ;g ;’

/i caming 50 4 }
Inhibitlon 56 32 (3] 2] 120
Relatrvo actinity ‘
“test [standasd” 108% 0%
Averags Teiat sctivty
(1.5 S

e Mytamdard™ 105%
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found that with digitoxin the test solution had 105 of the activity of
the standard solution, with strophanthin-G 104 /

Comparison of the inkibitorv effects of strophanthin-G and of digitoxin
Under our expermental conditions the development and permstence of
mhibition by strophanthin-G wers fanrly stmilar to that of digitoxin, and
the slopes of the inhiliion curves were tho same for both glycosides.
A determination of the relative strength of the glycosides was accordingly
possitle. The results of such an “assay” are glven in table 4 which shows
that strophanthin-G had sboat 52/ of tho ileum-Inhibiting effect of
digrtoxin.

1In experiment 2 of table 4 the inhibitory vatues observed for the highest
glycoaide concentrations were 92/ and 94/ for strophanthm-G and
digrtoxin, respectively which 13 beyond the inhibltion rangs suggested as
preferable (25-85 /) Experience has however shown that, although inhibi-
tron values lower than about 25/ were not reliable, as the curves tended
to flattent out, higher valoes than about 85/ did often fit well into the
curves Table 4 further demonstrates that the relative activities observed
for the glycosmdes in the two experiments wers the same 1n sprte of very
different muscle sensititities.

Sanrmary

The semsatrvity of the isolated guinea pig leum to histamine stinmlation
decreased by a factor of 4 when the calclum and potassium fon concentra-

Table 4

Comparison of the mhibitory sffects { digitoxtn and strophanthin-O on
the fsoleted histarminestrmmulated guinea pig Bewm

For fartber detubh ses toxt.
Exper{mont 2

i
Biro
Giyconds s Duptoxi Pham ioptan- ! Dightoxn
Glyconde concratration
ag/ml 70 | 0 |18 | 198
Inkubstwn » 72 45 76
n 1 181

A/l canging $0 4
mhabxtion

Raliin acimkty stropban-
thia-G/diproam 51,
Average relathre actrvity
stropianthun-G/digitoxn 524
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tions of the Tyrode solution were reducsd respectively to 50 / and 66% of
the usual At the same time the sensitmvity to digitoxm inhibition fcreased
about 5 ttmes, 40-80 ng/ml against 200400 ng/ml being required fora
50/ reduction 1n the effect of a submaximal histamine dose. The atten-
tions in 10nic composition of the medium also steepened the log ghycosde
inhubitlon curve,

A method was developed for quantitative estrmation of digitoxin and
of strophanthun-G The glycomde concentration causing 50/ mhibetion
was determined as the average value from 2 separate expenments. The
procedure adopted was based on 20-minute contact periods between the
muscle and the glyconde and then 22 mumute equilibration perods wih
histamine stimrulation. The mhibibon 1n the modified Tyrode solutxe
used was persistent, but the glycomdes could be removed from the musde
specimens duning a 45 minute washing period if the potassiom jon e
centration was increased by 100 /
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Determination of Plasma Kinnogen, Plasina Kinipase
and Erythrocyte Kinlnase

By
Sidsel Flem Riovik, Olar Kjell Dyrod and Klell Brisedd
(Receivod Navember 11 1965)

Determinations of the kinjnogen concentration and the kimnase
ectrvity 1n plasma ocould grve valusble informatton m connection with
some pathological condrtions. Such estmations would also be of interest
for investigations into the effect of drugs on the kinin system of blood.
Several authors have reportsd on kninogen determinations in plasma
few however have gven detailed information on the methods used
(HaMBERG & ROCHA E SILVA 1957 DNz & CARVALHO 1963 AMUNDSEN,
NIDTAD & WAALER 1963 FascroLo 1963 Fascoro & HALVOREEN 1964).
Connderablo deviations in the kininogen values observed might reflect
fundamental differences in method. The elaboration of a selective mothod
that determunes drfferent “kinin fractions™ released by different enzymes
woul be too advenced a step to take at ths present stage of knowledgo
about the substrats jtself It has not yet been finally settled whether thers
exists mare than one kininogen 1n the plasma of each spocies, nor m it
certam winch lanina are set free by the vanous liberating enzymes (Bri-
1D JenseN, DyrUD & RINVIK 1966)

For the present 1t seems approprists to employ & somewhat crude
method that determunes the total kininogen by maximal release of kmin.
In thus paper 13 described such a method based on & releass of bradykinm
by trypua from acid-heated crtrated plauma. Becanse of the known
difference in rat uterus-stimulsting activity of the kinins (kallidin/brady-
klmn-06oulwdg;htb:m),xtumtialforthnmcthodofdnturmlm
ton that trypsin should refeass only bradykintn from the final substrate.

Several anthors have examined kininase activities in blood, unne and
different types of cells. Thelr experiments, however did not aim at ob-
taining kininase activities nutsbie for quantitative compartson of results
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from one time to another No stable enzyme standard preparatioos xer
used, and the design of the experiments only made possible the establisk
ment of fairly connuderable differences 1n enzyme activities, In the work
reported here we have tried to obtam reproducible determinations of
plasma kininnge and erythrocyte kininase by uung a fixed amount of &
substrate, bradykinin, 1n connection with & rigid time-inactrvanon e
tl

Results for plasma kininogen, plasms kinmase, and erythrocyte ek
nage determmations 1n 11 healthy males are grven.

Technigne
A, M tol 1sand As ays
1 Sabstrat for determinetion of plarme kinimsgen. A quantlty of 9 mi blood was coleced
by yeoep into a silicontre: duated cylinder Ining 1 ml of ¢ 3 1% vodkm
citrat drats solution, o d Hogn tabo aad catriepd &

13x10% f £ 30 minutes 10° Of tho eltoated plerme (2.9 ml plassna) 1 ml was ped
o and dllited with 9 ml of saline 1 N hydrochlorkc acid was sdded to pH 3 (sbowt 02 8%
nd the sample was thon boated [ r 30 oiinutes tn  bolfing waterbath. The swpe ™
stored at ~20°

froc the sed
it 130 g%
the Eompl

2. Swhstrate far determinatian of plasma hinimase OF the citrated plasna
sumplo used for kinjnogen determination 3 ml wero shaken f r 30 minuies
sllics powder Tho ellca was removed by centrifugatio apd decartetion sad
kept at -20°

3 Swbrtrate for determination of erythrecys umm-rythrmﬂ'fmﬁ“‘"‘:
blood sample wped fo kininogen and kinlowse was washed by Dm0
4-times repeated snsponding fn an equal volume of 0.9 K sodhem chioride polxtoR
centrifugatio rrlsxnhmnlelWAncrthlhnn-nLﬂfﬂFﬂﬁ“Mw'-ﬂ
two | m] samples were pipettad off and stored at —20°

4 Reagents Bradykisn (syntbetic) ln amponles of 100 pghnd, Sandoz, 4.0 o,
Switrarland. Siicars pender “Bpeod plua omzum_c-rbouwl—u'”m“’
US.A. Trypeia, 2 x cryst wiabed frew of salt, TREF Worthington Blochemictl
Freshold, New Jersey US4
on the otiwd %

ut
3 Arsayr. The kmia determinatons wors gencrally carned © n,dulﬂ*"

utery a3 “bracketing asays with & dose tatio of 3 2 Bradykietn was
substancs.

B. Mecthods
1 Determimation of plarme himtnagen. Tha boiled acidified w“g‘:a? u”\'d‘

platma kialnogen ( bout 10 ml with 0.9 m! plasma) was  djusted © P oy
n:nmmﬂn«(mzmmwwmmwnsr-ﬂ:" 4
mxu-nmmmrwsmmm-w;nmmwﬁm
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with ds Julon  solution. The stock soinnon wws forther diuted with de Jalon 3 sofution
wod tested on the olated rat utcres. When ke than 3 pg of bradykinle wes obtalned per
ml of plasms, the “bracketing”™ wes repested with trypsin (beat trewtrocnt as for the tert
salutiom) sdded to the standard sotutions, The results wore axpressad In tecos of bredy-
Xiaim.

2 Detormainasion of plarms kininsse. The method way In principhe the mme us previomty
degeribed (DYRvn, RINvIK & Bazard Jinm 1965). To varioos amounts of the allicate-
treated, citratod plesma (for ex. 0.10 0.125, 0.15, 0.175 ml) were added 1.2 g of bradykint
in 0.12 ml of 0.9 % sodium chiodds solution and tris baffer (@] M, pH 7.3) to 1.00 ml. The
mixturs wes Incubated for sactly # minmten at 37° and the reaction stopped by adding
0.04 N ydrochloric add t  pH 2 (sbout 3 m] acid being peedad) nd then heating for 10
minutes at 37* Just bel v aseay 01 M sodiom hydroxkds was added to pH 30 + 0.2,
bott 1.5 mi being ne¢ded. The sampls wes diutsd to 10.00 ol with de Jalon » sohtion
and the siock solwtion further diluted for amay n the hodated rat nterms. A linear log-
coveentration responss curvs was drawn, and the plasma kintrase activity wex ghven as the
mount of aireted plarme in ml per ml incubation mixture thet Inactivaed 30 % of te
substrate under e condhions described.

3. Decornnetion of srythrocyts kinimese. A 1 ml sanmpie of wasbed celhs waa kaemolysed
by addimg an squal vokumso of weter and incutmting for 5 minotes €37 Therwt fthe
determination procedure was &3 described for plesma kinksase. The erythrocyts klainees
activity was ghves a3 the emount n pl per ml mixiure of
for 18 minutes st 13 x 10%g ia 0.9 4 sodium chlorids solution

Comunexts on the Techniqee
A Mat 118

| Swbrirate for desormeimuy plaswa kisisopen. The differwoce b rat wieres-stimolating
activity {iuibdin and bradykmin made it easerrtial (o7 the prasent method to be ueed with
4 rabxtrate that wosld st fret ouo Kinin only on fncubatio  whb the relmeing saryme.
Boadykinin sesmed saziet to obinie and was abo praferable bocawss { tho higher sctivity
om the uterus, Bagerd Jneen, Dyaup & Rrovix (1966) concheded from thetr sxperiment
(hat the procedurs of basting with acxd segpesied In the presest paper rensited fn a kaino-
% sabuirits that rescted readily to trypem, relasing & Jomin probably idemticsl with
bradykisin. The mdacuted that no wa lot thro gh the procedare,
Several previowm  uthors prepared thax for kintoogen by
beating with nead. VAN Axuan (1953) added an equal yohome of (13 £ cetic neid 10 plagma
aod heated to £0-90* m Haspena & RocHA B Siiva (1957) meed the sme
meihod, and Doz & CARvALNO (1967) added 1.8 ml f G £ ( A} scetic acd 10 0.2 ml
of platma and heatad 1 100° for 30 muzmutes fn - waterbuth. The pH kevehs emmploysd by the
anthors meaticoed wire hugher tham that sxggested by ox, bat thoald, sccorting to previons
operiments (B Jnain, DTaup & RINVIK [964), sffics for converting the
1 releas caly om trypain incobation A NUITAD & Wasren (1963),
O the other kand, restricted ther acid treutment to 10-mlouts mcxtation at pH 2 asd
P that, to our previous {i will
wymmmwmwmmmpdnaﬁm
kalikrein mdm(ﬂmﬂmmmmyﬂﬂnw
wmloopeptudae) and bradykiain wis rebatad. FAsaoro (1963) and Fascaoro & Harvor
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KN (1964) used Do ackd treatment at all, but bested thelr plesma ot 1007 for 3 misw
M(Mwndmnmwmmpmlfm-mhﬂi-
afl sminopeptidsses (o tha plasma, & comversion of released kalikdin to bradyihre coest
ke phace,

2. Substrat for deterninariin of plaima kinimase Amsarrawg Kous, Joesox & o
wWART (1954) and Asornoma Jurson, Kariy & STUWART (1935 & 1957) demondraeed e
kinins were refeeod in plasms 0 contact with plan surfaces, The csimatioos of phes
Kininass sctivities in our work being based on the tracthration of synthatic bradvkist shicl
t the plasma specimins, 1 y spontancom reloase of kinles kad to bo avolded. Masoxs
(1963 that the activatlon of the factor by & foreign surfact, s ko shal
powder would comvert kallfkcreinogen to astive kallkrein thos resafting da Ue et o
Hnfra H ko pohnted ont how the treatment of plasme with sofficient slkca povds
would depieta the plasma [ both the Hageman factor & d other factor pecesary for i
reienss of kinins. AMUxDeny, NUTAD & WAALER (1963) found that n raped pemip &
citrated plasma through a allica colimm altered the plesma tpecimens in such & wy tl
they coukd pot perveratn active kinlx on storage ln ghese tubes at 37 ar on dixtion vt
satine. In our experiments we used # batch “stablizatie  { the plasma spackoes v
sthca powder No spontanocas activity was obseryad after such treatment.

B M thods

1 S plarosa 1 Tryp The amoost of
sugpestcd was adjusted 50 a5 to bo sufficiont for naﬂmluh:o!bf‘dykm'l""
strates with & high content { kisinogen. At the same time, bowever the coscoatrition
nryme wat kept a1 low as posiblo becaise of H uteruy-stimmlating efect Tabie 1
that 0.5 mg/ml plasena was neceoary { | maximal reloars of bradyionie whca the facshe
ton was carried ont ¢ pH 8 1 mg/ml, piving the smme kinla valus, but 029 =g
plasma did oot saffice, und expertents with pcﬂodwwﬁ
feuntly tmpeove the yiedd of Katn. An Incrose m the mountdphiﬂnb!m%“
Mmmnsmwmmmummwmmmﬁw
show! g tht this énzyme concentration geve  suffcient margin of safety TVl [
that incnbations carned  ut with mmANuypunpumlpmﬂmhdh"’"‘:
higber bradykinin valmes, Thess revalts, bowerer p  bebly refacs tho iy of trypee
ttirowlate rut oteroe. The S-minute hoating { tho test solution at 100" before ama¥
to denature the enryme, was not sutfickent to ellminate Hs effect 0 the taret e
with varioms am unta f trypnn showed that an earyme concentration & b"’u‘
per i de Julon mmmmwmmwmwdmmwm‘;ﬂ
Attempts to climimats the effect [ trypein utheulqmbybuﬂdn:ﬂ*"“’“"m
tisse to 15 to 30 mumutes sh wed that ls-mmt:puiodmmﬁonmd
30 winutes tho bradykdnm amouat found was somrwhat reduced. .

Um;ﬂythuﬂimhlarylcuoua{trmhonmnmdcdludnp‘ﬂ!m“
cpariment t mak comin, bowerer rmm.mwhmmmsm
maed 130 10 the standard solutions whea bradykind nmofludl'\lp"m’:”—,
o&u{n:d.Dm&CmAuao(lm)pomﬂyud'mnpﬁ&nrrlhﬂf e
but they also nsed the nokted rat wicrus. Jt ca bﬂﬂlcnhltdﬁm'.blffﬁ-”r'
trypein concentraion In the Gual o6t solwhon was bout 0.03 /el fo ATRDSET T,
(hat relousod an sverzpe emount { bradykunkn per ml A seesbtivity of the wiCTES
kinin of 0.~0.4 ng/ml is then xemmed.
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Table |

of trypetn tlae apd Incubation pH
for the detsrminstion of kxman pletma kinlnopen,
Subetrate; Clirated phusma dibuted 1 + 9 wih saline, hydrochloric ackd added to pH 2
and beated for 30 minnte at 100
Trypein concentration: 0.3 mg/ml freah plesma.
Incabation pH: 80 £ 0.2,
Incobation time 30 minntwe
The incubaies wers beated for 3 minwtes af 100° and ssayed on the isclated rat wteros.
The trypn concontrations ars ghven a3 sg/ml frwsh plasena asd the ko vabnes obtaioed
1 113 bradykininfml freh pleema

Trypetn Badyidnl Bradykialn | Incab. time | Bradykinka
‘ Ml' Incub. pH ‘

my rebexsad g mtrtes rebensed g
023 36 13 3 15 50
050 &3 T4 &3 X 56
Loo (&} 1.9 63 43 7
200 70 23 63 50 57
4.00 70 - - -

Tucubation p/{ Tabie | demonstrates that the amomnt  { bradyidain relessed wes tho
e and menmal over the pH-rangs examined, 7.3 to 3 A pH of £.0, which correspoaded
clomty to the pH of da Jakon's solation, was sccordmgly chosen. Dz & Can alno (1963)
abo found a pH optimum 10 the ange 7.8 {0 $.2, but 10 contrast to our resalts  slgnif’
fexndly lower yiekd of bradykiat at pH 7 4,

Incobution timwe. T bis | thows that an incubaton time 30 minmies wes pewded to ghve
A oaxbmy refense T bradylunin, Hawwezo & Rocoua E St A (1957) showed thet o mexj-
wura ksl { badylonin wes sttamed 10 20 minute Doz & Can Arwo (136)) and
Fascaoto & Harvormn (1964) both used  30-inuts Incubation trme. It fy evident from
table ! thyt proloagmtion of the mcebehion tine (o 60 mintes cansed no lom of knin.

Reproducibiliiy The preciiion of the kmnogea decermina o method b shown bn tabde 2,
Elgit differeat samphty {rom 1ho seme plisme species were nssayed at difwent s,

« Determinarion of plosma kisimese and srychrocyr kininase. The reprodecitatites of
the iinisere detenntrmtion methods are thown ln table 2 For both & platea kinfiage and
&2 erythrocyts kininase preparatios (rom the sms sebject § difcrent sunples wers axmysd
ot diffcrent Govet Both kmstases wers detsrmiined without amy previoms purifcation
Procedurs, Accordingly the amoants of “lanmess determmed do not refioct the batlo

How (Dvaon, Rooix & B Jnons 1966).
D Awn prermesstogies. vl 3, foss. -1
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Table 2

Determination of plasca kininogen, phauma kintnaso and erythrocyts
kinknase precito  of the methods.

Fo details sew text.

Sample Tl fresh pl P preparatle per ml trat | preparation pec vt
23 g bradyk solutlon cavxing 50% | solxtian crusiog ¥4
vg brady Inactivatio
1 6.3 a5 n
2 63 020 ]
3 57 0.3 12
4 63 020 13
3 [%) 020 13
6 60 023 13
7 61 s 13
1 60 019 14
MNican 613 0114 129
sem 0.08 (1.3% 0010470 | LG
Remdts

Tablke 3 shows the results of determunations of plasma klnhwﬁ
plasmsa Jamnase and erythrocyte kinnase in 11 healthy males within
age rangs 26 to 57 years.

Plasma hinlnogen d

The average kinfnogen amount corresponded to 2 bradykinin "b’ﬂ
5.5}Lg,fmlfruhpl.usmn,mn.dt.‘txcrungr.wxutl.zm6711.!/1111-F":’muﬂ1
values given by FAsaoLo & HaLvoxsen (1964) it can be T
thev obtained an average release of bradykinin i 3 expenments xed
pgfmlplasm&wbmhnmmweﬂw‘lﬁmmuh&%authﬂﬂ
trypdnmrdcas:ngmzymenndnmycdﬂmldninbym'mdmr:m“
on the perfused dog leg preparanon. The marked conformudy "
resulunﬂghtseemsourwhntmrpnduguthnmm““d
include any heating of the plasma at low pH udnmﬂmdl
and bradykinin should accordingly have been present (BRISUD
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Table 3

Determioetion of plasms kiatnogen, plasma kiningss and erytivocyt
kintoass tn 11 hoalthy males

Kininogen substrate  Chruted plasme sdjmted to pH 2 with hydrochloric ackl and

eated for 30 mibgmies ¢ 100°

1 Pasma kinlngte peeperation  Citruted phisma freated with eiics powder for 30
minates.

Il Erythrocyts kinkunse prepasation Erythrocyics repestadly washed with 0.9 % sodlum

chloride solution and crntrifoged for 30 miswies et 1.3 ¥ 100g

Text solutiona f  kininase Kintase +12ps In +

0.1 M tris buffer of pH 7.3 to 1 mL.

For further details see tsxt.

I | 1 | 1t
m) plaues kineoase | pl erythrocyts Mokare
8 bt Kinin releasad
member per ml fresh preparution per ml tent | preparation per ml test
P sohitton caming 30 4, | »soluthon caising $0%
a3 ug bradykin

Tmacthvation

1 50 014 s

1 50 (8} 30

3 42 oi1s 6.0

4 6l 1o 7.5

3 46 a1 io

L3 LS a1? 30

7 &7 017 1as

3 37 o1 128

5 “ 010 53

10 16 0.20 43

1 67 017 LE ]
Mean 147 0186 56
o | 025 (46 0 0009 (34%) 079 (1.3 2

Dynub & Rinvix 1966) 1f knllidin, as stated by WepsTER & PIERCE (1963),
£ twico as active as bradykinin on the perfused dog kg preparation, the
amount of kinin has been overestimated, bradykinin having been used as
standard sobstance.

Doz & Carvarbo (1963) observed an average content of kininogen
in luman plasma correspording to & release of 10 6 g bradykinin (range
74-14 3 pg) per ml. The procedure described could be expected to give a
kininogen that would yield only bradykinm on incubation with trypsin,
and the suthors aswayed thetr samples against bradykinin on the alated
guinea pig flewm. No explanation can be grven for their kininogen values
beng sigaificantly higher than ours. It should be mentioned that heparn
Was used as anticoagulant, wherens citrate was used by us.

o
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AMUNDSEN NUSTAD & WAALER (1963) on the other hand, found some
what lower knin values than those obtained in our work, 15 to 6 g
fresh plasma. Two facts, however mught explamn their Jower fgures. First
they pretreated their plasma specimens at pH 2 and 37° & procedure that,
according to our experience, will yreld & rxture of kallidin (or anotkr |
kimn transformable by aminopeptidaso to bradyknin) and bradykom.
As they assayed their specimens on the isolated rat uterus, the pressc
of kallidin would cause an underestimation of the Linin amounts proea,
bradykinin having been nsed as standard substance. Secondly they
regularly nsed saliva as source of kinin releasing activity which, ke othes
glandular kallikreins, will probably cause only & partial exhaustion d
the kininogen sebstrate.

Plasma kininase and erythrocyte kininase

No systematic quantitatrve studiet seem to have been carned ot @
the kinmnase activities of human plasma or human erythrocytes. Tt
methods of kininase determmation used in the present work wero based ot
a procedure developed for previons expermments on the fr rifry fahibitior
of vanious kininases (DYRUD RINVIK & BRmep JernaeN 1965)

Table 3 grves the results of determinmng plasma kininase and erythrocy®
kinlunmhlllhmlthymn}u.Thalmyvnhmufthephmw‘:‘
concentrations causmg & 50,/ inactivation of the standard amount
bradyhnth”ml/meuhunmdmdmro[ﬂnmnofom;
54 'I‘hnavemge"-nluecot‘me]:n-ediixmcur:,pemnﬂ'mxmt'nvninﬂf"in
was 021 mifml, with & standard error of 001 (47 /), which infiis
that the vanation between sabjects In table 3 was mainly doe to the €™
of the method.

The vanation between individuals 1 the erythrooyto kiniuse 42
minations (table 3), on the other hand, was considerably larger ther =
method error the s.e.m. being 11.5/ against 6.2 4 Tables 2and 3
thnboththeerythrmhnmnsepmpamdouand&mpmwﬂm
prv:p.'u-utmnmm‘.lfnrthcpnet::.ﬂouu:ﬂlW\:ﬂ:can.lu.‘l»ﬂ'fﬂi'ly1‘@“’"th'e
the corresponding cnzymo preparations exammed in order to
individual vsriation. Since the material used for the precision mﬁ
recorded in table 2 orignated from one of the persons from whom
are included 1n table 3 the difference in activitics might scem reterd
surpnsing. It should, however be pointed out that the precision M
had been prepared by a slightly different procedure (DYRUD, R
Brsep JENREN 1965)
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Sammary

Methods have been described for deternnning plasma kminogen,
plasma kimnase and erythrocyte kininase in human blood.

The procedure developed for determining plasma kininogen was based
on previons expermments on the refease of kimns in hmman plasma sub-
strate (Breem JeeeN, Dykup & Rovwvik 1966) It included & release by
trypsin of kinin 1n atrated plasma heated at pH 2 for 30 munutes at 100°
and a subsequent assay of the kinin on the isolated rat uterus with brady-
kinfn a3 standard sobstence. The averngs amount of kinin released in
11 healthy males within the age range 26 to 57 years was 5.5 pg/ml fresh
plasma with a2 s.e.m. of 0.25 (4 6 /).

No standard preparation was available for the kininase determinations,
which were based on the amounts required for breaking down 50/ of a
standard smonnt of bradykmin (1.2 pg/ml test salution) in & standard
fume (8 mirutes) at pH 73 and 37° Resalts are given for the kininase
sctivities in blood of the same 11 males who were used for the kinmogen
determmnations, and the individual varmtion 1 mdicated by the sean.
values (54 / for the platma kinmase and 115, for the erythrocyte
kininase determinations).

The reproducibilities of the methods were d by determb
at different times of § scparate sampies of each preparation. The s.em.
for the kimmogen, the plasma kininase and the erythrocyte kininase
peeperations were respectively 13/ 47/ and 6.2/
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Determination of Plasma Kininogen, Plasma
Kininaxs and Erythrocyte Kininase
in Men with Rhemmatold Arthritis
By
Kjell Briseld, Olay Kjell Dyred and Sidsel Flem Riavik
(Recorved November 11 1965)

In & previcus paper (BRarp Jers®, RINvIK & Dyrup 1965) vatues
were given for the urmary excretion of kinins in males suffering from
theumatold erthntis Tho mean daily excretion by 11 pabents was
significantly lower than that previously found in 12 healthy males (Bxx
SEID JENTEN, VENNERDD & RINVIX 1965)

In the work reported here methods claborated for the determination of
platma kninogen, plasma kminase and erythrocyte kininase in human
blood (Brmem JENEN DYRup & RINVIK 1966 RINVIK, Dyrup &
Brixep 1966) were used to determine these factors in blood from 12 males
with theumatoid arthritly, patients at a hospital for rheumatic discases
(Oalo Samftetforenings Revmatismesykehus, Head Erk Kiss, M.D)
‘The average values obiained were compared with the vatues previously
determmed m 11 healthy males (RINVIK, Dyaup & Buxem 1966)

Techasigqee
The colicchon  f blood samphn, the making of kinfnogsn and kininas

peeparation
#0d the wpmy of the active ponciples wero a3 previotaly dectibed (RDVIK, Dvaun &
Brmern 1956)

Results

The plasma kinmogen, plasma kininase and erythrocyte kininaso were
determined for 12 males within the age range 38 to 74 years

Platma kintrogen. The amounts of kinin reteased wers cakonlated as pg
bradykinin, and the results are given in table 1 as g kinm per ml fresh
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Table 1
Determination of plasroa kintnogen plesma kininese and erythrocyts
Klalaxpe In males with rhenmatold arthrithy.
T Kisiwoges raburate Kinkn reloased per mi frexh phesma caloulated ns pg beash tel
IL  Piarma kininare preparation. ml kininase preparation per mi test solution cxesng 0%
inactivation of 2 standard amount f bradykinin,
UL Eryrkrecy: kinimere preparation. pl kinkase preparation per ml text soluthon cimeg
30 4 loactivatio  of & standard emount of bradykialn,

::::r Treatment ' 1 [ n m

1 . Corticostsrold 52 a2 6
Saficylaes ’ I

2 | Corticosterold | 4 017 oS
Goid

3 1 Hydroxychlorogquine 45 ‘ 030 20
Pheayltntazone
Salicylate
Chloroquine

4 ‘ Cortlcoster [d 43 I ax L 2]
Salicylate

E] Gold 56 [:31] 10

3 Selucylatn | &7 | oas M

7 Gold | 62 ! TS , 75
Sulicylate i I
Qold

T Hydroxych! mquine 1 62 [1%7] 6
Salicylats

3 Gold 62 077 34
Seficylats

10 Pheaylbutarone I 42 | oz 0

n Indomethacia 60 r (%] [
Salcrtat f |

12 1 Sahcyate | 64 Cr R L

Meane 336 [id

020
Lem 025450 {uu(u,o{ ass il
plasma. The mean value was 5 6 pg/mi (e, 0.25) The comtspondst
value previously obtained 1n healthy mﬂummw&m’z
1966) was 55 pg/ml (s.ean. 0.25) The results thus showed thal
kininogen levels in the plagmas of the rheumatold patients, a3
by the maximum possible relense of kinin, were normal pesalts

Plasma kininase ard erythrocyte kininase Table 1 also shows the

of determunations of the kimumase activities. The munwvhi;f‘“
erythrocyte kimnase was 7 0 pl/ml (s.e.m. 0.38) The mean
owmdmhcalmyumlu(mmmam&ml%&w”"w
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(s.£.m. O 79), which shows that the erythrocyte kininase level was normal
in the paticnts with rheumatoid arthntis, The mean plasma kininase
activity howover was significantly lower in the arthrrtio patients. In the
bealthy males examined (RINVIK, DYRUD & BRISEID 1966) 0.17 ml plasma
3 prep wat requred per mi test solutfon to cause 50%
inscttvation of the standard amount of bradykinin, whereas 0.24 ml/ml
wa1 the correaponding vatue in the patients. The standard errors of the
menns were 0.009 and 0 015 respectively This means that, on the average,
concentrations mare than 40,/ higher had to be used of the plasma
kinmnase preparations from the subects with rhemmatoid arthritis than
of the preparations from the healthy individoals. The observed difference
was highly signrficant, a t test giving 8 P value of <0001 No correlation
was observed between the kmd of drug used in medical treatment and
the plaama kimnags level

Discazsion

‘When conudering the apparently lowered activity of the plasma kiinase
in males with rhoumatord arthnts, 1t should be borne in mind that no
purficatron of the kinin mactivating enzymes was carrled out. The ob-
served ectrvities must accordingly be the resultant effect of the Kininase
and the accelerntars, inhibitors and inactivators present. It has previously
been shown that scveral substances used in the treatment of rheumatord
arthritss inhdbit the kinmase In v vitro expeniments (Dyrup Rovvix &
Bruserp JENuN 1965) The lower level of thoe plasma kininase actity in
the patients might thus be dus to the therspy but it might also be due
to the pathological condition jtself If the latter should be so, the ab-
normality might be correlated with the pathophysology of the disease or
it might be an unspecific sccondary phenomenon. The fact, however that
we have observed not only a decreased excretion of kininx, but also
decreased Jovel of plasma kininass m patients with rheumatoid arthnitis,
might polnt to the therapy as the causs of the low kininase level Assuming
that the kinins 1n unne do originate from the blood, reflecting the plama,
level, one would expect 8 low kininase activity to canse an increased and
2ot & decreased fanin excretron., It soemis tempting to advance the hypo-
theals that the level of plasma kimns for some unknown reason i lower
than narmal in rheamatoid arthritls, and that kininase-mhbftuting drogs
uzed n the therapy may partly restore thefr normal level Other explana
tons, howewer are possible. For if the of Jamns
determined in urine do not refect the plasma kinio level, the low kininase
actvity might stil] be related to tho drugs used in the therapy of rheuma
totd arthritis. In that event, however the effects of the drugs on the
kinfoase might equally well be contldered an unspectfic side effect of
substances that nct through quite other mechanbims.
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In the patients ined the level of kininogen was normat and so v
the activity level of the erythrocyte kininase. It wounld be of mterest o
examne also the activity of the kinin-relensing mechamsms in robjects
with rheumatord arthritis compared to that in healthy individualy,

Sommary

The concentrattons of kiniogen and the activities of plasma kmmse
ard erythrocyte kinmase were determined i blood from 12 malks wik
rheumatoid arthritis.

The kininogen level of plasma was esmated by the relense of kinin and
calculated s pg bradylimn/ml plasma. The actviues of the piesm
kininase and the erythrocyte kininase were given by the votumes of te
kanmase preparations that caused a 50,/ nactvation of a standird
amount of bradyknin in a standard time under controlled :xpamﬁﬂﬂ
conditions.

Theavemg:vulu:ofrclcnscdbmdyk[mnquépgﬁml(wm-m
The corresponding value previously obtained in 11 healthy males (RDVIK
DYRUD & BRISED 1966) was 5 5 pg/ml (s.e.m. 0.25) which shows that the
Kninogen level 1n the plasma of the rheumatold patents was pormal

The average value for the erythrocyte kinfnase was 70 plfml (162
0.38), whereas the average value previously abserved in 11 bealthy maks
was 6 9 pl/ml (s.e.m. 079) The erythrocyte kinnase level In the pateds
with rheumatoid arthrins was accordingly normal. The average ™
kininase activity on the other hand, v.mlmtrmthcpunmumﬂhm'
normal subjects, 024 ml/ml test soluhon bewng required (scm g%
agminst 017 mi/ml (s.e.m. 0.015) The observed difference was
sigmficant (P < 0001 by the t-test)

The apparent discrepancy between 8 previously observed Tow excreto
of kinins 1n unine from malkes with rhrumatard arthntis, and ths 0bser'™
tion of 2 low plasma laninase actrvity in such patients, 1s
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From the ceatral laboratory the FILADELFIA colony Diapatund, Densark.
{Hesd dr phll, C. Munk Fhim)

Identification of Meprobamate in Serum and Urine and its
Quantltative Determination in Sermm by
This-Layer Chromatography
By
O Veodelln Oleven
(Receved January 3 1966)

Numerous methods have been elaborated for the Jdentdfication and
quantitative determuination of meprobamate in serum and wurine since
this drug first became available

After extraction by shaking, most of the quantitative procedures are
based on colour resctions with hydroqunone in sulpimric acd (Warxen
m:maal 1958 ALLGREN et al 1959)mcnﬂmrmctnonbctm4-
di berzaldehydo and mepr temna
(Vuxc 1959 HOFFMAN & Lupwic 1959 MAaDtEN 19&2) Methods that
differ completely from these jnclude, for example, splitting the meproba
mate by means of sodwm hydroxxde and determinmg the ammonm
reeased with Nessler's reagent (Harms & Rex 1958) or chilorinating the
meprobamate and determming the bound C1 by means of potassiurn lodide
passibly together with starch (Evrrs & Herzm. 1959)

The Iatter colour reaction has been used in varous modificatfons for
the identification of meprobamate by paper and thm-lsyer chromato-
graphy (VIDic 1959 LINDroms 1963 SUNSHINE 1963)

Among other colour reagents might be mentioned furfural and hydro-
chlonic ackd (Maosy & Jacksox 1961) and concentrated sulphanc acud,
with heating (Fiomr & MARIGO 1958).

The aim of cur study was to elaborate a method that would be both
quantitative and specific specifio 1n order to demonstrate mususs of the
drug, and quantitative to ascertaln in serum cases of overdose or inability
to excrete the drug.
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Method

Seram

The serum fs extracted with chloroform and the extract freed from fatty aabstinees by
trntferring th meprobamats to & water phase, exactly as described in the chromtographic
determination of phenyton tn seram (OLExIK 1965). The procedure for estabBsirig staadecds
and preparing the serum extract o the plates also Pollows the abovo method oadtly
except that tho am unts of ths samphe applied to the plato are 15 pl and § g, respeetively
instead of 9 pl and 3 pl.

Adsorbent hicselpel G (Merek), to which Leuchtpipment 25 Suaper (Rledel de Hom)
has betn added.

Length of ran 6 cm.

Solvent Msthan 1, glacal acetic acid ether benrese, 1 9 30 60
Chamber [ined with fiiter paper

Aftac drylng, the plate h moktened thoronghly by spraying with & 2.5% soktioa of
N n d e acid axd kept at 1O for B
mimutes. The meprobamats b thereby statned hist-rod. By comparing the size and [semsay
of the xpots with thoss from standards {sec fig. 1}, kt b posiblo to make & vissal jodgest of
the meprobamats seram content alo g the Lines already described (OTeov 1965)-

4

Urime

A rampla of S ml artne 1 acidiied with bydrochloric scid and ehaken for 2 miesie ¥
25 ml of ether The cther ks driod with sodram salphate and evaporated bn o » ter-badk
and the residos 1 diwotred In 100 pl cthanol. Amouats of 3 i aad 10 i, of e ¥
required, are appiied to the plate.

Adrorbent substance A for serum analyds.

Length of run 10 em.

Solvest chiotoform, methanol, HxO 75 25 1

The chamber b lined with fllter paper and  vocel filed with conceatrated
placed in the bottom of the chamber -

After drylng, the colour s developed In the e way as for sarum. Fig. 2 sbow
devalapod meprobamate spots.

prees 1

¢ 0 g o , v
@ 90 o o'pap Prd
ORIGIN - - - [ ’ . -

B A 5 o B8 A (b o«

Flg. 1 thon bn serunt-

A Imiscrum anda | miserum, respoctively frvmlpuﬂuuu-uudnlhmml‘q":“

mate dally are extracted, amd { the extract 13/, and 3/, respectively art "
plate. B 3 ml scram and b 1 ml serum, revpectively Lrounptdﬂlml“"“"

meprobamats, re gheen the s treatment. ]
The first Hoc of spots bove the starting line are reddhirblac wprobessis P
the s$pots abovo thess are dark-coloured ndonﬁn-ufmnmlmwmﬂﬂ‘“’
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T —ap—
4

:’; 28 S
sw el

)
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AN I ¥
A

8 A
— -

el \

e J

7 7% 7

Flg. 2 P of mep 1 orine.
A $ ml anme from the ame patient as ta i 1 are axtracted, and of this extract /1eg and
1y e appiied to the plate,
The tams procedurs is weed o extract 5 ml urioe from petisnt B 1 Ag. 1
3pot No- | Eobenymeium (light beowo), 2 Msprobamars (reddishdilac), 3 Mobally-
walam (brown), 4 S-ally-S-cyclopenteo-(Z)-ylbarbltoric achd (blnfib-bisck) 51 S-(cyclo-
haptea{1)-y0)-S-cthytbarbitung ecld (beown), 6 S-(hoyclo(3,2,1)-ockea(Z)-yi-(1)- S-othyl-
barbetunc acid (red), 7 ooidentified dark spots, 8 K bdum (beight red), 91 Salicytic
acid (belght recd.
The farge dask 1pots on the starting fiwe originam from pormal wrine constatyeaty.

Recorery accuracy and wendiivity

Recovery was determined by adding known amounts of meprobamate
to & nomber of different sern, both from persons receiving no drug as well
a1 from patients under treatment with a varety of drugs, Although
recovery from the serum was only approxmmately 50 4, no effort was mads
to improve this, as the accuracy obtained, 1-2 pg/ml, may be regarded as
sufficfent for chinleal use, Extraction of 3 ml serum makes #t possible to
demonstrate a content of approximately 0.5 pg/ml

Experiments were also made in which four healthy experimental sub~
Jects recetved a mngle aral doss of meprobamats, 5§ mg/kg, the serum
Concentrations bewng estimated 1 2, 3, 4 and 24 hours after ingestion.
These experiments have confirmed that the maximum concentrations fn
3trum occur approximately fwo hours after ingsstion (MADsEN 1962).
Twenty-four hours after mgestion of the tingle dose, it was still posaible
1o trace moprobamate in the serum of all 4 subjects.

Specificity

H is well-known that many drugs used In treating mental copditions
develop a colour reaction on ackl treatment. These drugy, however are
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not extracted by ether from aad solution and so will not interfere o
urine investigation, where the chance of finding large amounts of the
substances and their metabolites Is optimal. Further their colotr rexe
tions on sulphurnic aad treatment are mstantaneous or develop in the
course of a few minutes, whereas the strong colour that develops with
meprobamate requires heating to 110° for abont 25 minutes, A further
charactenstic feature is that, in contrast to most of thess substances,
meprobamate does not extubit fluorescence in ultraviolet light.

It would lead too far to hst those drugs not giving a colour rexchoe.
but fig. 2 illustrates the separation of those drugs that I have found to
give a reaction, although they show a vanety of coloun.

The solutions used to separate the spoty differ The reason 1 that the
methanol, glacial acetis acid, ether and benzene mixtore med for the
serum gives a better separation of meprobamate from other drugs that
also react with 4-dimethylaminobenzakdehyde in concentrated sulphuric
acid The Rf values are meprot 0.22, salicylamide 0.42, salicylc
acd 0.55 and barbiturates approximately 0 48 This solvent, howeer B
unsuitable for a crude unne extract, as a number of normal urine const-
tuents will mugrate with the solvent and be stuned black on mbsequest
treatment by sulphunc acld and heat.

So far 10 substance has been found cither 10 serum ar urine that &2
give tise to contumon.

Discesxion

Previously published methods for quanttative determinations of D¢
probamate with 4-dimethylaminobenzaldehyde not only needed ’wﬁ
equ:prnmt,hutmnhomdculwnhrapeatothcwmconmid
reagents, as e small amount of water drsplaces the reddish-viokt cnla:
developed 1n the blue direction (Vipic 1959 Mapsex 1962) Emel
NAGAR (1964) have deseribed the course of the reaction between
mate and 4-dmethylaminobenzaldehyde.

HYNEE ef al (1965) 1dentify meprobamate and metabolites in nnde by
rmeans of the much employed unspecific chlorination method, s they
not find the reaction between meprobamate and 4—thcth'hml"°b':
raldehyde-hydrochlonc aaid sensitive enongh. The method dm'fbfd“
tho present paper makes the Identification of metabolites superflzo™
it is both sensitive and specific pstitt-

In particular 1t is the barbhumtn\ﬂ&lc)dlcmn-ammﬂh““t"‘b
uons that develop colours by the treatment described, In HF‘“‘T"s s
PauLus (1963), 1 have found that cyclopental @ like dormovit
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furfuryl-S-sopropylbarbituric acdd) but m contrast to the other barbl-
turates, develops a colour with the reagent used in the cold

These substances can 1t Is trog, be removed from the chloroform or
cther extract by shaking with a base, but this treatment has not been
found necessary

Although the ingestion of a emgle therapeutic dose of meprobamate
can be traced 1n serum 24 hours after ingestion, ordfnary therapy has not
shown any 1nstances 1o which an accumrulation of the drug has occurred
Fig. 1 illustrates this for a patlent who has been treated with 800 mg
daily over a long penod

Sommary

A method 15 deseribed for the quantitative determination of meproba
mate m serum end the identficatton of the drug tn serum and urme by
means of thin-layer chromatography

The colour reaction employed is that between meprobamate and
4-dimethylammobenzaldehyde in concentrated sulphuric aced.

The spedificty must be regarded as being high and 05 pg/ml serum
can be identified without difficulty when 3 ml of serum are used.

The accuracy achieved m quantitative determinetion in sernm is 1-2

The Identification of the substance 1o urine 15 sumple, as the procedure

requires netther purificatfon of the cther extract employed nor identifica
tlon of metabolites.
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Fate of Histamive and N Acetylhistamine Administered
into the Human Gut
BY

Ottar Sjessted
(Raccrved March 31 1966)

Free hi ine and N-acetyth ine may a priorf galn access to the
gastrointestinal lumen by any of several means, ¢.g. by release from the
miact nrocose, by separation of nrocosal cells, by ingestion, and by
intrahuminal production

Release of h nto the gastr ] Jumen f5 not likely to
take place in healthy individuals (NORDLANDER 1957)

Histamine, usually in munute quantities, occurs in several foods (FELD-
BERG 1956 O SyAssTAD unpublished results) and N-acetylhstamme s
present in ¢ g. spinech (ApprL & WERLE 1959)

Bacterial production of histamine from L histidine i belicved to take
place intral Ily 10 healthy individuals (GALE 1946 ImvINg ef of
19592 vANARSDEL & Bearr 1960 WATON 1963 BEALL 1965) There i,
however a stniking lack of poutive evidence on this potnt.

N-acetylhi 15 the only histarnd bolite known to arise
mtratuminally fo man (URRACH 1949) After oral admmsstration of 14C
histamine, an unidentified metabolite, differing from N acctylhhstamine,
was found 1n the npper one third of the small intestire of the rat (SCHAYER
etal 1954)

Some details about the fate of orally admimustered histapupe in man are
known (ANREP ef o/ 1944 URDACH 1949 ADAM 1950) This, however
duclmthxv:anyrckv:mmtbefateofhhtnmm:ponfblyuhhgmthin
the pasicolntestinal lumen. In patients with dystrophia myotonscea, normal
M A e vei. 34, e 31
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levels of hustamine in gastric juice coexist with high faecal histumine-e
activity and increased urmary output of N-acetylhistamine (0 Siaatmi,
m press ¢) This observation demands an nveshigation of the fate of
histamine and of N-acetylhistamine administered at various levels of t
gastromntestmal canal, as reflected by the urinary and faccal excretion of
free and conjugated histamine,

Material and Methods

Oral i of kistaming oxd Nescry

- i (Nutitlosal Bl Corp 50400 g, (1814181
histamine bess )} was given by mouth to § healthy Individoals (13 experimeats). Nescerf-
dstarnios (C 0 6.23-190 mg hi baw ), wuy gheen by mowd
10 2 healthy (11 expert The 4 wes diseatved in spprocme

100 ml water and was sdminttorsd jost after breakfmt.

Intestinal ap of kistemcine cnd N-acet

These sobstances wers ijectad Info varions segments of tho gut bn patioty wsderpisd

gynaecological surpery for disorders such &3 Sbromyyommata, GYarian Cyss of endometrs

The patients had no complalats abviously related 10 the gastroimostiasl trct, )

MMHmWG\—O&[dphﬂMﬂbﬂb&m’klﬂdWﬂ!ﬂ‘

on the night bofors operation. They were premedicated whh 0,5-1.9 ml of ¢ 35 soktios
drocht N.FN) and 0.6 mg of stropin suiphese.
tion of

Ansertbesls was [odocsd by the Fostried
(peritotbal-natrium @, Abbott) and mamtained with mhumurnnmmﬁ-ndmn;
In & semb-open aystem. Soxamethond bodid (curacht @ Nyco) was given s requd
mmmsxﬁmmwwmmmwmmﬁ
procedure, and most patints wero given & 500 ml biood tramfusion Posiol
thmmwfurmmhdmdl4mldl57ﬂm“

Whereas 2 different doses of Noacetyliustamine wers ted, viz. 26 0 19 018
of 5 oxpedmants), mm‘mmwnm.mmumwwmm
(7 experiments) Them doscs were diwolved fn 10 ml of sterbe cistTied “:“'
Intestinal wall was perforuted biaqoely with  thin peedlo to prevent leakage
0w ware Injected Intratumisally T parforatiom bo ths coion wens swtored

Rectal iustiliaiion of histamine and N-scrtyfhistamise "
Hy 72 144 mg, was wym:wmmw:“
diseotvod in abont 3-10 ml of distllled water By meuns of gham fumnd & ﬂ“u“w
leOmmmmmmwm;hmm;MW‘“m

funnel was Hnsed with  coupke of 1 2 mi portions of distllled water
ahruys perf Just frer In which further bowe! mane®
mbdmtpmndyuhmbddnmdmw @

Neacrtylhistumine, 0.46-190 my, was administered 1o 3 bealihy owrt
memts), 13 desnibed for In oow expert ocrorred afier #
(compare table 6).

Swlased
')Andamnfhhnm!mndnatnymkmdmdmhmlﬂum
histamine buse.
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Urinary xcretion of free and conpugated kistaraine

To the collection flarks 100 ml of 1.2 N hydrochioric scid was sdded, and thh nsually
produced  pH S 14,

In the bealthry inch[dwale nrine wes collectad from 0-4 hours and from 6-24 bours, ot
from 0-24 houre Oa a few ocosalom the porion from §-12 hours waa collected scparstely
Thea surgical paticxts voldod the orine fust befors snecsthesia was Indoced, and the injection
wts given 1 2 bours after thie. Catheteriration was pot performed #t the timo of the injec
thon. For thame subjects the vatoes for the 0-6 and 0-24 hoor excretion will thws be slightly
too high Cathetsrimtio wat performed In the surgical patissts 6 howrs after the Infection.

Fros and cor) gated histamine wers estimeted as onttined by Duntn & Pranow (1936).
The procedure » described in detall deowhers (O AraasTap [ pross a).

The axtractton procedure for mirgical soples could not be begun wmill
24 hours afker tho collaction had beca completod. If  longer thae had to dapse, the samples
wece frorsa.

Contral stwdles wers carried omt el heslthy Individoals xoxd on some of the paticnts
bont 2 weeks afier rorgery The fmterval betwesn studies on & Mogle test subject wat at
leant 2 weeks. All tart subjects were given & orixed diet.

Maan recovery m 29 experiments where $-35 g of N-scetylhistaming wors added to
wring was 74 £ (taage %4-39 %, 3.0 8.6).

In the comtrol seds (O 3/AATAD tn pres ), the valwes for histamine In
urine obtalned (mean and rangx) were 12.6 and 31 pg/M hours. The
valoss for conjugated histxrmne wero 30.0 and 1 49 ;g/24 hours (eoweightad yalna). The
kigbest stzgle ohwervation for coajugated huistamine was 130 g4 bours.

T valoes for histamme and N-acetylhittamine, represont s mean of dupficatc spe-
tysts, and the valuoe are rounded of The figures piven ary not cotrected for fosses
dortog the c thons of the of an admivietered dose excreced
In urinw or f ecex, bowever, arc lovariably besed on corrrcted valom

Foacel comtont of free and coxfagated hivtaming

Faccal histuminglke actrvity (HA) wis sstimated ay described b detall ehwrwbere
(O L5AMITAD, In prema b). Meoan recovarms of lostamine ad N-scetylhhtamine added
10 Paaces werw 60 wnd 64 %, repectively Only minmte qentities of free and conjnpated
HA ere foand in the fssces from healthy individmabs (HA < 0.17 jg/g wt waight) (O Lyan-
1TAD, in press b),

An antihistaminio  gent (allergin @) dopressed the activity [ the chuxtes and that of
tuibesllc histarufse to tbe mme degree.

Remiits
Oral administration of histamine
After oral administration of 72 mg histamine, the 24-hour urinary
don of N-acotylt fne 1 by an average of 1138 pg. On

average 32 / of the 24-hour excretion was formnd in the 0-6 hour samples
and 45/ in the 6~12 hour samples When corrected for recovery the

crease comtitutes 2,1,/ of the adminkstered dose. The corresponding
figures for doses of 144 and 36 mg were 3.3 / and 0.9/ respectively
There was a rather close correlation between oral dose and urinacy

H
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138

g

Unnary N- cetylhi taminepg base

L]

g

H
.
1 » n 08 ek
Hestamine, mg base
Fig. 1 Effect f oral administration of vadom
lmﬂumefhhumhcunuﬂmryuctﬂmo(rimw
Th vdnanp:umlmmuowrbuncztﬂon-
th\iﬂncl(-—)l.ndhmmnmﬂtdnnfo‘u:hdmn-

excretion of conjugated hustamme (r = +0 70, p < 0.01) (s 1). itk
dmofl%mghﬁmmorlmmnmoncfcmﬁﬂgﬂmd
from 24-28 hours was mostly within normal hmits.

One test subject was given phﬂnﬂyl.mlphathmmchgqi.d for 5 day>
The facees were not cultured Threo hours after the Jast dose, 7224
histamine was given orally Th:u:sumam-m.nrycxmtionofw
Ee e arentec to 340 g 1n 26 hours (164 g in § hours): 147 L%
edmimstered dose was found in th facces. It was only on ths
that oral histamune cused severe abdominal eramp towmmw
and famntness 1n the test subject.

The faecal excretions of HA 1n 3 expermments after 72 m8 Ddhmg
aro given 1n table | Itwasmeaﬂnadm9moreupﬂ1mu'mmﬁd
exmuonofHAvanedbetwemOSundll/oflheornldmmdﬂuﬂ
to merease relatrvely wath increasing doses. A intra-indi¥ It
vaﬂuuonmfncmlcxcreﬂonofHAwmfoundmlhﬂwmoﬂlmd
xh:ﬂmdcfccnﬁonocumuimommmuhmmlﬂ“‘h“h%
Tngcrk:Bofhmamme.uhnonaHHAexactcdlnthefawcs“"hkn_
1n the first sample. Occasonally the amount of faccal HA afiet
mine adminstered ornl]ypmvvdrmurk.nblymblc estlmation

With the regular technique for total facenl histamine
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Table ]

Urinary and faecal excrotiom of blstsmine flac 72 mg base
adminbstered orally

s et Urinacy confugsted histamine, g boe HA
Fo. 06bn.  €12bm | 1224hn | 024an

1 200 350 13 0 6 hrs 1472, 700
I8 brs 0.04/2.6

1 0 710 240 1,580 2 bre Q.15/63

1 710

n 3,000 10 brx 0.1/48
33 b 0.02/1 4

un 40 §10 500 1,530

m

v 550

v 150

[

Tho fgures represent hisaminedik activity in 1 g £ wet fasces und In th whale
sampls (1g)

1,000 py excreted 0-6 hors.

Oxly totul (fres  bd conjugated) histamine-lke wctovity messred.

(O SsaasTaD in press b), the presonce of conjugated histamine could
not be demonstrated with certainty

A xmall t (level of sgnif 5-10 4. Students t test) In
urinary free htamme was found after oral mgestion of histanune (18
studies and 34 control stodics m 5 indrviduals)

‘With deses of 36 mg histamine of more, varous phenomena wers
experienced by some test subjects, €.g. nausea, belching, heartburn,
borborygmia and diarthoca. At tumes a feeling of warmness in the head
amsociated with elight headache was noted

Histamine administered at various levels in the gustrointestinal tract

The trinary excretion of d his ine invamably ded
lhﬂccmlnng:uﬂuhkmminc&dmlmﬂnﬂounlvlnou:utamﬂn
intestmal tract (table 2) 1t should be noted, however that controf studies
were not atways performed. The excretion after inpection 1to the large
intesting tended 1o bo higher than the excretion after injection into the
small intestine,

For urinary fres histamine there was no clear trend. An increment was
found in | of 4 subjects. Facces were not examined.

No vatoward effects of histamune Injection were noted.
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Table 2
Urlnary excretion of con} e after thoa of T2 g
hivtamine directly (ato the intestine.
Urlnary conjugated histamine, g bass
Frtens i Site of adiahuretion
06 hrs 64 hry 0-24 hny
1 470 310 1,300 By stomach tube, 2 3 b0
before operation

1,300 50 cm below flics doodeso-

Jefunals
660 Middie patt of jefuam
9 420 410 2 m abows Baghlne vale

3

4

5 900 1,000 1,900 1 n sbovo Beghia s valn
6 450 3,000 3,500 Ascending colon

7 4500 Ascending colon

Comitrol studies wors not pudertaken.

Rectal instillation of histamine

"The levels of urinarv conyugated histamine were about the same aff
rectal mstllation and after mpestion of hustamine (tabica 3 and 7. T
fascal excretion of HA as a percentage of the administered dose
from 9 to 23 the moan being approxmmately 17 The hghest valoe ¥
found after the larger dosc (144 mg hustamine) ol

No dear trend for urinary free histamine was noted. No 1o
sffects were observed.

Table 3
Urlnary and frecal excretion of bistamine after rectal
imufliation of histamine. o
Soblect Doss Urlnary coofugated histamtoe, ug bese HA
Ne- o g osan | s24mn | o-24bn -
1 m 123 ﬂ 3% 4
1 144 ’ 7 L 2,400 n"":
o omn 1,200 abn
VI k23 I 103 90 1100 b0
-

HA mears { coal bistamiocdike sctrvity mg buse/g wet welght.
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Table 4

Urisary macretlo of comjugated bistaming after
N-acetylhistamioa administered orally

Urtoery conpupated hisumise
Subpect Doss ug base
o - g oftn | 6Mkn
1 150 9,300 19 600
1 » 11100 2,100
1 19 4500 1100
u 1 10,000 3100
1 26 1280 210
1 26 1,300 20
n 26 1ig0 0
1 17 50 160
1 0w 310 ©
u o 30 20
1 a2 150 n
Oral admint: of N-ocetylhis tr

The urinary excretion of conjugated hatamine 10 these experiments is
shown 1n table 4 About the seme percentage of small as of large doses
of mmﬁﬁdmthcmmamcomugntndhmminc.

The faccal excretions of HA and d hh wero
in 5 cxperiments. No merement in excretion was detected, even after the
largest dose of N-acetylhutamine, Le. 190 mg base.

No wgnificant increment in urmary free histamine took place after
Ingestion of N-acetylhistamine (P > 0.05). When considered alone,
however the subject most studied (No 1 table 4) showed a significant
fncrement in the urinary output of free histamine (P 2 0.05).

I ' ’

P of N-acetylh
A significantly lower urinary excretion of d hi ine, as &
p g of the doss administercd

mfmmdnﬂa'inmmlthnnuﬂ:r
oral administration of N-acet (P <000l tables4 5 & 7)
All expeniments of both kinds were used in thess cakenlations, smee there
appeared 1o be no great difference 1n response to small and large doscs.
The mean excretion of free histamine in these experiments was 9 6
PRg/24 hours. Control studies without ingestion of N-acetylhustamine were

not performed on theso subjects. Faccal cxcretion of histamine was not
evaluated.

AL
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Table 5
Urlnary excretion of conjugaf ¢ after of
N-acetylhistamine dicectly Into the Intestine.
Uringry co fngated
Dose
P'::"' el histamine Ste of adminisration
0-6brs {624 hrs | 024 b
13 26 760 m above Bankiny ziw
9 19 2500 1600 4,100 1 ru ebove Bazbla 3 mabw
10 19 3,000 900 3,900 | m above Bashin s vahe
1t 19 3,700 § m above Brshin's vah
12 19 3200 1500 4700 Trasswerso colon
|
Rectal adr ation of N-acety[l

After instillation of small dases of N-scetylhustamine, the werease 2
unnary output of conjugated hittamine es a percentage of the
dose was small. After the lowest dose in test subject No 1 (table 6). ¢
excretion was of the same order of magnitude as the control
Thc1’\'.1.::!1\"3])'111;!1O—Ghourcm:\-v:uon:ucompm'v:dwﬂ.hthntfrot'ﬂ5'-24

Table 6
Urinary excretion of conjugated bhtamine fur
N-acetythlstamine dminkstered rectally _
Subject Doss Urimary conjwgated hitamior

No | e 06 hra, 624 b o

1 190 ‘ 5,300 1300 { 15700

1 19 4000 4,30 %0

vi 19 | bt

Erd

g h 1s 150 ! I8 pot

1 | 23 17 57 !

u 093 | b

u 048 u ‘ 3 “

1 048 ] S

g
lavolmmtary defecation afver 9 hom;mrumlunﬂc-numlnd-ﬁq
after 23 hotm contatned 25 mp base total (Trve + conpegated) hixt misc il
of which 3.3 % was free histaminelik  ctrv ty
Am@mwsigdmwm-mmudhmrmwww
Fk activity
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Table 7
Effect of of phosphat und
N-acetylhostanins ou wrinary excretion of conjuguted histamine,
(Condemsed rernits from tables 1-6)

Per
centago
No. Doss, | excreted
Mod of adminiurstion ofexp. mybass| wrise
4
houra
Hissamine
dphssphats
Ont
sdministration 1 144-12 21
o)
sdministraton
(pretrestment
with phthaly-
sulphatblarole) 1 ke 06
Adminhteation
into stomach or
During  emall mrestive 3 7 21
ey
Injection,
large Intesting 2 n 95
Rectal istillatron 4 144-72 15
Nemcrtyd
Airtaveing
Oral
sdminbstration n 190-0.23 n
During | saall intesting 4 19-2.6 M
sorgery
large frtestine 1 19 k)
Rectal fostilladon™ 2 1’ 3
Rectal Instillation s 35045 9

The Bgnres represent svereprs of correctad vilos

Rato
24
bours

a4

008
an

on
a7l

o6t

Tha dowo {190 mg w exchided from this table since defecation took place after # hoors.

hours, however probably indicates that some of the N acctylbistamine
W1 excreted as such in the unne in this expenment. HA or conjugated

histamine could not be detected 1n the facces,

With higher doses of N-acetylhistamine, a somewhat higher percentage
Oflhcldmlnhtueddosecuu!dbertcmrrcdrmmlhemimlntbccxpcn-
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ment with 190 mg N-acetylhistarine (table 6), defecation took plce st
9 hours, and the faccal sample could unfortunately not be examined,
Only 498/ of the dose was excreted in the unine within 6 hours.

With [arge doses of Neacetylustamine, HA could be detected in the
faeces (table 6) Of the 23-hour faecal sampl from test subject No. |
(table 6) 2 g were dituted with distilled water and centrifiged. A measored
portion of the supernatant flmd was then subjected to descending ppea
chromatography (Whatman No 1) with N butanolfecetre scid/dretet
water (4 1 1 v/v) as moving phase. The chromatogram was stained ik
diazotired sulphanilio acrd. A clear spot was found with the same Rf vale
as that of N-acetylhistamine and a donble-spot with the same Rf valoe &
that of authentic histamine diphosphate.

No specific trend was noted for urmary free ustamine, Thus in expet-
ments with doses % 19 mg, the output of urinary free histamine was lower
than the mean control excretions for the individuals copcened.

When 190 mg were given rectally severe tenesmus was felt othern®
no unpropitions effects were noted with N-acetylhistamine, imespectm
of route of administration.

Discassion

There 15 room for speculation as to how far the surgeal procedase ¥
affected the results obtained in the female patients Stress has been cined
to facilitate intestinal absorption of histamine 1 guinea pigs (SELYE '93?;
Systemic effects were not noted 1n our patients recelving histamine
spite of possibly additional histamine of intestinal origin, wrinary &%
histamine did not nse.

Further mcpcndm:lppcantoheapotrmhbmmimrdums‘ﬁd
(ZxPpA 1 al 1961) The doses wsed for our patients were, however 1%
small compared with those used by Zevpa ef al The normal excretion
Frteuﬂnaxyhummjmbytbepadeutnnutdhlgnmthlmminﬂrdﬂﬁ

Iﬂmmdomtmtomtdmmmh\@uﬂlm
ton (Wiison 1962). Finally intestinal motility was lively during
after the surgical procedure.

Conjugated histamme has previously been adminustered only t0 ﬂ
Afmonl.dmmﬂon.%/mummdmwmwm

h after sub injection ft could be wa
quantitatively from the urine (ANREP ef @l 1944) In our ﬂpﬂ'h"“’m
somewhat larger proportion was excreted unchanged in the TRe
fngesuon whereas a smaller proportion was excreted after ety
fnto the fleurn. This may point to ntraluminal catabolism of N

hustamine.
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Of small rectal doses of N-acetylhistamine, only & small fraction was
recoverahle fram ths unne, and none from the facces With larger doses,
the fres fraction was detected in faccal samples. Thess findings Indicate
that mtraluminal decay of N acetylhistamine takes place.

Histamine administered orally leads to & marked rise In unnary outpat
of N-acetylhistamine (ANREP e7 o/ 1944 Apam 1950 UrmacH 194%
Tasor & MoserTia 1949), the N acetylhstamine, according to Ursaca
(1949), bemg formed 1n the mtestinal tract.

ADAM (1950) found that between 0.17 and 1 / of omlily admunistered
histamme was excreted as conjugated histamine in the urine. In our
expermments 2.1 / was excreted in the urine as conjugated histamme.
The discrepancy may parily be explained by the fact that in our study
histamne was given fust after a meal, snce MELLANBY (1916) found that
absorption of lnstamine in the cat was delayed in the presence of food.
In these clrcumstances, listamine may gamn access to segments with an
abundent bacterial florn and an ensumg greater degreo of acetylation

Because of the mnseositrvity of the method, AbAm (1950) could not
establmh whether  significant rise in urinary free histamine occurred after
ingestion of hitamine. ScHAYER (1956) m a xingle expeniment found no
14C histamine in the urme after 14C-histamine by mouth. In our study no
wgnificant mcrease in unnary free histamine was observed.

In dogs, Livivoarane & Cope (1955) and IrvINg et a/ (1959b) found
a temporary (4-5 hours), but clear mcreass in unnary free lustamine after
adminigtration of histanune by mouth and after imection into the refunum
In man, such a small Increment might easily bo swamped in a 24-hour
semple owing to the pormal fluctustions in excretion. Therr fladings do
not necesaarily reflect the pattern in man  MrITcHELL & COOE (1954) in &
small senes followed the unnary excretion of freo histamme in 2-hour
periods after histamine by mouth. They found no rse, but the oral dose of
histamine was rather small. Symptoms and signs possibly attributable to a
Systemic histarmine effect were noted after oral histamine 1n onr expert
ments. It s noteworthy however that thess systemic effects provide no
dm:proof&.thmnnncenknﬂmpmﬂdrmh&onuuchanpd.hh
enlirely possitie that thess cffects are caused by ustamine metabolites,
dwﬂhmﬂmﬁdowﬂyaﬁw&mhm&lmwm

icuons of to verious
mmuofhmwunpmucumdﬂmmu:lmrymm‘ng:tedhkm-
mine.

There s some evidence that urinary conjugated hustamme has & dual
origin, i.e. comung both from the intestinal lumen and from the tissues

(Unnacs 1949 homavast 1957 Dunfr & PErnow 1960 O STAASTAD,
in press a).
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Additonal evidence for extratuminal conjugation 15 provided by oa
study the small imestine 18 as A rule practically devoid of resiknt
bactena (CREGAN & HAYWARD 1953) Moreover our patients fusted
approximately 16 hours befors surgery In one experiment X my contrast
(gastrographin @9) was injected into the upper jefunum together with
72 mg histamine. On thrs occamon 120 pg conjugated histamune v
excreted during the 6 hours before the X-ray contrast reached the dtal
fleum

Finally after pretreatment with phthalylsulphathiazole, oral histamdee
was still converted to urnary conjugated histamine, although o2
smaller scale A bacterial origin of the conjugated histamune in s
subject cannot be entirely ruled out, since the bacteria were not necessarily
cradicated, although they probably were substantially reduced.

1t would appear that of uninary N-acetylhistamine & 0t
a method for evaluating the degree of absorption of unchanged histamine.
Most of the radicactivity can eventually be recovered from the wne
when 14C-histamine 13 ingested (Scuayes 1956) Methylmudazole-sods
acid secms to be the greatest urine metabohte (64 /), as after subtutancos
npection (SCHAYER 1956 ScHAYER & COOPER 1956)

1t 13 feasible that acetylation is of mportance in the catabolsm of o
histamine only when large doses are grven. A marked nse fn or?y
conjugated histamine followed 18 mg of oral histamine. With smsler
doses, howover an mcrement in unnary conjugated histamme cookl
ensily be masked In order to establish whether small doscs of on!
histamine occasion extra unnary N acetylhistamme qxutdon.iwwz
technique wall have to be applied. In hs expenment, ScHATER (1956)
not examine whether 14C N-acetylhutamine was present in the urne oS
oral 14C histamine.

Dietary N-ncetylhustamne and dretary histamune could be resposst®
for part of the normal urinary conjugnted histamine, provided cons#”
tion Is also a catabolic pathway for small quantities of Intestipal histams"
The cffect of fairly small quantities of histaune on intestinal motlliy
would probably be munor Histamine and N-scetylhistamine
probably be absorbed before gaining access to segments with abunds
resident flora. In vifro studies on rats and gunea pigs have dmmh"M
that intestinal mucosa and liver tusue have a capactty for seety bne
sulphonamides (HARTIALA & Trrito 1965) The latter finding m3Y
a beanng on man as well. Sulphonamides and histamine
require the same enzyme system for acetylation (TasoR 1956} 8

Tt thus seems likely that conpugated histamine, normally 0ecurmTe
urme, in part comes from dictary N-acetyfhistamine and hl‘*““l‘h"“\w
acetylation of histamine may in part take place extratuminally
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ts of hi are ingested, Intraluminal acetylation is

the higher the dose, the higher the percentage gaining access
to the colon and the higher the p tage of N-ecetylht: o the
unne.

Sanmary

1 Histamme apd N-acetylhistarmne were admi ed orally and
rectally to healthy individuals, as well as to various segments of the gut
dunng gynaecological surgery Free and conjugated histamine were
measured in unne end facces.

2. A marked increase in nnnary conjugated histamine occurred, with-
out a concurrent rise in free histamine, regardless of the site of histammne
admimstration. In partrcular a high output was found after administering
hsstamine 1nto the colon. A fairdy close correlation (r = +-070) was
found between the oral dose of histamine and the extont of urnary N
acetylhistamine excretion. Faecal excretion of free hitamme-like activity
a3 a percentage of the dose administered, tended to rise with Increasing
doses of ol histamipe.

3 Onaverage, 77/ of oral N acetyltustamins was excreted as such In
the unpe N-acetylhistamme instilled rectslly 1s changed intmmlomunally
and the frec varcty appears in the lormen No clear increase in nnnary
free histamine occurred after N acetylhistamine administration.
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In experiments on rabiuts I have previonsly reported thet thyroxine (T4}
medication, at a dote that increased basal metabolmm by 45-65 /4,
potentiated the calorigenic effect of adrenaline The stinmlatory effect
of adrensline on lactic sced prodoction was also potentiated, but no
increase was seen 1n 1ty effect on blood glucose concentration or on the
concentration of fres fatty scids in the plasma. The potentiation of the
calorigenic effect could largely be ascribed to an increase in Iactic acid
production and bol After thyr y the ealongeme and
hyperiactacidemic cffects of adrenaline were drmindshed. T, medication
did not potentiate the calodgemc effect of noradrenaline or ity influence
on lactate, glucose or free fatty acads concentration in the Hood (Svep-
WYR 19664, b)

Also m man thyrold hormone has been comstdered of importance for
the calorigemic action of adrenaline. The calorigenic effect of adrenaline {s
most marked fn hyperthyrold patients (HomsTMAN 1954 MURRAY &
KeLLy 1959) and weakest 1n those with hypothyrordram (HomsTMAN 1954)

The mechansm of the calongente effect of adrenalmne In man appears
to be more complicated than in the rabbit. In previous experiments
(SvEDMYR 1966¢) 1t was found that an increase \n both Iactic acid and
free fatty acids metabobsm was of importance for the cakonigenic effect
of adrenaline, and it was in theso tests estimated that the increased free fatty
acids mobilization contributed about 30 / and the Iactic acid mobilization
to about 35/ of the total calorigeic effect. For the remainder it was
considered that, among other factors, stimulation of the work of the heart
was of some mportance. The hyperglycemic effect of adrenaline Is pro-
bably also of some, if only of relatively limited, fmportanco (BooTHBY &
SanDIrORD 1923) It 13 therefore plansible @ prior! to hold that potentia
tion of the calorigenic effect of A by thyrold hormone In man may take
Place partly by means of the mechanmins mentioned sbove. The effect of
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adrenaline and noradrenaline infusions on oxygen consumption, o
blood lactate and ghicose concentrations, on the concertration of free
fatty acids in plasma and on certem @reulatory variables were therefore
studied before and during treatment with triiodothyrontne,

Noradrenaline exerts practically no effect on lactic acid prodoction i
man (LUNDHOLM & SVEDMYR 1966) nor does it shmalate the poke
frequency or cardac minute volumes (BARCROFT & SwaAN 1953} on the
other hand its free fatty acids-mobilizing effect s equal to or stroeger
than that of adrenaline By alio studymng the way in which trilodothyro-
pine medication affects the calorigemc and free fatty scids-mobiliriag
actions of noradrenaline, 1t should be possible to determine more sk
tively the role of free fatty aclds mobilation in the potentiation of the
calorgenic effect of the catecholamimnes by thyrosd hormone. Sincs it ws
found that in man the effect of adrenaline on the blood Iactate conceatrr
tion was augmented after treatment with triiodothyronme, the metabokn
of infused L({-)lactate was also studied before and during trii
medication These experiments ars reported clsewhere (SVEDMYR 19664

Tt is also concervable that a potentiated adrensline effect mght be ds
to reduced inactivation of adrenaline (review HARRDGN 1964} The
plasma adrenaline concentration was therefore determmed durmg e
adrenaline infusion, and the effects of treatment with thyroxd hormo
were studied. These experiments are also reported elsewhero (HAGGERDA
& SvDMYR 1966) Further details of the relationship between the piF
siological and pharmacological effects of the catecholamines and of 8¢
thyrold hormones have been discussed 1n reviewa by ELiss (1956), Hoce
(1962), HARRISON (1964), ROSENDERG & BASTOMSKY (1965) Luspsoth
Moume-LuNDHOLM & SVEDMYR (1966)

Method

The expenmonts were parformed on two groups of healthy make
Yo, acrimt £v0d (o guch [eestigations. Tho first group conststed of
first, the effect of adremaline infoslo anm:rmm%
conditlon (cootrol expenments). Tho samo subjects were then given | ™8 o virer
orslly under suprrvinon, o 2 3 devy later tho adreoaline sest wes repted TRAS
tnc effect before and fter the triodotyromns treatment s then compared i P
Th second group consested of $ subjects, one of whom was abo Iocluded L
This scenod roup underwent the same investipatio with tho excrptoa that g
was fnfuyed metead [ adrenalioe and that the second morrdrenalfos 16
exacily 2 day after sdmmutranon of tBodothyronkae,

The object came 1o the kaboratory in the mommg, bavl § fasced Fiact U FEUS
aveniag. Huhynmmmnmnbhhlmmwumy‘”u#w‘ e o
0.5°C. A plastic cathetsr wus introdaced Into & cubital nuln-thuﬂ-ﬂ:{"wu
drawal of blood samples (va  three way 13p) and the otber for lafusioa

i %
6 perioms, on whes
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poradremaline, Wiken the catheiers were mot being osed for these purpoecs, 0.9 Na(l
sokation withont the addition of heparta was infised kato sach of them. After foaerilng
the catbetars and beginning NaCl knfimloq, the subject Tested for 60 mbnutes, then tho
‘aml metabolum, biood pregirs and pxies wero measared daring two 10-mai utes perfods.
A busml blood rmple was taken durlng cach [ thess periods, and their mean values wers
taken s badthe] vatocs. The nfixlo solntion was then changed tn ths firxt mrics o drealine,
which was given In dowo of 0.10 pg/kg/min {30 mimutes, dimobved In 09K NaQ
salution (o which 0.1 % ascorbio sckd had been sdded to prevent  ddstion., The metabolam
wis sabsoquently determined during the perfods 0-10, 25-35 3565, 8595 and 115-125
minutey efter beginning  drenaline mfosho  Blood smpley (13 ml) were taken 10, 20, 30,

60, 90 apd 120 minuteos aiter A Infoion, for & of hactic acid, glocoes,
fros fatty ackds and catecholsmioes. In th second serics, with noradrenaling infrions, the
blood h vt wot and theesfore only 8 ml of blood

woare whtidrawn each tizse. In this cerica the ractabolfm was aAlso meanred dating the petiod
4343 mintdes fizr beginning Infodon, od  fertber biood semplo was taken after 45
minates. Otherwiss the experiments ware performad {n the mme way In the two series
The blood premnre was meagurd by uscuianon { all experiments,  3-10 minute
Intervalz, and the prise was alwo recorded at similar intyrvah. The D; conramption, voatrie-
tion and CO; ellmination were measored with  Hartman and Braen metabolic recorder
xrd were recordsd with & O polygraply, which bas besn descnibed previousty (Svapara
1966c) The body temperature was recorded in some tests The puximal increass was
sl @ 159G fn all grovpe

Tto biood lscate was by tho method
Lovonocs, Moma-Lumonors & Vamos (1567), the blood giacose by thet [ Bmo-
MaYER & BenNT (1962) and the plagma fres fatty acid coocentretion by that of Teoor
Ermo & Faumema (1960).

Regalts,

Effect of oral administration of 1 mg triiodothyronine on basal metabolism
and cireulation The subjects stated that they had pronounced tachycardia
and anxiety even on the day after taking triodothyronine. On examination
2.5 or 2 days later dustinct thyrotoxc symptom with peipitations, raused
pulse pressure, slight tremor and nervousness, were poted. As shown in
table I thers were stotistically sigmuificant mereases in O; consumption,
C0; climination and pulse mte The systolic blood pressure rose some
what, but the diastolic blood pressure and the blood Iactate, glocose or
fres fatty aclds concentrations werd not affected unequivocally

The tdiodotyronine dose was chosen 1n consideration of the further
pulse fncrease which was to be expected durmg the adrenaline infusion. This
dote allowed the subject to Lie relaxed durning the nfusion, but neverthe
kst gave a statutically certayn potentiation of the effect of adrenaline on
0y consomption,

Adrenaline effect before and during triiodothyronme medication

Q; consumption. The resalts are grven m table IT and figs. 1A and 2.
lnvkwu!m:runmntuﬂodolhmnmonﬁcaedtheb-nl@mmump-
UmL&eulmuhtoryeﬂcctohdmllnehunotbemnpmdunmt
U Ane pacomemtopios, vl 14 fwe. 3-1.
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age of the basal value but as the increass 1n m! Oy/kg/min. over the basl
value, The oxygen consumption began to increase soon after beginnmg te
adrenaline infusion and reached half fts maximal values after 5 mimds
The maximum was attalned at the end of the Infusion, and not sxt
60 minates later was the basal value regained. After tiiodothyroshe
medication the stimulatory effect of adrenaline on O; conyumpton wxs
greater throughout than under basal conditions. This potentiation was
observed in all subjects and was statistically significant. When calcebed
from fig. 1 A for the period 0-90 minutes the potentiation of the adrenafne
effect was 85/

CO; elimination. Under basal conditions, CO, elimmation was ie-
creased to a greater extent than Oy consumption durlng the adrenafx
infusion (tehle IT) The probable reason for this finding has been &
cussed clacwhers (LUNDHOLM & SVEDMYX 1966) The effect of adrenalive
an CO; ehmination was potentated after trodothyronine medication

(fig. 2, table IM)
Ventilation. Dunng adrenaline infusion the ime course of the ventir

Table 1
The effect of | myg trBodothyronlne (Ty) on the basal meabolnm -
d same other fanctions In man. Moan increase o 8.E M. over base] valoes s the
pervone. P = probmbllty tat the effect wes doe to chaacs.

l Adrenalios sacxs (3 = € Noradrenaline veries (429

Mean change N":f:"’
Basa) vales after Pasal vahee
! Tyreatrocsl
Tytreatmant
"
Ozcomumptio mifkg/min. 366 + 0.063 051 0057 343 0137 a;!(_oﬁs
P <000
Ventlanon I/mm. 36140262 037 _0.A70 39120418 n-:'(:;:’
P <0005
[N
COjehinunation mi/kgimin 2185 - 0065 042 £ 0084 174 _0I13% crn(tom
P < 0.005
_06.0%
Lactic acid mg/100 ml 57_03% -01 2036 | s4_aom 0,6;14
Ghwcose mg/100 mi _22 5 _62 76+ 15 P
Free fatty scds peg/l 740 £ 31 20 & 49 0 ”;u
Pulse rate/min 3106 1622 x4 p <o
P <000l o
Sysiolic B.P wmm Hg 14 21 12 220 19 + 1.8 =
P < 0.005 T
Dintelic B.P mm Hg 1413 LJron | 012
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Fig. 1
A Efect {adrenabiae infmlon (.10 pp/kpfmin. fo 30 min) oa the axygen conmmption
of wntreated (C exp) and trifodothyronine-trated (T oxp) rubjects. Mean of § experimants.

T ol md C, cal = cpectsd incrvam  f oxygen ton in the same exp
caiculated from the increessd lactate content of the blood.
B Tho effact of infusion (0.13 pg/kg/min. fo 30 min) on the xygea con-

reptio  of witrested (C exp) and triodotiyronme-treated subjects (T exp). Mean of
3 apertmenty,

tron closely followed that of the CO, elimnation Trilodothyronine medi
cation resulted 1n a tendency to potentate tho respiration stimulating
effect of adrenaline, and the ventilation and CO; elimination curves still
ran perallel (fig. 2, table IT)

Blood lactate conceniration Under basal condrtions adrenaline increased
the blood Iactate concentration by a maimum of ¢ 0 mg / (Ag. 2, table II).
In all tests triiodothyronine medication potentiated this hyperd i
effect of A (the increase bang found statistically signifieant.)

Blood ghicose concentration The blood glucose concentration increased
significantly during the adrenaline Infusion (fig. 2, table IT) the effect was
unaltered by trisodothyronine medication

Plagma free farty acld concentrarion. Under basal conditions the plasma
concentration of free fatty ackd mcreased dunng the adrenaline infugon
(. 2, tablo IT). After triiodothyronine medication, which did not affect
the basal free fatty scid concentration, the increase was somewhat smaller
than under basal drtl This reduction of the ad Iine effect
was sirtistically probable when calculated on the sum of the differences
for 10-60 mimutes. The mean difference was 127 4: 50.2 (P < 0.05)

Clradation. Tho st y effect of adrenaline on the pulse rate was
not potentiated to a statistcally signifl extent by trilodothyronk
13
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Fig 2 The effoct of adrezalme and noradreasli hofusions o some meshoss 14
clrtulatory functions In man, ¢ ntfauous lines @~ @@ —@ = experimwiti o0
sabfects. Brokanloes L O O~ O = wap on oi-grexted seb}
Adrenatine esperimenty motn of € testr. Noradremaline experbnents mocan of $ W5

medication. However during the period 10-120 mumutes afier bepit

{he adrenaline Infusion there was o tendency towards & greatrt b

increase after the tniodothyromne treatment than under basa! conditert

(ig. 2) Triodothyronine medication had no effect on the actoBd

adrenaline on systolic or diastolfc blood pressure (fig- 2)

Effect of noradrenaitne before and after tritodothyronine medication,
“The effect of noradrenaline on the different varlables is hown 2

1B and 2 and in table 1T The Incresse in O~ consumption dun™t '

noradrenaline Infusion begap Iater than during adrenalin infusion,
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Table 2

Effact of adrenellne infosloa (0.1 pg/kg/mia for 30 min) on some
mxtabolic and chroulatory function {0 man.
Tests before (A) and after (AT 1 the ine tests
(he mean focreaso o the  drenaline effects before and aftar trilodothyrontas traxtment fn
the tame poson bave besn calcnlatsd (ATy-A) The times Iefer to the beginnlag of the
adrenatine mfusion. Meun of § tesnn. P = probablfity that the effect was due to chance.
Significant kevele ) = P < 0.05 ) =P < 00! 5) =P < 0.001

A ATy ATrA
Mexn increass | Mean acresss
over over
barl vatee basal vah

O; comsumption
ml/kg/mdn. 0-10min. 041 + 0.0967) OF6 L 0.093)) .45 £ 0.093)
1533 085 L0053 141 201M) 096101040
5545 - Q20 £ 0.0510) 044 £ Q1021 024 L0125
CO; eimimtion
mYky/mm. 0-10 109 £ 0105T) 140 £ OQIMAY) 031 + 0.09%D
2535 1.00 401257} 131 +£ Q1685 031 + 0.1191)
3565 - Q.07 + 045 0.10 + 0.083 .01 + 0.062
Yeoblation I/min o-10 206 £ 0.2199) 247 £ 03519 042 qlml
2338 197 LQIEYY) 242 L0019 043 £ 01D
3545 - Q3. £ 01100 017 L0114 —0.15 L 0178
Lactic sctd tn blood |
™y/100 m! 10 22073 4351111 23+ 0709
0 €4 £ 1379 11.3 + 0999 49 10600
0 - $0 = .ool) 13.3 £ 1 400 44 106
0 - 41+£1170) 521+1109) 114081
Blood glecoss
/100 ml 10 1727 14 £ 149 ~1%8
m - 40 = 101) 36+129) -5+7
¥ 35+ 6 32+ 113) ~2312
0 ‘ “ 19 L) -1+
Fres faity eads [n
plama g/t 10 ML 263 _TITH 109+ M9
-1 13 & 51.09) € L9715y 104 971
» 132 + f0.0) 634 4 11317)  —168 £ 3423
0 - 300 = 9320 112135480 -~ 11181
Pulse rate/min o - 13423 15+ 280 Ix21
30 1119 4809 752
6 4130 13 4 45) 9.L4
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Systolic B.P mm Hg

Dlastolic B P mm Hg

NILS SVEDMYR

A ATy
Mean Increase | Mean fncrease
over orer

baml value bl vates

10 - 27£399 24 1359
0 - 32444) 323
60 - 10 £ 209 1 £2.7
10 - —16£22)  -17£139
30 - -18x28) —242TY)
60 -~ 415 1£11
Table 3
Effect of poradrensline (NA) infoston

ATHA

~312¢
-133
1118

-2z
—4 126
-31+20

(013 pg/xy/min. for 30 min.) oa some metabolic and cireulatory
fonctions in man. Notations as in Table 1L

03 consumption
mlxg/min.

CO; dlimlnatlo
mUkg/min.

Ventlmtion Ifmin.

Lactic scid In blood
/100 ml

0-10 min.

15-35
3568

0-10
2533
3563

o-10

3565

3

588

NA NAT,
Mean Increase | Mean locrease
over over

besal vales besal vaioe

|
i
| 011 00317 009005
0.52 +0.0317) | @33 +0.057%)
017+ 00200 [ 0.14 £0.033

0.47 £ 0.0413) 035 = Q124D
0.25 + 0.080) 0.23 x 0.082)
002 £ 0.031 —006=00H

112 0rssh) 099 £ 01680
007 £ 0.189 013 + 0.280

—Q) £0.64 09 + 010}
02 +a%0 10 £0.43
03 1048 aé + 043

—03 =033 atl +037

141 £ 0219) l.DOiO.ET’)l

NATrNA

—

_poz 009
+0.01 £807
—o0) 001

LAl
000 +00%
_om 2008

o1 L0410
b1y 1910
oot 01

09 £08
a9 £ 041
as 204
a4 £87

I
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NA NAT:
Mean Increuse | Mean fncreess NATENA
over over
basal yrloe basal valoe
Glacoss b blood
mg/100 ml. 10 - 74100 7+190 0493
0 - 2| £ 6.67) 15 £319) —6+74
3 - n 4118 16 £360 -Tx113
60 - 12+ 00 sE11y ~T£76
Frew fatty ackds in
plaes pegll 0 - 298 4 6120) 442 £16001) 144 =111
20 -~ 600 + 140.01) 649 L 15210 44+ 146
3 - T4Y £ 12417 M5 L2160 -34+100
0 - 18 £ 1630 112 L1791 196123
Pube rate/min. 10 ~60 +19) —102+22) —~42+29
X - —T4 L£21) ~54 1140 ~20+28
[ +58+ 1.3 +5244% ~06+36
SystoBc AP mm Hg 10 - 24 + 347 »+37 5430
10 - N L46 30 & 28%) [ Y
o - 4417 Sx1eh 1223
Dhstelic BP mm Hg 10 16 = 1.59) 12 + 290 —~3+23
3 124189 9 & 3.0%) —3+43
@ “1=x11 0+16 041

its tatal effect dunng the perlod 0-65 minutes was about 55/ of the
adrenaline effect. The effect of noradrenaline on ths ventilation and CO,
elimination was also kets than that of adrenahne. In contrast to adrenaline,
noradrenaline showed only a small effect on h100d lactate ccmmmon.
The hyperglycemic effect of noradrenal ly half that

ld:cmhne,nndtheeﬂ'cctunplmnnmccnmuon of[rmfmyudd:
was the same as that of adrenaline.

In contrast to adrenaline, noradrenalme rediced the pulse rate and
Taised the diastolic blood pressure, whereas the effect on the systolic
blood pressure was the same for both catecholamines, Treatment with
triiodothyromine did not alter the calorigem effect of NA, but its effect
on blood lactate concentration was possibly somewhat sugmented.
Otherwise the tniodothyromne medication caused 1o alteration to any
metabolic or dreulatory effect of noradrenaline
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Discanion

In these experiments tniodothyronine medication had a sgnificant, eves
if not a particularly powerful effect, on basal metabolism and the deals-
tion. The stimulatory effect of adrenaline on oxygen consmumptios i+
creased by 85/ after triiodothyronine treatment, and its effect on the
blood lactate concentrstion was also potentiated. The hyperghyeens
effect was not affected by the trilodothyronine medication and its effectot
the plasma concentration of free fatty acids appeared to be reduced, The
action of adrenahne on blood pressure and pulse rate was not affected
unequivocally by the tniodothyronine treatment.

In previous expeniments on man (SVEDMYR 1966¢) the proportion of
the total calongenic effect of adrenalme that could be aseribed to the
stimnlation of lactic acid metabohsm was estrmated as 35 4 The poteniz
tion of the effect of adrenalme on the blood lactate concentration afks
triiodothyromme medication could either be due to the fact that the hyper

(73
[T
ot

&
©w

z
%
!

I
= oo L] » Ll "
Fig. 3. Tmﬂmpmmumnoflhnhﬂwwdhc&ﬁﬂ-&)“:":;
than ffres [ (ty acvds for the calorigene effect fm;mlmﬂhmmtdl”;’m\ﬂ
Lhyronine-treaicd rubyects (B) LA increaso in oxypen comsasiption csklited W0,
relatiombdp between lactc aad concentratio I the blood and ic effoct of
consumption, a8 found by Svedmyr (19684). FFA proportion of the culori e el
adremaline blocked by wotinke scid ad aitributed to creased metabolem
ackds (Svedmyr 1966c)
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lactacidemic effect of sdrenaline had been potentated or that the rate of
lactic acld elimination had been reduced. In complementary experiments
(SvEDMYR 1966d) 1t was found, however that after trilodothyromne
medication infused 1(-)iactate in man was metabolmed mare rapidly
than in untreated subjects. The focrensed effect of adrenatine on the blood
Iactate concentration afier tniodothyronine modication was therefare due
to an increass in lactic acid production, On infusion of L{+)lactate before
and during treatment with trilodothyromne the regression equations given
below were obtamed for the relation between the shmulation of axygen
consumption and the lncrease in blood lactate concentratien (Svenuywr
1966d) Before tritodothyronine treatment Y = 0028 X + 0.032 after
tniodothyronme treatment Y == 0038 X 0099 (Y = increase of
oxygen consumption 1 ml/kgimin. X = increase of blood lactate
wmmhmmms/)mmblhungbymmofthmeq‘umbmthe

i in oxygen o that should be Indoced by
thnm:amdhcmmoommdcnmth:hlooddmngtheld:mﬂine
infudon, the curve L. A_ int fig. 3 was obtamed. The ares below thus curve
dunng the period 0-90 minuies was 40/ of the total adrenaline effect
before and 49 / after tniodothyronine medication. The importance of
the lactic adld bolism appeared th to i after triodo-
thyromns admnmstration. Toiodothyronine jncreased the calorigenic
effect of adrenatine by 85/ and of this increase 58 / could probably be
nscribed to potentiation of lactic acsd metabolmm.

It is very probable, that increased lactrc sad metabolism only
partly expluns the potentuttig effect of thyrowd hormones on the calon
penie acton of adrenaline and that some further mechanism or mecha
nisms also play a part.

In untreated mubjects, approxmately 30 / of the calongenic effect of A
could be ascrbed to an increass 10 metabolum of free fatty acds (Svep-
MYR 1966¢) (fig. 3) An important question 1 whether after triiodothyro-
Tune treatment the role of mobilzation of free fatty acids in the calorigenic
effect of adrenalios bad abo i d. The dlevating effect of adrepal
on the plasma concentration of fres fatty acids was somewhat smaller
after triiodothyronine treatment than in untreated subcts. This may
clesrly have been dut cither to a decrease in mobilization of fres fatry
acids or to an increase 10 metabolion of free fatty aclds. On the other
hand, nerther the free fatty acd-mobiliring nor the calodgenk action of
noradrenatine was affected by trilodothyronine treatment. It seems 1m-
probable that trijodothyronine would affect by substantially different
pathwayy the free fatty acds-mobilizing activities of adrenaline and
noradrenaline and the part played by free fatly acids-mobilzation in the
calorigenio effect. In fig. 3 the actnal increase m oxygen consumption doe
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to increased mobilrration of free fatty acids has been amsumed to be the
same 1n trifodothyronine-treated and untreated subjects.

Some investigators have found, however that the fres-fattyacds
mobilinng effects of catecholamines are potentiated by thyroid hormane
This was demonstrated 1n the mt (DEpONS & ScEwaRrTs 1961 Derkd
VAUGHAN 1963), but not confimed in the rabbut (SveDsoyn 196601
HARLAN ef af (1962) found 1n man that the free-f:
effects of both adrenaline and noradrenaline were potentinted in hypet
thyroldism and reduced in hypothyroldism, but HamBuraE ef al. (196)
were unable to venfy thess findings.

The reason for this dhngreement 1 not clear It s concefvable that both
differences between species and possibly the stronger effect of thyrod
hormone may have been of importance when potentiation of the free-
fatty-acids mobilizng effects of catecholamines have been demonstrated.
1t is probable that, if the free-fatty acids-mobilizing action of catechol:
munes had been potentiated by thyroid hormone, this action would ksve
contributed to potentiation of the calorigenic effect. Furtber stodies of
this problem are required.

Under the experimental conditions used, sturlation of the hyperiss
tacidemic effect of adrenaline and the potentlation of lactic ackd met
bolism are probably among the more important mechanisms by wid!
thyroid hormone potentiates the calongenic effect of adremaline.

The effect of adrenakine on ventilation and CO; dnnfnnﬁoﬂm‘:,
sugmented after truodothyronine medication. The stimulatory effect
adrenaline on ventilation s due, at least in part, to mwmcol
production This, in turn is due to an ncrease in oxygen co
mdmmaddmwmumwmmmmmmasm‘;
1966) Ttseems plausible, therefore, to ascribo the augmented stimalatioa
ventilation and CO; el to the p ing iafluence of trod>
thyronine on the adrensline effect on lactic ackl production and 0
consumption

Trfodothyrounoe medication did mot alter the plasma adrenali®
concentration dunng the adrenaline jnfinlon (HXGamDaL & Svn”:;
1966) The observed potentiation of certain adremaline effects docs
therefore appear to be ascribable to changes in adrenaline metabolism-

ronint
A study was made on human subjects of the effect ofm»odoi;v
redication on the calerigenic actions of adrenaline and nmlkm
and on their effects on the blood Iactate and ghucose concentra
the concentration of free fatty aclds in plasma. Trﬂodothrmﬂbcmdk‘
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tion potentrated the calorigenic and hyperlactacidemc effects of adrenaline
wheress 1ts effect on blood ghucose concentrations was not altered and
its cﬁ'cct on the concentrations of fres fatty acids m the plasma was
diminished. The latory effect of adrenaline were not

affected unequivocally by ths triiodothyronine treatment. Trilodothyro-
nine did not potentiate either the calongen or free fatty acids-mobilizmg
effects of noradrenaline, nor were any of the other noradrenaline effects
unequivocally modified An increase in metabolism of free fatty acids
was therefore probably of minor importancs for ths potentiation of the
calorigenio effects of adrenaline by triiodothyronine in these experiments.
1t was estimated that increased lactic add metabollsm contributed to 40,/
of the caloriganic effect of adrenaline before and 49 / after treatment
with triiodothyronine, The potentiated effect of adrenaline on the lactate
metabolim after trilodothyronine admimstration could therefors parily
cxplam the increase in the calongenic effect.
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Radlometric Micromethods for
the Study of Some Amino Acld Decarboxylases
»

Rolf Hikanms
(Recetred N vember 5 1965)

The classical method for the study of amino acld decarboxylase activity
is manametric and 13 based on the enzymatic production of carbon di-
Uﬂdr"Dctermlmﬁouafthelmmtornmmcpmdmdbemmcponfbb
when je tric and flu 1c methods (BogDasxt, Prey
mn.anm&UmNmn 1956 Waarxes & UDENFRIEND 1957
Lowe, Rospa & EyrRWMAN 1958 Hrexs & UDeNFREND 1959 Snoms,
BURKHALTER & CoHN 1959 CARLSION & WALDECK 1959) were intro-
duced Fluorometric techniques aro senmtive enough for most purposes,
but are inadequate for studtes of the low enzyme activites found m most
bolated cells or small samples of tissue Labelied substrates, however
have made such studies possible (SCHAYER 1956 KAHLSON, ROSENGREN,
WestLivG & WHITE 1958 Arrems & Brany 1959 Wemmach, King,
SroerpIMA & UDENFRIEND 1959 WILson, GieyoN & UDENFEND 1960
Konayasar 1963 SNYDER & AXELROD 1964 McCAMAN, McCaMaN HUNT
& SuITH 1964}, but most of the techniques are laborions and time-consum-
ing. The growing interest 1n the functson and formation of blogenc amines
has stimmulated the development of simple, rapsd methods for measuring
low activities of amino ocid decarboxylases. This paper describes several
such techniques. Some of them have been described, with minor medifica-
tions, in previously published studies of amino acid decarboxylase acti-
vitles in biologieal material (HAKANION 1963 HAxANION & MOLLER 1963
Hixaraon 1964 Exouar, FaLcx & HAransoN 1965 HAxarson
MOLLER & STORMBY 1965 HAXANsON & OWMAN 1965),

M Aok prmmeriegtn. vel. M, fame. 3L
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Matertal and Methods

The technical device for on cxchangs chromatography developed by Boma, Caxs
0N & R (1956) was emplo hroa gh Beforn tec, tha cotumns, contabeey
100 my (dry walght) Dowex 50-X4 (200-mesh, colomn dimensoes 13 pm? x 2 mad,
were washed plternataly eoveral times with 4 N hydrochlork acid and redistled vt
The flow rate wes kept at aboat 0.2 m! per minnts.

Al radicactive chemleals wero obtained from The Raciockemical Cratre, Esgiawd
with the cxception of HC.y-amino-n-butyric acld, which came from tiw New Exglsd
Noclear Corp., USA. The habalked compounds wors stored st —20° before aod whe
puridaation. Mot of ity wers carrded out n & wisdon ks Friexle

fher gas with en in vahwe of uboot 20 coms
per minute (cpm). At least 4000 counts were taken for each sample, The beck groosd coost
wat subtracted from the observed total count.

DL X3 4 Dipdruxyphanylr-alenine-3-14C (DOPA) bed 3 specific sciivdy o 30
mc/mM und gavo 3.5 x 104 cpm/yg at rero thickness. Before mae, the 14C-DOPA preparv
tho was purificd on & Dowex 50 column (HALAsOR & MOLLIR 1967). The radioectn
DL DOPA was disotved n redistilied water and trapsferred to 8 300 mg Dosex 30 cotwat,
Previomly cquilibratod wiih 20 mi 4 N hydrochioric scid and thed with § ml redetlled
mAﬂ:rpmnpo(thnohﬁun,mcoohmnm'ubdwﬂhwulMHu‘-
scetate-acetic ackd buffe pH 3.1 Eluticn of the smino ackl, which wes retaised ou
column, wes performed with 0.4 M acetats buffer pH 60, all DOPA appeariog ln &0
sacond o fourth mi, The cloats was detsd with .01 K hydrochloris scid to the okt

dl ofnnknovnkkmhymmw

this procedurn.
MUC-L-listidee tabellod fn the  poation in tie lmidaroke ing, kad s spectkc scthEY
of 1.5 mefmi and gave 14 X 104 cpmfpp st 2370 thickness. Sincs tho commurel! prepe-

Pans,
0 1l 0.1 M phosphata buffer pH 8, and tho volume wes sdjowed to 3 ml by e
radistiled witer This solotfon was transferred o the colums, prev
10 ml 0.8 M phospbate buffes pH 8.0, and $ al recistlied water Histhfipe paseed tirocdt
10 the effloent, histamine being retatned on the columa. Appeoximstety §0% of the bsidiet
could by recomered in the ofisent tbe remalning 20% wes duted by washing the o=
\msmusuwem«putmmmwmﬁ‘d’“m
19 cvaporated 1o dryness on A stoam batk, and tbe dry reddto was dissolyed B2
Ww:omwmuwmmmw%r”;;
The fia! sl Ined some ctive impurlty bat S5
remi), but this mperky
»ot Lntnrfcre with the 5
experiments (fig. 7). walt, bad wcthity

L-Glxtamic acid! C 1 befie)

of 27 mc/mM (13.5 x 104 cpmiug zmounmmndmmmmchlpﬂr"’
Mwmm.mwmqmwuwmmﬂw‘“”
of gutamic scid decarbonylase sctivity), The 14C-ghutamic acid e
mmmmﬁmmuoﬂwmmw-nm&hmd;:&
aud the rest was eiwted by fyw mt f&ll(nmoahmmubﬁtktd‘b"”:”
The combined fractions contaming glotamic scid werd svaporated (o drypes &
mmmmmmmmhoolnnmmmwmm“’
Interfering radioactive lmporides  wnknown Kentlry were remored by thlt F""";;‘,,
1411 Dikydbasypbeny retiiamine 1 HE ) whh  specibe scthky

7 Kider?
rmefmad was obtained by incubating 14C-DL DOPA with the sepersatast of nbbll
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(G, 1960). The HC. formed was fscleted by the method
deacribed below and taken up in 0.01 N hydrockloric wcid. T extablish the yield of 14C

Lmﬂdwyummdmﬂndyhntb‘ud\ﬂhlbomclwofmn—ndio-
acthe DL-DOPA and the wrt ]
dmﬁb‘dby&mhwm(llm

Hixtuwine-Xrbeg) 14C aikydrocklaride had & specific acthvity of 213 mo/mM (19 > 104
cpm/py bass at raro thicknem) nd was dimotved in 001 N hydrochloric ack! before .

y-Aminewbutpric-1-HC ocid (GABA) bad apecific sctivity of .72 me/mM (3.6 x 104
cpmypg ot 20D thicknes) and waa dimolved In redisilied water befors o,

Erayme acthvity amays wire performed on Bolated cells, small amownis of thees 5ot
mlmmm-ﬂﬁ!w&n&mAmboﬂ:mmquimrhbn
abaking devicy was mecd. A hot M buffer
(Soreaems) n  mitrogen atmosphere st 377 llhnkvlhnwcr- btatnéd by parslled Idemtical
incabations withomt tisne or with hested trasi pampics (tispoe blanki). Blank yalses were
subtracted fram the figures indicating coryme tetfvity Slaodsrds wers provided by ronning
knowa amourts of J4C-labelled amines simultsncoualy As a ferther control, | sowe

known amounts f the 4Clabelied ambss wure added 10 one or two sraples
in  serhes (xtermal standaniy)

of DOPA & ectrtty
The sasmple was Incubeted whth 3 pg 14C DL DOPA in a total volome of abost ano ml
for o0 bowr Incubetion wes Interruptad by the addibon of 4 ml 4 N perckloric weid
104 s curtier After homogenization fn an Ukrs

sarapi, the cotaman wea wmabed with 35 ml 0.06 M phospbats baffer pH 6.6, asd 10 m!
redwtfied water All DOPA wan ehimlnated from the colemn by tha procedore, and the

amines wers destroyed. The dry recldue wis extracted twics with 3 ml scetone containing
0.1 ml 2 N hydrochloric acid per 100 mL Radiosctivity of the aymples was quantitattvely
tecovered dm the mcetons sxtract, which was then trunsferred to standard plamchettes,
dtameter one 1och, and eveporatcd to drynes for messurement of radioactivity Besides
thw awines the clusts coptabwed some radioscthrs impartiles odgleatieg from the MC
DOPA preparation, giving  total blask valme of aboat 30 cpm, inctmding backgronnd,
Owe 25 of dopaxuse (Tres bas) formed from this batch of 4C-DOPA correspoaded tm

mmmummww@hhmmmﬂy

by analyses of soe tamplm by a radio-
mwmummmmmmwmdmm
Teduced pracere at room termperatare,  treatment that feaves the extyehol amtioes Ertact.
mmm-ummhm:udwmmmmm
10 dryness w room trreperiturs, et Acetoos extract was spotied oo Whatman No 1 #er
Peper Beparation was pecformad by three Aifrent sotrents 1) n-butrnel oxtarsted wih
=
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N hydrochlorc scid (BexTian of al. 195%) 2) methancl-botamol-bearene-water (L1 11
(Ssnor & WiTxpe 1939) 3) phenol-water (300 g of phenol dbsalred ln 125 mi paim)
{cL Swrn 195%). The disitfbetion of radlosctivity on the paper chromatogrens sx
determined as described in detall below Tho carrier and the referancs compossh vox
detected by moans of the Paxdy rengent (ef. SaaTH 1957).

cpm —

Mehanol Butooal Be reas HO
w00
=
00
o
1A
| (@) (@)
Dors. [
cpm
Butenol HCT
00
200 _ —
) 4‘[
L~ 1Tk
| ¢y <2
i3 LY
‘ s 0 It} 20 »
slort em fom swortng port
Fg.t muwmwwdmmummmﬂﬂ"‘*ﬁ

with HC-DOPA (Exxsan, FaLcr & HAkAdaow 1965) nd punted by loa P
text). The sobvent rysema mad wre indicated in the Bpure, oy srv the poskdont
over-night «f roomn tamperatsre:

reference p e p
Dibydroxyphenylalanme DOPA
Dopantine DA
3-Mctboxytyramne MTA
@1

Methamol-butanol-benzene-water
Butanol-HC1 n-bwtano! saterated with N hydrochloric scid
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of klsridine dase ectivit
The sumple wes inczbated for 0no hoar wth 2 jup 1C-bistidine fn a total volumw of
cornl ] some { babsbitor) was added to & fnal

conceatrition af 10—4M  After the Incabation, trichloroacetic ackd waa ddcdtopwnﬂ-l
coocentration £ 3% and a t tal vofume of 3 ml Ni
rids, 2040 pg, was pdded as carrler  After homogeatzation In the Uttrs Turrax bomop-
airer ths praciplttc was spun down and discarded. Tho eepernetant wis washed twice
mfmwmdwmmmwwmmmﬂum
to centrifi 0.5 m! 3NN OH apd extracted for 3 mimotes
ﬁt:hl!mlo!n-buhn‘ O 2. After lon at low specd U organic
Fhsts win traceferred to another tube contaiming 3 ml 0.03 N sodhim hydmdde. After
thaking for ono mirmrte, the tabe way cemtrifuped, and the organic phase was tramaferred to
another tobe containtog 3 mi 0.1 N hydrochloric scid and 4 m] beytane, The mixtare was
shaken for ope mintts asd thea god. This p 3 iy that deacribed by
Fonmmatyex (1962). Tho fnal acid fraction L @y
of the origina] amotnt of histamine. Recovery wis not affectsd by the presence of timno op
to 100 mg. Stuco histaming ja not scparated entlrely from contamimting 14C-bistldine by
orputle extruction,  furtier purification [ the amine by peper chromatography waa
forad to bo pecessary The acid extract was t driypcsson  ricam
beth, and tho dry rndue wes takan ap In 3 + 3 drops { aficaline etbana! (23 m! baolts
ethanod + Ffvd:n-piuflmmom)lndwlcdu cunnn-om Whatmas No 1
et paper strip for wmnally
with wmdammmmawn)(mwmm
bowt two hoars, sBowing the sotvent front t travel abowt 20 cm. In soma expertments the

oeo
w000
12 <D
3 © -1 20
et o e g pard
Fp 2 The of an  paper of an extract from rat
5o0e marrow (HAxaxson 1964) [acubated with 10 ug 4C-bistdine (HID) for one honr and
treared for of krstidine activity Ascending

chrommat graphy
¥ performoed over-night in solvent system T ethunol-ctik-wakT-aovmonta (8 10 2 1),
Whi Lhm sechelqug the Rf-vatee of histantoe (HIST) w (.35, and (he comespondiag Agare

For 1.4 50650 The mpurity of wnkwown idesiRty presst in
mpmypummmducmw(munm-urmmmnn
R valas of 0 40, 1 this of th peak

(-udumb.\'mv.hhnh)m-mpondh;t o total of ot 100 cper.
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[dentlty of the metabolite formed win terted by sscending chromstography oversigit b
two other solvent systems n-butanc! saturated with N hydrochloric acid or st

by heating at 100 for a fow minotet. In somo experiments (g 2) the soacunt of KC
histamine formed was deteruined by passing the paper strip tn 6.5-1 can portion wda
the window fa Trecerab g fow-coanuter (with 8 beckgronnd valoy of xbowt 25 cpel
equipped whth o aheal devics for the scxmming of paper chrooutagram, A
boad shield p d foterfery of tho 4 part of the strip with (e rediosciinty
of the arsa belng counted. At Joast 1000 connts wors teken for each portion.

results wers obiained by Integrating the counts for the histamine<costaiobeg s oo

the One pg of bt dno formey from this batch of 14C-kiside
cofrespondad to abont 1000 cpm. No difference was observed between the yahee obtsaed
before and after ok For the more timation, bowre, O

hitamine<ontaining part of the rinkydrin-troated paper chromatogram wa ool o
aluted overnight with 5 m! of ethamol containing (W drops of ammonia per 25wl T
athanol frection was evaporatud to dryness on planch for of cthiy
1 the Fricsake-Hoeploer gas fow-conntar By this method, sch u of histandos (free bexd
fofmed correrpodsd to about 30 000 cpm, withowt cottection for mil-absorption Usder
the doms maed the sclf-ab of the samplos was constust, The blaak vates & set
excred the background. All valoes given balow refir 10 the ethanoi-sloted womphe.

Measurement of glatandc acid decerbaxylats scriviiy

The samplo was Incubated with 2 pg 14C-glutamic scid i the pecsence of 6 pf 2
radioactive y-amino-n-butyne scid (GABA) i 4 torl volome of ewe mi for ome Jof
Incubation wes interrupted by the addition of trichloroacetic scid to fina! concesirtien

asxAn«mmmmwuummmmwmwﬂz

Aﬂulhhh-imzntlb-pﬂofﬂnnmplun:kdm!lndtmh‘_:
valoet wero comroctad by the addition of emall amounts of 0.1 M acetste-buffer pH u
The sampe was then traoefirted to the Dowex 30 cofuma, previonay trastsd wifh 1064
Ammonium acetars-scetic ackd baffer pH LS and $ ml redistitied watsr Anoa-ni:z
ﬂmmk-ndmdlﬂmwdtmmlhcdmnbymhln:mmmlOlH‘“ Toul
PH 3.5 20d 30 ou] redistilied watsr GABA could thes be ehmed with

0.003 N mmonls In 3% ethanol The sthanol fraction wa

of N
tho of the Aampies was comstazt, Witbeut correction for the sif-abeorption, o QA%
formed from our batch of 14C-glutamio scid corresponded to abome 60,000 cp. T
mmﬂdmmmhdmdwmmpwmmmm“‘dm'

was fownd (0 chute o1 feast one otber metabolite of patamk. scid tFE0S
GABA. Thowgh only traces of sdded gatarmos occurred | umhm.-“d‘ x
bmyrkmdd(MBA)mrwowndqu}vdyLnanABAmﬂHﬂl ':t"'"
wus exsential to make n&mwmwmwdnhﬂ:
h.mmmdmmwmduuwmm "“m
mhuudmammmmmlwmﬂcdﬁ-h“’““ﬂnﬂ,
Aral scctono extract was reduced to  tmall votume by evaporation (s1 r00% o
nd sircaked o8 to Whatman no | Sler paper Descendiag chrootiograpy »# P72
M.m-wmawmnmnuwﬂh
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Methena! Acstlc ackl
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Ethanot Ammonla Water

Ahna

% WW“ femorer
s 1] L] 20

cm from slartng pont

of sxtracts from rat bradn Iocobated with 14C-

cid, Omo 5 of the tiwws was bomogentrsd 1n 10 m! ics cold 0.1 M phosphate
baffer pH 7.2, and centrifoged at 20000 g for 10 min. One mi of the Fupernatant was
facurbated at pH 7.2 with 2 g 1C-ghitamic sckd fn the presence of 40 g GABA b nitroges
Umotphers ot 37 Afey incubatlon for one kour the camphs ware purified (s text). The
Txtaboktes were separsted by descrnding peper chromatography for about two howr,
The solvemt systems oeed are indicared I the figure, a8 are the poettlons of the refermce

compounds.

GA  Olotamic acid,

GAM  (Jlutamine.

GABA r-amino-a-butyric sckd.
AABA acd.
Methunol-scetic sad (100 1)
Ethasol-exasonds-water (10 1 1)
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(10 1 1) for about two houry, allowing thw solvent fro 1 to travel about 20 cm (g Nl
%ome experiments separation wws performed In phenol-water or phenobammosisa g
(cf. SurTR 1958). The chromatogram was deied 1 63 and developed by saiydrs i
mbneqn:mbnﬂn;.Thtdhﬂbuﬂonafﬂdmcﬂvﬂydooglhop-w:ﬁm [
studbed by nctomatic scanning with the Tracechab gas fow-connter

Resalts sad Discossion

The mumber of cpm corresponding to a certain amount of ambe
produced duning incubation with the Iabelied precursor was established
by experiments in which known amounts of !4C-labelled amines were
added to tissue samples (table 1} The vanation was found to be small

The relability of the methods was tested by model expenments Xk
and without tissue (table 2) and by experiments involving we of mtersal
standards (table 3)

Enzyme activity was found to vary linearly with the amount of tisse
extract and the duration of the meubation (fig. 4)

All values given in the tables and in the figs. are uncorrected the
consistency of the results obtained under the standard conditons msd
correction for self-absorption unnecessary

The paper chromatographic methods for identification of tho metaboldss
formed were chosen for their ability to separate the aminet from ther
respective precumors (SEvoH & WiTkop 1959 Cowort 1955) ad
metabolites (BERTLER er al 1958 Sewos & WiTkor 1959 Lipart 1960
a & b) (fig. 1 and 3).

In studies of DOPA decarboxylase activity with tissae or crude s
extracts the formation of radioactive compounds other than the
product has beea observed (fig. 1) At present it scems probable that the
compounds are O-methylated derivatives of the primary amine (AXELH,

Table 1
Recovery in cownts per mimut of HC-labelied amines added to
tiseua sampics of the seme werght.
Amount sdded  Speaic Radiosctity M0 0
Compounds U pg activity fo cpm Mexa &

(frea base) mcjmM (womber of
33 (n
Dopamine at 178 15 £
Histamioe o1 219 2600 3 58 g;’
GABA. ot 172 1510 = 46

mxc«wum-mmwwwnmmnmwmzamﬂw
In 3 mi 0.1 M phosphate buffer pH 7 0. Excapt for tho ncabetion, the KAEF
by the routine procedures.
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Table 2
Recovery of 4C-labelied amimet added (o tine samples of
various weghts.

Wet weight of Redicactivity registerad In cpm

Uwee P BE | emine  Misemine | GAPA
° 1163 0 179%
10 1148 269 1313
2 1012 2180 1400
0 4 910 1546
P 1161 360 1639
@ 17 106 1393
»0 1107 3100 1407
100 1151 1w 1481

1Clabelled amines b emonnts of C.1 pg (fres bese) were added
togather with carriT to separate samph of minced rat Thyer
soepended bn 1 mt 0.1 m phosphate baffer pH 7.0. Except foe
1 Incubation, the wamples wers treated by the roxtine prooe
dorer.

Table 3

Recomery of stundards and tnternal etandarde.
Experiments on giutamle o decarboxylass from rat braln.

Dexcriptioa { ramples and Radioectivity
candards repatersd In cpan
0.1 ml extract 1990
0.1 ml extract 1700
0.1 ml extract 2018
.1 ug 4C-GABA 1290
O.1mg 4C-GABA 1458
0.1pug 4C-GABA 1323
0.1 mleviruct + L) ug HC-OABA 3100
Q.1 ml extract + 0.1 pg 14C-GABA 3200
0.1 ml extrmct + 0.1 g 14C-GARA 340

Mt bratn extracts was prepared a3 described elsewbers (8. 3),
The axtrect wes kcubated with 14C-labelitd glutamic ackd by
the rovtine procedwrs. Stand rds and intsrnal standards wers
reo paralle] with the samples (soe trct),
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Flg. 4, Thdaaofmymommdon(&mdlncub;ﬂwﬂm(n)ounonm

Xylaso activity The enzyme was obtainod by hamogentring rat stomche, wet weight ¥

In dca-cold 0.1 M phosphato baffer pH 76, and praciphating with ammoxhn wiptar

Thrmlmmdmmnmwmdsnx-m-donmwwhudhk

204 diatysed over-night. The incabtion was pecformed in & volome of cae xl & NU7¢

with 3 jig 4C-DL-DOPA and 1 ug pyridoxal-S-phosphate. n A the bcebstion ths w71 o4
hour In B the amount of extract added wes 50 pb-

ALEERS & CLEMENTE 1959 AXELROD & Tomcick 1958) The posse
presence of such methylated metabolites thus make 1t preferable 10 £
th:rmﬂuiucpmordcmrbaxyintcddcrknﬁvam!hﬁthmmm
grams of primary emine pmdmd.Admﬂu.muﬂonedmmww
mune and fts metabolito 14 methylustamine, sioce n many fpeoes N
(ang)-methylation is the man pathway for histamine catabolism (SGAT®
1959) The N methylated metabolrte of histamino is extracted together
with histamine by the butanol-chloroform mixturo used and seperts
poorly from histamin with the solvent system routinely employed fof “:
paper chromatographc isolation of this amine. However separaimon
casily obtained with other solvent systems (LINDAHL 19601}

POTTER (1944) claimed that an cozyme assay to be valid, must sty
three conditions activity must be proportional to the amount of eazym®
added (enzyme extract or tisrue sampio) activity must be constant duneé
the incubation period mdth:nmymustbcmnhdomuﬂm“ﬁ
substrate concentration. Usually the thrd conditton fs difficult 10
with expensive labelled mbmummtﬂcdonuuppuedm"“ w
practical than for theoretical reasons In principle an enzyme maY
assayed at any substrato fon provided condiuons ar wh:b
fornllumplﬂnndpmvidcdth:rmcﬂonmtabﬂmrv‘“hﬁm"
evident, however that the emplovment of low “physiologiaal”
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of substrate may introduce serious errors m the determination of high
enzyme activibes. This was clearly fllustrated in studies on rat kidney
cortex, a rich source of DOPA decarboxylase (ROMmENGREN 1960), in
which the standard amount of 14C DOPA was quantitatively transformed
1o dopamine in less than one hour Consequently In this experiment the
enzymo activity recorded gave no adequate mformation about the enzyme
concentration. To obtain a linear relatiomhip between enzyme actrvity and
enzyme concentration the incubation time was shortened and the sub-
strate concentration increased. The results and conditions of these experi-
ments are given in fig. 5 If moro than 10-20/ of the substrato is con-
sumed in the reaction, 1t is reccommended that the experimental conditions
be adjusted along the lines indicatod above It should be emphasized that
radiometric methods for the measurement of ammo acid decarboxylase
actrvity although useful for some purposes, must be applied with cantion

The estimste of enzyme activity may be modified by several factors.
Thus, the results obtained may be affected by 1) cell membrane pheno-

COUNTS/MN

o} 5 10 15 20
mg wet weight

Fig. 5. DOPA decarbonylase activity of misced rabbit kidsey cortex plotted  galsst the

M weight of the mphs. The Bpey shows the rehs of two exparismants, Kentical

APt for the emowst  { mbstrats added. Each pott represents the mean valoe of two
detorminations. The cwrves haw bean fitted vally

O————0 3 mg ‘C DL DOPA
Ll # Jpg ‘C DL DOPA + 300 pg noo-rsdlosctie DL DOPA.

AR bacubutloss were performed In o9 mi 0.1 M phospbate buffes pH 7., b nltroges
“maephete 5t 37° for 20 mun,
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mena, 2) the presence of endogenous substrate, 3) the concentration of
co-factors and 4) the activities of other enzymes involved in the metabo-
hisin of the substrates or the products.

1) Some information on the mflaence of cellular permeability mav be
obtmined by simultancous study of minced and homogenzed tase,
assmming that mmeing leaves the majonty of the cells intact wheress
homogenization causes disruption of the cells. Active or blocked fnir-
celfular uptake of the substrate may profoundly affect the results of ts
assay of enzyme activity 1n ussue slices or in suspensions of tact ek
Evidence indicating the importance of such mechansms 1n amune metr
bolism has been presented (Day & GrexN 1962).

2) The presence of endogenous substrate mav cerve to alter the peci
radioactivity of the added substrate, and a misleading result may coe®-
quently be obtuined. Such sources of efror may be eliminated by =8
smaller amounts of tissoe, thereby diminshing the amount of Inteferizs
substrate, or aliernatively by increasing the amount of sbstrate added
Another possible way to solve this problem would be to ascertaln the
amount of endogenous substrate present in the smple and take this o
account when calculating the results. Similar problems bave beea &
cussed by RENER (1959) Since DOPA and S-hydroxytoyplopbdn 1t
believed o be further metabolized immediately after biosynthesls i i
the problem does not seem to arse with these substrates. The eaZy™
that decarboxylates DOPA and § HTP however i belicved 10 o
several aromatic ammno acyds (ROSENGREN 1960 Lavnran&wm‘d
& UpmgRiEnp 1962), indicating that normally occurning smind Nm
aromatic nature may act as competitive inhubntors jn the Jetermn!
of DOPA decarboxylaso activity b

3) The only known cofactor of amino aad decarboxylases s 7y et
S-phosphate which 15 indispensable for enzvme activity Non-dal
enzyme material contains varying amounts of the co-factor "
enzyme activity 13 enhanced by the addition of pyridaxsh s
probably sndicating that the cofsctor it loosely bound and "‘”"“‘, s
fmmthccnzymcinthtmcubationmedthSnmﬂmrounuﬂf 196
S.phosphate must be added for maximal velocity (HARANSON
HARANsoN, unpublished observations) volved i P

4) Besides the decarboxylases there are other enZymes in
annerobic metabolim of amino acids. The activities of 'h::i
will dimunsh the amount of added 1C-labelled substrate crodwed b
affect the results. Glutamic acid decarbosylaso has beeh £7
measurmg the 14C0; produced from ghutamic acid 1 "’C(mmlbny
MChHANY & RIcks 1961). However 14C0; js produced ety
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from this subsitate pot only by ghutamic acid decarboxylase but also via
and subseq oxidation. Although this source of error
may be eliminated to a large extent by use of anaerobic conditioms or
inhitators (ALmems e7 al 1961), determining tho amount of GABA
produced seems to bo & more accurate way of studying thi enzyme
However further metabolism of the amines produced is evidently also a
source of error Since incubation is performed 1n a nitrogen atmoesphere,
the activities of monoamine and dlamine oxidase should be of miner
importance. N and O-methylation, acetylation, transamination (GABA)
and possibly confugation would scem to be of grester consequence. The
uso of mhibitors (Axxazon & LarocHE 1959 PLETSCHER, GEY & ZELLER
1960 Zerrem 1963 Sourkes & Dwomio 1963) has proved to be of great
valoe in diminhhing the mtederence by some of these mechanisms
(HAxanson & MOLULER 1963 HAxansoN, unpublshed observations)
It should be noted that some inhibrtors of monoamine oxidase and
catechol-O-methyl transferase, for example, interfere with the activity of
amino acd decarboxylases as well (of CLARK 1963 HAkANION & Ow
MAN 1965). In some expermments 1ncubation in the presence of carrfer
was found to inhibit the further metabolsm of labelled amines pro-
duced, without noticesbly affecting the ammo acd decarboxylaso activity
(HAkaN30N, unpublished observations). Finally the presence of other
agents, e.g. some metal cations, may affect the enzyme actrvity by reactng
with the coenzyme pyridaxal 5-phosphate (CLARK 1963)
Results obtained by these and similar methods grve only an estimate of
the cozyme concentration in & tixsus or tissue extract. The speanal condi
tions of each experiment must be considered in the final interpretation

Swomary

Rapd, mmple and seasitve methods for & vifro study of some ammno
acid decarboxylases are describod. After incubating tmaue samplos with
the 14Clabelled ammo acsd, the amine formed is isolated by ion exchange
chromatography solvent extraction or paper chromatography (or both)
for subsequent determunation of radioactivity The use of 4C-labelled
subitrates permits the estmation of amino aad decarboxylase activity
'n @mples contaming low amonnts of enzyme, such as wolated cells or
small pleces of tissue.
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Crystallization and Preifminary Characteriation of 2
Dicoumsrol Metabolite in the Facces of Dicommarol-Trested Rats

By

Flemmixg Christecsen
(Recetved Decembar 15 1945)

It has been shown that ingestion of (methylene-14C)-dicommardl by rats
Jeads to the excretion of severa] radicactive metabolltes in both fusx
and unne, the former belng the more important (Crxryrereen 1965). N0
attempt was made to identify the indrvidual metabohites, but scverd of
them were characterized bythd.rpnpurchromntomphlcbdnm(v“'
valuzs o 3 differcnt solvent gystems) and thelr colpur reactoss W&
certain diazotized aromatic amines.

Tn this paper the molation and crystaffization of small amounts of 8¢
most prominent of these metabolites fmmthzfaeccsa.nduﬂl‘lﬂdﬁ'
coumarol-treated rutx are detcribed. Alfthough a final identification of e
metabolite, referred to as B-0SS has not vet been acheved, fome P
linupary mvestigations reported here may indieate part of lts nnlﬂtﬂf‘-d

Hitherto practically nothing has been knovn abont the chemucl fatt
dicoumaro] in mammalia (see WiLLGoss 1959) aithough some o
ton 13 available as to the chemical fate of coumnarn fisell Vnﬂo'ﬁm'd'm‘
coumanns and the derived dicoumarol known as tromexzn & ("“‘L
buscumacetas (NFN)) (see also WiLLisg 1959). Krowledge 2002 (7
chemcal transformations of the latter compounds might be "m‘_ﬂ
indicate that reactions fnvolving hydroxylations of conjugttiea =,
either ghicuronic acld or sulphuric acid, or both, should alsobe etork
for dicoumarol. Further as methoxylation fs among the known )
fying reactions for phenolt pounds in lia (see WILLWE et
thut possibility was also dered Lastly » splitting of dicoumsol
fnto 1ts consututent moetics) is theoretically possibk- from dr

As It scemed Likely that the metabolite B-0S5 could denve
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T

COOH HooC.

oH H
Flg. 1 Resction of 7-hydroxytromezan with

potapium
showing the formatlon of salicytic scid and 2, 4-dlkydraxy-
benroic ecid,

cournarol by one of the routes mentioned, 1t was submitted to vardous
degradation reactions and also comparod with some known hydroxy and
methoxy derivatives of d ol and 4-hydre n
Bemmofth:mﬂmntnnﬂuﬂcfordnnﬂmlmnﬂmmnthh
was hmited to

1 Treatment with diluted strong acld, to hydrolyse a glucuromds or
sulphuric ester 2. Incubation with f-ghicuronidase, to spht a glucaronide
3 Test for methoxy gronps. 4 Degradation with potststam hydroxide.
This last reaction, which has been useful in determuining the structure of
dicoumarol (STARMANN ef af 1941) and 7-hydroxytromexan (Bums
et al 1953), is based on the principle that coumaring without hydroxyl
groups in the aromatic rmg are degraded to salicylic acid, whereas
Coumarnns posseszing one such group in the aromsatic dng are degraded
to a dihydroxybenzore acid. The degrudation of 7-hydroxytromexan to
salicylic acad and 2,4-dibydroxybenzomw and may thus be represented by
the equation shown in fig. 1 Derivatrves of diconmaral are probably
degraded in a sumilar way and valuable information about an wnknown
compound of this kind (e g- B-055) should be obtmned from knowledge
of the reaction products formed This does scem to apply to metabolite
B-055 as will be ghown later

Experimental
L Deluston, parif and 75 o prer
Fifty rats ware each tnjectsd direvencwsly with bowt 3 ng of diconmersd, und farces
20d wting w erv collected separutely for the secceading 24 howrs.
7 Acs Permseieyios, vel. 34, . 34
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The dried end fincly gronnded faccrs (M4 g ware shaken mechankally for 4 hown 1
! bitre of acetone M HCI (30 10, v/v) and the soepecsdon was then fltered, The Btrw,
concentrated under rednced presnure to 100 mi and saturated with solid sodorm chisid,
w3 extracted 3 times with 200 ml of chioroform. Tha combined cxracty werv extructel
twico with 50 ml of 2.5 M NaOH, and the axtract after cooling In jeo witer wes sceied
with conc. HCL The acld sofution was saturated with sodiom chlorkls, and cxraced }
times with 200 m! of chl 0. The comb 4} extracts were then dried wdet
reduced prewore. The reynlting brownhh matedel wes diseclved b aqueces emmam
(3 M), and applied to several (16) Whatman 3 MM filter papert, oach sheet beiag losded
with ay much material &3 powslble. After development by butanol 3 M-aqucows esmmes
(11 /) the position of the metabolte on the chromatograms was locatmed by maiag
stxip of cach paper with dlaniridine, The z0oe ing the metabolie v
cut from oach chromatogram and eluted with 3 M-agoeots ammonis. The dssts et
combined, ppiled to & new seris of fiter papers and chromatograpbed sgalo, s docifbel
Above. The cluates from these wrs then bed with oy
scetxte 3 M-aqoeoss Q1 v The fito was finally eloted I3 3 M-
lqmmmmdmmwnmmmmﬂﬂﬂywm
wey trvated with sectone (20 mD), but tame materlal remalned undimoired Tt v
semoved by centrifugation and discarded, &3 it did ot react with the o-duniskirs colost
seaction taed for tracing the metabolite. Tha acstono salution was dried moder robwoed
pressure, and & whits material restited. 1t was dwotved fn  small volumo of bellag
eyclohexanone on cooling & yield of about 2 my of colonrdess pristm wis ebixined.

A mmall amount of the retabolits wis aiso leolsted from tho combined wrise specioas
of the dicoumaroktreated rats. The urive, ackdified with conc. FAC1 and stwreicd ¥k
»mwmcmm;mnmda&mﬂmzuornﬂmmml:
mmmmmmm.mmanmm%
the metabollts was fsolated kn  pure form by tie sme mthodt s thows med e
Abogt 1 mg of coloricas priems wes obtakoed by ths inal recrystalliztioa from cyciob
DOTE,

The crystallin material solated from both facces and trine were, Jodged 57 M99
chro and puper phoretis, kiestical aad pure. Bath of ibe compoeed
dirotved £ 2.5 M N OF shawed _ peak baorption of gkt at 313 my nd ¢ st
at 265 mp. Mp > 3507

The crystallino material b referred to &1 B-033 in this paper

2. Aneiytica! methods u
Ultrariolet 1pect  wero obtalosd by meast of & Zeres PMQUIT pectropbotonss
the compounds cxamined wers drmolved bn 2.5 M N#OH 196y, Toe 0o
ermmomuwww( by ooe of 1

mwmmmmmwmmmw

schrent erstems

Solvent systern | n-butanci 3 M-agoeoms ammoaia (1 1 /¥

Solvent yHem 2 benrene aceticadd water 221 /)

Sotvent aystem 3 ethyl acetate 3 M-aqutom ammozia 1 1 /9 by
Desection of conmarin s on the pape way carried

cotour roactions whi dlarotize and diazotied seipkanito scid, 2

by Cxaorexsen (1964). r"wg.m
Detection [ hydrexrbenreic achl mMW‘“;‘Lmﬂt“d”

cdmdlhﬂmw‘bmmemwmm
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wkraviolet smp (max. encryy at 360 my) and partly om the colours obtained after spruylag
the pepen with cirrdized suiphanttic ackd e described above. The conpllag, however wes
performed xt pH § instead of at pH 7

The paper chuctrophoretic sabiiities of soms diconmarol derfvatives were abwo studied,
1ha experiments bd g carriad out with a clased sirip eectrophoreds apparates (LKB). The
samapie was applied to Whatman po. 1 fllter paper strips, end 3/2D borsts buffer pH 3 0
was weed  the eicctrod  versch. The t roam of the I
pots wers dotarmined after 3 hoars with 300 voits, the spots being detected on the pepers
by the o-anisidine colowr resction mentloped  bove.

Acid ircatment of meswbeltte BOSS [0 oos expertment & small mmpie of the metabolits
was bolled with 3 M HCl for 4 boon. In anctber expertment a kmall sampie K was kupt
2 100° with 8 M H(I in  seaded tube f r 24 boors. Both ackd solutiom wer extracted
twice with 3 vol of ethyl acetate, and the combined extracty from each wers dried mmder
redneed pevasare. The reskdnee, chssolved in  small yolume of chiorolorm, wero spplled

o two peper and by sotvent system 1
Incubatie with S-giscursmidase. Small amounts { mwtabolitc B-053 were Incobeted for
varioes tmes (3-18 houns) with A (Sigma) in baffer pH &3,

Afrr thh trestment the recton mixture was acldified and extractcd with sthyl scstats,
The procedure wee then the same o8 described mder acld treatment.

G ocid was. by the method a3 modifed by P oo
{1951) and cited by M1aD «f o (19580).

powdered KOH. The mixture wws kept ot 300* {10 min  cooked snd dhmalved In water
Thee clear satuthon obtalned was trankferred to  plas-stoppered ot tube and acidlfed with
ot HCL and th yolures waa mads wp to 5 ml with water The scld solotion was then
cractd twice with ethyl aceteis (2 vol), and the combined sutracts wary dried nnder
reduced pressre. ‘The residoe was dimolved 10 & small volwme of chioroform and keown
fractlons of the resaiting solutoa were  ppled to oach  f two paper strips for ono-dimen-

Towr for muckaxy groaps. Tims st was carriod out es dewcribed by FooL (1936) on
moogran quantithes of metabolte B-035 and of #ome keown metko: derhra-
v

3 Xefirence componnds

The viriows dubpdracpbenceic acks (1,3~ 2,4 15 and 2,6-) waed ware all prrchused
from Light & Co Ltd. salicylic acad was obtabmd from B.D H.

(prurum) was purchesed from Flakn

4Jﬁ)m-mmwmnmodafm(lylnmmw

 Tecrysalired from bot water
-mcthaxycsnmeris was propared &y deacribed by Soan (1917) by treating

the compound wiih dimatiey! suiphate. Jt was recrystaliersd from bhot
30 (wiv) ethanol

Drcawmarel (w3,3 bis-(4 A
T nead.
e
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7,7 sk /(=33 (4, 7-dhydroxy Epe—
23 described by Asaxb & Arttass (1947)

7W)m7wmwumaumt
adgements).

7.7 ~metho (=3,3 -methylene-tir(4-hydroxy-T- nid) =
preparsd by conck 4-+tydroxy-T-methoxy (25 mg [0 25l of bollieg won)
und Q.1 ml of formaldehydo (35 / wfw) The reection mixturs was keft for 46 boory st rem.
temperature, and the precipitate was filtered off, washed and dried. It wex recrystalioed
frombolling cycloh from which prisms scparsted on coollag.

Resuits

The Ry-values and colour reactions of metabolite B-055 and the varies
reference compounds studied are thown 1 table 1 It 1s evident from thege
that B-055 cannot be wdentical with any of the compounds. It should be
mentioned that the metabolite 1olated from faeces was, fodged by 8
Re-values and colour reactions, identical with that fsolated from mke
and with the radioactrvo compound B-055 previously detected In tht
fheces of (methykene 14C)-dicoumarol treated rats (CrmusTERSEN 1965

Table 1
Revatoes and colour resctions of metabolite B-0353 and ome
tves © ! cad Ay rin
Remlza®) Colowny
Compounds dlar, iz
ol o2 3| g e siphoadd )
metabothe B-035 s oa2 ol paTPis yeliow
dicoumarst LT 034 031 porrle yelbot
Trydronydicormarol w1 osl a0l viakt yolicwics-beed
77 dhydroxydiconmarel Q01 001 O viokt yeilov i bre?
T-metboxydkeoumarol am [ v viokt yebow
77 dimethoxydioumarsl 079 095() 042 okt yekor
4-hydroxycowmann 053 o032 0 violet yelo®
4. T~thydroxycoumarnn o om o vioket ot
T-methoxy-4-hydroxy
coumarin 046 029 O okt rdl

) Sobvent system | n-bwtano! 3 M-sqweous ammeonia (1 1 /1)
Solvent system 2 bammme ecctio sckd water (212 1 N
Sobvent eystem 3 ethyl acetste 3 M-aqueons ammonls (f 1 ok

() means teffiag.

) Cowpling performed t pH 7

1 oy \ shves are named 33 peopered ¥

)
AspawoviTe & Ouan (19551




A DICOUMAROL METAROLITE FROM RATS 237

Table 2
of fe B-03S, dicon-
marol, 7 wd 7
on Whatwan N 1 papers, with M/20 borats buffer
PH 5 0 at 300 yofta for 5 hours.

Movement
Componda cm
matabolits B-033 9.5
dscowrnarcl 116
T-hydroxydicoumarsl (X
T-methorydiconmarel 17

The electrophoretic mobilities of metabolite B-055 and some of the
reference compotnds are shown in table 2. It should be added that only
one zone reacting with diarotred o-dlanisidine was detected on electro-
pherograms of crystalline B-055

Results for the wliraviolet spectra of metabolite B-055 and some di
coumarol and 4-hydraxyconmarn derivatives are summarnzed in table 3
1t appears that the compound B-053 exhibits maxrmum hght absorption
at wavelangth 315 my, which is close to that for dicoumarol Its absorption
minitmm {5, however shifted towards a alightly longer wavelength
(265 my) compared with that of dicoumarol (260 my) The ultraviolet
spectrum of B-055 scems to agree more with that of a dicoumarol deriva

Table 3
Ch of the spectra B035 and some derivatives
oy and 4 The of the  baorption maxima (Lme)
13d minima (ke ) 7S thown for the variows compounds in 2.5 M N OH)
i
'wveleagth

A | A

metabotite B-0SS s 263

dxcormsre] 4 260

Thydroxydicoumarol m 4

7 TdIbydroxydicormarol 257 336 246,218

7T-methexydscovmerol 6 63

7 T-dtmethoxydiconmarol 47 316 «

4-bydroxycoumarin ns 130

4 Tdibydroxycoumana 292,324 m

+ydroxy T-methoxycowsoartn | 304 266
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tive than with that of a simple 4-hydroxycoumann dervatve, The effecs
of introducing hydroxyl or methoxyl groups into dicoumarol and d-hydre-
xycoumarnn on the absorption maxima and mrmuma will also be apparet
from the table.

The acld treatment of metabolite B-055 did not couse any recogmzmble
alteration ether 1n 1ty chromatographic behaviour or 1 its stainmg resc
tions with diazotred sulphanile acld and diazotized o-diamskdin,
compared with an untreated control sample. Glocuronic acid was mot
Iiberated dunng the acid treatment.

The tncubation of metabolite B-055 with B-ghicuronidase caused alters
tions netther In rts chromatographic behaviour nor i its stalnmg rezchos
with diszotized aromatic amines compared with those of the gatreatd
control compound No glucuronic acld was released dunng the focubabos-

Tests for methoxy groups were carned out on metabolite B-05S and 00
some of the reference methoxycoumarins The colours obtaned with
chromotropic acid used differed somewhat from substance to substance-
It may be noted that no colour was obtained with wherest
B-055 gave a distinct bluish colour reaction.

Degrodation of counarin campounds with potasthan hvdroride In ordet
to examine the reliability of this test vanous coumarin compounds ¥ert
degruded with KOH as described, and the reaction products were k-
tified by the methods already mentioned (sce also table 4). The prodocs
thusobtaumd(mka)ullugeedwﬂhﬂmtobeexpaded

Table 4
Revalocy, nittaviglet Bootesence and ootouss with dlarotied salphandic -d:‘::"ﬂ"?:
wcid and the variom dihydro ybenzoko ackds stodled. The ﬂrw s

the identificatio  of the prodocts obtalned by the lialine degrudation
thves a1 shown [n table 5.

Re-valoes®) Coloun of Coloors w33
Compounds fworescrnee ‘:H "
ot e 2| psomp wipo- skl )
salcylic acd 0.60 o017 dark boe yellow
34 hydroxy benzow seid a1s@n] 023 bl !“"’w"""
wyé-difrydroxy benzose achd a0 NS} o
1.5 dlbydroxy benrow ackt asll oo9 Bt bl oy
2,6-dhydroxy benzok acid 0 | o006 ‘ 20
. —
) Solvent system | batapol: 3 M-squeoos ammon! (1 1 /%

Solwent fystam 2 benzene scetic ackd water @2 21 >
%) Couplng perf rmed 1 pH 9
) means taifing.
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Table 5
Maln products btained by degrading the varows compounds bsted
with potmssiom kydroxide st 300 for 10 min. The prodocts waro ientified 29 described
in tho text (cool. ebo table 4).
Matn products obtained by fusion with
Compounds fused with KOH .
|
mlcyhe ackd salicythc acid
23-hbrydrony beazolc scld 2,3-dIhydrary benrole acld
L4-ditrpdroxy benzole sckd 2,4-dikydroxy bearoic ackd
benzoic add banzole ackd
2,6-dlhydroxy beazok ecid 2,6-dibydroxy benroic acdld
sulicytia scid
4 T-dihydroxyconmerin 2,4-dihydroxy benrokc sckd
Tmethocy—+ - 24 becrole weld
dicowmarol acld
Thydroxydicoumarol salicylic 2eld 4 2,4-dlhydroxy benroke scd
Tethoaydicommarn salicyhc acld + 2,4-dfhrydroxy benzoic actd
77 ! 2,4-dibydroxy benaole ackd
7 7-dbys 1 24 rd becaolc acld
mtubolite B-03S salicylic acid + 2,4-dThydroxy berroke sckd

On degradstion of B-05$ with potassrum hydroxide, salicylic ackd and
2,4-dihydroxy benzoic acld were identrfied ns the reaction products. The
yitids, on a molar basis, of these two compounds, judged visually from
the colour mtensities of the spots on the chromatograms, differed some-
what, the yickd of salicylic sad bemng higher than that of 2.4-dthydroxy
benzoic acid. However it should be noted that approximately the same
difference in the yaeld of reaction products was obtamed when samples
of salicylw acid and 2,4-dihydroxybenzolc acd were submitted to the
degradation procedore

Discosdon

As already mentioned, the amount of the crystalline metabolits B-055
olated from the facces was only about 2 mg. However from the results
of previous studies (CHRISTENSEN 1965) it was calculated that around
30 mg of metabolits B-055 thould be present in the fecces of the rats
uied. From these figures the recovery was cakenlated to be only abont
4/ Thy low recovery rate must be ascribed primarily to the loss from
the repy 4 paper chr hui ns, but also to incomplete
extraction of the compound from the original materml
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The results of the paper chromatographic and paper electrophoretc
studes reported here indicate that metabolite B-055 was obtained m12
pure form. Its ultraviolet spectrum characterzes it as a dervathe of
dicoumzrol rather than of 4-hydroxycoumarm This seems to be supportsd
also by 1ts identity with the radioactrve compound B-055 found in the
faeces of rats treated with 14C labelled dicoumarol (CrmpsTenstN 1965),
a3 this means that the carbon atom of the methylene bndge of dicoumarol
st be present in the metabolite too The results of the alkaline deprads-
tion of B-055 to be discussed below is likewise 1n accordance wath (bl
view

As already stated, c'urlcnowbdgeofﬂmfamofdmumamldmnﬂm
1 mammalia is mted. In fact, the only information available Is abost
the compound tromexan ® which according to Bumss ef of (1953) B
hydroxylated to 7-hydroxytromexan to the extent of same 15/ In Inm2
subjects. In certain animals, however de-estenfication also occuft,
pm\'h.nc:u::gtrv.un:x‘umu:.id.Inl.henl;»s:uet:m’f‘u.rﬂ:.cr1‘nfur1-maﬁmllhﬂ\n'-hn
chemical fate of dicoumarol and fts derivatives, knowledge about the fatss
of+hydmxymumumundcoumminmgh!puhﬂmbemfulinm
ing the chemeal tranformations of dicoumarol in animals. Thus MEesD
et al (19582) have shown that 4-hydroxycommarin is conugated with
glucuronic acid o the extont of 37/ in rabbats butit seems to be too sod
to be conjugated with sulphuric acid. Conmarin itself s, according 10
MEAD ef al (1958b), apparently hydroxylated at various positions of the
mumnmmgmt:m.pmdﬁngdxﬂ'mthydmxywmm'hﬁm
conjugated with either ghicuronic acid or sulphuric acid before they 4
excreted.

These facts prompted us to study the possibilities that metabolite B-055'
might be denved from dicoumarol by the introduction of 2 hydm!;
group or by conugation with either ghucuronic add or sulphuric "‘f‘ﬁ
by both. The extreme stability of metabolite B-055 towards tred
with strong acid, however seems to dkpm’elhelﬁﬂm“m By
ties. That ntwuldbenglumnidcmnm}wrdﬂpmby“‘:f gt
1o treatment with B-glucuronidase It scemed thercfore more Ik yﬁmy
B—055isahydmxydenvmxvco(dncoerLLnardcrwlmﬂulpﬂg;M
the compound was submitted 1o degradation with potassium ?c’ aed
The 1dentification of salicylic add and Mdﬂlydmxybcflz:mk oy
reaction products strongly indicates that m:ﬂd::g:mm:mu:e resent fa
presumably as of two coumarin nng
fhe metabolite, These resuts, topether with the facs lready meouonel

mconnncntmththzvicwlhunnmbolhcn‘oﬁhfdmw,:;'gyz
hydroxydicoumarol. This assumption was, Bowever 08y T oy
direct comparison of theyr properties (Re-vahues, el
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and ultraviolet spectra) As methoxylation has been described s a means
of detaxifying phenolic compounds in animals (see WILLIAMS 1959) the
possibility that metabolite B-055 might be & methoxy derlvative of
7-hydroxyds ol was dered a positrve test for methoxy groups
strengthened the suspicion. The properties of metabalite B-055 were
therefore compared with those of 7-methoxydicoumarol, but again
sovera! differences were disclosed and excloded the identity of the two
compounds. The properties of B-055 were finally compared with those of
soms other derivatives of dicoumarol and 4-hydroxycoumarin, but
considerable differences were again noted.

Although the small amounts of B-055 available for examination did not
permit its definitrve identrfication valuable information about its structure
has been obtained. Thus the results presented favour strongly the assump-
than that B-055 is denved from dicoumaro! by introdnction of a hydroxyl
group at postion 7 in one of the two coumarin rmg systems. Nevertheless,
it must be admitted that 1t iy citficult at present to propose a structurs
that will account for all available eaperiments! information (e.p. the
pouttrve test for methoxy groups) Thus further mvestigation is essential
for solving the problem.

Sammary

Small amounts of » dicoumaral metabolite previously detected in the
tissues, urine and facces of dicoumarol treated rats have been wolated
from the last two sources, parfled and crystallized. The metabolits has
been further charactenrzed by 1ts behaviour on paper chromatography
and paper electrophoress, by its colour reactions with dinrotzed sulpha
nific acid and o-diamuaidins and by its nltraviolet spectrum.

The metabolite was shown to be stable towards treatment with stropg
1id and incubation with B-glucuronidase After alkalme degradation,
wlicylio acad and 2,4-dihydroxy benzolc 2ad were idenhiled as reaction
Products, Further & posttive test for methoxy groups was obtained.

On the bash of the availablo expermmental information the possible
Structure of bolite B-055 m d d. It is most lkely that the
compound is a derfvative of dicoumarol, which means that both coumann
ting systems and the methylene bridge carbon atom are preserved in tho
metabolite. The results of the alkaline degradation of B-055 pamt to the
FTEImc:o{‘lnoxygenntumatpod!}on7ofoncof1hemmmﬂnr[ng
Systemy, but the other seems unaltered from that of dicoumarol, The
ponibility that B-035 is identical with 7-hydroxydicoumaral or 7-metho-

was ruled out by direct comparison of their properties.
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Estimation of Antichollnergic Drug Effects in Mico
by Antagontsm against Pllocarpine-Induced Saltvation!
By
‘Wolfgang Richter
(Raceived Nowember 22, 1963)

Pentpheral anticholinergre action may be measured both on isolated
smooth muscle preparstions strmlated with acetylcholine (MAGNUS 1904)
and on whole animals, 1n which the mydnatic effect of drugs or their
antagonrsm to varlous effects produced by acctybcholine injection or vagal
stimalation are used as endpoints. Vagal effects abolhed by antichol-
foerpe drugs are  blood pressure fall (KUHL 1925) intestinal spasm
(BrowN & WErnNiR 1949 HOEKSTRA ef af/ 1954 BECKER & MCCARTHY
1960), bradycardia (LENKE 196! VACHIR et al 1965), lachrymation
(WnNBORY 1945) and salivation (CusaNy 1920).

Measurement of the Inhibitory effect on sallvation is one of the standard
Trocedures for estmating anticholinergic activity Among the anmal
tpecies nsed for salivation expenments are dogs (CUSENY 1920), cats
(BOLERNG & DawEs 1945) and rabbits (Issrxutz 1917 CHEN 1954)
Only few of the antisalivation methods have been standardized sutficently
Tor routine use. BrowN & QUINTON (1957) described a standardized and
tensitive method with rabbits, based on the antagonsm of pilocarpine
induced galivation.

The purpose of the work reported hers was to discover whether an
antisalvation method could be adapted to mice. After encouraging
Prefiminary experiments, a simple method for routine use has been
developed. Detalls of the technique, results with atropine like reference
dms!lndmuppuﬂomofthonnhodtodmgmnmgmdmibed
n this paper

') A Short Commmuaication of prelumnacy resalts for s moTe selivation method wes
Provemied at the Mertiag of Laad, 1963,
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Materlals and Metbod

m:lnhmh Unfasted mak afbine mice, weighlog 22 26 g, from the NMR! sirsie, v

Geeral ansesthesia Urethane, 1.8 g/kg was Lojected Lp. a3 & 9% sobtios i
@l/10 g body weight.

Pllocarpine Pflocarpine hydrochloride a1 u 0,02 X sotution kn 097 wine 13 fajecd
3.c at a fixed doso of 2.0 mg/kg in 0 1 mY10 g body weight.

Tt compoands Drups wero Simobved 1o 0.9 % safine and wero njected we. 1
ml/10 g body welght,

Filter paper for collecting saliva Whatman nr 3 MM filter puper avallzbie bn sheets of
46 X 37 em, thickomss 0.30 mea, wat used,

Procedurs for messuring selivation inhibiting drug cffects For rotine screcalag sl

drug effects fration, the test was tajerted o.c. coe mirm

after induction of groeral ansesthetia Into two to six aximak. Tho site of ljecton w2
atways the skin of the neck. Fifteon minmes later, 2.0 mg/kg of pllocarpine were g 12
under the skin of the beck wear tho tall roat, £nd the mico were placed on their belies, Sood
downward, on e hictined (99 alumlatum plate covered with fiter paper Bepociag bt
minotes after the pllocarpine injection, the anisab were moved wp (b fiter paper 8
{ntervals of five minutes. Tho spots of sativa prodoocd on the Slter paper were circled 1
ink for later measmements. Twenty miautss after the plocarpine injection, the kst
terminated, and the amount of saliva prodoced was messored g3 total spot £1E8 PO mwec.
Tho area of esch spot was d by graph paper £
mlln;thcmbuo”:immcndmed-qm-ﬁchmwdumudw
ment. Fractioes of wquares wers extimated to the pearest tenth,

Flg 1 sbows cix mice cleven minntes after pllocarploe (ajection 0.9 slins bad et
injected a3 text compound and the Aow of saliva revuitsd L two raws of £pots, esch 1T
wmuting  eollection perfod of five minutes,

o o 0.0 L O
o o O o o ©O
N

1 Six anasstbetized muce, arranged on an inctined alominben
?ya for measmring antisalivalion effect. The test compound uu‘c‘:w““’“"
;uhlkﬂnuh;hcmhuamumjm.m:ﬂgdpﬂnarph'm
moved wp the fer paper 1hwnhdhmmmnomno(uinrp°°?""°‘
dmmm“mdmmq-mmmurmmwﬂ““‘
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Methodological Investigations

Tan-tylhccﬂn:t fpnnﬂmmtbd.lanmﬂ.ulnddtylnmhe.lhom

pine wat animals and ha  otal of 370
mmmmmummwmmu—xwmu
T establsh an  ptimal dose of plocarpine, yldding  sabmaximal rute of salivation,
the mivary fow after 0.3-5 0 mg/kg of plocarpine 5.2, was mensured ta five groo of x
anacythetired mice.

The chacget In salivary flow rato tu five minute periods from 0-60 minmtes after  sab-
maxims) standard doss of 20 mg/kg of pllocarpine sc. was Investigated I growp of
18 xale micr.

The magattnde of total salivary fiow from 0-20 minmtes xfter & standard doss of 2.0
mafkgof 1o was n72 control miee, recstving 0.20 mi
o 0.9 % saline fifteen minutes before the pllocarpine injection.

On two groupe of 12 animals esch we Jooked for any differncs in the satvary flow of
o and female mdce.

The reletion between volume of saliva and saftvary 1pot aroe was rtodbed by wpplying
Q.01-0.30 ml samples (In tripficate) of gunes pig saftra obtalned from sn ansesthetiend
sarra] after infection of 2.0 my/kg of pilocarpine Lo to Whatman or 3 MM fifter paper
10d meararing the area per #pot on sepsclmposed traveparent graph paper (see g, 7).

Screening mathod Thres groups of two snacstbetired mico sech wars fajected L.c. with
the test compoand n doses on the scals (mg/kp) 100 40, 2.3 Flfteen minotes Liper

wusinjectod uc ut  dose of 2.0 mg/kg, and the walivary flow wus determined at

3 miwuts intervale from 0-20 munuites after plocarpine tjection by detserining ibe mean
) ultvery 5pot erat por mome 10 sech proop. A moun selivary inhibitton of ot jeest
0% of the rasan sahvation from the costrole wis o Indicate
slvation {ohbitory ffect st p = 0.02

v

- s -

» o as ¥,
TR T e

Flg 2. Graph for converting area of saliva spot Into i nabiva.
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If the d exhibited I Y effoct, Jower doses o U came dem
scalo wers tested nntll 0o dgmficant Inhibhory effect was found at two sdacest des
Jevels. Tho lowest dose prodocing significant saltvary inhibition was designated the misima
effective dose.

Af thod for blo-atsay For quantliative determination of the 50 % valvration lximiiary
dose of an ective compound, groupe of 4-8 mice were med per dose kevel, 20d 3-5 dom
levels prodocing 10-90 £ inhibitlon wers tested. Opbe of two growps of sabne-trested
controls were included in exch amay The allotment of control ankmak (C) and sk
treated with the varow doses of test compound (T) to each of five comserwthe gromps of
ax mico wia made sceording to the scheme C, Ty Ty, Ty, Te. G- The compiet sey of O
kind required u total of 30 mier and was performed on oas day Tho thos hetrnal bewemt
the infection of the test compound and the sc. Injection of plocarpine was 15 mincr
Saltvary flow was determined from 0-20 minutes after the pllocarpise Infection. Toe
P saltvary Inhfbition was bytb-romnhlw—n——:mi. e TR

htmump-unqmmpthmmupmdmthw-‘
and C is the averags saBvary spot arce per mowse of a wimultancooily tested comrol oo
fnjectcd with 0.9, saline. Doss responss llnes and ED30 values wers obtatoed

from a plot of log doso against percantage safivary inhibtuon. In oo duration sdy i
thmve between test drug and pllocarpine infection was yaried, bt the sattvary fiow ssal ap
measnrsd from 0-20 minutes afier plocarpine jection.

Methodologteal Resulis

From table 1 it can be seen that pilocarpine toxicity is high in ancesthe-
tized mice, the LD 50 of subcutancously mjected pilocarpane belng abost
5 mg/hg. At a dose of 2.0 mg/kg only sporadic deaths occurred witbm on¢
hour after pilocarpine mjection In contrast, the 1p. LD50 1 now
anaesthetized mice was found to be 170 mg/kg-

The average salivary flow in mi/mouse from 0-30 munutes fter pllo-
carpine injection is shown 1n fig. 3 An approxmately linear relation
between log dose and salrvary flow was obtained at doses of 0.3-2.5 meis
At cach pomnt the standard deviation did not exceed 25 / of the mean-

The salivary {low ate after the standard dose of 20 mg/kg of pilo-
carpine was lugh and relatively constant for twenty munutes after
carpine injection (s¢0 fig. 4) The flow then decreased steadily and
a value correspondmg to about 20/ of the inihal flow at 40-60
afier the pllocarpine inpection

When the salfvary flow 0-20 munutes after 2.0 mg/kg of pilocPey
was compared in male and female muce, it was found, that u::rs:lf“
produced about 10/ more saliva than the females. The amount
collected corresponded to an area of 45 + 15 (mean + stand.de¥ )5 o
of 25 mm? for the females, and 52 + 11 (mean 3 stand.dev ) SESTD
25 mm? for the makes. The difference was ugnificant only at #
P=02
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Table 1
Effect of general anassthecia on plocarpine toxderty n mdcw.

';": S phocar | Numberof (Obaervatin LDs0 )

Shede doathn in hours myty
Ascrthcsia ) 100 Yo 1

10 10 1 55107
- 20 54 1
o anestheta, w000 20 n
1000 19720 r

- 000 1720 n 1
- 100.0 2 7

) Tho LD30 £nd its standard rToc ware calculated by the method { Miller & Tainfer
44

) Amimals were ansesthotired with 18 g/kg of nrcthans and rcabred pllocarpine
Injecticas 13-20 minmtes aftar the onset of snacsthests

In a larger senes of 72 anaesthetized malke control mice, the saliva per
mouse collected from 0-20 minutes after the s.c. ipection of 2.0 mg/kg
of pilocarpins gave a spot area of 56 + 16 squares of 25 mm? (mean +

o

on as 135 2% 500
Piscarprm dose N MGy
Fig. 3. Retxtion betwetn piocarpine doss end salivary
Zow s mice anacsthetized with 1.8 g/kg of wrethane. Each potst reprsseats
the verage for 53 anbmaty
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E -

E

i &

a ]

5—B ﬂ-l'l ﬂﬁ M u I-.
THR W MMUTIN AFTER PLOCARPME WUECTION
Flg. 4 Salivary flow In angesthotized mice at 3 minste
batorvals from 060 minttes after a s.c. dose of 2.0 my/kg of plocarpise.
Esch column repreaents the sverage for 18 make mice.

Uy

lnu-na%nm?n

ﬁnimpllcsthnmchmm:huwingauhwfytw‘md”'qm[
of 25 mm2 or less is to be convidered as showmg significantly o
salivation at p = 0.02 thus figure corresponds tomi.n.hﬂalﬂund’?oé
the mean salvary flow and is also adopted as the limit for mgnificant

in the screening method.

Reguits
Ruuluofmm!uupcﬁonnedonpwpsdmwwﬁhmw
doses of a number of atropine-like and other drugs are
mll(nmhlhmmwﬂlcmmﬁg
inhibition of salivation, with a munimal effective dose of 108p
minimal effective dose for atropine sulphate in six ts var
between 10 and 40 pg/kg.
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Wealker salivation inhibitory effects with mi 1 effectne doses from
1-5 mp/kg could be demonstrated in benactyzine, diphe-
manil and butylscopolamine Adsph { in %) had awek sabme

tion inhibitory effect with a minimal effective dose of 10 mg/kg. coms-
ponding to about 1/500 the ectivity of atropine Papaverine was found to
be devold of salivation Inhibstory effect at doses up to 40 mg/kg.

Results of bio-assays with anticholinerge reference drugs are summs-
rized in table 3 It fs seen that atropine sulphate had a strong salnabm
inhibitory effect in five assays, the EDSO ranging from 55-10 e
Hyoscine methonitrate was found to be the most potent salwation -
hibitory agent with an avernge ED 50 of 3 pg/ip.

The duration of the salivation inhibitory effect produced by a bope
dose of 50 pg/kg of atropine was also studred As seen from table 4 tbe

Table 3

Bloanay of atropine-liLe compounds om mice for sntagooiess
to pilocarpimc-induced saflvatlon.

| No. of | Tadatiion of| Mee
Asay Dots kench D%
Compound rnice per saln tiow,

| 2o e tne] M EDm| HM

Atropine sutphate 1 4 36,1225 14
- [ 44 L6128 o4 "

3 ( . 36123 160

. 4 6 161228 73

s [ 61,2 33

Hyoscino bromids 1 [ 312 [
- 2 I3 26,12 3.6 *°

- [ “ Le12 e
lyosciae methomutrate 1 ¢ | 136 10

2 6 | 131612 35

- 2 ¢ nen 23

|

moumm-n#"““-”'*;
Wmo—mnwﬂ

o cakuited by 1M

wouse ba vt FOT

Tesxt compownds were given ¢ 10 ansesthetured mice.
later ¢ doss of 2.0 mg/ky und the sal vary flow was det
the | pme ngection. P age salivary
100 where TR 1 the merage salivary spot 978 per o
.
treated why  tew compoand nd C b the verape selivary 5ot are P<T ROE T
Mumywdmmmphpwmu.!x-mnbwmm’ Ty
EDS0 valnes wers bained graphically from & piot [ log dose sgabast peroeies?
imhibitlon.

TR » 100
C
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Table 4
Dutxtlon of the mlivaton Inbibit ry effect of
tropine smipbate In mice.
Tune b min.
Atropise soiphats, a.c. dose In | between irp) Number of 'a{
mykg and pllocarpine animets ""dh’“"ﬂw“
injectons
aos 13 12 ”
063 » € [ 24
oo’ @ 6 40
005 120 [ pil

|

Cofiection of aliva wes parformed 0-20 min. afier | fecting 2.0 mg/kg of pllocarpine.

effect was near 100 / when atropine was given 15 mimutes before pilo-
curpene and decreased steadily when the jnterval between atropine and
pllocarpine injections was mereased, resching a value of 23 when the
Interval was 120 mimutes,

Discrmdon
Methodologkeal

The senmtivity of the method was found to be greatest with a total
collection penod of twenty minutes, corresponding to the high and
comstant mte of salivary flow demonstrable daring 0-20 muutes after
injection of the standard dose of 2.0 mg/kg of pilocarpise. The longer
collection period employed in carlier expertments decreased the sensitivity
of the procedure.

The fixed time mterval of fifteen minutes between injection of the tost
compound and pilocarpine was also used by BRowN & QUINTON (1957)
for rabbits. As the collection perlod in our mouse method extends from
15-35 minutes after injection of test drug, conditions are optimal only
for those drugs possessing peak anticholinergic effect dunng this penod,
ach a3, for example, atropine, hyoscine and hyoseine methorutrate (see
50 PuLEwRA 1932).

Male mice were preferred becauss therr salivation appeared to be mors
Profuse than that of females. The differcnco was, however significant
ouly at a level of p = 0.2. The mortality of raake mice during the ex
Pefimental procedure was about 1 4. In the body werght group of 20-26 5,
¥eneral ansesthesia with the standard dose of urethane was obtained in

100/ of the mice. Wherens larger laboratory animals usually do not
n
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recover afier urethane anacsthesia, mice regained consciousness after 57
hours, probably because of their finnism for rapid elimination. A
certain percentage of mice with a body weight of less than 20 g dd net
reach the stage of general anacsthesia on the standard dose of urethare,
and among animals with body weights over 26 g an increased mortality
was observed during the test.

Drugs

When the sensitn ity of the method s Judged with the 50/ salvation
mhibltory dose (ED 50) of atropine as critenion, it is of the same order of
magnitude as that given by the rabbit method (Brown & QUINTON 1957)
These authors obtained an ED 50 for atropme sulphate of 34-7.5 raig
n @ total of five assays under comparable conditions on urcthane-sedated
rabbits. The corresponding values from our method are 5.5-100 xe/¥1.
also for five assays

Tt may be of interest to compare the method with procedures for other
speches as to the ratio of acthvity of nown reference drugs. The an
salwation activity of hyoscine methonitrate 1n man was found by N“‘[:
(1943) to be 36 times that of atropine. With our method ol mdﬂ‘l
activity of hyoscine methonitrate was found to be about three tmes -
of ntropine Nyman also found that papavenine in high clinical doses ¥
without effect in man and that adiphemine had an sctivity i
{0 1/700 that of atropine These findings correspond also with out e
results on mice. BRowN & QuUINTON (1957) found that n "‘S‘fm
activity of oxyphenomum is roughly ssmilar to that of atropine.
expenments with oxyph fum gave comparable resulls. &

The anti-salivation method on mice also allows us to compare mﬁ“m
and ant-salivation activity of new compounds and to establish 2n
rato for these two anticholinergic effects. This i of practical e
because the anti-salivation effect may be considered to be closely e
to the desirable inhibitory effect of new drugs on pnrom'-tﬁ““
secretion Further atropme sulphate inhibts salivanion at e
lower doses than those requured to produce mydnasss. Thufth‘:
seen in man after therapeutic dosss of atropine. The doses w0/ ofts
necessary to increase the pupil dinmeter of the mouse to about
maximal sze ranges from 40 to 160 ug/kg after parenteral &dﬂ{nﬂnz ‘mu*ﬂ
(QUINTON 1963 PuLcwra 1932 InG et af 1945) A”M;/mmmw
reported here, the doses of atropine required to produce
of pilocarpine-induced salivation are 5-20 tunes hw:fumd e can B¢

1t may bo mentioned that salivauon in amaedth o i proded
induced also by sympathomumetic drugs. The amount
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is, however much smaller than that produced by pilocarpine. Results of
some inhibition experiments were similar to those reported by EsomLn,
Hooeera & OHLIN (1965) for the rat.

In conclumion 1t should be hasized that the advantages of the
mouse antiaalivation method are simplicaty sensittvity and capacity
One complete assay of atropme, comprismg tests at four dose levels and
meluding two control groups, on a total of 36 mice, may be performed by
one techmclan on one day It appears that mice, compared with rabbits,
do not thow greatly varying atropwoe sensttivity and it 1s therefore un-
necessary 1o preselect the animals.

Sommary

A simple, rapid and eensitive method for estimation of antichohnergic
drug effects in anaesthetized mice is descnibed. It 19 based on the antagon-
Bm of atropine like drugs against pilocarpine induced salivation.

The 50 / aalrvanon inhibitdon doses of atropine sulphate, hyosane
bromide and hyoscine methonftrate were determined and found to be
8.0, 60, and 3 0 pg/kg, respectively

Examples of applymg the anti-salivation method jn mice to the screening
of new compoimnds for anticholinergic activity are given.
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Structure-Activity Relationships for Release of
4C-Octopamine from Adrenergic Nerves by Phenylethylamines
By

Arvid Cartwon wnd Bertll Waldeck
(Received December 6, 1965}

Tyrumuns (TA), when ingected fnto antmals is rapidly converted to
octopamine (OA), and this conversion has been shown to occur m the
adrenergic nerves (CARLSSON & WALDECK 19630 FisCHER eral 1964) The
accomulation of octopamine in the nerves 15 blocked by reserpine, ind:
cating that this accumnlabon occurs in tho amme stonng granules
(CanLason & WaLDBCK 1963b) Further evidence in support of this view
has been obtained by differential centrifugation (Musaccio, Kopmv &
SNYDER 1964). It has also been shown (CARLSSON & WALDECK 1965 see
Canvseon 1965) that the QA 1s rapidly released by reserpine, prenylamine
and (—)}metarammol In the mvestigation reported here structure-activity
relationahips of agents caunng such release were studied.

Matertsl and Methods

Mucw drvaded &t andoa 12ta groups of ©x » ere waed. Equimolar amounits () ph/kg) of
018 phenyiethylamme denvatives were gven L 19 mnutes foac the L adminltoation
of02 mgfky AT TA. After another |3 minmtes the arnmels wore killed, and the $C-OA
Fvrts in the bearts wero dstermined 4s peeviously dtscribad (Cantason & WaLDECK 1963e
ALuonne, Axpin & WaLDeCK 1945)
The drugs weed were

(~)-drenaieon (lugma Chemicsl Company) (+)-adracatiine ( D A. M. Lunds, Sterling.
“Inthmplu.lmx.) (+)umphctamme, dopambne (Sigma Chemxa) C mpany) (—)
fpbeding (B, Merck) eprause (Beos | (£>N. (fontll
©. Bovtringur Tngetheus through ERCO $tockholr) hordentac (E Merck); 6-bpdrocxy-

Onse asterhik hcates and who donated druga,
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dopamlae ( Dr C. A. Stone, Ntfvh Sharp and Dohme) p-bydm yocthamphone
(KnollA O) &hyd (= LEQ
Lid} (= )metanephrine (Winthrop Proéum) ( )-l:ﬂ.-rmﬂ.nol (Dr Mnry M,
Sharp ud Dobex) (4}

drinex £) )W[lyﬂuﬂ!t( Dr A Metwche,
Hnﬁ'nmu Roche) u-mﬂh)l.dopurﬂr-( Dr A Meicher Heffmao-le Reched ‘s
{(~)a (Farbwetke Hoechst)  “a-mctint
normetsocphrine a-methyl-mtyramine  (~)lnonadromaline (Fka AG) 4>
noradrenafine; norephedrine (Merck & Co.) (4 }monmctanepheine \'hzh:vpl'raha)
¢ ym-octopamine (eovadnl @ Diw g Chemische Fabr) 43 )poctopuiee sk
prenatine  lapent ®  Bochringer Ingelheim through ERCO, Stockholm) meocsdries
( Wisthrop Lab} poxedrne pbenylethylamine (BDH) m-tyramine ( Dr A Phetscher,
Hoffmao-La Roche) aayramine ( Dr A. Pictscher Hoffman-La Roche) and ptyrimiss
(Blochemica, Roche) Tyrsmine 14C (p-hydrotyphenylethylamine1-14C, tpecific acthly
181 exC/mM) w 3 obained from New England Noclear Corporstion, Botton, Mos,
US.A,

Results

The results arc shown in table 1 Although the mumber of experments
for each compound 1s small and the scatter relatively larpe, certaln co2
clusigns abott structure-activity relationships can be drawn. The obsnvd
tions made were

1) Introduction of a hydroxvl group in the 2 (or 6) posstion ofur'f;
seemed to cause a shght decrease 1n activity (compare o-tyramune
phenylethylamine, 6-hydroxydopamme with dopamine and 6-ydrosr
noradrenaline with noradrenaline) e

2) Introduction of & hydroxyl group in the 3 position of the nag &
moderate to strong ncrease in activity (compare m-tyramie "
phenylethylamine, u—mthyl—nrtymmiuc with amphetamme

inol with hednne)

3) Introductionof & hydroxy'( group In the 4 position of the ring Sfﬂ’"’:
to couse @ slight increase 1n actvity (commnmp- “mh pbcny
eth ne, p-hydroxymeth }

4 Genﬂ:::uﬂy the cffects of hydroxylation as described under Z) ';23
uppenmdlobcnbolhhedorcvcnmﬁwdwhmlbeh)'d‘“xyw
resulted 1n formation of o 3.4-dihydroxy derivative (me.oa ol
nune with m-tyromipe and p-tvramme, norad "ﬂhl 5
mune and p-octopamine, a methyld ine with oty
mine, e-methylnoradrenaline wh.h metaraminol compare, 2O
also adrenaline with m-oxednne and p-oxedrine) -
T-ombmnmwwy,umm..oms

through Dr H Corrodl W gratefally scinowiedge these fRs
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Table 1

Relewse of octopariine fa the mouse heart by some phemylethylamine
detivativae. 02 mg/kg was given L 15 min. befors L In-
Joction of 1 pM/kg of the compound to be tested. After anotber 15 min. ¢
the ambals wero killed and the hearts removed for antlysty The resahs Rz —~CH~-NH,;
arv axpresecd as 14C-octopamine comtent &3 percontage of the mean of 23 R

' control groups, 28 £ 3 /g (standard deviation). Tho valnm are the

wamof apaimmts 4 sanderd aro of the Deam.

4

Ry R« Ry

Per
Compound teated O I T T o i
Esem
) phexyiethyla riine - - - - - - TTx2 2
Pyranine OH - - a3 3
Byrining - OH - S2t10 3
o4yranine - - [3: B0 2
dopaming OH og - - - 75 3
$erdroaydopamine OH OH 60H - - - &+ 2
(+)}-p-octopamnine OH - OH - - 6515 3
1 {£)}m-octopamine OH OH - 224 3
(=}aoradrecaline OoH oOH oH - - o6 4
(+)}-woradrenaling OH OH - OH - ELIY S
(x)H$-trydrony-
Dorsdrenaime OH OH &DH OH - ™ 1
Swcthylofyramine - OH - CH, - M7+s 2
| &metiyldopamine OH OH - cH, 0.0 2
1 (~Fmermmingt o -~ OH  CH, 322 4
() metararminal OH OH CH, - 7114 3
{~}omthytmorpdrenatine OH OH OH  CHy 17 3
bortecine oH - ~ (CHy, Ban 2
plaing OH OH - CH 48 3
oH - - oH cH, 93121 2
~Mm-exedrine OH OH CH 212 2
(£)-¥-athyinormete-
[<2: B oH CH, CH; e8:21 2
(=)adrensiine oH OH OH ~ CH a9 3
(+)-adremline OH OH -~ OH CH, a1 3
(£)uopreneling oH oH on CH (CHp; 183223 2
OTelprecating 3500 oH CH (CHY; 8422 2
PiNroxymetharphe
tasming oH - CH cCHy 61411
() s0pbetamine CH 10727 2
luaaphetamine - - CH CH N4 2
Sortphediing - OH CH - 100 t
{~>epharine OH CH CH, ©L7 2
merhoxytyramme OoH |ocH, - - - s 1
(2 )-tonnetasepnrise OH | OCH, oH - e 1
(£ Huomormetanephnine  OCH, | OH | - oH a2 2



258 ARVID CARLSSON AND BERTIL WALDECK

Table | (Continued)

e
Compound tested K| R | R R R { Nemter, :""’m‘}'
| tum]
(2 -mctancphrine !ou ocH, - on - an 14 ,‘
(£)»I-metho y-
norephedrine - ocHy - OoH Ciy - n
p-mctho ydopaming on o - ocl - mn
methavyphenadrine - ocH; -  CHy CHy »
a-methylmethoxytyraming | O  OCH, - cny 1
(1) metbyt
normetanepbrine | ou octty, - OH CH, - ["”

| !

5} Methylation of the 3-hydroxyl group appeared to abolish the actvity
{compare 3-methoxytyramine wath dopamine, normetanephrme with
noradrenaline, phrine wath adrenalice 3-meth P
with metaraminol, a methylmethotytyramine with a-methykdopamisc.
and u methylnormetanephnne with g-methyInoradrenaline).

6) Introduction of an hydroxyl group in the p-position on the e choft
Increased the activity of 3-hydroxy compounds considerably but &
appeared to be true only for the laevorotatory emantiomorphs (m.:
pare (+)m-octopamine with m tyramune, (—
(+)-metarmminol with a-methyl-m-tyraminc). In 4-hydroxy U:;';'
dihydroxy compounds the introduction of & f-hydroxy group
o smaller increase in activity (compare p-octopamine with
noradrenaline with dopamine, a methyl noradrenalime wath n-methlw
dopamine, adrenaline with epinine) and the difference betweed
enantiomorphs was shght, 1If any

7) The mtroduction of an a methvl group possibly cavsed a m;;dw;:
1n activity (compare m-tyranune, m-octopamine, dopamine
adrenaline with thefr @ methyl derivatives).

8) The effect of N methylation was not yniform However m:d‘fudumﬂr
tlon of an 1sopropyl group on the mtrogen atont ‘grﬂﬂy

11

activity ( P p line with nor o
9) Compounds with an unsubstituted phenyl ring were almost devord

activity at the doses employed

The most striking positive effects
p-hydroxyl groups and are {llustrated by U

and
cansed by Fhydre)
e high activity of (—Hots™
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minol and (4-)}-m-octopamine. For metaraminol a clearcut stercospecifi
city In relation to the f-hydroxyl group was also demonstrated.

The most striking negatrve effects were those caused by blocking the
3-hydroxy] group (by methylation) and by mtroduction of an wopropyl
group on the nitrogen atom

Discaesion

The QA-releasing actrvity of a compound may be assumed to depend
on Itz affinity for the storage mechanism of the granules and on fts con-
centration m the cytoplasm surrounding the gramules. This concentration
fn torn may depend on several factors, namely a)the efficiency by which the
compound 13 tramsported into the nerve through the cell membmane
b) the ability of the compound to ddfuse through the cell membrane
¢) the metabolic stability of the compound and d) other factors affecting
the desiribution and fate of the compound 1n the body

The mportance of the transport through the cell membrane is demon
sirated by the fect that blockade of this transport abolishes the OA and
poradreraline releasing effect of an amine soch as (—)metaraminol
(CamLssON & WALDECK 1965a). On the other hand, amines with a igh
Bped solubility retmin their activity after blockade of thu transport
mechanism, e.g. reseaplne and prenylanune. In our jnvestigation the
compounds with an unsubstituted phenyl rng wero found to be almost
mactive This may be due to low affimty for the amine storage ntechanium
oF to the fact that thess compounds poxsess a high lipid solubility and
thus cannot be concentrated by the amine transport mechanism of the
¢ell membrane (“the amine pump”) even if they are transported efficiontly
through the cell memhrane, diffasion in tho outward direction will prevent
the buildng up of & high concentration in the cytoplesm. The introduction
of hydroxyl groups nto the ring reduces the lipid solubility and thus
Indirectly increnses the concentrating power of the “amme pump” This
may explam the positrve influence of ring hydroxylation on amine
releasing activity but does not account for tho spectfiaty of hydroxyl
Eoup position. Whether the especially high actvity of 3-hydroxy com
Wlmdxhduztodﬂdemmsportthmughdncdlmunbmcortamgh
lfintty for the granules cannot be decided from present information. The
avallable evidence suggests, however that the structural requirements of
the amine storage mechanism of the granukes are more stringent than
thote of the “amine pump of the cell membrane. That a cortsin degres of
Stractural specificity exists, however fs indicated by the fact that the
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amine pump” can hardly be utilzed by 1soprenaling and S-hydrog.
tryptamine and that it is more effi ly blocked by impramine dervame
with one mther than two methy) groups on the side cham nftrogen atom
(MALMFORS 1965 Carvssoy & WaLneck 1965 Corxoot, MaLuTors &
Sacars 1965 1966)
There seems to be Lt doubt that the stercospecificity observed in thy

membrarne of the two
for the granules js greatly nfluenced not only by the P-hydraxyl group, &
shown by the stercospecificity but also by the phenolid hydroxy! groep,
is Indicated by the fact that octopamine iy much more easily released from
the gramules than noradrenaline (CARLSSON & WALDPCK 19658 Musac
o, horN & Wst 196%) The observations of Musacco ef of in
thesr studies on inracellular distribution of different amines and on ther
relense in viro supgest that the alfimty for the gramules decreases wik
decreasing number of hydroxyl groups in the order noradremline >
dopamine > octopamine > tyramine In our nvestigation the meraps
obtained for these four amines were 46, 57 56 and 62, respecinely
Significant differences were thus hardly obscrved. This suppests that fine
factors operate that tend to neutratize the effect of different affnsiss for
the granules. One such factor mught be metabolic stability For eumpl,
creulating noradrenafine 13 rapldly metabolized, maly thm@;
action of liver hol-O-methyl transf {AxeLrop e o |
AXILROD & ToMCINCK 1958 CARLSSON & WALDECK 1963), 50 that kss
noradrenaline will become avaitable for uptake by the nenve wd“;‘
However the possibility must also be considered that increasing i
number of hydroxyl groups wll reduce the affinrty for the mdi::oﬁ
of the amine pump  of the cell membrane There are certain 1

In favour of this sssumption In experiments on isolated rat hearts, b
uptake and lation of noradrenaline, when added at a low coadrt

tration to the perfusion fluid, was blocked Jess efficicntly by th@a;ﬁ
amines possessing a f-hydroxyl group than by those d“'“‘d“":d';w
Ok & Ivrmsen 1963) 1t does not seem very probable that
condiuons metabolic conversion of the compounds can be a1 fmpor
factor
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Smmueary

Forty phenykthylamine derivatives were tested for thedr abilty to
redease 14C-octopamne (formed from 4C tyramine) from mouse heart.
The potency was greatly increased by the introduction of a phenohe
3hydroxyl group and an aliphatic p-hydroxyl group Stereospecificaty
was demonstrated for the p-hydroxyl group Blocknde of the 3-hydroxyl
group (by methylation) or introduction of an 1sopropyl group on the
mtrogen atom abolithed the actrvity The findings are discussed in rela
tion to the amine uptnks and storage mechansms of the adrenergic nerve
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Funetional Role of the Nigro-Neostriatal Dopamine Nearoms*)
BY

NIk-Erk Andén, Awntca Dahisirf, Kjell Faxe and Knot Larson
(Raceived Jaouary 28, 1965)

In previous fovestigations it has been found that the dopamine (DA)
of the neostrmtum (the caudate nuckens and putamen) 5 present in nerve
terminals belonging to special neurons with the cell bodres fn the sub-
stantia nigra - mamly in 15 z0na compacta — and with the non-terminal
axons ascending in the crus cerebri and the internal capsule (ANDEN ef o/
1964 BERTLER ef a/ 1964 ANDEN ef of 19658 & b). These nigro-neostria
tal DA neurons do not cross the mudline, and it should therefore be
passible to mvestigate thewr functional role after & onilateral lesion. In the
work reported here, such # study was performed in rats both with and
without drugs that micrfere with DA metaboligm.

Materials and Methody

About 200 adalt Sprage-Dawley or hooded ruts were used. Two types of operutions
Wt performed. 1 the first, the DA pathway was wnaterally destroyed by electrofyne
lomon (Hotan 1947) m the crow cerebed at the Joved of the corpm mummllare, and the
Lonal wers examuired 10 10 60 days after the psrabon. I the second, the corpos striafum
a4 reooved mlaterally by soctim with  fine glaws canmuls wader ether mmesthals, sod
the cmraals were examined § t0 24 hoars afierwards. The effect of tho keslon on the nlgro«
mounatal DA rearons was determmed m U first seches by one of two blochemicat
Aalyses (1) detarmnation on each nde of the bram of the DA m the corpm stristom end
the DA 1ad naradresaliss  the rest of 1ha trbcocepbelo  plws the dsencephalon (CarLiwon
& Waoecx 1958 Bexrien, CAnLmon & Roasonsn 1950 (2) desermaimbon o esch
#de of the bexen of the ) 4l (L DOPA) o ylaso ectlvity
$2 mire 1 Ube corpe stratam and bn the other patts of the telncsphalon plos the dico-
Ceptloa (Rextiox & Romrvarme 1939) The secoad type of Mmon was brvestigated by

) Rosnits presentsd in part et the on M, of
Reiene of Brogemc Acloos 1 Stockholm, Februsry .3, 1965,
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Teble 1
Nember of niscanisd
» wrllatern] kesbon of Use wigre-
Drugs and dours eottristal dopaceine prtrury
o the

crus errebrl | eoepws ertaine

1
"
4

Keserplos 10 mp/kg Lp.
Haloperided 2 mygiky Lp
Chiorpromarioe 10 mg/kg Lp.
23 mgigip

Promahatine 0 my'kg Lp.
Phenoxybenzatine 20 mgkg Lp

10 mpikg $p.
Propranolol 0.912 mgfkg Lp
Pentobarbital sodium 140 mp/kg Lp.

ERCEK R R RIS - 3 |

PR VTR

Nisfaméde (100 mg/ig Lp.) 2 hours before
rescrpine (10 mg/g L )
Nustamide (100 mg/kg Lp) 2 houn
25 mykg by 3
before L DOPA | 50 mpg L. 10
18 myp/kgl : ] "
Nialamide (100 mg/kg Lp.) 2 boury
<5 mpkg L

befofe L S-hydrovytryptophan {}Omm;L

observation of the brales aiter death Iy all the enbrls epasidered 2 58
paper more than two thirds of the corpus striatum had been rwnoved:
Tb-udmnhlmunud-nhdnpmlhrnfmvkhmwwhd—
(st tadle 1L $incy many of the drups used cause a
reguialion, care wis taken to pervent hypothermia ja the rts eds 0u ¢
Mot of the kestors wro made on the ket sids, but (or controd somee 1erd

right, when sll resnlt were seversed, a3 exproted.

Resity

Biochemisir

A lesion in the crus cerebn caused in most animals
more of the DA or DOPA decarboxylase activity if::wﬂwnu
striatum  compared with the opposite nde In el
detectable disappearance of DA or DOPA decarboxylas iﬂ" v
these rats never displayed any asymmetry (sco below). About activlty
rats had lost a little of the noradrenaline or DOPA ot there ¥
in some or all forebruin areas outsids the corpus striatum,
o correlation between this finding and the asymmetned

2 foss of 60X &
ipsilateral coP
there wis ™
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Table 2
Effect of drugs inmtesded to block or faclitate
mopoamine trassmirsion on the tuming [ rats in redationto s
unliateral beslon of the nigro-neostriatal dopamine pathway

Tomning
Drug ia relation t
the Josko
N drog treatment No tarping
Blockads of monoamine tremmbsdon
Contraleteral
Hudoperkdol Contralateral
Chlorpromazine Contralteral
Promethaxing N turnlng
Phenoxyberzamine N tumping
Propranolo! N terning
Pentobarbital sodlun No turning
P L
Nialemki + reserpine Ipellateral
Nulamlde + DOPA Ipeftateral

Nialamide + S-hydroxytryptophan N termng

Paxition and movements (table 2}
Without drug treatment

After the crus cerebri lesions all the anmals after & succenful operation
thowed a slight deviation of the tail root to the same sido a3 the lesion
(fig. 1). Sometimes it was also possible to observe a turnmg of the head
and of the whole til to the operated side, and these phenomena were
mainly seen after large lesions and during the first 2-3 postoperatrve days,
After removal of the corpus gtnatum, no tignificant asymmetries conld
be teen except that most of the animals turned the tail and head towards
the operated side.

Drugs intended to block monoamine transmission

Rezerpine  After both types of besion, reserpine adminstration cansed
the rats to tarn tafl and head to the nde opposdte to the lewion, to abduct
the extremities, especially the hindlegs, on the operated side and to adduct
the extremities below the tnmk on the unoperated dde (fg. 2). The
fyodrome began to appear about ooc hour after the mtraperttoneal injec-
Hon of 10 mg/kg body weight and was comphetely developed after two
houms. Usually it was possible to feel a rigidity of the extremuties on the
B Amn parmacetegies, vel 34, (204 3%
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Fig. 1 Rat with a kerlon of the lefi nigro-scostristal dopuming pathway
produced In the cros cerebrd 30 days before,

unoperated side On thus side there was also a more pronounced tremor
than on the operated side, with a frequency of about 20 per second. The
asymrmetries could still be seen after 24 hours, but were then mch weaker
and relnjection of the same dose of reserpine did not increase them.
One hour after an intrapentoneal injection of 10 mg/kg reserpine, ¥ied
the effects appeared, there was stiil about 25 / of the normal smownt o
+ DA In the cotpus sirfatum on the unoperated mde. After two boots
practically no DA could be found.

Fig 2. R-a-pmuw(lum&;l.nllﬂmw"‘)
of 4 et with @ lealon of the Jeft nlgro-oeoutriste] dopamiae patim ey
pruﬁnncdlnlh‘cruunbdmanbtm
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In two rats with electrolytic leslons In the crus cerebri there was no
ugnficant reduction in DOPA decarborylase activity of the corpus
stdatum on the operated side. Thess animals thowed no clear asymmetries
after reserpine treatment As s control for the effects obtained after
removal of the corpus striatum, one rat was examined after suction
removal of only the neocortex overlymg the corpus stnatum. This rat
showed no asymmetries after reserpine treatmant.

Haloperido! The same turning of the tail, head and extremities s after
reserpine treatment was observed after ths adminstration of haloperidol
(2 mg/kg 1p) The syndrome appoared earlfer and was horter [asting
than after a reserpine inpection. No tremor coald be seen, not even after
20 mg/kg ip Haloperido! did not produce amy asymmetry after the
removal of only the neocortex overlying the corpus striatum (1 rat).
Nether were any asymmetnes produced 1n those rats In which the crus
cerebri lesions did not cause any reduction in DA content on the operated
side (3 rats)

Chlorpromazine Treatment with chlorpromazine (2.5 to 10 mg/kg 1.p.)
caused asymmetnes dmilar to those produced by haloperddol. The signs
followed about the mxme time course after tho two drugs. After 10 mg/kg
ip. the hindlegs were often slightly paretic, but even after thus dose no
tremor could be detected.

Prometharine This phenothizrme denvatve, though  structurally
related to chlorpromazine, did not grve any asymmetry despite the
production of & pr d sed Chlorp ine was always given
subsequently to the same rats and was found to prodoce tho effects
described above.

Phemoxybenzamine and propronslol Smee chlorpromarine blocks the
peripheral adrenergrc receptors of the a-type, & potent blocking agent of
these receptors, L.e phenoxybenzamune (10-20 mg/kg ip), was ako
tested, In sprte of deep sedation produced by this, hitle 1f any asymmetry
could be seen 1n anmals with a crus cerebn lesion. Nor did propranalol
(inderal @), a blockmg agent of the adrencrgic freceptors, produce any
uymmetry in doses increased stepwise from 0.5 to 12 mg/kg Lp In all
these animals haloperidol or chlorpromazne given afterwards produced
the ugmal effects.

Pentobarbital Pentobarbiml sodium (nembutal @) was given 1n dotes
that were increased stepwise from 8 mg/kg 1.p., which caused only slight
wedation, to 40 mg/kg Lp., which caused deep ansesthesla. No asymmetry
a3 ever observed. In fact pentobarbital sodrum (40 mg/kg i p ) abohshed
the asymmetries obtained after treatment with reserpine (10 mg/kg Lp.,
1 1) or after treatment with nlalamide plus reserpine (100 mg/kg Lp
2 hours before 10 mg/kg i v 1 mt).

w
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Drugsintended to facilitate monoamine transmission

Mialamide plus reserpine A moncamine oxidase inhibitar at o low dose
does not by jtself produce any pharmacological effects durng the first for
hours after the admnistration, € g. nlalamide 100 my/kg Lp 2 hoves.
Such treatment, however produces an mhibition of the enzyme suffident
to veverse the reserpine syndrome. The reason for this effect is that e
amines rekeated from the storage granules are not degraded losde the
ferve terminals, since the ine oxadase is {nhibated. Therefore the
amines can feak out through the Axon membrane and reach the recepions
in free and actyve form, Within five minutes after an intravenous injechon
of reserpine (10 mp/kg Lv) given to rats pretreated with nlalonde
(100 mg/kg i p-, 2 hours) the amals began to rotate vigorously to e
operated side. They continued to do so for several haurs, until they were
completely exhnusted During the few moments when the movementt
stopped 1t was clearly seen that the tail and head were tumed to the oper
ted side the extremities on the side opposite to the Jesion were sbducied,
whereas those on the lesion side were adducted below the trunk, ¢ the
body position was completely the reverse of that observed after reserpu®
treatment afone (Rg. 3) OF the animals wth the corpus stnatum remaved,
mainly those turning spontancously to the unoperated side were choses
for this type of expenment,

There \:s no uxpy?n-lmctry after treatment wth nialamide pius reserpine
in on rat, in which only the neocortex overlying the corpus stratum bad
been removed by suction.

Haloperldol (2 mg/kg 1p ) was given to a fow rats treated with nisk

ke
Fig. ) Reerpoa treatment (10 mg/kg L anmmwwmum»mm
hhn:hhn(nhhmmalmmﬁllup,lhounbdanm.mpmnhpdnﬂ

Leslon of tho left pigro-necatriatal dopamipe pattrway prodocrd b (be X
days befpra
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amude phus reserpine, and these ceased to turn to the operated side some
were found even to turn to the oppoate nde.

L DOPA When L DOPA (50-75 mg/kg iv) was mven to mats pre-
treated with the ine oxidase inhibi ialamude (100 mg/kg i p
2 hours before) the arumnals began to rotate to the operated nde within
10-15 minutes. The rotatton was usunlly not as contmuous as with
nlatamde plus reserpine and sometimes the ammals only fumped in
arcles to the operated ssde Most of the animals had been inpected with
reserpine (10 mg/kg 1.p ) 2-4 hours befors nulamide (100 mg/kg ip),
and so they were forced to turn to the unoperated side at the time of the
L DOPA injection, Treatment of these rats with . DOPA, thus, produced
achange m the direction of turning from the contralateral to the Ipsilateral
side of the lesion

The DOPA effect was wsually more pronounced in the rats after re
moval of the corpus stnatum than after a crus cerebn lesion. With the
latter case anfrmals often turned to the umoperated sido after small doses
(25 mp/kg Lv) or at first after larger ones (50-75 mg/kg Lv) As there
was always a formation of DA 1n the denervated corpus striatum, althoogh
much smaller than 1n the intact one, this phenomenon may be due to a
denervation supersensttvity

J-Hydraxytryptophan When DL 5-hydroxytryptophan (25-50 mg/kg
Lv) was given after nialamide (100 mg/kg Lp 2 hours before), no asym-
metry could be seen, desmite tho presence of such effects as tremor and
hyperextension Nor could pL S-hydroxytryptophan change the asym
metry produced by pretreatment with reserpine (10 mg/kg 1p 24
hours before palamide) Two of tho rats were treated with L DOPA
(75 mg/kg Lv) when the tremor and hyperextension had subsided, and
theso animals then began to rotate to the operated side

Discwssion

The atm of the investigation was to study the function of the mgro-
neostrintal DA newrons. In all likelihood, however the lesions produced
did not interfere excusively with the pathways to and from the corpus
striatum. For example, 1t is concoivable that both types of kestons inter
rupted nerve tracts from or to the neocortex. It 1 therefore possible that
the agymmetries were due to an action of the drugs on neocortical nor
drenatt hanl This norad Line is present in
perve terminals belonging to neurons whose coll bodies are in the pons
and the medulla oblongata (ANDEN er ol 1966) and whose axons ascend
in the medial forebrain bundks (ANDEN ef al 1965b) For this reason a
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few expeniments have been performed after unilateral Jesions at the yune
tion between the pons and the mesencephalon or 1n the medial forelrain
bundle at the kevel of the antenor hypothalamus, afer which the nto-
cortical noradrenaline but not the neostnatal DA had disappeared (Ax-
DIN DANLSTREM, FUXT, LARSSON OLSON & UNGERSTEDT unpabfished
results) The admunistration of reserpine, haloperidol or nialamide pls
reserpine to rats with such lesions did not produce any detectable asymme
try 1t Is therefore probable that the asymmetres were due to mterference
with the function of the dopamine in the corpus striatum, That cortica!
mechanisms are also involved cannot, however be excluded.

According to cur unpublished results the rat corpus stristum comtams
much more DA than S-hydrotyiryptamine, about 6 pg/g and 03 rgy
tissue respectively The amount of noradrenaline is nepligible (of Stax
MAN & VOaT 1965) Most of the drugs used in this Investigation may affect
the function of both DA and S-hydroxyiryptamine It should therfore
be of interest that thero is an asymmetry only after administraboa of the
DA precursor DOPA and not of the S-hydroxytryptamine precumor
S-hydroxytryptophan This finding suggests that the phenomena obsenved
are due solely to an Interference with the neostnatal DA This view
supporied by studies showing that no certain disappearance of the striial
S-hydroxytryptamme can be detected after our crus cerebri lesfons (resaits
not shown)

Tt Is tempting to explain the similar effects of reserpne, chl
and haloperidol by a common mechanism. As is well knows, reserp
produces a blocknde of ine tr ! depiction of the
transmitter store (CARLISON ¢f al 1957 Muscuore & Voar 1958). Both
chlorpromazine and haloperidol reduce tho central effects of DOPA awd

oxidase inhibitors, in all Hkelhood in consequence of 3
blockads of catecholami ptors. Chlorp inc s also & fasly
potent blocking agent of the periphernl adrenergic a-receptors. Therefor®
hhrwxonablatonuumol}mtthnmnﬂugoﬁhenutothcndcww
10 the lesion 13 due to & presynaptic blockade of neostrutal DA “':‘fu:
sion after reserpine and a p ptic one after chlorp i~
haloperidol. The DA receptors are probably not of a pure thhﬁ
there was at most o weak asymmetry after pl calor
blocks the peripheral adrenergic a receptors more effectively than il
promazine and 1n particular than halopendol t':l‘l:-e finding that there
m after promethazine, pentobarbital or

mwe:nm sedation with each of them, shows mmwﬂ""’;,’;
mtmiudfcfmmmmmmymmmappmtakpm In
by drups with 2 neuroleptic action, /e sedatlon without Wﬂd
this connection it 18 to be noted that reserpine,
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halopendol, but not the other drugs, produce an increased concentration
of DA metabolites in the corpus strnatum (CarLsson & LINpQvist 1963
ANDEN Roos & WERDINIGS 1964) The explanation for thess results may
be that the blockade of DA transmmwon ~ either presynaptic or post
synaptic — results in activation of the mgro-ncostriatal DA neurons with
consequent increased rate of synthess of the tranumitter

Our expenments show that there is at most only a sight asymmetry
after unflateral lesion of the nigro-ncostnatal DA pathray The drug-
Induced blockades and facihtations of DA trnsmmsion 1n such antmals
are, however accompenied by asymmetrses. Since these asymmetnes
are oppostte to each other 1t seems as though both syndromes are evaked
from the intuct corpus striatum. Thrs structure is the only place where &
DA excess can reasonably be held to cxist. Among several possible
explanations of these findings the following may be the most plausihle,
The necstratum contains a high concentration of acetylcholine (Mac
InTosH 1941), choline acetylase (FELDEERC & Voar 1948) and acetyl-
cholins esterase (BURGEN & CHIPMAN 1951) It 1y thus highly Iikely that
the fibrea contalning acetylcholine esterase in the neostrintum (hoerLe
1954) represent trus acetylcholino nerve terminals. The acetylcholine
fibres probably ascend uncrossed 1n the cros cerobn and in the internal
capaule, aince there is & severe loss of the ipsilateral acetylcholine esterase
activity in the neostriatum after unil | Jesrons at the junction between
he mesencephalon and the diencephaton (SBUTE & LEWD 1963). In view
of these findings, it 1s probable that the neostriatal acetylcholine termmals
were also removed after our crus ceretm lesions, and in fact we have
observed m certamn redoction of the acetylcholine esterase activity in the
fpsilateral neostratum 10 & few prelinunary experfrents of thus kind, It {s
not unlikely that the postulated cholinermo neurons to the neostriatum
are functional antagonists cf the DA neurons, sinco atropme and other
cholinergic blocking Agents are useful in the treatment of parkinsonsm.
Natorally the ledon oy have included an efferent pathway from the
Cofpus stnatum or snother afferent neuron sysiem to the neostriatum
antagonistic to the DA one.

The most constant anatomical ketton in parkinsonism is a dsappear
ance of the cell bodies in the substantia nigra and the most constant
Yochemical kesion a loss of DA from the peostriatom and the substantis
tigra (for references, sec ANDEN et af 1964). Theso changes aro probably
dus 10 a degeneration of the nigro-ncostristal DA neurons (ANDEN ef al
1964). T hemtparkmsonism the cell bodies (GReENFIELD 1958) and the
DA (Banowmy, Benni/Ener & HORNYKIEWICZ 1964) have disappeared on
the side opposite to the clinxal tigns A hemiparkinsonlike syndrome
©an also be seen m monkeys after mesencephalic lesions producing changes
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In the magnocellular part of the zons compacta of the substanta T
(Warp McCuLtocl & MaGoun 1948 Prrmmsov et af 1948, Poomx
1960), where the DA cell bodies are localized (ANDIN ef of 1964 Avdéx
eral 1965a) Recently it has also been demonstrated that such a keson &
monhkeys causes a loss of DA from the ipsitaters] neostriatum (Sources
& Potrix 1965)

The rats with a unilateral lesion of the nigro-neostratal DA pathway
and treated with reserpine display signs similar to those in heonparke
somsm of primates. If the assumptions mentioned above are correct, the
cilect 13 due to a loss of both the DA and the acetylcholine pathway to
the peastnatum on the operated side and a blockade by reserpme of the
DA transmissfon on the unoperated side, 5o that the acetykchofine effect
will predominate on this side There seems, however to be one difference
between the signs in pnmates and rats 1 primates the ngidity and the
tremac oocur o the ¢ fateral side to the 1 and brochemical
changes, whereas in rats they appear on the same side as the prewumed
imbalance between neostriatal DA and acetylcholine mechansms, Ths
apparent species difference may be explained if the impulses to the moto-
acurons do not descend in the same nerve tracts. The
syndrome 1n primates is dependent on an intact pyramidat tract (see Bucy
1958} Stace the pyramidal pathway @ almost completely [acking in
rat (DouGLAs & BARR 1950), the imprulses from the corpus stnatom my
be medmted by other nerve tracts, which are possibly

Sammary

The function of the dopamine in the neostnatum (the caudate 1'11:‘:
and putamen) of mis has been studicd after unulaters) lenons of i
crossed mgro-neostriatal dopamine neurons in the crus cerebn of il
unilateral removal of the corpus striatum. At most small chan.@‘mw
in the opernted animals untreated with drugs interfermg wth '1:_ Ao
mine metabolism. After inyection of drugs causing 2 blockade e
mine transmission (reserpine, halopendol, ehlorpromazine). " o
turned to the uroperated side after reserpine there was also sugme!
of the tremor on the unoperated side Phenotybenzamine, WhE
promethazine and bartiturates did not cawse any asymmetry i
facihtation of dopamine trangmusion produced by MN °
reserpine or L DOPA  the rata rotated to the operated sde. ‘;"M’“"m
trics were observed after S-hydroxytryptophan It iy sugges maybe &8
egons had alto affected & nerve tmct to the neostnatum.
scetylcholine one, aniagomustic to the dopemine pathway
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The Decarboxylatlon of Some Phenolic Acids
by the Rat

BY

Rocakl R. Scheline
(Receved December 27 1965)

The presence of pyrogallol In human urine was reported by TompseETT
(1958), who snggested that 1t is probably derrved from gallic acid (3 4 5-
trihydroxybenzoic acid) by decarboxylaton m the almentary tract. How
ever BOOTH et al. (1959) detected pyrogallol in the urine of rats after
intraperrtonesl injection of galhc acid, and they believed this to indieate
that decarboxylation is not dependent on passage through the gastro-
intestingl tract. The decarboxylation of a related compound, protocate
dhic acd (3 4-dihydraxybenzoic acid), has been reported to occur in rat
faccal and cgecal extracts (BooTH & WILLIAMS 1963b) although this
Teaction has apparently not been observed after administration of proto-
Qitechuic acxd to anmmals.

In view of the pandity of information on this subject, the mvestigation
reported here was undertaken to study the decarboxylation of gnlhio and
Protocatechne acyds in rats. The presence of some phenolic compounds
In normal wrine will also be discaussed in relation to our findings.

Methody

Antmaly, The rats wsed b thess sxperiments were adalt albino meakes weighing from 250
10330 . They were fod o rat diet obtalnad from Fellukjapet, Oslo, and wers allowed
tre accem 10 food and water befors snd durmg all @periments. Light ether ansesthesia
W vl whan the compownds wers ghvea by the oral (stomach tabe) or intreperitonesl
To¥ls, and mebumal sodrom (p 3 mykg " omed 23
Seateti n the bubery rtude.

T pheoohc compounds were obtained from commercial sources, swrept
y+4 to ackd sod 3-0 which were prepared
xmermamummumtuumm respec

Sor 3, it
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AlMMameWmMnnd«hﬂdl@uhmm
whe stated. The urine and faccrs were cofteeted separstely in contafoers placed bn sobd
carbon dloxide by mears of ths sepacator and metabotiam cage of Nuas (194I). The bllbary
studirs were carried oxt ay previowly described (Sontira & Losams 1965), aoept tat
the bile and urine were collected for 20-24 hourt Lo test tubes maistaloed at 0° The +
hour wrine saoaples after thawl g were filtered calwted to 100 mt and divided into teo cpal
portions, swd each w 4 acklificd whb 5 ml conc. 1ICL One portion  s3 immedsaidy
axtracted mhth tno 30 ml portions of ctber and the otber was reftuxed for | Sowr befece

Table {

R values and colour resctions of gullic nd protocatethaic
wchis and related compounds,

R( valoe x 100
th
n sotvent system Colour
Compourd
Fay tloe

Diarotired
Gabb
ABCDD 3 respesd

Gulfc acld o 0 © s!jptnxm:-- green-brow prerteoss
Protocatechwicacld 7 %0 8 -n\.hiu-u pink-tan wy
Va lilc ackd 90 33 95 90! piak-brown omnpe biwe
3,3-Dihydroxy-4- |
melhoxybenzowscid ( 9 30 12 30 | redpurphe  browoyeliow  peple
Pyropaitol $ 0 3 6 plak-browa brown brown
10-Methylpyropatiol 68 66 83 86 | whRegrey  pinkegrey ilind
20-Methylpyrogaliol | 31 72 o1 | viotet yeowgrey PR
Resarcinol 14 4 15 90| red-purple violet-perie
Catechol ‘19 o 90 | puokgrey  plok-grey bluc-perple
Sotvent yystem
A beanene-glacrel acctx ackd-HiO (6 7 3 apper phase)

B nbwtanotctbanclammoms 088 (1 1 1)
C chioroform-giacal accts aehd HyO (3 1 1 lower phaw)

D n-bumachglacial scetic acki-HzO (4 1 3 upper phaw)

Spray resgents

Fuast Blus B aalt miine ad 00

Spray with 0.5 ., aqueous soltion [ tho stababired durotats of
saturated sodi m bicarboaats solution.

Diarotised sulfantamide N o
uuuqulvolumnnxmum.nANHaud!'(%‘“u’
cxtract with 4 volumes of B-butanol Spray with bwianol phuse

sodium bicarbonate solutios.

Qlbb 5 reapoot atsd
Spray with 0.25% 2,6-dichloroquinoss-4-chlorolmida {n ethasdl od thea
sodlum bicarbonate soluthon.
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ether lon, Gathe aod rchule scids are stable under thae conditions of ypdro-
Iyvis. The ether axtracts wers doed over anhydrons N )30, and svaporsted to dryness,
and Lbe reakine was dmsolved fo 1 m! scxtona, The sotirs 24-bour bile saowple was dulwted
0 50 mi wsd acidifled with 3 ml come, HCL, This was extracted ihres times with 30 ml
portions of cther refluxed for 1 bour and then re-sxtractsd twice with sther The ether
extracts were then trested 13 described  bove,

1 vire stmdies. The medlum conshitod of 0.1 M phasphate buffer (pH 7.4) comaining
03% glocose, 0.3 £ yenut extract (Difeo) and 0.3% peptone (Difco) Fresh pormal rat
[aacry (20 g} ware mmxed bn u Servall Omnk-Mxer with 100 m! mediom and ceetrifuged st
tow 1pecd. One mi of (b supernetaat was gdded t 10 m! medium and 10 ovg (et substancs
{tmhin  test tube The tube was flaabed with nitrogen, stoppered end locubated at 37°
Afier lacnbetion (for epproumately 22 honrs) the sempls was scidified with 1 ml cone.
HCQ od extracted with two 25 ml portions of sther The etber extract was dried over
anbydrom Nay304, tho wber wa tvaporsted and the realdos was dosolved In 1 mi wew-
toos. Preifmunary experiments wero carried out with | ml portions of the extire emall
Intrstine, cascwm or colon contents of & rut after aubxing with 10 ml medtum. Larger cultnres
(4001000 m) wwre ysed to bolate the metabolitcs { the yarious phesche compounds,
The compounds were added at & fewd of 0.1 4 was doscribed  bove, bat the amount
freces extract was reduced to 2.5 ml/100 ml medim. After Incubation, scidification and
contlacue cther extraction, the metabolites were molsted by chromatography oa large
sherts of Whatmen no. 3 Alter paper

Clrymatograshic metheds The scatone extracts of the samplat, togeter with ppeo-
priate standards, were cxanrnad by thin layer chromatography on 0.3 mm thick platea of
cxihulose (MN 300, Machoroy Nagel asd Co.). Rf valne  f galbic and protocatechuke ackds
snd refated compeundy and thelr colosr resctions aro thaw in table | Sobvent D was wsed
5 detect cmall smoants of galbc actd  pyrogatiol

Remits

An nrtial study of the abillty of rat | 1 to bol.
grlhic and protocatechuic acids thowed that these ware decarboxylated
o pyrogaflol and catechol, respectively when the test substance was
added 1o the medium containing extracts of caecal or colon contenty.
However the acds were recovered essenually unchanged when small
intestine contents were used. Extracts of normal faeces ako readily
decarboxylated these pherolic aads, and such extracts were used in
subsequent studies. Decarbotylation occucred ander anserobs conditions,
and no pyrogallol or catechol was formed when the samples were acrated,
No methylated metabolites of gallic or protocatechmc acd were formed
:hcu the acids were incubated with extracts of intestinal contents or
atcey,

An addltional phenolic compound was formed in the gallic acid samples
Encubated with faeces extracts, which was either absent or present only
In trace amounts in the expenments with caecal or colon contents. The
“ompound had R values and gave colour reactions identicat with those of
resorcinel This finding was confirmed on molating the metabolite by
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preparative paper chromatography and measunng its absorpton and
fluorescence spectra In 0.01N~HC1 The {solated compound and anthente
resorcinol showed identical uitraviolet absarption curves with maxma
at 273 myL. Fluorescence measurements with an Aminco-Bowmman Spectro-
photofluorometer gave fluorescence maxima of 308 my for both com-
pounds. Incubation with pyrogallol also resulted n the formation of
resorcinol but no methyl denvative Catechol was similarly sotated from
a protocatechurc acid sample. This substance and authentic eatechol o
00IN-HQ both gave ultravioket absorption maxima at 274 mp and
fluorescence maxima at 317 mp

The inhibition of the decarboxylation reaction by a number of wnt-
bioties was studied by umng benzyl penicillin, oxytetracycline, chlor
amphenicol, streptomycin and neomycin They were added to gve a fmal
concentration of | or 10 pg antibiotic per ml of sampte. The most effectrre
inhitntion was seen with oxytetracycling, which completely blocked the
decarboxylation at a concentration of 10 pg/ml. Only teaces of pyrogalial
or catechol were found when 1 pg/ml was used, and the chromatograms
of these samples showed prominent gallic or protocatechute ackd spots.
Partial inhibition was produced by chlommphenscol, penicillin and neo-
mycin, but streptomycin had no effect.

Chromatograms of urine extracts from four rats given profocatechukc
acrd orally showed the presence of this compound and vanillic sad it
both the non-hydrolysed and hydrolysed samples, with increased amoents
in the latter Another prominent spot seen in the hydrolysed samples
corresponded in Rfvﬂuuundmlmumammtoutuch&ﬂﬂsﬂlb“ﬂ:
was afso usually scen 1n small amounts 10 the acid-hydrolysed unnes 3
control rats After adminstration of p huie acld, the catech
spots cnm:chmmutomm\mgmuymmxdinﬂn.wdpﬁﬂm
expenments at dose levels of 40 and 400 mg/kg showed that this iocres®
paralleled the increasing dose level an

The chromatograms of extracts of hydrolysed urine from three
gven protocatechuw acld intraperitoneally showed that the ﬂﬂnmo:gj:_
of catechol was not increased over that in untreated animals. Prot o
cbux:acidwuruundh\umudnelnrsdymﬂlﬂfm“’“mmm
pedtonenl dosage. Vanillic acid was excreted partly free and Hydro-
Jugated, as it was detected in larper amounts in the extracts of the
lvsed urines Buliary excretion was studied 1n one rat given protoct al
exld intraperitoneally Traces of unchanged compound and vanlli 55
were teen on the chromatograms of the unhydrolysed bike extract

due to vanillic acud and & small 6ot €07
hydrolysis, a promunent spot due to -

ding to pr ic ac1d were d
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The chromatograms of non-bydrotysed nrine from four rats grven gallic
ackd orally showed two spots not seen in the control samples. Thess
corresponded to gallic amd itself and 3 5-dihydroxy-4-mothoxybenzowe
acld. Both of these compounds were found in increased amounts m the
hydrolysed sampies. Also observed on the chromatograms of hydrolysed
smples were two spots correspording to pyrogallol and 2-0-methylpyro-
gallol. Thess were not observed on chromatograms of extracts of normal
st urine, Doting with 30 and 300 mg/kg showed that excretion of the
decarbaxylated metabolites 1ncreased with increasing dose The 24-48
hour unines of the treated rats were fres from gallic acld or 1ts metabolites,
Intrapenitoneal imection of gallic acld in four mts resulted in the nrinary
excretion of gallic acld and 3,5-dihydroxy4-methoxybenzoic scid How
ever neither pyrogallol or 2-0- ipyrogallol was d d 10 any of
these urines.

Chromatograms of the extracts of non-hydrolysed 24-hour bile samples
from three rats given gallic acid orally showed that gathe ackd or its
metabilites were not pretent. Small amounts of 3,5-dthydroxy-4-methoxy
benzgic acid were found fn the hydrolysed extracty, however and in one
xpermtent a trace of gallic acld was detected. After intraperrtoneal injec-
ton of gallic actd into two rats, xmall amounts of 3,5-dihydroxy-4-

1c acikd were detected fn the hydrolysed bile extracts. A
truce of gallic acid was detectzd in one of these.

As a renult of the in vitro expenments, which indicated that gallic acid

and pyrogallol could be metabolized to resorcinol, the chr of
urine extracts were carefully checked for Hs presence, It was often abseat
of ®en only in traces on ths chr ams, but fonally the

hydrolysed unne extracts gave a spot having the Rf values and colour
reactions of resorcinol
The metabolism of pyrogallol was studied in two groups of two raty
aher its oral or intrapertoneal administration. Ch 8T of the
extracty of non-hydrolysed 24-hour urnes showed no pyrogaltol or 2-0-
methylpyrogallol. After hydralyss, however prominent spots corre-
#pomding to pyrogaflol and 2-0-methylpyrogaliol were observed in both
froups. Traces of resorainol were detected in the hydrolysed extracts.
No 1-0-methylpyrogallol was found in sny of the extracts after dosing
W‘iﬂ\pﬂ‘xclzldorpympnuL
The effect of antfbiotic treatment on the metabolism of the phenolic
lnnn\muumpamdwi\hth:lnhlbmryeﬁ’mondccarboxyhﬁon
found fn the i1 vitro experuments Two animals were piven the normal
dict, and three were given the dret containing 1,/ antibiotic two days
before and one day after oral administration of the test pound. The
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24 hour urines were examined 1n the normal manner When pallc aod
had been given, the chromatograms of the urines from the control it
showed the typical pattern of metabolites whereas those from veomycin
trented arimals showed a complete lack of the decarboxylated metabolites,
pyrogallol and 2-0-methylpyrognllc] Essentially umilar results were seen
when oxytetracyclme was given, aithough the hydrolysed unn¢ from ooe
treated rat contained 3 trace of 2-0-methylpyrogaliol Protocatechuic ackd
was administered to another group of normal and neomycin-treated raty.
The urlnes from two anmals from the latter group contained no crtechol
Catechol was detected in the urine of the third rat, but the amount ¥
less than that seen 1n the controls No differences in methylabon of the
acids were observed between the control and antiblotic treated groupt.

Discurwslon

The metabolc fate of protocatechuic acld has been reported by DooG-
SON & WILLIAMS (1949), who found that it was excreted to a farpe exient
hanged, but partly combined with gl and sulphuric acds, by
mbbits DrEDs er al (1955 & 1957) showed that it was also methyfated
10 rats and rabbits to vanillic acid (4-hydroxy 3-methotybenzow acd)
DACKE & WILLIAMS (1962) studhed the fate of 14C labelled protocatecime
acid 1 rats and found that 70/ of the radioactuvity was excreted in the
urine in seven days after oral dosape (100 mg/hg) Most of the radio-
activity was found as protocatechute and vanillic acids, but 3 / of the ‘:‘;
was shown to be dehydroxylated to m-and p-hydroxybenzoic acxls
2 /, to m-methoxybenzore acid,

Our results confirm the pattern of protocatechuic ackd nmnboliﬂﬂm:_‘
outlined above, although the minor metabolites formed by d‘m‘; ot
tion were not observed on the chromatograms. A new findmg e
presence of considerable quantites of catechol in the md‘*‘!‘ifdm
unnes of rats given protocatechuic acid by the oral but not by tbfm&
peritoneal route. This indicates that the catechol 13 of intﬁtlnl-'r
which is substantiated by the in rrtro results showmg that extracts “Jm ol
or colon contents or faeces readily decarboxylated protocatedh o
to catechol under anacrobic conditions This reaction was reduced
abolished when the rats of m vifro samples were treated with l:‘f-‘b‘“m
The finding that intraperttoneal admimistration drd not give e ©© urint?y
catechol suggests that protocatechuc acd docs not undergo lﬁm’“cm
excretion in the bile, and this wax confirmed in a biliary study S7MC
that only small amounts were excreted by th route. wa‘m";m”b
aad was readily detected in the acd-hydrolysed bﬂenmp?bo ourd thet
agrecment with the results of DacRe & WiLLiabs (1962),
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the bile contained 13 / of the 14C after intraperitoneal myection of
100 mg/kg of protocatechuic acid and that 70 / of this blliary 14C was a
glucuronide of vanillic ncrd.

1t is also pertment to view the results of DACRE & WA (1962) in
the light of the decarboxyistion reactjon They found that the urinary
excretion of 14C was increased from 70 / to 86 / when the rats were
pretreated with neomyen to destroy intestinal bacteria before dosing with
protocatechme acad. As the 14C was located in the carbaxy group of the
protocatechine acad used 1n their studies, decarboxylation would produce
nonradicactive catechol, and the 4C would presumably be lost as re
spiratory carbon droxide. Inhibition of the intestinal microflora by the
antibiotic treatment would reduce catechol formation end thereby increase
the recovery of urmary radoactivity

Small amounts of catechol were seen on the chromatograms of the
acid-hydrolysed urines of untreated rats. Catechol has previously been
thown to be among the phenolic compounds normally found in uripe
from rabhity, cattle and man (WitLiae 1959 p 293 von EuLer &
LeHATKO 1959) BOOTH €7 af (1960) have postulated that urinary catechol
anses from qunic acad (I 3 4 5-tetrahydroxycyclohexane carboxylic acid)
and shikimic acd (3 4 Seiribydroxy I-cyclohexene I-<carboxylic acrd),
because it was found in the urine after burt not before, administering these
0! ds to rats ined on a punfied diet. They also detected
vanillic acid 1n the hydrolysed urines. BooTH & WiLLaks (1963b) re-
ported that extracts of mt caccal contents and fasces convert quinic acld
to eatechol. Theso results suggrst that quinic and shikimk acids may be
converted m the intestine to protocatechuc acid, which can be partly
decarboxylated to catechol and partly absorbed and then be methylated
o vanillic acd. It seems ressonahle to asxume that protocatechuic acld
rt3ell is also r ble for urinary hol, as it has been found present
in almost every plant systematical examuned (HArBOKNE & SnosoNDs
1964) and is thercfore a normal dietary coraponent for man and many
Soumale,

The metabolism of gallic acid after oral or Intraperitoneal administra
ton to the rat and rabbit bas been studied by Bootr ef af (1959) who
found the major unmary metabolite, besides gallic acid itsell to be 3,5-
ditydroxy. i acrd, WATANARE & Ostnda (1965) admini-
sered gallic acid orally to rabbits at o dose level of 500 mg/kg and de
tected gallio aad, 3,5-dihydsoxy-4-methoxybenrox acid and pyrogaliol
In the urine. Our results conflem these findings and 1ndicate also that the
decarbaxylated compounds, pyrogallol and 2-0-methylpyrogallol, are
major urinary metabolites when gnllic acrd is glven to rats orally bat pat,
\Atraperitoneally These findings differ from those of BooTir er 4l
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who found small amaunts of 2-O-methylpyrogallol in the unne of 1y
after ornl dosage of gafle acid and both pyrogaliof and 2-0-methylpyro.
gallol in the urine after fntrapentoneal dosage The Latter difference in the
handling of gallic acid may be related to the fact that they used 2 higher
dose level (100 mg per mt compared with 32-34 mg in our stodies).
However they detected both of the decarboxylated metabolites m the
unne of rabbits fed on r diet contalning gallic acid,

Intestinal decarboxylation of gallle agd and its metabolites It aot
entirely precfuded wien the compound s given by the Intrapentonesl
route, because of possible billary excretion. Our bilary stodies indicate it
gallic acld can be excreted in the bilke to a amall extent, since a trace was
detected after hydrolysis of the biles of one rat afier oral and one rat afler
intrapenitoneal dosage The maln billary metabolite of gallc acd b 2
conjugate of 3,5-dihydroty-d-methoxybenzok acid, and to this extent s
metabolism is similar to that of protocatechuic acid, which s excreted 2
the bile mainly as a conjugate of vanillic acid .

BooTH et of (1959) found no enidence for the p of pyrogallol o
its metabolites fn the urine after 1ts oral dosage, although thev subx-
quently reported the presence of pyrogallol conjugates and 4 trace of
2-0-methylpyrogaliol in rat urine after administraton of pyrogalol
(Masri er al 1962) Our results show that pyrogallol, after oral Dfm";
peritoneal dosage, is excreted in the urine as conjugates of jtself and 2.
methylpyrogallol, for the phenols are readily observed on chromatogras
of the extracts of hydrolysed urines i

It is potsibie that the 3,5dihydroxy-4-methoxygalic acd uﬁ:ﬁm
the bile after gallic acid dosage may be decarbosylated 1n the In .
and thereby give rise to unnary 2-O-methylpyrogatiol Howeved
amount In the bile 15 too small to account for the observed Ievdiof“-‘iwﬂﬂ7
20-nethylpyrogallol after administering galli ackd, and at is daf [
methylation of some of the pyrogallo] absorbed after its formaton m
intestine 1 the prncipal source of 2-0-methylpyrogallol.

Mpmgncco(pymgnﬂolinnmmlhumnurir\nhub@‘wﬂh"d
by Toseserr (1958), who stated that it is probably gesived "““"md_
nddby&ccarboxyinﬂoninthnnlhnenmrymmmeh;f;w
vitro results of our invesnpgation support this assurmption. derelort
baxylation of benzoic acid dervatives by ths intestinal flora oy
seems to be of soms Importance in the handling of these COMPITE
the body Itmnhumbemwhichmmpmnd‘m”muﬁ“ﬂm“ :
salicyllc nead (2-hydroxybenzore acid) and y-resorcylioacid (&
benzoic ackd) aro not decarboxylated by rat facces cxtrects
unpublished)
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The presence of resorcinol in the urine of some human subjects as a
monosulphate ester hay been reported by Curzon (1957) He found that
chromatograms of approximately 23 / of 265 unmes tested showed a
trace and 2-3 / a clear to strong spot due to this substance A later
repart (CurzoN & PRATT 1964) showed that the resoranol arose from
the action of intestinal bacteria on substances present in tea, probably
r-dihydroxy compounds. Our results show that gallic acid was readily
decarboxylated ta pyrogallol, which was then dehydroxylated to resorcinol
when Incubated with rat feecal extracts. When caecal or colon contents
were weed, however the latter reaction was greatly reduced, and only
treces of resorcanol were found. The resulte from the studses of gallic acid
metabolism thow however that small amounts of resorcinol are often
detected 1n the hydrolysed urine samples. This suggests that gallc acid,
which is also found in tea, may be a precursor of urinary resorcinol in
tome animals or in human sutyects having an intestinal miroflora con-
talning appropnate bacteria.

Although no great emphasis has hitherto been placed on the effect of
the intestinal microflora on the metabolum of organi compounds 1n
animals, jt is clearly a factor to be considered. Oral dosage of slowly or
poorly absorbed substances or billary excretion of 2 compound or its
metabohtes may result in ther metabolism by the intestinal micro-
orgapisms and thereby affect the pattern of excretion. Some types of
metnbolic reaction can be carred out both in the tissves of animals and
in the intestine These include the reduction of nrro groups (WiLLIAKS
1959 p 410 Grazkoefal 1952), the reduction of 2zo compounds (FouTs
¢t al 1957 Raposox! & MELLINGER 1962 JonES ef ol 1964 ScHELDE &
Lonasero 1965) and the hydrolyals of amides (Wi 1959 p 156
P309) Other reactions, such as the removal of aromatic hydroxy groups
(DEEDS 1 al 1957 SHAW et al 1961 BootH & WiLLiAMy 19632 & b
Kaniama & Proc 1963) and the decarboxylation of phenolic ecids, appear
to be confined to the intestinal microflora. The hydrolys of glucnronides
21160 belargs largely to the latter category and may be an fmportant feature
In the metabolism of those compound d in the bile as ghicuronide
Ccofyugntes. When gtucuronides are given by injection, however they are
excreted Iy unch d, a3 they app ly are unable to penetrate
Into tho tissues where p-ghucuronidase bs located (WiLLLAMS 1959 p. 291)
From these considerations it appears that the cffect of the intestinal
mkroflora on the bolsm of organic ds m animals 11 of a
degradative rather than a synthetic mature.
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Stmmary

Protocatechuic acid (3 4-dihydroxybenzow neid) and galic sod (3 4, 5
trihydroxybenzofe acid) after omal or intrapentoneal administranon to
rats, were d in the urine unchanged and as methylated denvatresy
(vanillic aeid (4-hydroxy 3-methoxybenzole acid) and 3,5-dihydrovyd-
methoxybenzoks acid, respectively) and as acsd-habile confugates of these
compounds.

Drecarboxylation of protocatechulc acid to catechol and of gallic sad
to pyrogallol was observed when the acids were given by the oral but pot
by the intrapentoneal route, The decarboxylated compounds were ex
creted m the udne in a confugated form Biliary excretion was not 2
major excretory route, and the metabolites found in the bile were mualy
conjupates of the methylated derivaties

Decarboxylation of the phenolic acids readily occnrred when they were
incubated anaerobically with extracts of caccum or colon contents of
faeces. This reaction was inhibited by oxytetracyeline and to a keaser
extent by neomycin, penicilin and chlornmphenicol. When mts were
treated with oxytetracycline or neomyein before dosing with protocaie-
chulc or gallic and to inhibit the infestinal microflora, the unmry et
cretion of the decarboxylated metabolites was greatly reduced or abolished.
Resorainol wus formed from gallic acid or pyrogallol by fascal extrxcts
and 10 o Jesser extent by extracts of intestinal contents. It was also detected
n small amounts in the unne of some rats given gaffic acd or pyrogaiial

The decarboxylation of dietary components 15 suggested a3 & mechannm
for the formation of urinary catechol, pyrogallol and
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The Effect of Oxolamine Citrate on Experimentally Prodoced
Inflammation in the Respiratory Organs
By
Sven Dahfgren swd Tore Dalbamn
(Recetred February 10, 1966)

Clgarette smoke and ir polhution are among the commonest cauwes of
disorders of the resprratory tract, Sudden ncrenses in afr pollution cm
produce acute symptoms, but this 1s & rare occurrence compared with b
chronc forms of bronchitss and bronchial asthma, emphysema, etc. Thee
disenses are notoriously prevakent in the British Tskes, but in recent years
they have attracted increasing attention 1 other countries,
in the US.A In Sweden, chronic bronchitis and slixed conditions kné
hitherto been regarded as relatively rare. However the intensificaton o
air pollutian in our cities and the merease in cigarette smoking bave
focused attention on these problems here too exch

Chronie productive cough most day for three months or more ‘:f "
of two successive years is a © iy accepted Brithh
chronic bronchitis, In the US.A. Hesan (1964) has defined corosk
bronchutis a1 “a climscal disorder characterized by excessive mucns €I
tion 3n the bronchial tree Ilumnﬁmcdbychmkormﬂlf";
ductive cough Arbitrarily these manifestations should be presest 78
most days for a mnimum of three months In the year and for 20
than two succetsive years”

If the source of respiratory irritation cannot be removed. dn::
bronctutis tends to be a lughly refractory comdition. No % -
treatrment s available as yet Mommnmwhmm
possess ant: inflammatory properties, its potential usefulness i o
inflammatory diseases of the resprratory tract offers 2 promising
investigation

Theg;hnrmncolomcal properties of oxolamine e-phmrﬁﬁ*"ﬁ“;
minoethykl 2, 4-axadiazole) were studied in animal experime
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SILVESTRINI & PozzATT (1961) The antitussve action of axolamine was
shown to be predominantly peripheral, with & relatively small effect on
the cough centre. DALHAMN (1965) has likewise observed an antitussive
actron of oxolamine crtrate in antmal expeniments.

An anti-{nfl y action of oxolamine citrate was also described
by SiLvesTr & Pouzzatmt (1961) They tested the ability of oxolamine
to diminith oedema produced in the mt foot by the method of RANDALL,
SETTO & VALDES (1957)

Clinical observations on the antitussrve and anth-inflammatory action
of oxol atrate were published by Comperra (1960) Deopa (1960)
RerAcx (1960) and Tropra (1961)

Triaks on human subyects, however pruentmlnypfﬂ'u.llsutuuof
the efficacy of drugs in chronic respiratory tract jon. We have
therefare tested the anti-inflammatory um:ion of oxolamine citrate on the
respiratory organs of guunea pigs

Bronox@® was tho oxolamine citrate preparation used. Parnflel tests
were run with a substance of known antl inflammatory properties —
phenylbutazone.

Methods

Two sethes of guines pigs was med, each containing 20 enimah Esch sener was
sabdinded futo 4 groops of 5 guiscs pigs (A, B, C snd D).
Thllﬂl:hm;mupArdedmph:mlmhﬁﬂllnmmhlﬂm

Ia groups B, C end D non-bectertal inflammation rmmmmw
b inbulation of scroleln aerosol (WD & PLATAXIR 1934), The streagth of the scrolein
oletion waa 0.023 %, and the cxposers wes made for 10 mioutes bn & pledglew cyhinder
mearartay bowt 200 X 120 aum and fitted with  Prrl nebullrar (8. 1).

Flg. 1 A Purl sebefirer fitted to  plexbgten cylinder vaed for
exporry Lo scroldn.
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lmmtdhldylﬂﬂlbclm\dnlﬂhlhﬂomlﬂiﬂ‘pﬂﬁnﬂmllnkﬂhm‘mﬁm they e
Group C, oxolamine citrade, 30 my/kg body weight
Group D phenylbutazone, 30 mg/kg body wright
Growp A, sodium chioride, 1.5 mljkg body weight,
The lajections were repeated in afl three growps alier 3 6,9 24 28, 32, 44, 32, 56, 2 sl
Nhaummrvpnldom‘msl.lnm(mhmlndlﬂu.‘ﬁnmmm
acd 0.1 ml/100 g sodium chiorlde.
The sizes of the doscy adminisiersd were based on 1he recommemlatioas for therpmtis
doge.

» (5 dlory 1,2diphenyl4-n-butyl-py 1 f—
beeause of ity known amtl y effect (von ®a 1961). Moreowsr, st
-hbcdwd:c:mcquh:yermc y produced by observing s
repoms to substance,

The experiments wete stopped after $0 hours. This 1lme was chosen aficr pliot evpet-
ments hid shown that the (nfammatory chaoges were then maxlmally developed. Thiriees
of the gulpes-pigs died befors by 30-howr Hmit, They were cxamined (munedstely sher
death; the ndmals that survived &t the end of the experiments » ere kullad by blesdiag o
lmmcdiately aatopticd.

The thoracic otgam were removed en bloc and cramined macroscopically The bap
wero then disocted fres and welghod. The thorack orgam wers Sued jn 10X formaks
Muterlal for microscopy was takes from the trathes and from the broachl of both ogs
Titasoe from all lung bobes was embedded In paralfin, sectioned and salned with vea (ows

hypersemia ~ wers graded accordlag to the following scals
0 = po [nflammatory chasges
0.5 ~ mBd inflammation
1.0 = falrty severs Laflammaton
2.0 = scvery inflammation.
The and ! were made by & patbologist who bed
pmxmwpummnm-mmulmmpm-ﬂvwmm

Results

The macrotcoptc and microscopic owmmmmnw@hzw
1 and 2 The results for the various groups are supmarzed in tabe 4

orunwgumpqgumtmmeduomlmhahumwm}ﬂm;
and Az} 3 showed mild inflammation of the pulmonary tasue. 10
other 7 guinea pigs the structure and air content of the hmgs wer®
(g D Tho bronchs and the trachea were led with normsl claiod
epithetium (fig. 3)

Most of the guinea pgs njected intrapentonaally with NeCl 4h
Inhalation of acrolein (groups By and By) had Wp?lﬂfw ¥
changes In the pulmonary parenchyma Varying degros e seem o
highly vascularized infiltration of preumanic appesTAnCt ety pevese
mﬂyuﬂufthmanimnlLSomofthmdmahowedmodal
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Fig. 4 Marked Inflammatory changes of tbe long with exiphyscntion blets sod
destruction of bronchlal eprheliwm (Aniaz] No. 18-

nary emphysema. No other abnormalities were masoscopeally

puaimo:
visible in the thoracic organs or elsewhere, the pot
Micrompychov&dmthoxmncapqpof!hCBW’h”
roonary parenchymal changes consisted of agglomerations of mfiamm®
tory cells, which wero often extensive and contuned mainly Wﬂﬁrﬂnd"\‘um
granalocytes (fig. 4) Small areas of bieeding and ocdemns ‘ﬂ,;phym
the most severely affected lungs. The macroscopseally observed
was microscopically confirmed (fig. 5)
T both wide and fine bronchu there wers varying ameousis of #2105
cytes Th:broncbhlepithc{fumwmpudylhcdindtmwmnyw
most severe changes. Sections from the traches shawed el
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same picture as 1o the larger bronchi. The tracheal wall, too was falrly
heavily infiltrated with gramlocytes, and 1n places the fumen contamned
abundant leucooytes (fig. 6).

When mflammatory changes were present, they wero as a rule general
ized m the respiratory tract, involving putmonary parenchyma as well 2s
bronchi and trachea

L =, -‘.,.:)}}\;\_.
‘}x,h\ ~ }j;
v

oy
RV v
oL ~

Flg. 5 Exphywesa (n the anigal trextsd with sodiom chioride
(Anlmal N 100

Fit7 Tract from the emmal treated artb  wohmune citrate. Note the subeplthedlal
byperseeis. The epatbety m 13 thinoer than Rormal and (e cilie bave partly dizappearsd
No grussocyte mifration f notd (Amumal No. 15).
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Flg. 8 llymhdthlnlrmummw‘hhmmdmﬁ
No Inflammatory Changes ure wotad. (Asima! Ne. if),

Of the 10 guinea pigs Injected with oxolamioe citrate (groups C; and
C;J,Bdm\:dlnﬂummnuononhcmpin(orytrmmhmofmuﬂy
thcmmctypcnshnthnCl-mtcdg;mups,butmurulewmcorwldmliy
less severe No pathological changes were discerniblé In 2 animals. Sevensl
o(ﬂteguineapnp:howedvarﬁngdcgmaorhypm:mhmt}ww
wnﬂnndlnlhemngx.m&schmlepnthchumlnthmammwmhﬁ
thin mdthculhwempaﬂiaﬂyduuayed.TbunmnbcrostbH@
seemed to be redaced (figs. 7 and 8).

thnphcny{bulnzonewn:mjeacdnrtere:xpomreo!ti:eg'ninmxtﬂz:lﬁo
acroleln (groups D; and D,), they showed inflammatory changes similar
fo but milder than those of the NaCl-treated groups. In only 1 of the 10
phenylbutazone-treated guinea pigs, however could the pathologieal
d\nnguinﬂxzmspmtcryorgnmhochxdﬁ:dmmﬂd.ﬁmﬂimld
W?msmtrltywupmeutbaldamﬁnmmnurymcum o

The relative weights of the hungs are thown m tables 1 and 2. In

7 but one of!lwnu’oldn—:xpomdntdmahth:mhﬁwlﬂng‘d@’;:
hxghcrlhaninth:cnntroltlnthnﬁmwdu(txb}cl)ﬂnmm
EToups clearly differed in relative hmg weights. The highest mean o
wufcundmtthaGh\)eandguhmmp.mwmm
welght 1n the oxolamine citrats group (Cp) was sgnificantly lower
that in the NaCl group (analyns of varfance) (By) i the

The relativo fung weights of the acrolein-treated gumen pigs n tho
freond serics (table 2) wero often considerably hugher than those f U
ﬁmnﬂmTh:rwamofthnvnluumubhzamtdmb‘mhm
the oxolamine aitrate (Cy) end phenylbutazone (D;) groups than e
NaCl group (B;) The differences were, however not statistically
jcant (analyus of vanancs

Inl(mth’l:ku. Oxnhmllouhntnlhowndadmmlﬂﬁm
action. As judged from the microscopically assessed degree sigaifant
tion plos the relative welght of the lungs, this affect was hughly
(analysis of vanance P < 0 001). (Table ITI),
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The snt-nfl y action of oxol citrate was superior to that
of phenylbutazone.

The emphysematous changes were difficult to dlassify On the whole,
however the gninea plgs jnjected with NaCl ar phenylbutazone showed
faldy extensive emphysema, whereas the guinea pigs that had recerved
axolamine citrate were almost free from emphysema.

Discumion

IndL ges were prodizced 1n the respiratory organs of these
guloea plgs bycxposu.reto scroleln aerosol In the second of the two
expermental series, the inflammatory reaction scerned generally to be
stronger than 1n the first, probably because of the difficalty expenenced
in obtaimng the xame concentretion of acroleln serosol in the both
Within each senies, however the strength of the acrotol was the same,

By mpecting the acrolein-exposed guinea plgs with oxolamine ctrate
and phenyibutazone, the action of these substunces was tested on non-
bacterial mflammation of the respuritory argans. Oxolamine citrate was
m thus way found to be & potent ant} iflammatory agent Its effect was
supenor to that of phenylbutazone,

An antitusuve action of oxolamine atrate has previouly been demon
sirated. This implies some impairment of the patoral excretory mechaninm
In the brunchi. That oxclamine nevertheless proved to be 2 mare powerful
anti-inflammatory agent than phenylbutazone kends support to the hypo-
thens of SwyesTrg & Pozzatmi (1961) that the antitusrve effect of
oxolamune {s dependent marnly on its local enti-inflammatory properties

From cur expeniments it 15 not possible to deduce the mechanum of
the anth-infl y action of axol citrate. The hyperacmia ob-
served 1m the oxolsmine-inpected guinea pigs, however may be a factor of
tome relovance.

One result of the combiped ants-inflammatory and antitusyive actions
of azolamioe clisate scems to be that the polmonsry prreschyms is
Protected to a sigiuficant degree from the development of emphysema.

Our experiments thus seem to corfirm observations from earfier clinical
and expermmental nudpuonthcnnu-inﬁmrrmury action of axolamine
dtrate. The combt ve and ant-infi y effect should be
Particularly useful in the fmportant group of respiratory disorders that
may bt clasmified as chronkc nom-bacterial bronchitls, e.g. nnok:”
tough™ Smce such infl oty Irmitation frequently fs clated with
Flhlh:mﬂdlocﬂamlga}cnc!}onofoxohmh:edmwshauldbcm
*aded advantage.
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Semmary
The effect of oxol: citrate on exper Uy produced respiratory
tract anflammation fs reported. The inflammatory reactions were pro-
duced by exposing the experimental anymals to an acrokin serosol. The
studies were performed on two 1dentical senes of twenty anfmaly. It has
been demonstrated in this expenment that oxolamine cltrate bas 2
statistically sigmficant antkinflammatory effect.
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Uptake of Some Tritiated Sympathomimetic Amines by
Mouse Brain Cortex Slices In Vitro
By
S. B, Roes snd A. L. Resyl
(Recerved March 28, 1966)

Trtiated noradrenaline (DENGLER, SeEcEL & Trus 1961a & b
Denorex ef of 1962 Ross & RENY! 1964) and metarammol (Ross &
Rmn]mn)macdwlymkmwbybm!nwmdnnsfnﬁrmm
Tpteke of poradrenaline is inhikited by other sympathomimeto
(Ross & Renvi 1964) In the prosent study we have imvestigated the
tptake of some of theso amines by brain tusue i1 virro vz dopemine,
Isoprenaline, tyramine and amphetamine.

Methods

T tritiated amines wore incubuted with the cortex trasu from mowss braln as dmeribed
Previcusty (Rom & Rxv1 1964). The iocobation modure conttined  bout 100 mg of
brude whcx, 0.2 mymod of the tritiated amme ander uTTwtigation, 2 mi of Krebe-Hocwelet
sottion mnd the lntubitor to be tested. The incubaticn  thmoephers was 93.3% Oy and
£9% COp When short acubabon tme wers wed, the slces were pre-incebated ot 37
for five uttes bafors the sddinon of the atalne. The tises were extracted wih cthanol
#od the radioecttvrties recordsd b bqoid santillation system 21 pryviousy described
Row & Rivert 1964).

Tie o tho thwwe was taken &3 messuro of the emomnt of the amine
M op by the tavwe. This amownt was expressed a3 mgmol of the armise per gram
Tmcs (wet wiight) In some cases, the uplak  was expressed a3 the ratlo of the comcen-
tTon of (he rackonctivity 1m tho thent 10 that In the incubation solathon nd the peroeatagy
hhbu.h.dmmx ccordmg to the formnla previooly owd (Rom & Rowrs

mmemwmmNnawnmwmm
tpecific actrvites weed wers (2 heorsdrenaline-7JH hydrochloride 2.5 per nmol

2-JH amine 184 pormmol (4 )ao-
Frmine73H hydrochlonds 3.00  per momol p-bydro ypherylmbylmineIH (tyrumine)
Mrirockloride, proeraly labatid, 173 per mmol (+)-amphetaming sulpharsIy
TDerally labelled, 132 ¢ per mmal.

T Ao pacmasqtupien, ol 34, e

A
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Results

The ime curves of the uptake of the amines were recorded n the
absence and in the presence of some inhibltors of the uptake (Fig. 18 &)
Isoprenatine did not late in the tisvoes above its concemtraton
in the incubation medium (Fig. 1a) The amount of the radsxactingy
taken up in the slices after ten mumutes incubation was not changed
(p > 005) n the presencs of 20 pg/ml of ouabain, The pre-treatment of
the animals with the ne oxidase (MAO) inhibwtor pheriprazme

M ANNE UPTAKE el iy
£

bom b bibh R P o

INCUBATION TIME s
cernbrad
Fig. | Thma curves of the aptaks of trhimtod sympuiborlioetic wxiaes 17 €50,
tex ahcta of mice pre-treatsd with 10 mg/ig p (P -l

v (5 X (L) lwops
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Table 1

EXact of pheniprazing pre-treatment { tho anbmals on the nptek  of tritlated (4o~
prenaline by cortex diees from mouse bratn i e
Tes mp/ig of pheniprazine bydrochloside wers Injected four hours befors 1be ssperiment.
The locubation was performed for 10 and 60 minttes. The valoss are meany and standerd
ocror of meun (s.e.nw) for thres detarminatiom.

Amounts of boprenehne In the sllees

Treatment mymol/g & 8 em.
10 min. 60 min,
- 0.071 0,009 0.102 + 0.002
| S—— 0.083 4 0.001 0118 4 00031

10,03 > p > 001 (Student™s t-test).

increased the amount of the amine in the tissue only to & small extent
(Table 1)

(+)-Amphetamme was rapudly accumulated in the shces (Fig. 18) bat
the concentration ratio aof the amine in the tissue to that in the incubetion
wohutron was only slightly diminmhed with & hundredfold increase in
the concentration of the amine m the incubation sofutlon (Fig. 2) in
contrast to that foupd for nomdrenahno (DENGLER, SPmeEr & Trrus
1961a Roes & Rexvr 1964) and for metaraminol (Ross & Rewvr 1966a)

Tha uptake of (+)-ampl Ine was not inhibited (p > 005) by cocaine
3
+
g e -
&, E
g
P
o 3 i s
-
Fig. 2. Accomrmietion of (+-amphetamive @ cortet effon from motse brain (v Are at
Ccrem of Abscmm i o

¥httion soivtion (uM). Ondlasts retio sohetlon of am-
Petroloe. The acubetion thne wes 43 marutes. The vertical bars indicate stasdard ecror
of mean for (owr detemunations,

m
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Table 2
Eﬂmofphm{ynﬂngmummmofuc-rdmnhoqthuyukcermm
by coriex slices froem movse brain s vimre,
TmmmM»dmmﬂﬁmwﬂummmdumuﬂmmMQmu
Tbcl.ncublﬁoﬂ‘upu‘formdlot!lndl’mlﬂdn“nl_mmlﬂlﬂin‘
crror of menn (Lem),

Amounts of tyramine in the sicns
Treatment trpmol/g . Lem.
3 min, | 48 min,
- 0144 + 0.007 0175 2 0.003
{o=4 [k
Phesiprarine 0139 3 00081 0170 £ 08160

(o~ 13) ’ (o=4

H001 > p > 0001

hydrochloride (20 pg/ml) desmethylimipramine hydrochlonde (DMD
(20 pg/m0) ouabain (20 pg/mi) or reserpine (0.03 pg/ml).

Tyramine was aiso rapidly taken up by the tisves (Flg. 1b) and this
uptake was conniderably increased after pre treatment of the animas
with 2 MAO inhibitor (Table 2) With o short incubation time there
was, however no significant difference between the uptake by the tistaes
from pheaiprazine pretreated mice and untreated ammals (Table 2). Th¢
umnamwmmmemmmyimhmwmnmmbg
and reserpine (Fig. 1b and Table 3), compounds hlmlolnh"ﬁdr
uptake of noradrenaline at the neurone membrano or the storage .
noradrenaline 1n the ncurone (HILLARP & MALMPORS 1964 LINDUAR
MuschoLL 1964 MALuFoORs 1965) sy

Sincs the enzymatic transformation of tyramine to odﬂPﬂg“
be of importance in the sccumulation of the tyramine m the
studled the effect on this uptake of a dopamino-f-oxidase qu“'
sodrum diethyldithiocarbamate (GREEN 1964) 1t had, howover 20
feant (p > 005) effect at o concentration of 103 M. —

Dopamine was taken up by the slices I the same way 83 0 dopamine
(Flg. 1b) but the jnibal uptnlbp:;lz somenhat g for o oo
Accumulation of dopamine was partly eocafne, o
bain and reserpine (Fig. lbandTubk@-mqudd%
somewhat increased after pheniprazine pre treatment bt there w9
when the incubation penod was half an hour or more,
hardly any effect wath shorter incubation penods. on ho T

The inhibitory effect of cocaine at different mmmﬂﬂmlww
mkgoftyrummc,dopamlncmdnumdmmﬂn:wmﬁ“d'
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Table 3
| hibiion of the ptake of tyrumin¢ by cortex sliees from owss braln & ritro
mmhmmmlomdmmbﬂmw on the day
befors the experimonts The incubwtion time was 43 minuter The uptak  of tyramiee
wis cxpresssd a1 the ratlo of the concertration of the amine in the afices t that o the
medhen. The Agures are means ad wrndard aror of mes  for [ ur determinations.

Come. Coacentration ratio | Inhfbhlon of
Inhibitor ng/m! +nem. optak ¥

—_ - 20 0.2 -
Cocutse HQ » 14 + 008 60

_ 131 +01
Cocaine HQ 2 21 +01 15

— 20 £ 02
DesmethyEmiprasime HQ -] 16 £ 004 o

- 23 0l
Dremcthytimipruming HCI 12 + 008 t

— 22+ 01
Oubaia 2 13 + 0@ 73
Onabuln 2 18 + 0.050) n

- - 22 ot
OQuanethkdtng 10 I 1.6 £+ 007D 50
Guenethiding i 1 | 20 + 0 17

- 23 ¢ 0l -
Reserpia | oo | 17 2 0059 “

Nogs >p>001 1HOOI>p>0001 THp <0001

Teble 4
Iohibriion of the wptxko of dopamine by cortea wlicen from mouse beatn & mire
Tha imcobation mas was 30 mmmtes. The wptaks of dopamioe was expressed & the ratio
of Yhe conceateation of the amin i the wlkcs to that in the solutlon. The Agures ate mexns
bd standard error of ean for fonr determinatons.

! Comc Concestration rutlo | tnbibition of
T bl | afm I = eem uptake %

- ! 33 w1 |
Cocamae HOY 2 1v_00m | .
Dvsmethyfianpearmune HCT b l 121 047) 4
Oxtbam »n 1.$ = a0m 10
Cmnetiicine 2 [ 24 ar0n 3

- ! a0 ]
Reserpine L. 17 £ 0041 , e
Tetnbenedoe HO ‘ 2 18 _ a1 @

jaol ~eml  p < 000l
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o, COCLINE

Flg. 3 Inhibitory effert of cocaine oa the xprake of aminer by cortex i from rew
brain ie ltre

The ncubation time was § minotes with 5 minstes pre-incabation »hth cocates befors the

addition of the amine stedicd. Esch valus b the difference between the mesns of for

determinstions without and with cocmine, Tyramine A dopamine O potadresaiise ¥

peniods of flve minutes were used in these expenments. Figure 3 thows
that the total amount of the cocaine sensitive part of the uptake of the
amines wes the same for dopamine and noradrenaline but was ks for
tyramine. Fifty per cent inhibition of the total cocaine senstive uptate
was however obtmned at the cocalne concentration of 10-6 M foe all
three amines,

The cocaine sensitive part of the uptake of the amipes was studicd
with different concentrations of the amunes in the incubation safution.
The amounts of the amines taken up by the slices during the five mimtzs

TORANME

°

Ty [
Ky lﬁ'""‘ i rhln’-

of dopeaes

mtummmpamarmwpmo(mwk
o tyremmios. aabtion of

The incubatlo umcm’mlnmwhh!mm\mnp:r(ucnhtﬁoﬂ:;:&'
thmmmmdwmmmmmmmmm:;dwmﬂ”“
without cocwine and four with 30 pM cocatus for eech concentra sabe
uupfadumunvmmb
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incubation were approximated as the Initial uptake velocitlesr The data
obtained were plotted by the method of LiNewsAVER & BUrk (1934)
The Ky valoes for dopamine end tyramine were estimated to be 7 10-7
and4 107 M, respectively and the Vaux to be 0 11 and 0 04 mpmol/g/min.,
respectively (Fig. 4). The carresponding vatues for noradrenaline obtatned
from the experiments in a previous investigation (Ross & Renyt 1964)
ware 4 10-7 M and 0 11 mpmol/g/min, respectrvely

In contrast to cocaine, reserpine had hardly any inhibrtory effect on
the uptake of noradrenaline by the slices after a short peniod of incobation
(Fig. 5 and Table 5) but the effect of reserpine increased with increanng

04

LR ®© o
BCURATION ThiE
g 5 Inhibinon of the uptaks of worsdrenalme by cortex alicrs from movss brain with
in vire
Coatrol ¥ 0.03 pg/ril reserpune O

Table 5
Effect of reserpine prestreatmant of the andmah on the optake of

The
with 3 minutes pre-mcubation bofors the  dditon of morudremline.
The figures are means and sandard error of mcan for thres deter
mmanons

| Amowsts of porsdrenalies ta tho

Trea | tlices mpnoljg + Lem.
- aln aoo
Reverpoac 0104 2 0.0061)

np > 008
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g

4 3H AMINE UPTAKE
mumet/g
2

.
[N} 1 10
TONC. AMINE pd

Fig & Inhibitory effect of noradrenaline on the uplake of tritlhated doparsine aad st
of dopamine on the uptake of trithsted noradrimaline by brakn enriex €ices & vrs,
Tho {ncubstion timve wat 30 minuter, The valoes are the difference between the woes of
four without the inbibiting arsine studied and fowr deverminstion with

the amine at Sifferent concentradons.,
Nefadrenaline on the uptake of dopamine [ Dopamine oa the aptake of poradrenaas O-
The filted symbals denote slices from pheniprarine pretrexted asimals, 10 mg/igf p. ghes
on the day before tho evperiment.

Incubation time. Reserpine seemed to have a somewhat greater effect on
the accumulation of dopamine and tyramine than on that of noradrene-
line, when ths animals were pre-treated with pheniprazine (Fig- 1b)-
We have previowly shown that the uptake of nomdrenaline i 1
hibited by other sympathomimetic amines (Rass & Rewvt 1964) Figore
6 thows that noradrenalme inhibited the uptake of tntisted dopemiot
and rvice rerzg mmmumobwmm“dﬁ
adrenaline (Flg. 7) Dopam]mmdtyranﬂneinhib’:tﬂldltmm
noradrenaline with steeper dose mponmmnuum‘m
effect of noradrenaline on the uptake of these aminex. Pheniprazind ot
treatment of the anumals did not change the slope of the dosc respans®
curves for the effect of tyramine on the noradrenaline uptake. The #oP¢
ofl}mdmmpomcmmtofuwcﬁ'cdufdomm“‘m‘h’“mdmm‘
uptake was shified howover 5o that it was paralll to that of porsdiesy
line on the dopamine ptake after pre-ireatment of the anjmsl

pheniprazine

Discossion

Recent studies (Hirare & MAasrons 1964
1964 CARLSON & WALDECK 1965 MALMraxs 196
cocalne and DMI mihibit the noradrenaline uptako &t
brano transfer sites (the “cell membrane pump”) while

Linosar & Moscuol
s) have shown that
the neurono e
rescrpine destroyt
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£

434 AMINE UPTAXE mymollp
e

[-¢] 1 * 00
CONC. AMINE Ly
Fip. 7 Inbitory effact { noradrenaline oa the uptaks of tritiuted tyremine asd that of
tyruring on tbe tptake of moradrenaline by brutn cortex glices is vire
The incobation time was 45 miattes. Tho valee are obtalned £t described in the legend
to Pig. &
RNorsdremafine on the uptak  ftyramine ¥ Tyramine on the wptake of notadresaline A
The uxfilled symbols donots sfices from anlmals pev-treated with pheruprarisa, 10 mg/kg
Lp. givew on the day bafore the experiment.

e 1nternenronal storage sttes for poradrenallne. The results obtained
m the present investigation are m good agreement with these findings,

The &1 viro accumulation of the emines In the tistue seerus to be
pertly dependent on an unspecific upteke of the amines which to soms
exicat may be an £t Wiro artefact, and partly on a specific, cocaine
senutlvo active uptake reaction. The relative effectivity of these two uptaks
mechansms varied from smine to emine The umpecific upiake was
diminished with decreasing Iipud sofubality of the amune, indicating that
this part of the uptake 1 mainly a result of physicochemical properties
of the amne, The Active uptake of the amines a3 defined above may be
dependent on the chemical structure of the amme. Although too few
amines have o far been studied, some asnumptions concermung relation-
#hips betwreen the structure and activity can be sggested. The amines with
two hydraxyls on the benzeno nucleus may have higher activity than comp-
ouridy with only one. The hydroxy! on the B-carbon seems to have no or Iittle
Importance for the active uptake of the amines by the thaue studied,
The amines without any hydroxyl group may not be taken up by this
mechanism, A [arge substitution on the mitrogen may abso abolith the
Uptake, since {soprenaline was not found to be taken up, in agreement
with the previous suggestion based on its slight Inhibitory effect on the
ptake of noradrenaline (Roxy 1963) aud with the findings of Herrrova
(1964) nd AnpeN er al (1964)

The transformation of tyramine to octopamine does not seem to be
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of any impartance for the accumulation of tyramine m the tssoe, e
the dopamine-f-oxidase mhibitor sodhum drethyhdsthiocarbamate (Grrex
1964) had no effect on the uptake of this smine by the thees.

The “cell membrane pump™ inhibitors, cocaine and DM, bid & gresser
effect than the storage blocking agent reserpine when & thort incubatio
time was used This finding indicates that the uptake by the membrane
fs the Inftially dominant factor During thus tims storge mechapim
plays & minar role, Profongation of the Incubation time led to an Incres-
sod effect of reserplne which may be explained by an increasiny impor
tance of the storage mechanmsm, The same explanation may be gven
for the finding that the uptake of tyramine Is initially not influenced by
the intact MAO system of the slices.

Although the possibility cannot be excluded that the bindmg of the
amunes by the intraneuronal storage sites may have some sigalficancs for
the 1nitial uptake of the amines by the shices, it seems probable tha the
results of the kinetic experiments of the cocaine sensitive uptake refiect
mainly the “cell membrans pump” Accordiog to these experiments
tyrarmine has the same affinity for the transfer sites a3 noradrenafine and
dopamine, but 15 taken up at o slower rate than the other two amines.

The Indirectly octing sympathomimetic amines, e tyramine md
amphetamine, are believed to act by releasing noradremahine fml'ﬂ;
“lablle” store (STIARNE 1961 TRENDELENBURG 1961 TRENDELENBURG
CroUT 1964) This pool of noredrenaline whach can be released by fyrapme
seems to be located extracellularly (TRENDELENRUAG 1965 Fn?’gi
ROPIN & AXFLROD 1965) near the receptors (FORCHOOTT ¢f al.

y Ttis small since only 1 / of the normal noradsenalme content ks pecex=Xy
to restore the responss oftvnminciumﬁnmd"‘m"édd-m
Musius & TRENDELENBURQ 1962). Reserpine can thus abolish

of the indirectly acting amines (CARLISON et af 1957) but wmﬁmﬂ
can restore the effect (BURN & Raxp 1958). Comive sVSEPRC
sympathomimetic effect of these amines (TAINTER & CHANG "
& RAND 1958) but potentiates the effects of the catocholamines (X2
& Logw 1910). Al these findings may be understood, f soo s
(he pool of nomdrenalinewhich can be feleased by tyramint Iy S0
with those noradrenaline molecules bound to the m.mf:rm‘

nerone membrane (f FURCHOOTT ef al 1963). The present s 18 pOF
dlmthattymnumhmnbou:mcunxlmnftyfﬂfwn:ndw
adrenaline and jodging from its whitutory effect on 'h:m privney
upux;mpn:mmmm-mmnmryfmmﬂl;wmw
SprecEL & TITUS 19615 Ross & RENYI 1964 IVERSEN the recaptuce a1
qtes re probably located near the reccptors, since of Inaciranng
ka:afnmdmhmmutobamoﬁthﬂpﬁmﬂt“y
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this amme (Axfirop WEIL MALHERBE & Tosccurek 1959 MuscrolL
1940). The amount of noredrenalme molecules at the transfer sites is diffi-
ailt to estimats but since the uptake mechanism seems to have a great
capacity and the whole membrane of the neurono can take op the amine
(HILLARY & Maruroxs 1564), the number of molecules bound to theso
tites may be fugh enough to account for the effect of the indirectly acting
ammey. Reserpine does not scem to have any offect on the uptake mech
anism at the cell membrane (HILLARP & MALMPORS 1964 LINDMAR &
MuachoLL 1964 Ross & RENYT 1966b), but the general depiction of
noradrenatine from the trsues may also canse a marked decrease of
noradrenahne at the transfer sites. Since cocaine has a great affinity for
the transfer sites as judged by its inhittory cffect on the uptake of nor
adrenaline, thrs compound may whibit the effect of the indirectly acting
amines by occupying these sites and preventing the release of nor
adrenatme.

Cocaine releases small amounts of nordrenaline from tissues (HioU-
ox, MATsUO & SHIMAMOTO 1962) which may be mssoclated with Itx
binding to the noradrenaline transfer sites ducossed above. With DMI,
on the other hand, no relcase of noradrenaline has been observed (Ma
TsEx, RUThER & Trros 1964) However a compound which s bound
to these artes without rekeaung noradrenaline but blocks the nofadrena-
Bre releasing effect of tyramine according to the hypotheus discussed
above, 11 quite concelvable.

1t may finally be pointed out that tyrumine in addrtion to releasing
noradrenaline from the extrancuronal store discussed bere, can alsa ro-
keate 1t from the Iarger intraneuronal pools (NEFF ef al 1965).

Spmmary
Tho uptake of tritiated (+)-noradrenaline, dopamine, tyramine, {+)
smph and (+)-sopremaline by cortex slices from mouse hrain

b1 vitro were studied

(+)}-Amphetamine accumulated 1n the tissues but this uptake seems
\o'hcnnlm:pedﬁcuptakc, since coropounds known to inhibit the actve
uptake and the stornge of noradrenaling, ey cocatne, desmethyiimipra-
mwine (DMI), ouabun and rescrpme, had no effect on the optake of
emphetamine.

(£)>Tsoprensline was not or only slightly accumulated in the tissues.

Tyramine wes accurmulated 1o the slices and the mount sccumutated
after long meubation was derably | d by pr of tha
animals with a monoamine oxidase inhfbrtor The uptake of tyramkne
w3 partly inhibited by cocaine, DMI ouabain and reserpine.
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Dopamine was taken up to a eimilar extent to noradrenaline and the
iuhifb{wn mentioned above also partly inhibited the uptake of thes
amines.

The hypothesis Iy suggested that the noradrenaline molecules boand
on the transfer sites of the cell membrane constitule the small “labfe
pool of noradrennline which is released by the indirectly ncting amines,
ey tyramine and amphetamine.
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Interaction of Amphetamine With Anticonvulsant Drugs. IL
Effect of Amphetamine on the Absorptlon
of Antlconvulsant Drugs
By

H~H. Frey and Elemarie Kaorpenasa
(Recetved March 17 (966

In a recent paper (FREY 1964) the effect of amphetamine on the actrvity
of anticonvulsant drugs was studied in mice. The finding that ampheft
mine given orally one hour before the dcmro:hockwwithmtc'ﬂ":ﬂm
the EDS0 of phenobarbital (ph lum NEN) or dipheny
given orally two haurs before electroshock, was n agreement with ciinical
cxpenience. However STILLE (1953) pving amphetamune 8 well 8

.} diphenyfhydantoin or phenobarbital by subcutaneous injoction one kot
before electioshock, had found the EDS0s for the two droga about belved
after amphetamine pretreatment. Kimstons er af (1965 rrpﬂ";(
recently that the cnteral absorption of phenobarbtal by rats couid

h d by 1 pplication of ampt ine. Thus 1t seemed
possible that amphetarmine could advance the iituton of m&om
activity with the result that the maxmal anticonvalsant effest -
present 2-3 hours after oral applcation of phenobacbital o @h:ba
hydantoin ~ would be achieved afer one hour Should this prove
10 it could explain the results of STILLE as well as our o2,

sppheation
the ume interval betweea the
We deaded therefore to vary the 'y of an keant

of phenobarbital or diphenylhydantoin and the
wu}')wh:ynm the mnoim{)hmdmomy Yd;:k serzars test and to re-study L::;‘:
of amphetamns pretreatment an the EDSGs of the mﬁwnmm
In addition, the serum concentrations of the aatconvulsants at

of testing for anticonvulsant activity were determined.
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Mathods
were  mics, of sez, fthe Leo simain, weighing 20-24 g
DL-gmphmmlneanmumdmon,smlmmmu-mphnmnmbdn
of the exp or both), phanobarbital wia

dmlmzmd{myﬂ:mudnl—}bmbdmthhﬁwmmhmdﬁ-ml
oedication sever excecded 10 mi/kg
Thw maximal skectroshock setrure tept was  pplicd ma described in our recent paper
(Frry 1964) The ED 508 ware detcrmined by the method of Lircarap & Wiccoxan
(1"9%

exximids wey extracted from the pooled
md‘nhmddmhdmnphdwmhnybymm-rdln-w
stundy (Fary & KAMraANe 1965) At lesst 6 determivatioas wers orade for each pofnt.

Resalts

1 Phemobarbital

One hour efter oral application the EDS0 of phenobarbrtal 1n the
maxtmal electrashock sermre test was about twice a3 high as two hours
ufter application (table 1). It can also bo seen from the table that sinmul
taneons application of amphemnune gave rse to 2 conudorable increase
in the dose necesaary to protect 50 / of the mice against electroconvul
nions, The rise in the ED50 was paralicled by & decrease m the serum
concentrations of phenobarbital. This decrease was most pronounced

Table 1

Asticonvatsant actrity snd senem conceatranons of phenobarbitsl whhout or sloag with
phetamine. Amphetamms wa ahwys grven 1 hour beforo either testing the astlcom-
mwmmmmmmmmxmwmmmm

Serwm concentratio Serum concentration
m’h" thEDSD ag/ml Ih ugiml
20 my/kg | 30 mp/kg | 40 mgfkg nmm]wnm
j24mgag | 20236 | 30£3  4I2)F Pmghg 23429 2417
20-30) 315
_—
Impky  iTmghg D416 | #$:53 9471 l4mgkg 24l 30234
Q6-41) p<02 (1218
N —
Tagkg  Timgkg Wz29 2006 29 ISoakg 2£24 39594
-t p<dl p=<.0l 1319
—___ p=adl B
Tmyfkg Mmgkg 13£12 18224 26271 Umpky D212 ITREX R
(91100 | p<H3 p<H  p<Ol O]
- p~.001 |

0 T ke from Fery (19641



32 H-H FREY AND E. KAMPMANN

Table 2

Anueouvuhamm}vﬂymdmmmm!huddlphmymyﬁmolnm«wq
wlth mphetamine. Ampbetarmine was shways grven 1 boar befare shiher testiog the s
Wntmmhhmumlwmwmmmm

Serum- l Terom- Serm-
cont, cone, conc.
Ampetamine | 1BEDS | TR mmEDSD)] DL |owEDe |
0 my/kg 0 my/kg 2 wgig
- 2Ampkg 165239 JAmpkg 16515 13mghp | 244
19-30) (12-16) 021
Imykg  63mykg 12443 19mgig 13:17  ISmgky Wi
(46100 ({59~ 9 p<dl (O]
p< 00l p< 03
Smgrky Simpkg 12351 Wegkg 15221 mpkg D220
466 (18526 p<0l (1119
p<Ol p<0s
Tmpty | Almghkg 9534 (T3mgke SIS 1Z5mptg 14
Q8-49) pell (12528 pedl (1019

p<ol

1) Taken from Fary (1964).

after the higher doses of the mnmnnﬂmm,whmthcmmmm;
tlon reached only 60 /4 that of the control group It should, however
mrkﬂdthalminmscinthcamph:umimdmﬁom<m8ﬂ
though leading to no further increase Jn the EDSO, kd to a f
decrease in the serum concentration of phenobatbital oo

When the electroshock was apphed two hours afier phenobarbf N
one hour after amphetamine (Zh ED50) the latter no longer o the
significant influence on the antconvulsant EDSO of the formes ot
serum concentrations of phenobarbital in groups with and W
pretreatment were consmtently tdentical

2. Diphemy hydantoin
Table 2 summarises the corresponding results with dipm)’ﬂl.‘w"h'm e
Cuniously the clevation of the b ED30 was most D et
lmutdoaeofnmphetnmxmmdnhawdndg;mﬁmmdeu’u o abae
application of the higher amphetamme dotes though mwﬂn‘m
the ED0 for diphenylhydantomn without ampheamine t“pm"med 0
n spite of this the serum concentration of the mtkonvuls&ﬂmmwd
bcmondcumnduflcrthchiglﬂtdmoflmﬂ”m‘z;de’mﬂh
appeans in the 2h EDS0s. These were alightly ebovated
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amphetamine, and this rite was paralleled by a decrease in serum concen-
trations. But after 8 mg/kg amphetamine tho EDS0 was no longer signif
feantly raised, though the serum concentmtton of diphenylhydantoin
roughly corresponded to one half of that in the control group without
amphetamine treatment. First when amphetamine 15 given 2 hours after
dmphenyihydantoin and one hour before electroshock (3h ED50) neither
ED50s nor serum concentrations are altered significantly by the pretreat
ment However e alight trend towards lower ED50s and serum concentra
tions s still apparent.

3. Ethosuximide

In the previous study (Frey 1964) an mmportant antagomstrc effect of
amphetamine could be thown against the anticonvubsant effect of tri-
methadione and ethompumide In the pentetrzole sermre threshold test.
This effect was then Interpreted as a central antagonism but in the hght
of our present results with pbenobarbital and dipnenylhydantomn it
seems just as likely that jt was due to retarded absorption of the anti
convalsant drugs Therefore, we determined the serum concentrations of
cthormximide one hour after the oral spplication of the drug alone or
dlong with amphetamine The results (table 3) show that here also ab-

Table 3

Anticonryulsant acthvity and scrwm concentrations  f ethosax
rode withowt or slong with mphatamine. Both drugy were
given onlly | hour dther beforo texting the enticonvobant
wctivity is the pentstrarole seomre threskold test of beheading

the mica.
$erwm concentoation
Amphetaming 18 ED3QY) pg/ml
200 mg/ky
~ 190 mg/kg 161 +23
(160-230)
Img/kg 300 mg/kg 129436
(260-360)
p< 2
Swmg/kg 300 mg/kg 145434
(260-360}
_ p<02
¥ ogrkg 1 160 mg/xg 10t £21
(3004207

p<.Ot

) Takim frors Fany (1964)
Adn plarmecetagics. et 14, S, 4
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sorption was retarded by amphetamine, though the difference from the
control group only became signifieant with the highest amphetamne dose.
This is partly due to the somewhat largs varation in the serum concentr
tion of ethosuximide which in turn is the consequence of the drugs
extremely rapid metabolism in the mouse (FrEY & hAMPMARN 1563).
Supplementary experiments in which the anticonvulsmt effect of
cthoruximide in the pentetmzole seizure threshold test was ploted
against the serum concentration of the drug one hour after its onl
application showed that the lower concentrations reached along with
amphetamine may be sufficient to explain the observed antagonnm,

Discnsion

Our new results necestitate a certain reinterpretatron of the results of
our previous experiments (Frey 1964) 1t was then stated that amphets-
mune was without effect on the anticonvulsant action of phenobarbital end
diphenylhydantoin This statement has now to be modified to Indicase
that amphetamine is without effect on the maximal anticonvubsamt
ncuvitythmcnnbeobtnlncdbyth:nnﬂconvulnntdmpnmﬂm
However amphetamine medication has been shown able to refxrd
ntestinal absorption of the drugs sudied and therelry to delay butistion
of the anticonvuhant action (phenobarbital and diphenylhydastow) and
with diphenylhydantoln to postpone the time of maximal cticacy T
results in table 1 show that the delay 1n absorption was most propousced
after the tdgher doses of the anticonvulsant.

Theo delny m the absorption of drugs may partly be the result of 8 &ty
in gastric emptying and a decrease 1n Intestinal motihty that were sb¥0
by VAN LiRE er al (1952) and Noxraup & van Lome (1953) i rat, 45
and man on fairly low doses of amphetamine. Further the bagactizg
vasoconstrictor may be able to curtail the crreulation in tho gastran
tract, thereby retarding the dustribution of absorbed drug. .

Clmm'lmpecuonofmhla]mdlmhwmnruulﬂmmﬁ”ﬂw
view of an anticonvulsant property of amphetamine fell a5 heid
some authors (for references vide FRey 1964) the

1 Though the 1h ED30 for phenobarbital remalns the same whes
amphetamine dose 1 raised from 5 to 8 mg/kg, the screm
were atways lower afier the higher smphetamine dose. ed

Lmdtphenyﬂlydamomﬂnlhmi]wumwmnufw
along with the lowest dosc of amphetamine with hgher doses azipht
tamine both ED50s and serum concentrations decreased Wﬂ’mp&h’

3 Th:zhEnsofordiphmymydanmmalnngwhhsmm ol
mine 15 oot slgnificantly higher than fn the contral cxperiment
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out amphetamine, but the serum concentration of the anticonvulsant 15
only about ono half that in the control series

This synergistio effect of amphetamine, however ceases to be dgnif’
Jeant when the maximal effect of the anticonvulsants 1 reached (2k EDS0
of phenobarbrtal and 3h ED50 of diphenykdydantomn) The same should
apply to cinicel therapy when steady concentrations of tho anticonvulsant
drugs are maintamed by an approprinte dose schedule.

With ethosuximide determination of & corresponding end-pomt was
mpossible, since this drug Is metabalized so rapidly in the mouse that ft
is almost without anticonvalsant effect only 2 hours after application.

The results of our stody stress the impartancs of chemical determmation
of the drugs Jovolved m studies of drog syperghm or antagomsm.
Disregard of the chemical equivalent of the measurable pharmacodynammc
cffects may otherwise lead to miunterpretations of the experimental
results,

Sormeary
The gyt useof th valsant drug phenobarbital, diphenyt

ipheny
byd or ethosoximide with amphetamine resulted In a conmdernb)
dclay in intestinal ebsorption of the anticonvulsants and an apparent
antagonmum at least during the period preceding the maxmmum effect of
the drugs. With dipbenyifiydantown the powat of maximal effect was post
poned for abont one honr when it was given along with amphetamine.
On the other hand there was some cvidence for a synergistic effect of
amphetammne doring the rise in anticonvulsant effect of phenobarbital
und diphenyfhydantoln, characterired by unchanged or even falling ED 50
T spite of & progressive decrease in the serum concentrations.

The importance of concomitant chemjcal determinations of the drugs
involved in studses on drug synergism or antagonam s stressed.
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Disifframum (Antabuse @) as Inhibitor of
Phenytoln Metghollsm
By
Ole Vendelln Olesen
(Recetved Aprll 12, 1966)

Disulfirsmmom (antabuse @) is best known as an inhibrtor of lver
aldehyde oxydase (KIELDGAARD 1949 GrarAM 1951) In addition, when
sdministered in man doutfiram can cause senous side effects, probably
dmo to its action on the metabolic changes of other normally occurring
substances (HEATH e al 1956)

In the hospital at Dianalund, clinical observation has shown that In
wveral cases, patients treated with phenytom developed phenytoin -
\mication after taking dbsulfimm (Kromsoe, personal communication)
This might have suggested that a potentlating effect of disulfiram was
trvolved, as antmal experiments have shown that the drug potentistes
tho effect of barblturates (GRaHAM ef a/ 1951) In the cases of intoxi-
<aton in question, however thers was good agreement between the
pbenyioin concentration found mn the serum, and the symptoms of in-
taxication observed chnlcally [t was therefore unlikely that a potentiating
effect ocenrred, A further possibitity however was that disulfiram caused
ron in the method of SvErMARK & KruTenseN (1963) used for de
termining serum phenytoin. The aim of the present investigation, there
fore, was 10 exclude any postible gross errars of analysh, and also to
Stermine whether the cases of intoxication were exceptions, or whether
m‘?‘hmﬁbemrdcdun ihy when b

and phenytom treatment is given.
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Material and Method

Four male patlentst A, B, Cand D 1l of whom had been trented with pheaysche for
uwﬂoddmvolwlouhtwm;mbmwymu perlod. Padew 4
!ﬂﬂmmﬂmmk;mmmmmm“mmmmu
ww(m&)mn;ldwmmlﬁmldﬂy Pudene B apol
um‘dmwk;mmmpmmuwwmmmm
amitriptylios (NFN) .30 mg nd chlorpromazine (NFN) 600 mg dally Petiens C. aped
39 year,, weight 87 ky, reccived phenytol 400 wg and primbdone (NFN) 150 mg
Partent D agrd 24 yrary, welght 74 kg, received phenytota 300 my and chlorromziee
(NFN) 150 mg dafly

Duaring the perfod of tbe imvcstigation, antabime & ono teblet of 400 mg, v takey
every movraing at 730, and the dally blood sumpies were (ken € 130 AL A mecad
cation (OLesry, anpublished) of the method of Sviavuar & Keomrex (1N =

med to determive the and y In the wrum, [+
o of these & L the p ntratiom in the serom wew
Ined by  speclal g method (OLrmw 1965).
Results

Fip. la & b show the results of the mvestigation. The kevel of the
respective phenytoin concentration is first determmed before starting the
administration of 400 mg disulfiram daily As early as four hours after
the Ingestion of the first dose of disulfiram, a significant nse fn the serom
concentrations was observed. This nss continued more or less regabrly
undinpumﬂddurlngﬂwmcfmumt(’?dnn)mnﬂfumﬂ
perimental subjects, and even 3-4 days after withdrawal there was 0o
sign of any fall The effect of disulfiram vay very prolonged, and 14 days
after its withdrawal, the phenytom concentrations wers stll not back o
dwmrﬂnglnds,wh.u:hwuldnormallyhnvcbc:nthtuxtﬂﬂad?
4-8 days, If a comparlson had been made with the fall after & dox
reduction (TVETEN 1963) Unfortunately as a retult of the patients kaviag
forthmshohdnys,ltmlmpon{bmofoﬂcwtkuumcummm
foralonserpeﬂod.butcxpn-mmwithmhcrmsaofpﬁmﬁ““*w
ﬁ.rnmmtoxmuoushmthaxupcnodofabouumbmmb“ﬂ"';
for normal conditions to be reestablithed. A comparison bem::nh
mmuofmewnaphotommmmmﬂmthodlh‘z:mm
divergences between the numerical values obtained. This 5 el
umcunbulityofthnm-pecﬁvcmcthod:nscd.lﬂdm"’”:""whm]un
m:mb}cﬂxkawdcmuvedmmw!mtﬁpﬂmlﬁmm
gwnvcry\iﬂablemmrinth:lpcﬁopl‘lj:::m:fkm
gences were only small in the case of pel any
present 10 the blood probably cannot be wﬂﬂdﬂ":ﬂ;’cﬂmg

tmurtuth:rpccmphmomctdnmmmi gy
developed symptoms of mild phenyton {ntoxkcation during
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Fig ! The serem pleenytotn concentrations determined by two differend cowtbods ( ppet

P spactrophotometric method, lower part vivml method), et o fumction of time. The

W concentranons wers deteruned in four patierits, A, B, Cand D who had recelved

wimest whth pheaytom over  period of yeart. Durig the period marked by the vertical

T, 400 g of disulflc m (aotsbase @) wes adminetared delly at 7.30 A.bL, and blood
wmples aken £ 11.30 AM
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meat, £ that in the case of A it was necessary to withdraw a 24-hour
Gome of phenytoin between the 29th and Xth days, which 13 why the
cunve of elimination s shown stipphed between the last two polnts,



20 OLE VENDELIN OLESEN

g
50 m 50
0 -~

0 0

¢ 3 5w F ) ldns

g,zmmphcmurhwmmmﬁampnmmﬂmdu
Thres patients A, B and C Il troated with Primidane (NFN) reesived 400 g
( ntabuse ®) daily durlag th period marked by the verbal L
Prmidone 1 partly converted to phenobarbitone in the organise
(Bumiem 1956) mﬁ&zmmm,mmﬂomhth:m}ﬂm
ba.rbhomcnnocntrati.unxinthnLhrcnPﬂmm’"'"m'cc:md“wmucl‘.,1
mmhdm&sommmﬁammmdmﬂnwdpﬂm
mhamwhchnp;dlymcdammawﬂhdmwﬂofdndﬂumm

Discasslon
Nohmdmmmunoﬁmdwmwhmmlﬁmhmhﬁ
1£ it had, the rise in the serum phenytoln conceatrstions """‘,ddgmamm
undoubtely boen moro dramatic. As he rise contiues steadly S
treatment, thers Js no doubt that all four sbjects e
powifdimlﬁmmhldbvenoonﬂnmd.
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Phenytoin 1 converted to a large extent in the liver to 5{p-hydroxy
-phenyl)-5 phenyl hydantoin (BUTLER 1957 MAvnexT 1860), and only
ahout 1 / of 2 gven dose is excreted unchanged by the kadoeys. It is
thus ressonable to assume that parahydroxylation fs inhibited by disul-
firam. This could be investigated by determming the 24-hour excretion
of the metabolite before and during the experiment,

The question of the effect of disulfiram on the serum concentrations
of phenobarbitone has not been solved in the present jnvestigation, as a
combined effect may be involved lie on the one hand, an inhibitlon of
the breakdown of phenobartatone, and on the other a reduced conver
son (oxygenation) of primidone to phenobarbitone. As the fluctnations
ohserved in the concentrations of phenobarbitone only amount to about
104, they have hardly any therspeuuc sigmificance. Cyanamlde com-
pounds can be used as well az disulfiram in the treatment of chronlc
alcoholsm, Whether thess compounds have a corresponding effect on
the breakdown of pheaytoln {s now bemg investigated

Semmary

The administration of disnlfiram (== antabuse) in therapoutrc doses
(400 mg daily) to 4 edult males who had received treatment with pheny
over a period of years, resulted in a 100-500 / r3s 1n the concen-
tatons of serum phenytoin (determined by two different methods) in
the course of 9 days, and no sign of levelling off of the rse In serum con
centration was observed.

Tn view of the cases of pomonung previously observed at thrs hospatal,
Phenytoin.disulfiram trestment must bo regarded s mvolving & seriom
thk of phenytofn posoning.

It must bo assumed that 3 weeks will clapee after withdrawal of Anta
buse, befors the scrum concentrations become normal.

There was only a slight effect on the phenobarbitone concentrations
h‘“h*’l':rnrrncol‘}v::ftl:e:x'pcﬂ.rnc:nmll':.ll:'}ct:uwhc»vm'edm\ﬂm:‘cmuly
being treated with primidone The reason for this, however may be that
the oxidation of prumidone to phenobarbitone i also inhibited.
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Effect of Pronethalol on the Vasodflatory and Lactic Actd
Stimnlating Effects of Adremaline in the Haman Forearm

By

L. Landhol sod N. Svedmyr
(Recuived Frbroary 16, 1966)

Pronethalol (2 mopropylamino-1 2 naphtyl cthano! == nethalide = AL-
DERLIN @ ICI) 1 an adrenergic P-receptor blocking agent that has
besn found to mhibit the heart-stinmulating, vasodilatory and mnoath-
muscle relaxant effects of the catecholamines in man and other animaly
(BLACK & STEPHENSON 1962 DORNRORST & RoanaN 1962). The fatty
ckd [iberating effect of adrenaline was also miibited by pronethalal in
€xpermients on man, bot not the hyperglycaemic effect (PILEXINGTON ef al,
1962). As a close rel hip has been d ated between the vaso-
ditatory and the lactic acid strmulating effects of adrenahne (LUNDEOLM
1956 Lunniowm & SvEDMYR 1965 LUNDHOLM, MOME-LUNDHOLM &
SVEDMYR 1966), the mebility of pronethalal to block the hyperglycaemic
©ffect of adrenaline was somewhat surpristng It has been shown, however
that pronethalol inhfbnts the phosphorylase-activating effects of adrenaline
and poprenaline in solated mt disphragm (Mo@m-LUNDBOY &
SVEDMYR 1964) It was therefore considered of inferest to atiempt to

mwhcthcrornotpmncthalolaﬂ'ecmdth:lnmk:lddrﬂmuhﬂng
mndﬂd:malmmmanunmmmﬂonﬂmtblockcdiumodﬂuary

Methods

The expetiments were performwed on 3 volwatary make subjects gad 20-25 yeuns, The
Hta ke fsated slnce the previows evening. Thay lay on & bed fn thirmoetstically
vl oo &t 25 A flne teflon catbeter was jatodeced sader focal ansesthea fnto
% brackial wrtery 19 be wwed both for comtixuoms blood preeurs recordings wit,
Ytham precsore transdocer on Gram polygraph writer end for the whtixtraml of blood
s A canenls was latroduced @io  fopariclal vein on the wme forsnn for the
M‘MMMAWmemmmum
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cubltal veln, {n & distal direction, and throngh this  fow teflon cxthiter was kosertrd for
ubout 3 cm n » distal direction Lnto the vein thet, arising from tie forsem mascks, consae
with 1ho cublial veln. From this catheter blood xampies wers takun for detrrmaisiag tht
hmcmwmlmm;dmmummﬂmrmm&nmhl
pwmndmmmmmmmmw
23 decribed by BARCROrT & Swan (1953), The prethymmograph wet thermastaticsl
controfled ut 35 The volume changes of the plethyrmagraph wers racorded by 2 Gom
w!ummnndmr?fs-,(cmlGrmpolmph.mhmnummdbylom
cardivtachygraph. Tha rmbject was glwen | mi $ hoparin Lutravenoasly befors begtmog
the sxperiment,

The blood flow In tho forserm was recorded every minuts during o besal 30 mives
period, and basal smmplos of arterial and venows blood wro taken during thés peiod.
Adrenalins wxy then (afused Ly for 3O minates, by means of an iofosioa sppatates, &0
dows of 0.1 pg/kp/min. (= first (nfucon). The adrenallne solution was dikted with Q9%
NaCl to which was added 0.1 % escorbic scid for stabiftration of the séresalive. Aber
10 25d 30 min, adreoaling infotion tamples of arteril and venom blood were tibm
simuhancoualy and arterial blood were ab taken after 20, 40, 50, 60, 70, 30 wad %0 mia.
After 90 min. an infoxion of progethalal (ALowiny @ ICT) at 1 doss of | /iy we s
L for [0 min. Samples of rlerlal snd venom hiood wers again taken, and 3 furter
adrensline tafusion wes glven for 30 min (= socond fnforion). Blood sumict werv e
taken g during the previons infomlon.

The Iactic ackd confents of the blood were defermued enymatiaally by the mebed &
Lunnsors, Momss Linowoi & Vasos (1963, The plesms pCO; was deiwabetd ¥y
AsTRur 8 method ((956).

Tho lactic ackd elmination from the forearm way ssthmated fro e prodct o &
HT In Jactic acid mmm-ndummumudh-:“
tha blood flow valoes obtained { minrto befory and 1 mhrate after witdraws] o tbe
samphes for the Lactlo scid determination,

Remits

The mean effects on the uwdﬂawinuufommmmbv%
and by edrenaline along with pronethalol may bo seen from fz.
table | Durmg the first infunion of adrenaline the blood ﬂowmhﬂ“”dm
progressively to more than twice the basal value, and the rhed
maintained for about 30 min after the end of the infusion The o e
infusion possibly lowered the blood fiow somewhat (iy. IB)'M“}'
decrease tended to become rather more pronownced during e i
soiutes of the adrenabine mfusion The blood flow then teaded (0
after about 5 runutes infuion but the increase wis U
than before the pronethalol. Since the mean bloodprﬁmf'm*"’m‘l with
at the same tirme (fg. 2) the blood flow tmereaso after pronetialo
pdrenaline was probably partly passive 2

Duﬂngthnlnfmontbcmnrmem&omﬁﬁmnbc;l;dmf;mm A
Dunng the pronethalol mnfuxion the pulss dropped
became still more proncunced durng the second adrenaline
(tabie 1)
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ADRENALINE AND PRONETHALOL ON BLOOD FLOW
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cubltal vein, {n a distal direction, and through this ¥ fine 1efion cxtheter way Jasried fx
nmlmhndmldkmbnhw(m\dnmm&mlhefmnnﬂmu—n
with the cubital veln. From this catheter blood mamplos were taken for detrrraining the
Iactic ackd content and pCO; of the venous blood. The right focearm wes thea phesd la v
pmmmmmmmmwwmmmﬁu
sy described by BARCROrT & BwaN (1933) The plethysmograph wes thermostadicaly
controfled at 35 The volume changes of the plethysmograph were racorded by 1 Gome
volume transdocer PT 5-A on & O polygraph. The beart rate was recorded by £ Gras
curdiotachygraph. Th eubject wis given | ml 3/ heparin Intrevenowsly before beginming
the experiment.

The blood flow In the forearm was recorded every mibmite durlng  basl 30 sbomte
perbod, and basal samples of arterhl and venous bicod wery takea dureg thh period.
Adrenaline was then infused Ly for 30 minuies, by means of ua befusion apperstm, st
dor of 0.1 pg/kg/min. (= first tnfoelon), The adreoslioe soixtim way ditxted with 89%
NaCl to which was added 0.1% sscorhic cd for stabllization of the adrenaiive. Aler 3,
10 and 30 min, adrensline infision samples of stierial and vesom blood ware fatm
simoftanconly and arterlel blood wer also takem after 20, 40, 50, 60, 70, 30 sad 90 £
Afur 50 mdn. an infasion of prooethalol (ALoxxzes & 1CT) st a dow of | mgfkg was g
Ly for 10 min, Samples of arterial and venons biood were agsin koo, ead  festher
wirenaling infuzion was given for 30 min {m= second Infovon), Biood mmpes were thes
taken oy durlng th  previoas infodon.

The lactic ackd contents of the blood wers determined sazymetically by the thod of
Luwbious, Monut Lusonots & Vauos (1963). The plasma pCO; ws driemined b7
AsTaurs metbod (1956).

The lectic ackd eflmdnation Grom tha forcerm wex extumated from the product of B¢

in Iactic ackd son between vonozs and artertsl blood, xad the pea of
mwmmommlm.bdmudlmmmudmw
samples for the Iactic ucld determination.

Resulis

The mean effects on the blood flow in the forearm lndnccdbyldmll‘;
and by adrenaline along with pronethalal may be secn from fig. 1A
tabio 1 Dumlglhcﬁmmhnonof&dmﬂmwbloodﬂwmﬁﬁm
progreasvely 1o more than twice the basal value, and the raissd vl
maintained for about 30 min after the end of the infusion. The e e
Infusfon passibly fowered the blood flow somewhat (B 1B), g
decrease tended to become rather more pronounced during the o
mumutes of the adrenaline nfunion. The blood flow then tended
after about 15 mimutes mfaion, but the increase was considerably 55
than before the pronethalol Smee the mean blood pressure 0% ol wiih
at the same tme (fig. 2) the blood flow increase after procethal
adrenaline was probably partly passive.

‘During the infuson the hegrt rate rose from €5 to .mmmmt*;m (e D
During the pronethalol infusion the pulse dropped \afasion
became still more pronounced during the second adresslis

(table 1).
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Durlng the first minute of the adrenaline mfuxion both systolic and
diastolic blood pressures decreased The systolic blood pressure then rose,
while the diestolic remained ai a lower Jevel. The mean blood pressure
changed little except durmg the first mmnute, Pronethalo) tended to de-
crease both systohc and diastolic blood pressures. Adrenaline administered
after pronethalol increased both, and slso the mean blood preswure, but
without exerting en initial depressant effect (fig. 2)

Lactie acid efmination from the forearm increased progressively during
the adrenaline infodon (fig. 3) wfter 30 minutes infusion it was more
than 10 times the original valwe. Pronethalal inhibited the effect of
adrenafine on lactic acd elimination during the first 10 mimutes. After
30 minotes there wes & trend towards increased elimination, tut not a
statistically sigmificant difference. The inhibition of lactic acid dimination
by proethalol was statistcally signtficant (tabls 1)

Adrenaline increased the lactic arkd content of the arterial blood from
0 averags of 60 to an average of 140 pg/ml after 30 minutes Infomon,
#ad this content reached ity besal valuo 60 minutes after the end of the
ffuxion. Pronethalol considerably inhibited the Incresse in lacte acd
content of the arterial blood after adrenaling {fig. 4). The extent of this
cifon was atistically dgmficant (tabls 1)

The CO4 tenrion m the artenial and venous blood was also studed.
Duting the first adrenabne infosion the pCO; 10 the arterial blood rose,

TI6 3. Bt of earcattae o lactc seid efimtnttion from the forerm rmme, Effoct of
Tl oa 114 adrenallon action, The bation of Iactic xckd bey bees exicntaind
[Breny FMN&MW&MM[&MH&M“

|t tetors and 1 mn. after withdrawal of the blood amples. Each pokrt 4 the

mMan of 5 tests, -~
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Fig 4 The effect of and + Tloe oo the lactic
scid content of (ko arterial blood. Meen of § teste.

the increase belog most marked after 10 mimutes infusion (fg. 3) T
PCO; also Increased in the venous blood from the musde dummg ¢
adrennline 1nfosion. No clear increast 1n pCO; was observed during e
wnfusion of adrenaline after pretreatment with pronethalol ather fn the
arterial or the venous blood.

PCO mmHg

o3 0 0 03
TIME AFTER START OF INFUSION OF ADREMALINE
Fig.5 A The offect of adrenaline on the pCOg of the arterial blood ()
and the yenoms blood from the foroarm ek
B, The effect of adrwaline when precedad by prowethalol sdxduistrce.
Mean of § test.
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Discusslon

LunpnoiM & SVEDMYR (1966) found in expeniments on man that the
dilatory effect of adrenaline on the forearm vessels was associated with
summulation of lactic amd production, oxypen consumption and CO,
production in the forearm, and also with an increase in the pCO; In
arterrel and venous blood from the forearm muscles, [t was belleved that
this stimulation of metabolic processes in skeletal muscles was of im-
portance for the vasodilatory effect of adrenaline. It was assurned that the
vasodilatation was indoced by the increased pCO; m the blood and
thyues,

In the light of the close relationship between the vasodilatory and
metabolic effects of adrenaline, indscated by thess previous experiments,
# seems probable that the blocking action by pronethalol on the Iactic-acd
stumulating of adrenaline was of mgnificance for the nhibition of the
vasodilatory effect of adrenaline. The clevating effect of adrenaline on
the pCO;, 10 arterial and venous blood was probably indnced partly by
strmulation effect of axygen consumption and partly as a reqult of an incre-
1ed lactic acsd production in the tussues (LUNDHOLM & SVEDMYR 1966) In
thess experiments pronethalol blocked the stimulatory effect of adrenall
on lactic acid production in the forearm and also the general increase 1n
lactic acrd content of the arterial blood. Pronethalol probably also in-
hibited the stimul of oxygen by adrenaline 1n the
forearm, an amumption supported by some preliminary experiments
{LUNDHOLM & SVEDMYR, unpublished results) Pronethalol was also found
to inhibit the sti ion of oxygen ption, lactic acld production
snd FFA-mobilization by adrenaline in experrments on rabbits (SvEDMYR,
urpublished results).

Ssmmary

Pronethalol (I mg/kg Lv), an sdrenergic B-receptor blocking agent,
smost completely Inhibrted the diatory effoct of adrenaline (0 1 pg/kg/
min) on the vessels of the forearm Pronethalo] akso inhiblted the stimalat
Ing effect of adrenalme on lactio acid elimination in the muscle as well as
the increaso in the lactic acid content of arteral blood after adrenaline
The elevating effect of adrenaline on the pCO; In the arterial and venoms
blood arising from the muscle was also blocked by pronethalol. It s
sappested that the blockade of the vasodilatory effect of adrenaline b
dependent on the inhibition of its metabolic effects by pronsthalol. The
stinmulating effect of adrenaling on the heart rate was inhibited by prone
thalol and changed to & reduction. Before pronethalol adrenaline

T Ao phrmossiogien, vl . faee, L
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the systolic blood pressurs and reduced the diastolic, so that the wean
blood pressure was hardly changed. After proncthalol adrenaline rased
both, 30 that the mean blood preasurs increased,
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Intestingl Absorption of Quinlne from Enteric
Conted Tablets

By

Saren Rasmussen
(Rectired Muarch 4, 1366)

The fact that many drugs cause gustrc intation when adminfstrated
onily has e.o. increased the interest in enterke coated prepamtions ie,
tramulates, pills or tablets coated with & Layer that allows passage through
the stomach and disintegration in the upper part of the intestme (DrAG-
ITen 1958 MomrsoN & CAMPBELL 1965

Numerous papers have been published on the propertics of such
Deerarations, espectaily on methods for examining the 21 vitro disintegra
tion. Most pharmacopaieas include tests for therr enterde coated prepara
tions, all based an the princple that they remaln intact when phaced fn an
3d solution and dulintegrate when placed In & peutral or shghtly alkaline
onc. Thewe pharmacopotee methods have beon rowlewed (in danish) by
Nurrenau (1965)

Reports of in vivo studies are less frequent. Two different types of
techiques have been wsed Some have measured the bt viro disintegration
ﬁme!&sorconuhﬂngmmwcoatadmbkubyx-nymmnxpeﬂ-
eats of this type have been rewizwed by HopoE ef al. (1944) and Laza
W3 & Coorer (1959) The method there has given proportionality
betxeen the i ritro and tho in v dimntegration times (WAGNER ef o
1938 and Waawen, er ol 1960)

A different method of examining the ume of dutntegration fnvolves
“"lmfhswmuxuzuv:mbmmefmmmembknwpaninun
Sood 1 bas the advantage that 1t not only gives & measare of the dis.
%ﬂmbutnhomkantpmsibkwdﬂtrm}neﬂ\emt
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The absorption of acetybsalicylic acd from entenc coated prepantions
has been investigated by LEONARDS & Levy (1965), HolLster & Kanrax
(1965) and by CLARK & LASAGNA (1965) The [ast named authory found
less complete absorption from the coated tablets than from the nocoatsd
tablets, Quinidine absorption has been Investigated by SAMPsox ef ol
(1952), who in some expeniments found & failure in dinntegration and s
decreased therapeutic effect from the enteric coated preparations.

A correspondmg faufure in absorption was reported by Haaravex &
RixkoLa (1964) who warked with p-aminosalicylic acid In & noit oo
oral potasstum salts, PINTE & STAFFURTH (1961) report a complete failore
of absorption of potastum from an enterrc coated preparation, thoogh
the preparation fulfilled the m ritro tests of the Brtish Pharmacopoler.

WYNN & LoNDON (1963) examined the absorpton from entre coated
tablets contaunfng NaCl and KC1 and found complete absorption from
all,
In these experiments the absorption was measured from commercial
preparations, and no information on the pature of the coating materl
and the thickness of the coating layer are given in the repors. From the
Investigntions {t appeara that in vifro examinations moy give some i
formation on the preparations, but that they cannot predict bow te
absorption in vivo of the active substance will proceed.

Moreover no systematce examination of the carrelahion between “:
delay in disintegration trme and the amount absorbed has been foutd
the literature. e

In our study the effect of the thicknexs of the coatmg layer o3 v
absorption of different drugs from tablets coated with celinfose scet2
phthﬂntchubwncummﬁhpapﬂmpommermﬂﬂofm
on the absorption of quimne hydrochloride, 2 sabstanco weil ¢ o
the investigation, because st 13 eaxily determined 1n the phawma &
toxic concentrations.

Methods
—
Eightcen beatiey adult votuatees of both pezey verved ub experiintt) BT o,
dhet wes oot vextricted, and during the exprrmeats they carmed ot b ¥R R C
mbaratary Onlynu.\ﬂtookp:nlnthcmpcmnmufﬂ'lid“m7
metsurod, dose uod bt
Riood samphes wers drawn from the exr-obe Imanedlaiely befors (v 15 S8 0 (o
2t inteevats of_pprosimately ono bour fn some experascts te mhe SR D
10-12 hours befors the sdminustration and at ntervals of 1-6 board ¥
Tubéets had the compositions givren below
30 myg mabiots. N 100,000 Dinmeter 6 mwm. 50003
Quinite hydrochioride oy
Spiritus grietioas $X PR Nord. (19654) salicert qousty
ety s 16,0008
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300 wy pablets, No 10,000, Dizrpeter 12 mm.

Quinine hydrochloride 5000 g
Surch 15008
Spirtus geistines 5% Ph Nord. (1963 ) » sfficent quantlty
Tak ad 7000g

From these two batches, sobbatches of 4000 and 2000, were coated. The
coating was mads with srsix sw/ercselablie PLLNoOrd, (1965 b), conalating of

Cefiuioss scttats phthabats 200 g
Odeuns dicdnt tog
Acttooe 1790g

T compars the thickneses of the costing on the tablets of the differcot sires, & way
crkcplated a1 mg vernix per mm? surface. The sverage diferencs betwesn the weight of
coutsd ead wncoated tablets ws determined an 200 tablety, and the sarface  f eoch tablet
e cakcolrted geometrically from Hy drmonsions.

Preperations were muds with varions thicknem of the couting layer ke seen from table |
Quixme wis dotermined in plaoma by the method of Broor & Uoeaaaxs (1343),

modifed to allow determinatio 1o 0.1 mi plsmu. The rvadings were made
A Photorvolt fheorometer with the filters P~ Hg 1 and S = B 540 axd compared with
saadard cxrve foc Imows asounts of quinine dimolred fo human plesass, kn order to
Compenmte fov the qoeoching effect of the chlorkds foau.

Table 1

Thickness of the coating leyer  the differsnt prepara-
tos expresscd a3 mg venbx per mm? wurfuce

Prepanation o mg/am?
50 mg tablcts
3 [XT0<)
3 00313
7 2130
. 0.0324
° 00687
1 (3} ]
500 rog tablets
" 0.013§
12 0.0
13 o121
4 0242

Preparatson no 2 and [0 are wncoutsd tablets of 50 nd
300 g, respectively from which all the costed prepars-
one were caamufactired.
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In the arine anatysis, the exiraction procedure of Broote «f af (147, wiich wa fx
iried, showed o advantags over a determination directly on the wrine Ientics! to that for
plasma. Standards were disvolved In the arine collected before the adminbtration, wiich
elimimute moat of the busk flucreaceocs {n the urlae. Tive blank flaorexceacs [n the sarpias
coald vary In amounts correspondlog to 3 exxretlon  of 09 myg quinine tn 40 hean
Hasaer 7 (1943) reportan excrstlon™ of 04 mg in 24 hours. The sffect of the wrktion
in this blank valze wes estimated as negligable compared with the ot excreted efwr
tho doses given.

Resuits

Plasma concentrations after admunistration of 0.2, 0.3 and 0.5 g quinme
HCl in aqueous solutions to the same person are shown n fig. 1 The
concentrations of plasma quinine determined 2 hours after the same dox
vaned somewhat from person to person, after 0.5 g, between 2.3 and
530 pg/ml with an average of 412 pg/ml 4+ 206/ (s) df = 8 The
mﬂndonfmmﬁmctomin!hnnmepuwnwmmwdcnbtymﬂﬂ’
3 = 107/ df = 24 The graphically cakalsted rate of el
showed vanations of +136/ (s) df « 16, within indrndush ad
+36 / (8) d.f == 24 between indmviduals,

Thcmulnfromaﬂcxpcdmuumthvnrbmdmmpminuhhl
A clear pmpcnlonahtthcnbemmthedoicndmmktrmdmdm
ph:mconmnmﬂcummmuiatanyﬂmemmctmwiod-mm‘::
that it 13 possible to estimate the amount absorbed from a grven dose ¥
equilibrium of the distrfbution in the body s roached, 1f the plasma co
centration is compared with that obtained at the same time after 8 knowd
doae 1n aqueous solution

Hg/mi
5

059

&0 Bo 0
1 after oxal
Flg. | Plasma concentrations of quisiao H
munduso.o:smum.q-mluncmw-“*’”“’
(Experimantal subject no 1
Abeoma  Minutes after th imtake
Ordingte Camcentration | pg/ol
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Table 2
Paom cracentrations at diTerent thnes after the admnistration of 0.20 and 030 g qulniny
kplrochlorid  ia aqoeous solution, as of 1he pordln,
ther adwstabstration of 0.5 g (= 100% < 10.7%, ). Flgures in brackets are the rangse.

Plaura concentrationt
Hours after Ingeation

Dose
ag( =9 H0mg( ~3)

2 nx 0140 71X (011

3 1K O7-41) 2% (%0-76)

4 9% 0347 2% (8-

3 3/ (24D &, (66-71)

[ 6% (T1-41) 0% (57-16)

7 M, 40 9 4 (66-74)
Arerspe WOK L ALK | TIKEISAMW
Dow 13 parcentage of 500 ;g 0%

Fig 2shows an plo of plazma ations din

experi-
menty in which 0.5 g qunine HC1 was grven as one single dose (1) or as
10 doszy of 50 mg each at intervals of 10 mimutes (2) or of 30 mnutes (3).
The resulty from all experments of this type are collected in table 3 The
pltsma copcentration measured when divided doses are grven naturally
Increases more wlowly than after one single full dose, and the maximum
i reached about one hour after the last fraction is grven, but at this point
e concentration reaches or often even exceeds that from the singte dose.

Table 3

103 g qubnne bydrochlorkde a3 10 x %0 myg {n

qow1 sofotion at Latecrale of 10, 20 and 30 miniites betwien divided doves &5 prrowctagey

* e cormmipoading concentration after kataks of 0.5 g w1 mngie doss in queons saln-
tone (= 100 £ = 107% )

Houry ) Pl concentritons (see text)
I:-nzh Mio. between divided doss

lo¢ =2 | 2@=n @~y
L 1641 sov tear4
) 90-110 ey popite
M ” 117y 2% Telary
1 1104 5x% 1001345
M LYY [ frogrets
1 0% WA

100-118%
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1 500mg

LI 10 Somg
Ll b Ly L L L0 Somg

Pl

5

4
3 =

=
2
i
60 180 300 420 min

Fig. 1 Pleams concentrations after Intake of 0.5 g
quinine HCI In aqueoms solotion. (Experimental subject no 1).

@ = 500 my at zr0 tme.

O = 10 X 50 mg at 10 rmnute tervafs

X == 10 X 50 mg at 30 minote intervah

Ths arrows Indicate the tuma of Intaka

Abtacisya  Tume i minter

Ordinste Concentration n pg/mi

It b further seon that slawor the shsarptzon the less steep s the stope of 52
ascending branch of the plasma concentration curve.

In fig. 3 these slopes, recorded from all experiments simihr (© S50
mpmeuwdmﬁglmpluucdngnmnmnmbemﬂrm 4
uinvermlvpmponwnaltot}mmmafahmrpm&mm:‘m
proportionality between the slope and the ratc of absorption atleast
it is completed within 5-6 hours.

nhmmmnnupombmoaummmwmwﬂpﬂk;‘:
omunnonofaglmdmewhmthcnteofnbmrpﬂonmid”
ﬁominmonor-mndarddacomgqmmencmthcwﬁ
are known Smmilsrly hhponibletoummatethnlmwm ol 2
» given dose, if the rate of absorption and the elimination
standard dose are known

As will be scen below Lhcnb:orpﬁonﬁomﬂwmwd%ﬂt
prolonged over & conmderable time. The priciplo jﬂo{uwdw
applied here m order to esmate approxmmately how mich
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&

0 10 20 30mn

Fig L Relufion botween the recipeoced, recorded slope (@) of the ascendiag branch of the
Phiama cooceriration curve asd the rate of absorption, meemed a8 the butrrvals betwesn
the divided dosss-

Absopm  Intarvals between the dose fractloas in miomta,
Ordinats | &

2 in fact been absorbed. Examples of the procedturo are given in fig. 4A
toD From the test rtself (4 A and C) the maximal plasma concentration
%, 1 recorded. The slope of the hine drawn through the ascending branch
of the concentration curve i conveniently determined graphically A lno
s drwwn parallel to this through the zero point on the curve obtaned from
Mmintstermg a standard dose of 0.5 g quinine HQl m aqueous sohttion
10 the same person. The point where thus line mtersects the curve, repre-
nis the concentration b whiich should have been reached provided that
o 1ota} dose has boen absorbed The approximate smount absorbed is
Siutated by the fornmle Rc-% "This ratio represets tho part of the
So% of 0.5 g that 15 absorbed. If complote absorption takes place, th
Yitae should be equal to or exceed one.
Mmm!cnlnwdtmmtcmwithkmwnnmunnuinnqummm-
Uorsare piven in fig, 5 The Re valoes cakoulated 1n this way give messases

o 1 amounts absarbed relatrvo to the absarption from 0.5
£ In aqueons
%w!ﬁﬂmﬂyrﬂmbktobcmedlnou:invuﬁgnmm
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80 20 mxoammm

Flg 4, Ato D Plasma conceatration aftee
Intake of 0 § § quinire HQ 1 differcat peoparations.
4A. Jntake of0.5 gla tablets coated with 0.0687 my/ms? (preparation wo. 9). Expesbmentt
subject mo. 3
4B. @ =055] squeows solation.
O =03gl queows solotion.
X = 0.3 g o cncoated tablets (preparation po. . Exparimestal sbject 00 3
Abeciest  Tloe in minutes after intake.
Ordlnate Conceatratlon in pg/ml
The broken lines fo 4B aod D reprosent the meayared slopo of
curves In fig. 4A and C, respectively diplaced t the rrro polat.
“ Indicats the concentrations mentioned | th text from which the smooat &

Re-values are For further exp! seo text.

the eacenstlng brunch of B¢
The lettors 0 and ¥
bparbed, 5

the total amount abway
From tests on ingestion of uncoated tablets, O found to iyl

being 0 5 g quinine HQY, the cakculated Re vatues

101 + 0.04 (rem)n = 11 which means that the absorption from

uncoated tablets s the samo as from the aqueous solution- from w0
Th:plzucmacmn:cmmtmucurvcsh1ﬂg.4Au:«:!Ca)::iallw:‘m”ﬂ’:t

admunistrations of the coated preparation no 9 show a delay Lnbm e

of absorption, which is not found In tests vath upcoated 227

mtwhohhmuuﬁnrthﬁingcsﬁunwhmdﬂednbkmuﬂﬂ
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pml
3

-

2

0 20 W0 %0 30, 0

0 mudu.hnmmdmnmvwwmnmnw
it no, L

AD. & = 03 g0 agnecws salatiod.
X w3 g a pocoated tabist {prepafubd B0 7). Experimental subject no. 2

w1z found in the plasma {s taken a3 the in viro disintegration time of the
preparation.

la fig. 6 the in wro distntegration trmes are plotted againgt the hacknets
of the coatimy Iayer and found proportional to it. From the curves in
85 44 & C 1t 1 further sesn that the sbsorptlon mite from the coated
bleta 1 Jower than from the aqueous sofution. The alopes of the ascend-
iy beanches from al tests with cowted and urcoxted bien are thown in

Incresse i plasma quinine was found. From the figure it is soen that
5 tbe I siro dusrntegrateon tme cxoeedt one hour the tope i lgnificantly
Yowty than that found for tho unconted tablets (P < 0.001). Thls delay
2 shsarption rate could be explained as a difference in the dinntegration
2083 of the tablets 1f all tests involved admunistration of [0 tablets of
30 txg each, but this Is drproved by the fact that » ghmilar decrensa was
1o i tests wdth SD0 mg coated tablets (broken lives In fig. 7)
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@ 62 a3 o4 o5

Flig. 3 Absorbed armonnts, caleslated ax
Re-vatues in redation to the doscs Ingested.

Absisa Doming
Ordinate Rec-vuives. Tho valoc 1.0 Indicates  absorption wqual 1o the ahearpbos tom

0.5 g in agorowm solugion
Beokea lins Th Resal nz..“”;:"

H ©

o5 om0 ars a0 025 mgimm
Fu.&hmdlﬂ.nmp-mnum-mr-hmnmmw
f the coating Luyer
Abeciiss  Thicknoes of the coating Iayee m g veralx par i tiblet 1arfc
Ordiaty v wro dislntegraton time in bours,

@ dowo ghven as one 300 mg tablet
X dow given a3 10 tablets of 30 mg cach.
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Qa
&0
=
o=
o=
— —
Ty —
L = Wy

1 2 1 & 5 hars

P 7 Ths slops of the ascending branch o, of the plazma
concentrathon cwrve, recardad from afl tests with uncoated and conted
tbles, 1 relation to the ia Wro dbsintegration time.
Abucima [ vhw distntegration tow tn whols hoors.

Ordloats lope | arbitrary usks.
Broken lines  Teads whh 500 mg tablets
Unbroken Boes  Tests with 10 x 30 mg tablets.

g § B R A

5

WS G a5 020 8 mghum
Frg & Relation betwesn the amoeat abaorbed
thnlmudﬁ-ﬂnmumm

Abactrm Thicknaxa of the bayer in mp/mmt
Ordints Calculated Re-valim, v
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o e
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o4 ——
>3

P2 3 4 & hous
Fig. % Rehation between the baorbed amount, cakeulated my Re valeey,
and the in rire disintegration thms.
Abscirin 1 vire dhintegration time [n whole boars.
Ordioat  Cakulated Re valoes.
Brokew lines! Tasts with 300 my tabkets.
Unbrokea lines Tests with 10 x 50 mg tablets.

The amount absorbed, calculated as the Re values, from aff tists whd
tablets, arc plotted i fig. 8 against the thickness of the coating fayer a0d
found to decrease with increasing thickness. With small tablets caly th

might be explained by assuming that some of tablets did not dismtegra¥,
but results from 500 mg coated tablets show a similar decrease.

3 8-

§3(§'

12345674900 Thus

the
Fig 10, Bxereno In the arine as percortaps o
Ingeed doso (400 M) 1n relation t tha fy e dimtegration thee.
Absctstat I rive disintegrution time tn whole hoxrs.
Ortinatt Excreted amoumt a3 percentags of the dose, 300 13- ol
Dotied lime: Toat with 10 uncoated tabicis of 50 15 each (peeperstion 007
a3 10 gingl Ingestions at 30 munat intervals.
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quxhumﬂnmlsuonbctweenthodnhylnonseto{nbwrpuun—m:
hﬁmcﬂﬂnmthnﬁme—mdme}lcvﬂuu. With increasing in viro
annmmnmmthonmum.hwrbcdhdm.wd.
Rnuh:o{dmnhmmlgu\em-lmrymuonmd\Mmﬁg, 10,
where the excretian, a3 & P 1ge of the dose inistered, is plotted
mhmtherword:diurhvddnmmtlouﬁmc.mmmlwinﬂr
hmﬂnmmmﬁkmtodmammmcanmtbcduc
wﬂrmmthcubsorpﬁonntefmdwnhdnimﬂnglnﬁm
ﬁﬂnty:&onmmuomofﬂmhlg}mtexucﬂomwmfoundinn&
m'ﬂdllhedomwua.dm{nlmt:dulOuncoaledtlb}cBot‘&Umgcnch
ma:ﬁhdonebyom:tmtervalxofwnﬂnutcs(lhcduttedlmcinﬂg.m)

Discossion

From the urinary excretron (fig. 10) aod the calculated Re values m
1.9 the Re-valoe scemns to be a reliable measure of the amount absorbed
As the rate of absorption and the amount absorbed were found to be
the e from aqueous sohutions and the uncoated tablets, the observed
&ffierences m the absorption pattern for the coated tablets must be caused
by the coating layer With increasing thickness of the vernix layer an
fectasred in ivo disintegration time 15 found. Stomach retention, such
w that found in patients kept in a supine position during the expenments,
0 reported by Preroarus & Farex (1950), b pot a likely explenation of
the delayed disintegration observed here, as the experimental subjects
wre normally active during the ts. Moteaver stomach reten-
Yon wonld not explam the decrease in mate of absarption and the decrease
T emonnt absorbed found In the expermmaents reported bere.
The tlow abaorption rare and the decrease in amount absosbed with
:Bﬂ’tannglhicknmuhhamnghnbzavedbommthmdm;lvmu
dmsd‘:mgfmmhmdwwmndnﬂemkdubh
can thus not be dus to 2 difference 1n th
tooes of the 50 my tabicts. ¢ daintegration
the coated tablets dumtegrate In the lower of the
-:!Mmmmhmmwmdhmktmm
diflererce in absorption rate from the various parts of the small
mﬂ'&ﬂknﬁwnformbmmﬁrﬂvdyabwfbd,hmh
lablithed fact 1 not an
or substances that, like quinine, must be asamed to be
&"'wh‘db’iﬂmﬁedlﬂ‘mimprmHmm a few indieations that
h;wmfoundinhtmnna
%fmnnmdwd (r:’:;mmm h of diferens
o and found creatinine and
penicilin-V Jess completely absorbed than from conventional
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tableta, although both substances were completely released i rira.
ﬂmw&mnmmﬂudmmdpomof:bm&hnlbﬂﬂyby&
lower parts of the intestine as 2 possible explanation.

Creatimine absorption from a different prolongsd action prepamtion
( Gitter” tablets) has been mnvestigated by Lunonota & Svepsm (1963,
who found that the dose had to be doubled in order to obtain the same
plasma concentranon and urinary excretion as after a dose of coaven-
tione! tablets. Neither SIGREN & OsTHOLM nor LUNDHOLK & SvEouTe
have compared the absorption rats with that after drvided dosage.

The experiments reported here were conducted with quinine hydro-
chloride and the results must not be geperalired. None the less, they
indicate that enteric coated or sustained release preparations cannot be
used therapeutically before the effect of the defayed release on absorpoon
1 known for each particular drug. Evaluation of snch preparations canot
be based on in vitro tests alone

Somsmary

The cffect of the thickness of the coating on the absorption of quii
hydrochloride from tablets coated with cellulose acetate phthabate a3
besn mvestigated. A method for calcnlating the amount shsorbed fro@
tMplumncnmmtnnonmisdmu‘bed,nndtlnmlmhmdvﬂuﬂ':
compared with the urinary excretion. With the coated tablets the 2
diﬁmegruuanumemfuundiommwinpmpm‘dmm&hem
ofmcwnnng.mmmofahmpdonmdwmmdwnhﬁmmm
thickness and generally also the amount absorbed ‘I‘hcﬁndlnl!“?;‘
that the abilty to absorb quinine ls decreased m the distal parts
intestine.
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From The Fint Mecdicsl Servics, Babigreaske glukbuect, Unirenity of Gaesbery md
Himle Remcarch Laboratorics, Gtaborg, Swoden

Effect of Isopropylnormetadremline and a Catechol-O-
Methyltransferase Inhibitor
on Adipose Tissue Metabolism In Vitro
By
Per Biiratorp and Hars Corroll
(Recwtved January 14, 1966)

Adrenatine and noradrenaline increess glucose uptske by adipost
tissue in vitro Tt has been suggested that this fncreass is sccondary io the
tnaaascinrmyaddcontzmommmmm.mmdbyincmnm
Addiﬁnncffnttynmdsmth:mtcmcamuth:muﬂ'mvﬂﬁm
mmabolhmcfadipoaenmcudothscntndmlamlnamﬂaﬂﬂﬂw
etal 1959 Lyn er al 1960 CamrLL et af 1960 maaml?ﬂd}’

Recently however Mdcumhmbeenpmmcdtommmw
mcrease in ghicoss uptake by adipose tissoe, dependent an h
nndrdntedmhstlncu.bmtwklyumudnyuﬁmmthehﬁﬁ”h
fatty acld concentration Thus Love et al (1963)f0uﬂdﬂnwy
glucose uptake after the additon of DL 142 4
butylaminoethanol (DCB) though the fatty adld content of the ersie?
was not increased. Further it has cartier been shown that @ "t
blocking agent (mma]m)mnminmbmhnmndmﬂmiﬂ"f "
sluuonnptaknmaummﬁmatwhiduh:mmof%w
inthitcd.Thcwpamnonofthcs:twocﬂ'wuofnmdwﬁmwtm
mggaltthmthnmmdwlamimeﬁ'cctonghm:wboﬁmlﬂ
socondary to changes m lipolyns (BrtiNToRe 1964)

In the work reported here, the effect of on et

L 143 methoxy4 -hydroxyphenyl)-2dsopropylemincetisanch
ol uﬁmmmmmmmmwwww’dﬂ
.ndfmynddmnmnmﬂonhtuommtntlﬂ.wmﬂw:mw
increased. Further a catechol-O-methyl transferass fahibit
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a-rpropy}-3 4-dihydroxyphenylacetamids) (CARLmsoN et of 1963) In-
hiblted ghucose nptake increase caused by isoproterenol without affectmg
Tipolyns or the fatty acd content of the tissue xignificantly

Experimental Procedure

200-300 § Wiktas rits wers fucted overeight, killad by a blow on the head 2nd bebeded,

dmwmwmmmmammmmmm
eqqual parts, rapidly weighed and incybated.

tacabation for mceyorements of fatty eid ind giycerol refeast were performoed in
scenisad crlindrioal giass tabey In § ml Krebe-Ringer bicarbosats boffer with 45 aftm-
mia (Armowr Fraction V Bovine Serwm Afbumis), pH 74, tcmperatzre 37.0° Glocose
Wi pided oy hudicated fn the text. Measured portians for (atty achd (Datx 1956) and ghyce-
20l (Lasarcey & Nt 1959) daterminations were removed after 10 odomtrs of tem peratars
equlibration and a times tated for cach experiment

Qlmcont upiake waa meoasursd [n 1 ml of the medinm mentiooed with 11 mM giucoss,
20w jncobated ts cyindical § cm high patyathylane tube with o bottom dlonetes of § oo,
Thetas tuben werw sealed whth  polysthybmes cap, and Incobated fylng down in tae dirsetion
o g movenseat beck wod forth i the Incubstion bath to ingure complete mixkng. Clocose

;ﬁmmmmmmwmwwmam
Rorad; (Astrs) and isopr wors teod a1 the bitastrete, Boprepytnormet
Hrcals and dresating e thelr ky

Resalfs

Table I grves the rewults of incubation with noradrenaline at 5x 10 7M.
Coocenimtion and lsopropylnormetadrenaline at this and higher cancen-
{rathons, when fatty ackds and glycerol release were measured after 1 hour
od gireoes uptake after 2 hours, Noredrenaline increased fatty acid
Tetse, glycer] releats and giucoss uptako signfficantly Jsopropyl
Dormetadremating did not # fatty acid or glycerol release at con-
centratians from § x 10~7 to 5% 10~ M, but glucose uptake was focreased
10 Jome extent gt these concentrations, sgnlficantly at $X 10-4M con
utration, with u trond to significant increase at 5 x 10~3 M.

'm“ellhc“thniwpmpyimmcudmnnﬂnedlduo(uﬁmthﬁyudd
::):leuluxhnnxdbynorad:mﬂnumydlhemmmﬂom
&mlmmnﬂmlwmmnmmmadiﬂhmt

of Incubation in control timsucs and in the presence of §x 107 M
EiwmnﬂneorSXID*Mbcpmﬂiwmdmﬂm. It can be scen
% "Mlmasemmmxdnmlﬁannymth:mdmaﬂm
w“%wﬁmmmmmmwmmqlm

”<°-05)-Aflcr2huunthmmltnmdtndlﬂ'm(ﬁ.10>P>0.05)




348 PER BJORNTORP AND HANS CORRODI
Table |
Tha Effect of noradrenaline nd D drenafine on farty scd
and ghycerol release and glocoso uptake 1o adipose thesoe i 1ire.
Mexm + S.EM
i
0 3X10-TM | 3X107TM SX10-4M 5x10-$M Sx104M

Medlom (atty acids 327 1450 101 270 24 1%

(nEq/g/hy n =~ 3 +076  +123 4051 £023 037 AW
Tlesuo fatty ackls 348 1712 340 168 1a Rt

(Eg/ghyn =3 +040  £0.65 1042 3060 067 MM
Qlycerol reteare 148 4w 134 08 124 L8

GEQgh)n~=5 =079 £0.74 +020 009 026 24
Glocose uptake 102 216 1.57 14 1TO() 2T

(my/eh) n =~ 7) +025  +0.36 L0106 1024 1035 2P
(*) 0,10 > p » 005 compared with 0.

P < 003 compured with 0.
p < 0.0 compared with 0.
Table 2
Theo effact of bopropylnormatadrecalins o3

hxtynddmdﬂycn—ulntmﬁmdﬁu:wu-pﬁko.ﬂuuhﬂdw
Doradrenstine (5 X 10-TM) In edipase tirroe &8 e
Means £ BEM o3

Modiom fatty sads 5.00
WEq/gm) +146
Timoe { ity ackds 412
(Eq/g/t) +0.96
Glycerol reiease 189
(nEq/g/h) +1.04

= p < 0.03 compared with 0.
= p < 0.01 compared with 0.

reseles
tioe plos [R07TC7 et
[} Sx 10-TM SX 104 3x107IM
1.8
1464 163 M 18 Re
1206 2170 £137  #eR
)eit
e TR ISR L,
=0.49 w02 20m 2&
T
615 k2] uo %
1167 s067 =zt 20
e
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Fig. | Effects of Noradrenabios (5 » 10-TM) end Bopropynormetsdrenative (3 v 1044
om giycerl reicase, mediom and (eooe fatty scid (FFA) concyntrations ad gfocoss uptake
n AdIpOss TS ta e

Coatrnucus hnes and sobd cotumns Noradrenallne
Broken koves and hatched coluoine
Dotsed-broken line and open cotooam N eddrtion.

Means and SEM (vertieal ines oa corves) for 614 determinations.

Rty given 1 paquivalents of fres [ oty acids or giycerol reicssad or mg of ghecoss taken
D per grama adiposs thaoe. The madhma od theoe FFA concentrations wers messared
"Ik

and a significant one at 3 kours (p < 005) In the presence of Isopropyl-
normetadrenaline, there was a trend to significantly higher values than
those of the controls at 3 houry (010 > p > 0.05), but before this tme
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no significant increase occurred. After 3 hours incubation, fatty scds in
the medium and 1n the tasue had increased in the system with nordrens-
line (p < 0 05 for medium, p < 0 025 for tissue) but not in the isopropyl-
normetadrenaline system. Glucoss uptakes in the flasks with additions
were not significantly incrensed over the control at | honr but afier
2 hours were 50 increased with both noradrenahnes (p < 0001) and o~
propylnormetadrenaline (p < 005) as well as after 3 hours (p < 0.0
for both)

Table 3 gives the effect of H 22/54 only Glycerol refeaso and medhm
and titsue fatty acd concentrations wero increased at 5x 10-5M concen-
tration.

When added to a system with hoproterenol-stmmlated lipolysis and
glucose uptnke H 22/54 caused a significant decrease 1n glucose uptake
at 510~ M concentration, but not of glycerol relense and fatty acd
concentrations, as shown m table 4

Finally normetadrenaline was tested. With this compound po effects
on glycerol release, fatty acid concentration or ghicose uptake 1n the fat
pad were found, as shown 1n table 5

Table 3
The effact of HZ2/34 on fatty scld and gtycerol reioess and glacose
nptake in  dipose tisvue fx Wiro. Memtns + SEM

H 284
[) Sx 101K LRl

Modim fatty acids 321 1044 “
Yy 14 i“"a
(MEqQ/gm) n=12 n=é L
Tiwoe futry acids 357 693 i
£0.40 +0.40 £0. p
(WEq/am) n=12 Ll *
o
Otycerol ralcase 158 47 o
£032 £037 08
Wha/m) a=12 »- =
1R
Glocoss puk e 14
i +020 £0.19 th:
-
(mg/e) =7 »-7 *
—_—

= p < 0,01 compared with 0.
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Table 4

st

ghacoss Uptake ctimulated by boproterenol (5x10-Th) In  dipose thwoo

Madtor fatty actds
(uEq/gh)

Thue fatty acids
(Bq/u/)

Glyeerol reioese
(uEq/grh}

Gilocoss optake
(mg/gm)

in wiro, Means + B.EM,

Inopmmrmnlpl- H2/34

Sx107IM

136 1310
+£137 176
n=12 n==6
179 16.67
+0.7% 149
-2 am=§
.60 336
+03% +071
-12 ae=6
175 157
+0.26 +0.31
-8 o6

= p < 0.05 compared with tsoprotacese] caly

Table 5

5x10-4M

110
+093
-12

160
+0.79
-12

333
+039
n =12

Lo9
+Q14
-

“Thae effect of moradrenalineg and noTeetadrmalive oo fatty schd and
siycerol retrase wnd ghocoss uptsk In adlpoes tmsne ix viore, Meas + S.EM

Medhm f 1ty sckds
(Egq/gh)y =5

Thre fatty acids
Eg/gh) =3

Glyearo! reoase
WEagn) =3

Glacose opiake
(mygh) =7

0 X107 M SXICTM 3x104M Sx10-3M 5x10—4M

N 13.52 172 284 in 3.09
1088 209 EXE ) +0.92 +1.03 +09y
3 1820 40 1M 34 312
+042 =195 106 2051 00 +038
121 397 132 1M 119 1.2
17 1047 016 027 1025 1007
160 223 12 1.63 142 10
0.7  +091 013 1019 +033 +0.H4

= p < 0.01 compared whh 0.
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Discarsion

It was thus demonstrated that isopropylnormetadrenaline incressed
glucose uptake of adipose tissue slightly whereas no significant increase
in fatty acid contents of medum or tissue could be recorded, nor coukd
&ny 1ncreass 1n glycerol output be found There was thus no evidence for
a sthnulation of the lipolytic hanism by thrs pourkd, as evidenced
by the measurements of glycero! output (VAUGHAN 1962). In sprte of thr,
a small increase In glucose uptake was found. This, as wedl as the work by
Love et af (1963) seems to argue aganst the hypothesis that the incresse
in glucose uptake caused by cateche and related sub s only
secondary to their effect on the Lipolytic system, caumng an ncrease of
fatty acid concentration (CAHILL et ol 1960 Lepoer & Carme 1961). It
could still be possible, however that an increase in fatty scds ocourred in
a compartment of the tissue too small to allow detection by our methods,
but of importancs for increase in glucose uptake.

It was also demonstrated that the Increase in ghicose uptake cavsed by
Jsoproterenol could be selectively inhibited wth H 22/54 that m, coold
occur wathout effect on the fncreases in ipolyxis and fatty acid concentrt-
tion This 11 an effect analogous to that of & P-receptor blockmg agoeat
(nethalide), as earlier described (BimnTomp 1964) Neither compound
decreased basal glucose uptake on the comtrary H 22/4 increared {t
Thus only the catecholsmine produced mcrease i ghucose uptske B
[nhibuted the fact that this can occur wathout effect on the incroase in
lipolyms seems to suggest that these two stimulatory properties of cate-
cholsmines may be mdependent. rorad

When the lipolytic response to
output) and ghicose uptake were measured at different times of incubs-
t10n, 1t was found that a conuderable increase in lipolytic mtym"d
during the first hour but not later mthhxymmwthnrmnﬂnmuum
noradrenaline as recorded by VAUGHAN & STEINRERO (1963) AR "“’“1;
mglumupmkewufounddumgthnhmrmﬂ“‘h'w:‘n -
fatty acid concentration of the svstem was increased Thete rest u:;!
ﬂmth:earuerreponcdeﬁmufinm:dfﬂﬂyﬂqdmmga)
uptzke n adrposc tissue (CAFILL ef af 1060 Loporr & CAHILL D)

It might be reasoned, that she 3-0-methy derivatives of ol 0
are partly responsible for the Increase in ghucoss wptake found oo 0
tiswue 1scubated hol. since the lattes are tanslomet
the 3-0amethyl denvatives fn sovernl tismues (AXELROD 1959} T
however probably of mior importance First, this doct naw i
occur with noradrenaline, mnce its 3-0-methyl dertrative
mactivo. Further the merease in glucose uptake caussd bY

renalime (in the form of ghycerol




ADIPOSE TISSUE METABOLISM 353

nommemdrenaline was poch smalier than that by isoproterenol Finally
mall activities of catechol-O-methyltransferase have been found
2dipose tssue (STOCK & WESTERMANN 1963)

Tsapropyloormetadrenaline infused mto the anaesthetized dog gives an
meresse fn plagna free fatty acds and no appercat change in blood
glocose (BIORNTORP & ARLAD unpublished obscrvatrons) Effects corre

pondmg to the ones found ir Ftro can thus spparently not be observed
invro

Sernecary

Ghucose uptake in mt adipose tissue in vifro was alightly stimulated by
bopropylnormetadrepaline without stimulation of glycerol cutput or
meresso 1o fatty acid concentration in the meubation medrum or 1n the
tssue, Normetadrenaline did not have a smilar effect. Further the in
cTease in giucoso uptake, caused by soproterenol could be inhibited by
H 22/54 without inhibition of the increase In glycerol output or fatty acxd
concentration,
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Protective Action of Carbon Dioxide Against Anoxia
With and Withoat Anaesthesia

By

Bendt J Wikjelm
(Recatred Febroary 24 1966)

It has been shown previously that thiop (BP)} (= tlomebumal
NFN = thiopental WHO) Increases the tolerance of mico to anoxia
(Axxreep & Secarrm 1962 WILEDELM & ARNFRED 1965) Verious other
amesthetics have also beent shown to have a dmilar to) g
effet on mice (WiLimera & ARRED 1965 WILDELM 1965)

Bartriuric acd derivatives depress the respiratory centre. Admmutra
toa of mich decrvatives will therefore cause & rise m artenal pCO3, unkess
artdficlal ventilatlon s established. In mice, too, admmistration of
Gidopentone (tsomebumal) will cawse the pCO; of the arterial blood to rise
(WIoeru & Lancakxn 1965)

Inspiration of carbon dioxide effects an mcrease of cerobral blood flow
@ human subjects (KETY & SCHMIDT 1948) and In rhesms monkeys
(Revicy 1964) Moreover vanous papens have been published in which
hh‘ultdlhntimph-uuouofcu:bond}ux:u:!omcrwcxthatolerlncuc{
l"’ﬂll’mmzmnﬂ-q‘ecu.ndxzuu.:mahtomuxia(Kl:w.S'ml’r&Vmuuma
43 Kinve 1947 Rann & OTis 1947 HALL & Harz 1951)

The increased tolerance to anoxia notreed in mice after administration
of Giopentone might thereforo bo thought due to an increased corebral
m"Ddlh'.rwcunsev;lI;yndscrofm-ht::-mlpCO;;incmm:qmcﬂcveul’tlu:d:epr:vo-
Y2 achion on the respiratory centre.

Ot bvvestigation was carried out with & vicw to sindying the effect of
5 earbon dioxide on the survival of muce exposed at the same time
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Further we studied the effect of carbon dioxide on the length of
survival of mice anaesthetized with thiopentone or halothane and 1lso
exposed to anoxia.

Materlal and Method

As experimental anhnals we wsed mulo Thino mice moging [a weight from 250 ¥ g

The Procodure hus been described 1n a previows paper (WiLiiy & Auv
up 1965). The experiment procesded in two stages. The fit compeed mvertiputions
Int tha effect of carbon dioxide on the survival of mice exposed 1o DOX Whike plscies
the mice in the botthes kept 1 a thermostat, we perfosed tha system continnoesty with 0%
xypenand 80 nhrogen Thervaftar the gay mixture wad changed to one cootaluiag 5%
oxygen and carbon dioxlde (carbo o NFN) at the texted i the
individual experiments, with nltrogen dded t 100%.

A group of 50 mice was wsed f 1 each carbon dloxide concentration textad. Of thew,
23 were exposed to anoxia while Insplring the carbo  dioxkir, and the emainmg 23 weee
cxposed 1o ancala 2] 0. Three axperimenss ware done sech fn dophents. Tiw st and the
third of theso each invotved 10 mice expored to anoxia while inspiring carbon dtoxide exd
10 control mice.

Tha concratrations of carbon diozkde Hrpured amountsd 1 25w 5% 75 m 105
0%

The sacond stage of the experiment lavolved the sffect of carbon dioxido o thw sarvive!
t mie also with efther th or bajoth

The leopth of urvival f mice with thiop ad
h@m;mmdmwmmhhlwmwwnmmmmﬁ
was used for the halothanoan esthetized mice, wxcept that the evaporation chamber

" halothene svaporator
Tnimwmmm(mmhamm}mdhmh" ""(":
30 mg/kg body weight mmmmhmmmmm'w‘;‘w
perfused for 10 minutes by mixtaro contalning 20 £ oxygea and 30X uitrogea. o
wwce thereafter exposed t anox, the mixture conducted to the bottics belng chucp
33 xypen, 5% earbon dlond snd 90 / niropm.

While the mice ansesthetired with halothan mmﬂsﬁhﬁ'w‘"x
wero porfused with 20 4 xypen and 80°% nitrogyn. Whea uthnﬂk'h‘“‘“:;d»
asacubusls was begu with the  bovementloned migure and 2% sdded RIGEE/
Th balotha concentratio was reduced to 1 4 2 mnutes later W““"““’:‘m,,
beon ma niaused with thus concentrabon for 10 murie, (be mice eIt 1Pt 1 20
by Inspiriog  gas mixtore comassty § € 5% exygon, $ % cerbon diode 1%
nftrogen to 100 4. ham

F  the experiments with the pcnwmmu-dmmanﬂfwmu'ﬁ“h,,-
wmlnbomnpmmmmumuormmm-ﬂ“ﬂ‘“‘;nwmu
tima cTposed 16 enaxs sy well aa o 1nsprration  { carbon dioxide, e
0 baving ouly ben axposed to anoxla arvhal

::«Kuxpcrlmumd.un wmdwhluwms‘m
peniod having becn determuned Brst for 10 ansexthetured mace #ad Hes

.‘\Ilth-pcn:mn;m:-|;nr¢nu—mvh’hmad "

A Bow rate of 6 Umm wa cmployed through

“The temperatare was kept 1 between 28 and 32 hlﬂ'-""';(""‘m“‘

The sarvival penod, Le. the time clapeed from the beglnnieg of 84733
respiration, wia mesaured for sach mause.

y e esd
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Results

The carbon dioxide concentrations used in the experiments, the average
survival perlods for muce exposed to carbon dioxide inspiration and ano-
118, a3 well as for control mice exposed to anoxia alons, and the percentage
prolongation of survival are shown in table 1

Inspiration of carbon dioxide at concentrations between 2.5 / and 10/
8 seen to have prolonged the survival period. The prolongation was
mgnificant (p < 001) for the concentrations of 2.5-10 / Inspiration of
20/ carbon dionde caused no prolongation of the survival perfod

The survival peniods found for the thiopentone-anacsthetized and the
halothanc-anaesthetrzed mice after exposure to anoxia and simultaneous
Insprration of carbon droxide are shown in tablo 2. In tho same table are
ko recorded the survival periods for the anoxic control mice, which had
reither been anaesthetred nor inspired carbon dioxide. Finally the table
contains the survrval peniods found 1n previous expenmments (WILHVELM &
ARNFRED 1965) for muce anacsthetized with thiopentone and with halo-
thane and exposed at the tame time to anoxia.

It 1 seen that the muce wupiring carbon dioxids while anaesthetired
with thiopentone or halothano and exposed at the same time to anoxia
farvived longer than either the anoxic mice only inspuring carbon dioxde
or the anotrc only mree ansesthetzed with thropentons or halothane

Inspiration of carbon dioxide at & concentration of 5,/ by mice

b d with elther thiop or halothane caused a further m-

Table 1

Average srvival peraods tn minnies, with s t vahues, for noc, but otherwise antreated
Coutrols, for nonc mics exposcd to mapiration of carbon dloxid end the parcentage
prolongations of the axrvival umer
0 mice ware used for sach carbon diouds concentratioa, [ which 25 served a3 contrak

The oxypen concentrution was 5 v b all the experiments.

Anotle, ntrestad Anozic expermental anmmls exposed
comtrol mmals t unpmtion of arbon dioxid Percantags
o el mmels
Savtvat Carbon diove | Survivm of sxrvival
Pood .m ids concentra penod (- thme
bl ce toa % 1 ey
29 ] X1} 25 ‘ 44 02 2
1y als 3.0 6 0.1 137
13 0.06 73 s4 016 ”
3 (30 100 4 0.4 45
s 003 200 29 aoe 12
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Table 2
Awmmpmhm-ﬁhm vﬂuu,fwlnuxi;bumw
com:mh.mdfmlwuc,'“, wnd hakoth auth )

wu!h--mednotulmph-mauoﬂyurboum
memmmmpmmrmmmmm
controls and snoxic mice bt thi and haloth Ao the
p«mupmhnpuno(mruﬂvumr&.

Anoxic, untreated
antmel Anlmbdzd,mod:txpu-lmmnjmimb Percentage

_N—N_ﬁ__ﬁ___mm
Barvival Buretval of sarvind

period Lem period emn. perod
o manates tn minutes
2 , oo Thispentone and
carbon dloxide 141 1e 0
29 o7 Halothane and
carbon dkaide 58 035 "
a - Thlopentons ) o - M
2 - } Halothano?) ( 50 - H
) Wilhjelm & Arnfred 1965

crease in the tolerance to anoxia beyond that produced by apsesthesia
nlonumthoneol‘thnmnuﬂxuamcnﬂoncd.

Discomion

Previous studies have shown that thiopentone (ARNED & Secemz
1962 Wiimniu & Amsexen 1965) Increases tho tolermnce of mie to
anowua. survival of

Our nvestigntion 1nto the effect of carbon dioxide on the
aoxc faice showed that carbon dioxide Increases the tolerance to Toe
when wted at concentrations of from 2.5 to 10 4 In the intpired alr =
prolongation i most pronounced at a carbon dioxide concentration
5/ in the fnspired air At this concontration the percentage prolong
umwmuamamom”mmm“‘“mﬁﬁ
of thtopentone (WILAIELY & AmNraep 1963) The failing prokong doe
he gurvival after mypiration of 20 / carbon dioxide is prosumably 1
artly 1o & depressive action on the vasomotor centre and perly
mtaton of pulmonary oedema (Poutsey 1954). dicxide at

In a study of thnn;rrzblcmx relating to inspiration of carbon 1546) t
igh altitudes it has been pointed out (FEnn RaMN & O
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lnqimhunufrarbondmﬂdawiﬂmlnmmdvm&ﬂaﬂon,whhhh
accompamed by a riss In alveolar oxygen tenson. Hyperventilation will
brmng about & riso in arteriel oxygen saturation (HUSTON 1946 RAHN &
Orm 1947
The fncreased tolerance to anoxia seen mn mice after inspimtion of
carbon dioxide may thus be due erther to rabsed arterial oxygen saturation
or to increased cerebral blood flow or possibly both.
The sarvival period for anoxic mice exposed to insperation of carbon
dioxtde was found to be of the same order as that for anoxio mice an-
esthetized with thiopentone. This might, on a superficial view seem to
bear out the hypothens that the prolongation of the survival penod cansed
by sdministering thiopentone to mico exposed to anoxia is doe to accorm!-
ttion of carbon dioxide with an ensmng incresse in cerebral bloow flow
and posaibly also a rio in arterral oxygen tensfon.
However our experiments, In which thiopentope-enmesthetized mrce
were exposed to anoma and at the same tune to wspiration of 5/ aarbon
dunlde, showed an addittonal tolerance of mice to anoxia. Should the
efiect of thiopentone on the tolerance to anoxis depend on carbon
&Goxdde retention, we woukd not expect thiopentone-anaesthetized mico
«xposed to anoxia and at the same trme to imspiration of carbon doxide to
survrve for a peniod approxmately equal to the total sarvival perfod for
noxic mice after thiopentone administration alons and carbon dioxide
inspiration alone.
Thus, there f2 mmuch evidence to sugpest that the increased talerance to
moxhy seen in rmce after admi of thiop (Worasm &
AXNERED 1965) is mainly doe to the depressive action of thiopeatons on
rebaal metaboliim and not to lation of carban dioxsds.
In with this explanation, it has been demonstrated (WiL
HIELK 1965) that hydroxydione (BAN) (= hydroxydion (WHO NFN) =
iadri} @), which depresses cerchral metabolism to the same extent as do
berbiturates, but s clatmed not to affect the respiratory centro (GORDON,
Q‘MDwm.Procm&Anml?m incresses the tolerance of mics to
noada st a3 much as does thiopentone,
Ioapiration of carbon dioxde will camsc 3 nis¢ m alveolar and arteral
SXyEen temslon owing to hyperventilatron. However the condition for
crbon dioxide to prodoce hyperventilatson is that the respirtory
Centre 1s ablo to resct to the increased arterl carbon dloxide tension,
Alies administration of thiopentone to mce, the activity of the respiratary
Statre wif] be o d, It therefore seems bls to asume that the
pprecable prolongation of the sarvival of mice expoted to anoxia while
Wmmmhpcmomnndltthamﬂmlmpidngm
e is due to the depressant action of tho barbeturate on =~
.

¥
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metabolism and to an increased arterial blood flow caused by the rajed
arterial carbon diomde tension, and not to increased arterial oxypea
tenmon

Halothane-anaesthetized mice exposed to anaxa will survive longer
than non-anacsthetized mice exposed to the same degree of anoxa
(WiLeLk & ARNFRED 1965) Simultaneous halotha hesia and
inspiration of carbon dioxide (5 /) also cause prolongation of the survival
of anoxic mice compared with that of non-anaesthetized control anmals
The prolongation of the survival perlod s, however of the same order as
that found for anoxic mice subjected to halothane ansesthesa akome.
Thus, inspiration of carbon dioxide has no appreciable effect on the leagth
of survival of anoxic mrce under halothane anacsthesra.

Only n few investigations have been reported as to the effect of halo-
thane on cerebral oxygen consumption and cerebral blood flow Stodes
by WOLIMAN (1963) seem, however to have shown that i halothane-
anaesthetized human subjects cercbral oxygen consumption 15 only
moderately reduced, whereas cerebral blood flow 15 Increased. Wollman
conmders the reduction in cerehral oxygen consumption to depend in
part on the fall of the body temperature taking place during halothant
ansesthexia. In previous experdments as well as in those reported bere
the anrmals used were placed in a thermostat, and so ere unfikely to hare
been subpect to any great fall in body temperatare

Accordingly the increased tolerance of halothane-ansesthetized mce
to anoxia 18 probably mainly due to the increased cercbeal blood flow
attendant on the halothane anaesthema.

In haloth hetized human subj iration of carboo
dioxde will causs an increase w cerebral blood fow independent of that
due to the halothane ansesthena (WOLLMAN 1963).

A further increase in cerebral blood flow need not, however bo s
Qated with any appreciable further prolonged sarvival of anoxc m’:“k
In our study 2 § / concentration of carbon dioxzide i W"W-’:‘j
secmed to have the greatest effect m prolongmg the survval of nog-
ansesthetired anoxic mice Acondnucdnuhamﬂnlmrboﬂd‘awﬂd‘
wmouwﬂlmnmnnadymsctnmebrdwﬁ‘“’:
monkeys (REIVICR 1964) The same 1s likely to occur in mice- owevel
inspirahon of gas mixtures with nsing concentrations of carbon dwof
will no longer have a corresponding effect 1 prolongng the ar
anoxsc mce when the carbon dioxide concentration in the 1€
exceeds 5

Thus, ﬂé‘m scems to be a certam upper limt, at 5./ %&dwd:h
the inspired aur beyond winch an additional 1ocTease in
fiow has no effect on the tokerance of mice to AROXEL
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Saromary

have been conducted with different carbon dioxide

concentrations in the inspared aw with a view to studying therr effects on
the tolerance of mice to anoxis.

1t appeared that inspiration of gas muxtures contatning from 2.5 to
10/, carbon diaxide greatly prolonged tho survreal time of anoxic mice
compared with that of control mice.

The prolongation of the survival period was most pronounced when the
mspired alr contaned 5/ carbon droxide

The effect of inspinng 5/ carbon dioxide on the toleranco to anoxin
;I:n:konudkd on noce anacsthetized with thiopentone and with halo-

The thiopemtone-snaesthetized anoxic mico 1nspiring A gas muxture
contalning 5/ carbon dioxide were found to be far more tolerant of
snaxla than efther non-anaesthetized anoxc control mice ar halothane
smesthetized, anoxc mice. The further prolongation of survival time seen
aher admmxture of carbon dioxide with the mspired air s attributed to its
increasdng effect on cersbral blood flow

Similar investigations into the effect of 5/ carbon dioxdo inspired by
balothane-ansesthetzed anoxio mice gave the result that inspiration of
rbon dioxide had 10 appreciablo effect on the tolerance of these animaly
t0 apoaia, presumably becwuse halothane ansestherla as such increases
the cerebeal blood fow
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Oestrons Behavlowr in Oestrogen Treated Ovariectomized
Ratx after Chlorpromszine alorre or fn Combimtion
with Progesterone, Tetrabenazine or Reserpine

BY
Beogt § Meyerson
(Recchvad Apell 29 1966)

It i well-known that ovariectomized rats do not display oestrons
bebtviour when mounted by a male (ALLEN e/ ol 1924 HEMMINGSEN 1932)
Oestrous behaviour can, however be restored by treatment with oestrogen
fn combination with progesterone (BoLmNG & BLANDAU 1939 BeacH
1947),

Ths effects on oestrous behavionr of ph logcal sub
which exert an effect on the centra] nervous monoaminergic mechanigms
bave been the subject of recent investigations.

It was found that tho increase in monoamine levelt doe to moncamine
axldass inhibitors, decreased the ocatrogen-progesterons activated heat
rponse fn gvadectomized rate. This inhibitory effect was especally
evident after a gelective increase in the cercbral serotonin (S-hvdroxy
tryptamine) contont (MEYERSON 19648 & b).

The wntagonistic velation between ' and cerebrat
s further 1nd! d by the inhitatory effect of imipramine

nd related anhdepresuve substances (MEYERSON 1966)

Oestrons behaviour in ovari ized ruts both and

q oestrogen
Peogesterone (BoLNva & BLANDAU 1939 BEacH 1942). However it was
demonstrated that progesterons, but not oestrogen treatment, could be
T&ﬁ;dhyth:nmimdepummmmdmbmam
L,

brings aboat central pervous symptoms in the rat
hich are sinifar 10 some of those seon after reserpine treatment, c. g,
SMalonic Apdity decressed locomotor activity and dimjnlshed rezction
1othe environment. Whh both drugs it is aiso charscteristic that, although
Sovlously eedated, the animals can bo “woken up™ by being handid.
-
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Tt is therefore of interest to investigate whether the stmitarftics fn central
nervous effects of chlorpromazine and amme depletors such a3 reserpioe
or tetrabenazine are also found in the action of these drugs on oestroes
behavior

Methods

The anlmaly used were ovarlectominsd Spragos-Dawley ruty welghing 290-120 gram.
They wers Bowmad in afreonditk b intalned 4t 22 24 Duriog the ohserv
tlon pariod, L o 48-37 kours after the osstrogen injection, the andmals wers kapd tn apocdd
coages equiped with  beating unit and thermostat which allowed the tonperaine to be
regufated.

The day--oight rhythm waa revarsod with [ght from % p. m. to 9 & m. Ocstrogen va
Iejected wt § a.m. and progesterone, tetrabenazine or reserpise 48 hovrs liser Tots for
oestrons bebavioar wero done betwesn 10 a m. and 6 p.m.

A clear-ent copolatory responss (ordoslt refiex) on mountmy by o Yigatons mae we
taken 29 a0 Indiction that th fenaie wes in beet. For 2 more datalled duscription of the
arethods used o (1964 & b). Pererntagn lahibiton was cakculated a1 fallowt

Thzlwmrwmdndqwmhmmammymm-dhuz
dgnificancs of a difference between the effect of two treaments (s00 Knomt. 19 B
and 104),

Recording of rectal temperarare

Rectal temperatores ware  btained by & Kipp & Zone paivacomete (Miqort A 16
srppllen with & thermistor measaring devico (3tantel tharmistor type F 22). The feriator
was Loserted to 8 dapth of 40 men. The Individual data are the meesn of two ar thevs s
cuthvo messurrments,

Infocted murterials e
Omiradiol benzoate and progestsrone wers dhsotred (0 offve all (o vo{oT
WMWW@L&mpmuwmmém( [
ab‘-mwnhzsmdnnmdmudwhdnﬂmdanmhwlﬂm;ﬂ aiand
@ Holroar-La Rocke) pargyline-HCI (cutonyl @ Abbott) were dtmofred ““"'M'w
ATl Injaction were subcatancows. The doses mentioned la tho teit aad tabial

the salts.

Results
Tha hypothermic and newroleptict) effects of chlorpromatine

The hypothermic effect of chlorpromazine mn the rat is well
(Hovruan 1958 Le BLanc 1960 Korpias & Burrann 1964)

Toco-

nmmwmummmrmmm-mdw i

motor ecthvity and y and L—Jh.mnn:m‘n"ﬁ:"
| simule Mt b rivtic that the Sepdic satoal 8 “wotm

m;mwnmmmulmwmmw
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3.0
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Hours after (ast trectment
Fig L. The effect of rina ozt roctal temp I
beaxouts (E) + progesicrons troated ovaciectomired rats,
VYortical finey = 2 X 8. E

Trestavent Enviroamentsl
E —| tempersturel) N
uj‘::\—- At4tbr T At 50 bre c
A nose none saline 2%
} E10pgky progesterocs
04 mlive nu
© Eiopgg
04 wg/emmal chlorpromarine
S wp/kg 2 u 4
D E10ngkg  progestervas
0.4 mg/antmat
3 me/kg 3022 n

) Procs 43 hoors anwards,

The normal rectal temperature in our ovanectommzed rats was about
R with only slight fluctuations according to the time of day at which
e wnimaly were observed for cesiTons behaviour The temperature loved
0ot significantly influenced by the hormone treatment (Fig. 1 A & B)

A decrense In rectal temperature of about 1 52 was abtatoed #t 2-6
?msmg&lommmmmmkepntn~

(Fig. 1 C) This decrease in the body temperature could be counter
3 by incrensing the environmental terrperature to 30-32 (fig. 1D).
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w0 A td

3a0-

Rectal temperature °C

360

4] 2 4 [
Hours after last treatment

Fig 2. The effect of ou rectal
in oestradlol benyoato (E) -+ tetrabenazine trestsd ovariertomined it
Vartica] Bnes =2 X 8.

Troatment Eaviroarsental N
5

£ I3
3 At O hrs At 48 hrs. At 50 tm-
A E10ugkg teabenazine 40mgky shine o B
B E 10 pgfkg tetrabevarine 40 mg/ky sallng »-12
¢ E 10pgkg o my/kg "

5 my/kg A% »
D E 10pykg 0mghrs i

Smgig -1 N

T From 48 hours cowards

Thnwualsoroundrorwmykgmbmnzlm(ﬂpzA&Bﬂz
hypothmuiccﬂ'cctwcndmtzmunlﬂuthembcﬂnﬂﬂﬂ%
(Fig. 2, A & Cat 0 hours) However the hypotbermuceffects of a com
tion of tetrabenazine and chlorpromanne was only partlly overrome
keeping the animals at 30-32 (Fig. 2, C & D) ber

In the mvestigation of the effect of chlorpromaznne on ocstrous
havicur the rectal temperature was measured durmg
measurcments were carmed out after the last test for oestrous ots, 1
mdnmplaoflorSmunnhwcmumekmfcrthcmﬂh“
not otherwrse stated n the text below these values wero g ul
with those shown in Fig. 1 and 2.
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After 5 mg/kg of chlorpromarine, spontancous activity was elther
abserit or very alight when the animals were left undisturbed. However
when handled in the tests for oestrous behaviour the animals “woke up™
a0d moved about spontancously although the exploratory behaviour
was still clearly reduced. On being replaced In their own cages the animals
locomotor actrvity decreased and they sat i a crouched position showing
very little reaction to thewr environment.

There was still & nenroleptic effect with I mg/kg chlorpromazine, but
the animals were moving around, spontancously and when handled the
motor actrvity and exploratory behaviour was almost the same as i
animals treated only with hormones.

Ptotis was present to a varablo extent in the animals treated with
5 mg/kg chlorpromarine, varying from a slight effect to In some antmals,
ilmost closed eyelids. The neuroleptic effect and the ptosis were the same
In animals kept at 22-24 and at 30-32

Signs of catatonic rigedity were present after treatment with 5 mg/kg
of chiorpromanne. When placed in an abnormal posture these animals
remamed in tha posture for an obvicusty longer time then animals with
caly hormone treatment.

The symptoms described wers fully developed 2 hours after treatment
and bisted nochanged thronghout the test peniod for ocstrous behaviour
The neuroleptic effect, ptosis and catatonia were also seen In the reser
pine or tetrabenanne treated antmals. The effect 2-6 hours after 5-10
my/kg chiorpromarine was roughly of the same order as those seen at
48 houry after imection of 40 mg/kg tetrabenazine or ! mg/kg reserpine.

Chlorpromazine tn combination wlth oestragen alone

Chlorpromarme in doses of 1 5 or 10 mg/kg was adrumstered 48 hours
‘ﬁx:rlbugfkgoem-adml To prevent hypothermua the temperature jo the
:uwnl.nthu:apumutxfmmﬂhmmmcrthnmmweahu

As &5 ovident from Tablo 1 it was not possible to substitute chlor
Promuoing for the progesterone treatment. In comparison, 40 mg/kg of

activated oestrous bebavionr in 78 / and 1 mg/kg reserpine
::L/(rabhz,mnmh)ummnhnmwmmhmmm:

lorpronazine and progesterone tetrabenaczine. or
reserpine activated oestrous behartour

Qotltrmn behaviour ws activated by 10 pg/kg. of oestradiol, followed

‘mmhterbyummmonorpmmm,mbmmemwm
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Table 1
Heat revponss b ovarkectomired rats treated with orstradiol In combiaetion Stk ciiec
o or ine. Ocatrad] | benroute, 10 gy/kp. wis hajected &t
2¢10 hour The amimals ware kept at 30-32 from 48 hours,

Houn Number of
Treatment sttt | Animalsla
w48 b roatment | Heat / animabs =
towted pockd
Chlorpromarine | mg/kg 48 ° 2% 2
S mu/kg -t 0 s 3
10 mg/kg = ° 24 1
Progatsrons 0.4 myfanimal 4t 7 e 4
Tetrabenarine 40 my/kg - ™ 1 2

Bcththeprogutuom-mdmmbcuaum-mvnmdh@atmp@ﬁm
ngnificantly reduced by 10 mg/kg chlorpromazne (Fig. 3 and 4).

The effect of 5 mg/kg chlorpromarine was tested nnder two differcat
experimental condiuons,wrmmmmnmcnmlwmpuﬁmofﬂ'-ﬂ
and 30°-32 respectively The heat response activated by progesteron®
wudmﬂymdumdwhmthamtnmhmhphtﬂ'whﬂeumm
hmng:ﬁmofchlmprmnmmmmﬂwwﬂpﬂ"m‘m‘”

The cffect of 5 mg/kg chlorpromazme in the tetrabenazine experiment
as smaller and about the same whether the environmental temperatur®
was kept at 30-32 or 22-24

Tl'n:fe‘monlylsh,glnxmdt.n-m.dcntinhl'lmo-ryeffu:t\"'ml5’:“3-/‘kx

; chlorpromazine, on the oestrous behaviour after Ocstrogen-TescTpi
treatment (Table 2)

The combined treatment with both an amine depletor such as reserpi®
of tetrabenazine and chlorpromanne brought sbout an obvious DT
leptic effect. However Ln:pltcofr.hu,ﬂmfamk:dllrmmd she respo
cicdtt:»tlwumlc1:1011:1!1113urtcu-u:n‘.swn.lleﬂ.hcruclcm:ntIf.u-do@dl1'51"""c
or tried to defend herself

Combined tr with chlarpromazine and pargriine
The inhibitory effect on oestrous behaviour of the mon!
inhibitor pargyline has been established by previous

(MEYERSON 19642 & b).

oamine oxxdTs
mvestipationt
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Hers afer sl brritrmect
hlmmuwmmwmmwnuw
yoed by with

Ottradiol baaxoata, 10 pg/ky was
hhmnmn-rw«mumwuudumm Controts had
hormones alone.

Enviroameatal Number of
Trextment At 30 hre. unp-rmmf)
Anlm.lh Rum
poolsd
Chorpeomertss 5 mg/kg 30-32 45 4
10 my/xg 3-32 u 2
Nom (controls) 012 o 1
Corprocuzing $ my/kg 24 47 4
Nows (eontroty) zu % 3

") Froa 41 nours euwards.

The pumber of tnangies (A-A A) at the vanom polots {the
Fraph indicats the degreo of stutistical signifcencs of the [n-
tubdiory effect, not the number of cbarvations.

<0.05
P [ >0.08 >0.01 <001

Symbol \ A Al AAD
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1

a——a Exparireertels b beot inhdsien
= -4 Cortrain % In heat

H & L] 1 4 .
Howrs olar Lost woatraent
Fig. 4 Thesffect {chiorpromerinec oestrows behavionr in avarkectonured raty scthvaced

by In with Oextradicl bemroate, 10 pfky ¥8
injected t rero honrfcﬂuw-dﬂhcmhmb‘yﬁmd’k;mhemxim—cmm
oestrediol and tetrabenazine alooe.
Esvirsamental Number of
Treatment At 50 hre temperature?)
o Artraly i
toated pookd
Chlorpromazine $ mg/kg 30-12 46 4
10 my/kg -2 k73 3
Nons (controls) 032 n 2
Chlorpromarine 3 my/kg n “ 4
Noms (controls) 724 » !

) From 48 boors onwards,

The namber of triangiss (A A A) et the vasiows poiats of tho
Fraph indicats the degres of matlstical dgniicascs of the In
hibitory effect, oot the aumber of observationt.

<0.0%
~0.03 ~0.01 <adl

Symbol I A AA AAD
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Table 2
The effect of xine on Cestrous n ired rats activatsd by
romcrpina Ja combination with ocstradlol. Ocstraciol banzoats, 10 wg/kg was Infected ut
2070 hour follerwed 48 bours later by | mg/kg reserpine. The sntmak wers kept at 30-31°

from 48 bo .
Andmals in hest Number of
Treatment at r
30 hre. Controts | EXPe animals  rem
E ® bl tested pooled
I ¥ Inhibition
2 33 33 >0.08
I myfkg 4 57 49 <005 20-23 2
(coxtrols had saline [ o n >0.08
bleaky)
Table 3
The sffect of combined froatment with chiorproqiurine asd pargyine on ossroms be-
‘o In ovariectomtzed rats sctivated by Iod m with

wlmlom,mwnmwmrwmammw
4 mp/animal propesterons. Tho animals wers kept at 30-12 from 43 boare.

{Coxtroty had sakoe alood)

Anirsats in best Nuaber
Trestment ¢ 50 bre ‘gig_ Btp'd-x amineh | rom
§ « roeatal cxted pooked
=¥
I l R LiD)
Parpytos 25 mgiky and 2
4 6 91) E 3
Chlorpromering 5 mp/kg : b )
(Controds bad pargytme asome)
L o -
2
Chlorpromuzias 3 my/ks n s o 4
[}

S

Treetmment B valwes takes froo F g 3
Treatment A was sigatficasdly daffereat

"")hjndio-.cr<um) ros costrols (F < 001

from treatment B whes compared & hoaTs aftr the
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In the present experiments, pargyline was administered in a dose whah
did not reduce the heat response (Table 3 controls A va. controls B).

When pargyline 1n a dose of 25 mg/kg was combined with 5 mp/kg
chlorpromazine a reductson in the mumber of antmals (n heat was observed
and this was significantly greater than that scen after the use of chlor
promanne alone.

Discussion

Failure of chlprpromazine to elicit oestroux response
response gfter oestrogen treatment

The normal ocstrogen progesteronc-achivated ocstrous behavioor il
ovariectomrzed rats can be effectrvely activated by oestrogen in combund
tion with reserpins ortet.rnbcnnzlnc.ubcndmtfmmthaprmlmd
previcus data (MryERsoN 1964c) It could be assumed that the central
nervous amine depletion brmgs about an impaired monoaminergo ok
miss;on which could thus act ag a substitute for the progesterone pecessty
for cliciting a response m these animals.,

The present investigation shows, however that oestrous behavout
cannot be induced by chlorpromazing in the tame way 25 reseTpice &

dncandthcnmlned:pldnnninmmmth:indwﬁanofdmﬂ"
neuroleptic states by these drugs.

The mechanism of action of chlorpromazine on mommhﬁ!'::
mechantsms is not clearly understood. Chloxprunnﬁmdﬂc!mlm;;m
change the central monoamine kevels quantitatrvely (CosTA, G"”‘nb
& VALzELLT 1960 GEY & PLETSCEER 1961), but has been shown 10
the brain tevels of metabolites derived from catecholamines (CANIOX
& Lrmqvest 1963 Gey & PLETsCHER 1964 ANDEN et al. 1964)- e

The increased formation of catecholamine metabolites after 159
pmmﬁmmumnthubmmggutmibyc\m&mmvﬂpm_
tobcductoudrcmrg&cmcptmbmmwn}dmnmm
torymcmmdwdwtytnauchohmhmglcnemommm reies®
of the amines and thus mcreased formation ofcnmehoimlmwb"ﬂwﬁmm'

Gﬁ&Pmsam(l%z&w&)mdem(lwaM‘;o
to the hibitory effect of chlorpromazine on transport acros
membranes, and considered the mncreased formation ofphﬂﬂ(
nddsnﬁuchlorpmmnﬁmmunmtobenhnplﬂljt’:‘ o fmpured
mmponomn.m!nutot.bcmcptarmdww B

Ilhnwmﬂymlﬁ&ntmm}cﬁkﬁm°§rﬁm‘| :
brcughtnbcutbydcplctionofoenu-alumvmmﬂ
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Rmxthathhmmlyﬂln"“mfﬂh-‘ inergic tra ission
whhhishnpomnt(CAnmmemstMAmm 1957 Evermrr
& WBOAND 1962 Carvsson 1964) The neurokeptic state after chlor
pmmmnemumnthm-immrtozhatmctuwdbymapmetmu
puseiiers central nervous adrenergic tone afler chlorpromarine seems

Ttis clear from the present investigation that chlorpromazine fafled to
lmmmmmbchnwmmmogmmmdmumludmwmw
mduced a reserpine-like neuroleptic effect ranging from fust slight (1
mg/kg) to & very obvious effect (10 mg/kg).

Prtﬂmwwk@dml%n&b)hudmnmmdlhnm
of serotoninergic heat inhibatory pathways. It seems, therefore, that chlor
m:.n]ﬂloughmindmwﬂd\impdrldrmcrgmmaﬂnnhm,
does not actually affect the serotoninergic neurons d with the
Intdbition of cestrous behaviour

The brochemical data reported by ANDEN ef al (1964) that chlar
Promazine does not increase a metabollte of serotomn (S-hydroxy-
in‘j“’h';'ﬂiﬂ!!dc[)luth.crlbb‘ll:om'p'r:r.lm'l.m‘umn:n:t:n:lt:l'l.l'tLl:ii.uu'\:-.ucd

metabolites, also indicats that the offect of chlorpromazine on
*cotoninergic neurons might be different to its action on catecholaminer

¥C nourons,

Inhibitory effect of chirpromaine

Chlorpromarins had an Inhitutory effect on the progesterone- and
tetrabenarine activated oestroas behaviour

The enhanced mhibitory effect whea chlorpromanne was combined
¥th the monoamine oxidass inhibitor pargyline, indicates that the
[nhﬂ,hofy effect of chlorpromarine is doe to an increased serotoninergic
aActivity

The of how chlorpromazine ¢ nerpac actlvity
%qu;:niothu investigation. However as & working hypothests, atten-
ﬁmmybcuncdwmﬁcttmtddorpmmﬂmhnbceud}mw
Interfere with the axonal uptake of amines in adrenergrc neurons (Axer
b, Wi & HErTTING 1961 MAaLMEORs 1965). If the compound acts
Smilarly on central mervous serotoninergic neurons, this might explain
the int ﬁﬂ_aﬁomdmmm!?paimmuvthl}iy]dm
of chlorpromazine, on prog or tetr -
behaviour The cffect of chlorpromazine would then be aralogous to the
. of tmi ne and related drugs which actively inhibit oestrous
behaviour pTRr 1966). (Tt is assumed that imipramie exerts this
effeet by (]'E'uuﬂ“:mc scrotonin uptake by the axon with subsequent
Increage of serotonin at the heat inhibitory receptors)
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1n the progesterone expenments, the effect of chiorpromarine was more
cvident in experiments in which the hypothermo effect of chlorpromazine
was not prevented. Hypothermia might concelvably lead to an increase 1n
the impalrment of the membrane transport mechansms. However the
reason why hypothermua did not change the chlorpromazme effeet fn the
tetrabenazine experfment remains to be explained,

Summsry

Oestrous behaviour iy normally acttvated in ovanecctomired ni by
progesterone after pre-treatment with oestrogen. Previous investigations
have demonstrated that it is possible to replace progesterone by the amine
depletors reserpine or teirabenazine. The present data show that chior
promanne administered in doses (1 $ or 10 mg/kg) which induce srefias
neuroleptio effects as the amine depletors, did not sctivats oestrow
‘behaviour in oestrogen treated ovarlectomzed rats.

Chlorpromazine (10 mg/kg) had en mhibitory effect on progesieront-
or tctrabenazine-activated oestrous behaviour In the bt
not i the tetrabenazing experments, this inbibition was more evident f
the hypothermuc action of chlorpromanne was not prevented.

When chlarpromazing was combined with the oxsdse
Iohybltor pargyline, an enhanced inhibitory effect on the progestero
activated oestrous behavionr was scen. "

Rvidence s presented in favour of the view that chlorpromazine ¥t
different ways on the central nervous serotoninerglo and catecholaminesge
mechanixma.
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From The Remsarch Laborstories of AB Astra, S0dertiljs, Swoden

0On Felygrensin (Octagressin®) as an Adjmct to Lidocalne and
Prilocaine - an Experimental Stody in Animals
By
B, Akerman
(Received Mareh 4 1966)

The recently introduced synthetic polypeptide felvprestin (== phenylal-
sme- Jysint. vasopressin PLY 2, octapressin ®@!) (BarssoNNAs & GuTT
MANN 1960) has been found to possess 2 marked constrctor action on
il blood vessels (Bexpe, WEDMANN & Cerictmr 1961 ArTURA,
Hexgey & Zweracu 1965). It has been used clmically to reduce
bleedmg (Craragms 1961 Hocrutr 1962)
The predomunantly perpheral action of felypressm suggested that this
YEsocomtrictor might be of valuo as gn altepnative to adreaaline i local
Abttrthetic solutions An enhancement of the local anacsthesds was
Foerally observed when felypressin was used in combination with lido-
ctine (HocstuLt 1962 KUNGENSTRDM & WESTERMARK 1963), with oxypro-
(Mnsuxa & WepEr 1962) and with procaine (Dx Grenus 1963
Bouomks 1963). Certain side-clfects were, however reported with the
procane and procatne solutions, probably depending on the rather
“”Rvnlum:nndthconmpunﬁvdyhmamnunuoffdypmninmed_
Itbs known that the effect of an added vsoconstrictor varies with the
P and the concentration of the local anaesthetic agent. This has been
Semmonstrated with regard to the ent of the hetic effsct
WLeovena 1960 Astads & Prrowon 1565) as well a1 to the toxiclty of
m;'mwiz AVANT & WeaTHERRY 1960 AstROsi, PERs-
ok 1964) With this background 1t wes considered desir
1B to study the infiuence of the potypeptide felyprestin on the anacsthetio
¥ tuxie properties

h“hﬂluhnoffdyprmdninwmbimdonwﬂhhdou:mmpﬂq_

W(M@)m&mwmp&dm&&atofud@aﬂuhm
Himal experimenty.

;“""'—&&ummm
- Psmrming. v, 1, S §
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Material and Methods

Absorptioa rtadies. Fernhe Spragoe Dawley rats (175-200 g) ware med for tho serierof
experiments. In one seriex the rato of cesrancs of IN wan studied after L m. Iefection of
0.9% LNa-chloride solutlon (TN specific activity = 1 7 uC/ml) accordiog to the teck-
nique of Astades, Praysos & Tard (unpublished), Tho effects of addition of 0.01 0.1 oad
0.5 TU/m! felypresddn corresponding to 0,18, 1 8 and 9.0 p/m! of the polypepdide sl
1 100000 (10 pg/m) aédremaling wers compared. One group of ashoal: was ajecked vt
NaQl alono s control. O ml of the fest solution way njected Luto the acietic serva
pocket of 0ne of the hind Hmbs of the rat. Fech solution wat tested In 20 anisls. Hall
the pumber of animsls ln cach scrics was sacrificed 10 miutes after infection sad (o
others 30 mminotes afier injection. The hind lmbe werw separsted from the body ther
removal of skin end fat end disintegrated I 10 m! fomiag nitne ecid. The contmt 88
dilted with diatlited water to & final volume of 50 ml of which a 5 m! semplo was tikes
for determinxtion of the redicacurity
In « second aerier the rate of absarption of tritinm labelled (Yavorscy & Gowrt 160
docalne and war after nddition of 0.01 0.1 and 0 § JUjm feiypressin
and 11100000 adrenatine to the solutlons. 0.05 ml of esch salirtion (1.0 ) wis lajectd o
th dpdmmmmmdm-mmmmmﬂdlmmm
Injectlon. Tho tongues wers rapidly removed, weighed and bomogentred fn 5 ml 30X
trichloroacetic aad (TCA) sotution. The homogonstes wers made Jksfino wkh 10 N
sodinm hydroxide to & pH above 100, After addition of 15 rml tofoene the sHiipics wer
mechanically shak e for 20 mimates. § mi of tho toloens extract were added 10 10 ml of the
sclntiflation Hquid (3 § 3 4-dl 01 5 fbi/24p b b
1 Htreof mixture contalnlng 200 ml ethano &nd 300 mi toloene). The smmphes wert thex
menstred I radloactivity 1n a Packard Trcarb Antoanalyrer Koown amoonis of the
labefled componnds were sdded to tange homogenate Thes mmples were med 8
dards after prep and in the samo way as the test eemphes A recney
of 90-100 / of the labelled local ansosthetic agents wet Wmm«emﬁmu
The {nfluence on the kel awsestheric ection was stodind by latmorieoeoad bc:"
gulnes. pigy aceotding to Barmo & WAIDA (1945), slightly modified, end oa scuatic
blochmnu(hmml%&hwfoﬂoﬁun{wﬂommmmpnﬂdhmﬂmmv;
whae! teaty (1) 0.125 / lidocatno or prilocaine () 0.125% Bocane o prioctle 10
felypresdin, 0.01-0 5 TU/ml (0.18-90 pg/m) () 0.123 £ hdocame or prilocet
adresalln, 1 300000 (3 33 ug/mul) and | 100000 (10 pgfenl) Each felypereen comcactrh
was tested ;:hmthophln.dmommdmnmwﬂhld:mlhr—wrdm"h‘“‘;’
mummmammmmmmummmmd'ﬂ*“hu
anzenthetic sottions with and witho t mm-m|wnnam'mm Y
tame acimals, cxctr of tho soluthons thus being terted on 3 mumale. The 901 setioos
fetypresain were p-phdﬂnﬂ-cﬂnldxy-ndlh-phlnwuir‘mblmﬂlhiu oot
24 bours Leter or o versa. 025 m of the sofetlo was Injected fasracuizocmly 0 CF
shaven backs of the snimeta. The snserthesta was tasted by pin-prictiag 2 868 BE0
rent placts within the whesl &t regular [ntorvals { five minctes ead obeerYIog
contraction around the inpected area. 160-190 9 €*
In the relaric merme bloch, Fxperiments, frmale Spragos Drwiey rats (
Injected In the sclatic oerve pocket t mud thigh kevel. The followiog
pared: (1) 20 4 Udocaine of prilocatne (2) 2.0 7 Iiocatne or prioceise 87 W00
0.01-0.5 TU/ml (0.18-5 0 pg/mD o)m,:ueoa:n-wprnoaiw"’-"m“"“‘“ eoocesirt
(3.33 pg/mD, 1 200000 (5.0 pg/id) and | 100000 {10 0 py/eal). Esch ’::,,,g.ch
o wus tested b 24 rats. 0.2 mi of the solution was fajected be o02
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minel The contratstera! thigh of the same animal wes Injectsd with the plain or sdrenaline
eontantng solutsons, each soluthon belng texted B3 Mt anfmake, The two axperiments were
curried out with & 4 bour Interval. Tho order of the cxperimanis was randomdred. Only
complcte motor paralyls was recorded g2 & block, Incidence, latent period and duration of
omaherla wary defarmtingd.
Tt armte sexiciiy (sobcutsneons and Intrevenous) of Mdocsime and prifocaine In
iom with falypressin was In male albins mics welghing about 20 g
The fetypreasin concentrations stodied wers 0.1 and 0.5 1U/m! (1.8 and 9.0 pg/ml) and for
siresifise | 200000 and 11100000 (3 end 10 mg/ml). The conceatrations of the local
spsrsibutic agaaty osed wars 0.1 0.2 and 2.0% respectively The Jnjectrd volime did ot
excoed 0.9 ml Tho LDO vatess of the solations wero esthnated by the graphical method of

(L3 1o 180 pg/ml) felypressin was comvparsd to that of the sams kocal emsesthetic sofitions
whh mirerafisa | $0000 (12-5 pg/ml} on rabbit cars. The reactioss after bnjection 0.1 ml
of the solations betwoon the dermxal layors of tho ears wers observed for sevan days (Wno-
Loea 1987},

Tt respiratory and circnlasery effocts of fslypremin in variow combioatoes with
docate and. were to those of solutlons in
Pstobmrbitons (35 my/kg L p.) ansestbetisod cats welghing 2.4-2.6 kg. Tem my of the local
smibatics Ln 2.0% solations wwro {njected Into the femoru! vein over  period of 30

twxdlog Gram oxclilograph by strala pauge pressoro trameducer

Lidocaine and prilacaine sere thed a3 the hydrochlocides dissotved in 0.9 £ saline, Tha
W of tho terlle solutions was 4.3-5.2 excwpt bn tho toxicy stodia where it wis adfusted
t 3. Patypcesein was added from & concentrate (Sendoa, Baale) of the following componl-
T symteetic PLY 2,25 2 31U (1 1U conmeponded t0 0.018 my PLY 1) sodium acrtats,
20wy glacial acetic £ed, 1.0 my- sodmm chloride, 03 my  trichlorsobuthylalcobol,
28 g and dintilied water ad 1,0 ml, pH 4.5

Resnlts

Absorption studies 0.5 TU/ml felypressin retarded the 2Na clearance
from the hind Bmb of the rat to a greater extent than 0.1 and 0.01 IU/mi
{Flz. 1). There wero no sigmificant differences 1n activity between fely
PSin 0.1 oc 05 IU/ml and adrenalme 1 100000 ten minutes after the
b while 0.01 1U/ml felypressm was less ective than adrenalne
1 10000, The figures obtaled 30 minutes after njection Indicated that
e effect of felypressin was of a shorter duration than that of adrenaline,
dmmpdoumtfdmudn,ﬁhndrmxﬂmmmcu‘umpon

mm}nﬁmdprﬂoa!nemyfrommimmndmmtmedln
L30tber geries of experiments 1n rats. The plan solutions rapidly dis-
?f"fﬂlﬂcrinpcdonlnto!b:tongun('hbkl) .5 TU/ml felypressm
o more effective than adrenaline (I 100000) in retarding ths absorption

Mﬁmmmmmmmmmmuﬂmur
. el felypressin was not slgnificantly different from that of adrena
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& Adrenatne +100 000
4 Felgressn 030/
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Fig. 1 Qiearuncs of ZN from the hind [mb of the rat. Infection of 0 1 mf
of 0.9 INaCl with usd whthont adrenaline or fetypressin (o = 18

Table 1
Effects of adreraline and felypressin on the baorption of Ikdocaine and prdocsior from
th rat to gue. Remakning emourt (per cant of lakected dose) b the tongoes ehght minoers
after injectaon of 0.5 py IH-abelied ageats in groups of ten sniamit

Sgrificance ot
Vesoconstricior |, ﬂl:‘;_U/ Lidocatne °[,m"'°°°l Priocsine] g eoahec
fetyprenin p felypeensia p
Adrenulloe 10.0 400:22 412525
Felypressin wis 001 |383:26] proos a2y po0O

18 01 |466533) pooss  s12:28 uos»%
90 05 |634r.l| p<0o0l H2:3. 001>p>
Piain sotwtions 6223 16311
)

Tine 1 100000 Thnctwomsofexpcﬁmenunﬂ}a!cdthmfd)m
affected the ininal rate of absorption of injected solntions toa il
extent than adrenaline. 1 8 ng/ml (Q.§ [Ufml) felypressia, for iostanct ¥/
at least a3 active as 10 pg/ml adrenaline lhordynﬂ:rthchfcﬂ?;md
the other hand, the ZNa<learance studscs showed that the dus3
action was shorter with felypressin than with adrenafine.
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T 2 Imeacaianeors wheals In guines-pigs. The sffect of 0.3 ml of 0.125 X (A) Hdocaine

% (5) prilocatas with and without felyprese  and sdressime cipressed a1 per cent focoess-

Ol camastheein at different thmes after Injection. Esch polmt represents the mpen of 108

Fa-pricics whiin 18 whsats (felypreasin edidad) o 144 pl-pricks withm 24 whoals (adrens-
Tizs added 0 plain scluDons).

Effect om the local ancesthetic action. Felypressin was found to prolong
e duration of Local enacsthesia n wheal fnfiltrgion tests in

B 7). 0.05 1U/mI (0.9 pg/ml) felypressin was at least as effective ns
Mroaline 1 300000 (3.33 pg/mt) 0 1 1U/m) felypressin in combmation
¥ prilocaine (Fig. 2B), but not wath hidocaine (Fig. 2A), was more
hctive than adrenaline | 100000 The net increase 10 duration was
Hall at higher concentrations of fetypresn. Fig. 2 also shows that
W“‘mtumuﬂmmmwmcwhufamwlthprﬂminc
tetypresin than with correxponding hdocaine felypresun sotutions. The
fezences i effect of the two agents Wwere Larger for the sohrtions with
Meenafine. | ddoemine-adrenalme was longer acting than corresponding
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Owr tion & na sth sa

5 b(;:r/::r- or Felypresein}
aos | 4 ru/m (Feiypresain)

Fig. 3 Iotrecutancoms wheals m guines-pigs. Thne for returs of cormal repoos i

tdmnﬂ(>9)7ﬂmr'pumpoﬂﬂn)mlqjcdicﬂofwmlo!&|ﬁ%w“

ino with fetyp or Mean of 18 whoals per local eneathek: £

mm:-ﬂanurfdyprudnndmnfuwbahpunmudmnﬂNohdmﬂ'

i o plain soiution. Symbols — fidocatno + fetypresing  — — = PO

cale + fetyprosin =~ Idocaine + adremafine ——— = prifocaize + 4
raline.

Fig. 36

pnlocaine-adrenaline aolutions. Thus difference is fltustrated 10 ot

which the time for complete recovery (>90/ postive 130
plotted agrinst concentratiom of the vasoconstrictors.

Felypreasin addition did not influence the short omemm.:--nc\ﬂwl“‘!;ﬂh
ﬁ:qwxdaofanawﬂwdnobsawdmthudoalmmdwﬂ@”’m
scaatic nerve block 1n rats Complete motor paralysis was obtaned in
ammals withm two munytes The lowest concentration tested 001 U/ml.
prolongcdmcdmﬁnnmthbothmpcundnlom}mﬂﬁwmﬁ
as adrenaline 1 300000 (Flg. 4) 0 05 TU/ml had the same effect & 8507
raline 1 100000 However & further merease in felvpressin addition
not cause any marked enhancement of the effect. mmuluﬁmx%
ents with solutions that had been stored at +4 oght mﬁ:;eﬁm
therr first use, did not ugnificantly deviste from those obtained in
series of expenments. o

Acute faxicity The acute subcutancous and intraverous toeries
some lidocaine and prilocaine solutions with felypresun urumd-ftﬂ’l""l s
were compared la mice. Table 2 thowy that the felypressia (0 °5
1U/ml) containing tolutions of both agents were less toxio than
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A .

i:{ﬂb/*/:‘:/l/:
i"’ w7y
H

»
akl 53 13 i *
Fig. 4 Sciatkc narve block fa rats. Durtion of ansesthesls prodoced by 0.2 ml of 20%
docxlon ar n with (A) and Iine (B). Mean of
4 rats par Tocal agent and tion and meun of 44 rats per
Mt ard adrematine concantration or plal  solwtioa. Symbols @————@ = Edocalne
O———0

Table 2

Effect of felyprewon and  drenalins on tee acoto mabcmtumesers
Ioxickty (mice) of Bdocalne and prlocalne. LDS50 + ee. (0 = 60) calculuted by the method
of MLxx & TAINTER (1944)

Felypress Adrenalte
LD30 sgnificasce
roeesthetic LDt | dgulfcance +
]“’U’*‘, S of diffsrencs :ol"_&l (s of diffarence
Ls mg/xg P LA mglkg P
Udocatos o 2exn o 238x1t
01 31118 [[00I>p>0001 ! 200 212x)1 p>0.08
05 18:15]005>p.001 1100 I96: 7  0.0l>p>000!
Trhocaims [ T o &7
o1 Tr0£19 | p<00Ol 1200 445116 p<0.001
05 719412 QOS>p>001 1 100 186414 p<0.001
solutions after sub ration. Adrenalme (1 200000 and

! 100000), on the other hand, increased the acute subcutaneous toxkaty
o and prilocaine in mice, The intravenous scute toxiclity was
ot increased by felypressin while the adrenaline containing solations
Wers more toxie than the phain solutions (Tabls 3).

Local frritation The Jocal thsue resction on rabbit ears after injections
o docaine and prilocaine solatlons with felypeessin and adrenaline
wmyd[ﬂ‘acdwm:whlLApalehdm:m:czamwhkhmduaﬂy
sappeared was observed ofter Infection of the solutlons with felypressin

P e
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Table 3
Effect of felypressin o d adrenaling on the scute
Lxtra emour toxicity (mice) of Hdocalne and xflocaine. 1LDS0 & 5.6 {n = 6
calcnleted according to Mmix & Taneren (1944).

Felyprenin Adrenafioe
Local anassthetic cone. LD & gnift- LDSO & | dpsifcases
cance of  conc.
1U/m e difference % 100 e of difiresct
. LA mykg » LA mg/kg »
Lidocatne 0 173:08 0 173:09
01 267+11 p<00Ol 1200 136+10 001>p>000!
05 158412 p>005 1100 10410  p<ool
Pritocsine o 330217 0 350217
01 343123 p>00S  1:200 236417 0.01>p>0%1
05 346406 p>005 1100 18908  p<0od

}

©1to 10 [U/ml) Additon of adrenaline (1 50000) intially produced
famt pallor at the infection #ite that soon was followed by silght hyperse
mia. None of the solutions gave any signs of persistent tisue damage 20d
the very weak to weak effect disappeared within a few days.
Repiratory and cireulatory effects In cats Felypressm by ltseif 1n
concentrations below 0 1 TUfml admimstered in rapld mtravenous o>
tion m 0 5 ml 1sotonic sodmum chloride solution did not affect d_m:hﬁ(;:
or respiration. 0 5 TU/ml caused a moderate and prolonged 1ncTease
the blood pressure (max. + 16 mm Hg) The respiration was unaffected
The regularly observed transitory blood pressure fall m the “‘U"‘:,
artery followmng lidocane admmistration was abalished when 051 rlut
felypressin was added to the test solution (Fig. SA) A slight mitaa! In
was observed with mereasing felypressin concrutrations (1 0 U/l -
contrast to felypressin, adrenaline (1 100000 and 1 200000) dud &
counteract the mmmediate fall n blood pressure caused bylldowcﬂwﬂ
Addhmnufndmnalinculxognvenmarkcdmndﬂfy%dm
before the return to normal. The lidocaine felyprestin combin
not infiuence respiration more than the plain hdocalne quhu:Ld:d "
The fall in blood pressure observed with prilocaine is not 30 Prassot
that after Lidocaine adminstration (WrEDLING 1960 A"“::“th& Bt
l%l)hlhmnpcﬂm:nuumcﬂcdmowd * than
lower felypressin concentrations when combined with P.cfted“ after the
when 2dded 10 lidocaine (Flg. SB). Respiration was unall
doses of felypressm studied.
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Fig 5, O (1.9 k. Respiratory and circulatory effects of tidocsing (A) and prilocsine (B}
™

wnl withost (clypeessta or sdcensline, Intravenous injections of 6.5 mi of 20% solo-
thom with 30 minwics iMorvah betweea each
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Dhemysion

These experiments have shown that felypressin has 8 marked cffect on
e abworption ratc from the site of Infection The transport of 2Na away
from the rat thigh and of lidecalne and prilocaine awny from the rat
engue was retarded by Jow concentrations of the polypeptide

A number of lidocaine-felypressin and prilocaine-felypressin combina
tlons were tested for kocal anaesthotic effect by Inflitration on the back
o gufnea pigy and by scintic nerve block In mts, The felypressin content
¥ sdjusied on the basis of the results obtained from the chkearance
wedies. §t way shown that, compared on a weight basls, felypressin
Proloniged the duration of the local anaesthesla more than adrenaline
89 pa/ml of 1he polypeptide for instance was about as active as 1.33-30
Kt of the catecholamine. These findings correspond to those obtalned
by Brane, Scuatctr & Docrrin (1964) who compased the effects of fely-
Peenin and adrenaline xdded 1o procaine. The duration of the Infiltration
Eacithesla was enhanced with § lng felyprestin ations as
" found with adrenaline The gain was, howover small when the fely
Pewin content was increased above 0.1 1U/ml A rough dose actlvity
®atlonshlp for felypressin was also obtalned In the nerve block experi-
:“m Increass of the polypeptide amount in the prilocaine solutions

m"‘;lﬂm 1U/ml to 01 1U/ml and In the lidocalne solutions from 0 05
end ﬁi‘m;]wndcd i;;_crwcvcr to decrease tho duration of the

the differcnces were amail are bab
remaat, wnce significant decrease of the duration bytihtnci'mungm fclyy
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presun concentration from 0 05-0.5 TU/ml has been obtained In dental
studies with pdlocaine-felypressin and hdocame-felypressin solutioas
(BemLING 1966). The reason for thus unexpected cffect has not yet bem
studied. It may be correlated with the mechantem of action of felyperssin
which has been shown to differ from that of adrenaline (CERLETTI, WEseX
& WEDMANN 1963 ZWeIFACH 1963 AvrTuRa, HERSHEY & ZWHFACH
1965)

The results obtauned in this study regarding the effectiveness of fely-
pressn cannot be expected to be generally applicable. The type as well
as the concentration of the local anaesthetic agent will infinence the re-
sults. The interaction between local ansesthetic agents and adremafine 8
affected by such factors (AsTeOu & PEreson 1965) The site of sdministis-
tion 15 undoubtly another factor of importance. This 1 iMustrated by the
dsfferenices in effect fallowing infection into the tongus and thigh of ratt
0 01 TU/mI felypretsin was as cffective as adrenatme 1 100000 In retardig
the absorption rate from the rat topgue shortly afier injection. In the thigh
this felypressin concentration was Infenor to adrenaline 1 100000 at 10
and still more at 30 minutes after injection. Howover the durston of the
nerve block was fonger with felypressin than with the adrenaline combist-
tions, The marked mitial vasoconstrictor effect of felypressin thus e
tobehuportmLThuun.lsopmbablymﬁmedbyﬂmtoﬂdfyws
mco where a low flypressin concentratron decreased tho lethal dost
lidocamme and prilocaine considerably on subcutancons administration
Preferably these subjects should be further analyzed vath regard to the
new vasoconstrictor felypressin,

The results from this invungnﬂnnwu]dwm‘lm.l“‘ﬁfyfmﬁ
evaluation of felypressin as an adjunct to Jocal anaesthetic agents- S
nmcunuofrelypresdnddnyedﬂnabwrpumomdocdmmdwﬂml:
mwommdmmamlulmmhmdwmmm
The felypresan combinations were less toxlc than the wlmz]{’ﬁdaﬁ
adrenahne. This was tre oven after intravenous fnfection. when
enhancement of the duration of local anassthoma Was et
uboutOOSIUfmlfdypraﬂnmnddcﬂtouthcr](doalmﬂfl?ﬂddc_
solutions. With such a low felypressin concentration the msk gw
:ﬂmmﬂnrtommrqnomdmlhpmlm-ﬁlﬂm"lnm! W be
l%mdoxmmwfdmmmmmm&m‘m e fely
mxmanmenmtﬂm]pomtnfvwitkllwW'mdw
pmninmludamhnveprowdmbcvuynlh}&N°d]mmm“H
effect could be obeerved with solutions that had beea st (4257 for
(pH 4s)fm3mnnun%mw-tmumtmpﬁ‘“§w
20 months & solution containing 0.27 [Ufml (pH 4 0) lost
activity (DAHLINDER, personal compgranication).
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Srmmary

A powerful vasoconstrictor effect has been ascribed to the synthetic
polypeptide felypressin (octapressin @) These findings suggested that
[etypressin might be useful as o supplement to solutions of local anaesthe-
tic agents,

Felypressm retarded the absorption of Ldocine and prfocame and
prolonged the duration of local ansesthesra of both agents more than
sdrenaline when compared on a weight bass, 0.05 IU/ml (0.9 pg/ml) of
felypressin was about as active a1 adrenaline 1 300000 to I 200000 (3 33
10 5.0 pg/ml)

In cantrast to sdrenalme, felypressn decreased the acute subcatarreous
toxity of both agents in mico and the intravenous toxfcity of both agents
¥23 00t incressed. The transltory falls in blood pressure observed with
Tdocaine and prilocaine were abolished by low felypressin concentrations,
High concentrations produced s moderate and profonged pressor nise
The felypresun containng solutions were not locally rmtating and were
wry stable.

The resolts of this investigation would seem to jushfy further evafustion
of solutons of local anaesthetic agents wath felypressin as a vasocon-
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Stadles on the Absorptlon, Distribution and Metabollsm of
Labelled Prilocaiue and Lidocaine ju some Animal Specles
By
B. Akesman, A. AstrBa, S. Rovs and A, TeRD
(Recuived Apeil 20, 1966)

The Iocal anaesthetic agent prilocaine (e propylamino-2 methyl-pro-
pomnilrde, citanest ®), synthesized by LOFOREN & TeanEr (1960), has
been found to have about the same potency as lidocoine In several phar
wacological in vivo tests (AsTRUOM & PERssoN 1961) as well 23 1n various
dinical trials (Baixsson & GoxDH 1959 BeRuING & B)oaN 1960 Craw
FORD 1564). The agent is, however only about half as toxic as lidocaine i
tr mee (WiEDLING 1960) This difference in tosicity is particularly
marked when the two agents are compared by slow intravenous infudons
" mce or by repested intravenous injections in rabbits (AstrOn &
Pgons 1961) In man peilocaine 15 also less toxse than lidocaine when
Fven intravenously (Enaresson «f af 1962)

Alocal anaesthetic agent wrth an mproved ratio between effectiveness
W taxeity is of interest clinically as well a5 from & phermacologial
polnt of vrewy A stody of the factors determining the toxiaity of such an
25t would be of particular Interest with regard to the question of whether
 not the toncity of local anaesthetic agents Js directly correlated to
%\ﬂllmm}:dcpowry

1 the present study various factors determining the action of and the

in taxrdty between prilocaine and idocaine have been analysed
2me detall. The Tate of absorption and dmtribution in different tissues,

on and rate of metabolism 1 rliro and in viro have been ivesti-
e in some Laboratory animals.

!
;h‘lddrt- Packard Jastroment Intermationat, ZArkch 1 $witeriand,
A acamsntarics. wel. 34t
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Methods

Tho compounds studied, ldocatne (xylocaine @) xnd prilocatss (cRanest @), were
wuwuwmmmhuxmammﬂmwwnu
14C labelfing on tho carbomyl group of hdocaine and prilocalne was performed sccorduey
to Tranin & Dowzu (1962). For soms of the stadles the sams compounds wers irdtiimd
sccording to YAvORIKY & Gomiw (1967) By thhs procedure the habelfing takes place on
the benrene mnckem,

Tk rate of absorptio was etndied with 14C labelled and tritisted compotnods o the
tongoes of female Spragne-Dawlry raty (130-200 g. Tn & first serien of 48 rats .05 mi of
1.0 / solutions wers infected L the tp of the tongocs after losertion of the ljection nacdle
fo about 2 mm. In & second series of 24 animahs, 2.6% JH-fdocalne and 14C-prilocaime
sotutions were mined and 0.09 ml of the mixture Infected a3 In the it serien, At dSffcrme
tiow intervals after injection the animik woro decapiated and the toogwes rapidy nv

Thenuor:hwrpduno!m-tvolpnu[mmthnthi;hm-hnu-dhdlnrmiy
analytis of the amount remaintng t different times after the infection of MC-abelled
compounds in the sciathc nerve pocket. Frin and thigh bone wers removed before boma-
gmimtion and extraction.

The distribetion 1n vanoms tiecoes was studied Ln rats (sume straln e abowe) followieg
the injection of the agonts by differvat routes. In a firt serfer of scperinents, & doss of
10 my/kg body weight (1 0% solation of either MC-prilocaing or HC-idocaind) wia Io-
Jocted 1n the sclatlc porve pocket of rats The antmals were kDed 2 80
lmmlﬂa%hﬂtﬂmhmwmwmmww
a2 described below The biood was smslyzed Lnmadiataly I 8 seoad serier of cxperiossts
the nimafs wars gveo  mbxture of 3 mykg MC-prilocaine plar § myky TH-idocals
tn Ty o The fon of the wgeots bt
mmmmmummmmmmﬂﬂmwﬂmd
“Chbcnodluouhumpmourmmmwodudmbmh—dnumw-t
tho tir when tlgns of taxicity (convahlons) had developed to the sme degrre. [a mice &
mmymmmmmmmwmwm?ﬂ“*
the wabeided. The wers mado 1 preolr d’

toxicity In & fowrth series the Jocal distribation of the ageaty wad tovel 1
uouoro.zm:on.o,-ouﬂommounmmmornnunﬂ&?h

the concantration fn the sarve nd sorromding mwches deternmoed £ tee thoe motor
block sabeided.
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1 well w llcrs from different ankmal spacies wero tncubated with the labaliod compounds
for 10-60 min. at 37 Tho bomogenatra were prepared fn 10 volumes of ke cold 0.05 N
tris buffor at pH 8.5, Half 2 m! of the homogeoatey wus incubsted with 48 g of IH or
HCabelled prifocalms and Hdocal  in a fmal voluse 1.0 mL The sme amotnts of the
local anamythetic apets were also edded to 250 myg of the dfice In 3 ml KrebeHesselek
baffar (pH 7.4) tncubated as above In xn tmosphers of 93.5 £ Oz and 6.3 £ €O,

The extrection procedure was esentlally the stoe as that med by Soea & Tamant
{1934). The bomograirtion of ths tongoe and other tises wat carried ot in 3 vofunves
o 5 5 trichlocoscetie aeld (TCA) solmtion, After aftulintratton whh 10 N-N OH to & pH
#bove 10, extraction of Hdocaine and pellocalne wes carried owt with 13 ml tolmene by
Dechanical shaking for 70 min. Frre m! of the tofucns extract wat added to 10 ml sctotills-
bom i (3 g 3,d-diphenykoxazole, PPQ, 0.1 g -bls-{2-(phenylatazolyl]] baczens, POPOP
fx 2 wixtars codtaining 200 m! ethanal and 300 ml toluenc). Msesurement of the radto-
activity was mede by means of lquid schetillation connter (Packard Tricurb). Stasdards
ITe mado by sdding known amoents of the iabelled compounds tn pon-incobated thwne

prepartd and treatod | the semo way 3 the test smpler, The Tecoverks
of the local anemsthotic geats from homogrmznd tirsoes were botter than 50X

Tha incobated bomogenates und alices ured for the metabolic studies were treated with
10l 10,4 TCA at tha end of the Incubation period. After adding 3 mi barste buffer
PH 16, the 4C-prilocains samples werw shaken for 20 min. with 20 ml beptame and the
HCidocalno sarnples with the sume voimos of tofueoe.

Tha trithted compounds were o1l extractsd with boptane at pH 10. In this cuse the racio-
sctivity of the extract could partly be derived from aromatic metabolriss, ¢ g o-toluidine
0d 2,6 xyfidine, To trudy this posubility part { the beptans cxtract was shaken with aa
woat yolome of Maciyvape (1921 baffer st pH 4.0. At this pH, intact prifocaline and
Hdocalng wes tramifirred almost qentitatively to the water phase wirlle added o-toluktine
0d 2,6 ayfidine wers found to remab {n the heptuns phase to an ertent of 32 amd §7X

i y This procedurs way nerd only to get  rough estimats of the aro-
malic brmakdown products formed. Quantitative deteroinaton ax weil a1 dukuite chemicat
Sentification of the aromatio prodocts formed were not made in thiy sudy

The tamplos wers prepurcd for mermrement of rediosctivity by adding (0 m! scintila-
B fiald (ethanal, POP snd POPOP fa tohsexs 83 above) 10 2.3 ml of the beptane and

twinme extracts.
of treak-down prodects formed sfter incobation
ured

For peper chromatographic
of hocsogmastes or skices, the followl ¢ solvents wers
I t-butanol 6, acethe ackd | water 3 &
11 n-bwtanol satorated with 25 4, acetic acid
mwﬂmnmmmmx water 13 N

Results

The absorption of lidocaine and prilocaine was studied following the
injection into the tongue of rats, by analyzing the amounts of drug
retained in this trgsue. The results (table 1 A) showed that at 2, 4 and 8
min, after the injection more priloctine than lidocaine remained in the
ton,

I{E previowly been observed (AsTROM & Prrssow 1961) that prilo-
caine seemns to enhance the local blood clrculation less than lidocaine, If

™
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Table {

Amuta{ﬂdomiu-mdprﬂoc-}new{mmwcmd‘rm
A) 00Smlig w[uﬁomo{l‘c-udncllncorl‘c-pdhulnn‘
B) Tajection of 0.05 ml of mixtme of equal parts of 2.0 IH-Adocalae aod 1C prils-
cuine.
Esch figmre bs the meen of valoes obtained from § animaly.

Amonnt remalning in the toagee In ¥ of
Injacted dose

Ageot
Zmln ] 4 min. Emin
[
A
lidocalne 423411 07£14 116208
pritocaing 47613 7118 16311
005>p>0.01 0.01>p>0.001 001 >p >0l
1.3
idocaine 503431 75431 10907
prilocaine 493134 264331 105104
p>0.05 p>0.09 p>03

1

a difference in action on the vessels cansed this vanation m rate of absorp-
tion, this difference would be expected to be lost If the agents were

2nd given 1 the same injection Thes possibihty was studied jn a separate
group of animals When 14C-Inbelled prilocame and *H-labelled lidocaime
were administered together the two agents could be analyzed simulta-
neously in the same extracts The results showed that in this expermment
thctewmnodxﬂ'crm[nthcmmalwhmhth:twongmud'mwﬂf‘d
from the injection site (table 1B).

In a less nchly vasculanzed area such os the scatic nerve pocket in the
rat, nnalysis of WC labelled priocalne and lidocaine fnjected scparstely
thowed no statistically significant cifference in the rate of disappearance
from the mpection nte.

The disrribution of 14C prilocame in vanous tissoes was studied m rats
at different times after administration by vanous routes. After munmuscin'
lar injection the concentration of prilocaine in the organs d-w”f;o;
the following order lung, kidney spleen, brain, heart, fiver and ln
(table 2) The peak concentration 1n the lung was obtained carfier than
the other organs Only small amounts of the sgent remained in dll;o‘:::
120 run. after injection. The general pattern of dustribution was o
as for lidocaine but higher concentrations of pritocaine than d‘;ﬂm
were found 1n the lung (difference hughly significant) and brain (
probably sigmficant)
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In order to obtain the same rate of nbsorption for both ageats fram the
injection site the two agents were Injected simultancously m a midure of
5 mg “C-pnlocaine and 3 mg 3H lidocatne Determinations of the two
agents could thus be dopo in isue extracts from the same enimals. The
general pattern of dhtribution was the same for both agents and, &
expected, the peak concentrations were obaerved earlier and were nghest
when the injechions were grven intrapentoneafly (fig. 1). They were fower
following mtramuscular infection and lowest after subaitaneous injection.

The accumulation n the brain tended to be somewhat hugher for prilo-
caine than for Lidocaine (table 2) Therefore, the dustribution of the drugs
sato this tissus was further enalysed in another two setles of axperiments.
In the first of these the contents of the agents In the brain of s were
determned whent toxic symptoms (convuluons) bed develaped to the
samt degree. In order to produce comparable degrees of toxic symptoms,
twice as much prilocaine as lidocalne had to be given. The results shawed
that at this tune, the prilocaine concentration 1n the bram was moro than
twice that of hdocune (97 6 72 vermus 45.5 & 2.0 yg/g wet tinue,
p < 0001) Since double the dose was mected, the blood conceptralions

i \ - i e
’ g%vm&ﬁ—i\w
i 1 s

B
a \4'{: '*\‘Ih"\'

R R e
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mtcuar and sabewlancous njection of » mitiuvy of 3 g3 R teealon
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Table 3
Concentration of 14C-prilocalas and 14C-{kiocalne in the brals of mice at
the thme of and of
z A of convalal End of "
Ageat
] Amount Amoant
-t R Nl R
a RS (1%
Prilocatee 200 | 48104 [ 1156414616 13606 | 920492 |8
Lidocaine 100 33103 | 4v1:28 [12] 182420 | D1£17 |3

of prilocaine were also about twice as high 1n these animals (276 - 3 1
versus 141 -+ 1.3 pg/g). In the second seres, mice were used and the
concentration of prilocaine and lidocaine in the bratns deternuned at the
time when convulsions appeared as well a3 at the ime when they ceased.
As shown m table 3 the palocaine concentration in the brain wns about
three times higher than that of idocune both when the convulsions ap-
peared and when the toxec symptoms subtided. The convubstons following
prilocaine however lasted about 5 min. less, starting later and ending
earlter than those following Hdocaine. In this particular series the toluene
extracty of lidocaine had been washed three times in phosphate buffer
PH 6.2 (SunG & TRUANT 1954) to exclude any possible amine metabolites
of lidocame (HoLLUNGER 19608)

Local distribution between & nerve and its surrounding thsue was
studied fn rats injected at mid thigh level 1n order to produce sciatic nervo
block. When the motor paralyxs subsided, there was more prilocaine
than lidocalne Ieft in the nerve (table 4) The figures for the amounts left
Luﬂtmm\mdlngmusclcﬂmmmviﬂah}emdnonnlinmdlﬂ'm
was observed. It should be noted, however that the muscle concentrations
were obtained about 70 min. after the injection of prilocaine and after
about 56 min. 1n the case of hdocaine

Eltmination in urine was studied in a series af 10 rats with 4C-labelled
prilocalns injected intrapentoncally About 25/ of tho ingected rdio-
mmtymmmcdfmmthemdmcoﬂcmndmnhmolnpw6houn
after the Injecton. After allalinization and extraction only about 2 / of
the injected radioactivity was recovered the main part of this being in the
famples taken within 2 hours afer the injection The major part of the
excretion in urine thus Isted of bolltes of prilocaine. The faeces
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Table 4

Amount of 14C-lldocatne  rd 14C-prilocalne tn the
schatic nerve and the surrounding muscies at the end of sciatic nerve block
{n rats produced by .2 mi of & 18Y sotntlon.

/g tinoe Mean duration | Nember
e of ok | of
nerve ravacke L it
Lidocaine TA4LTS 205 4+525 ELX FRWS “
Prilocsine 107 687 1717549 6 70,143 ts
.01 >p.»0,001 p>0.03 p<000l

contsined no detectable amounts of wnalered prilocaine or radiosctre
metaboHtes,

Aetadoliom The rate of metabolic transformation of prilocaine &t e
was studied in whole ammals (mece) at drfferent times after ntraperitonesl
ingection. The amount of 14C prilocaine that could be recovered rapuly
decreased with time (fig. 2) Since the elmination by the urine and faecs

Prllocalne Lidocalne
2 oy
@ !
& 75~
g
E w0
s
e 25
£
< "10 ' 20 "1 20
min

Fig. 2. Rate of motabolism of prilocalne (O) and idocains () n mics & mmod:‘(
Mmmﬂmmmmﬁumm.Mnaﬂmlum-ﬂﬂ%
10 mg/kg L p- ndwrrﬂpmﬂlﬂ[n!oﬂlﬁupﬂvulmmlﬂlswaAf:g—’
Injected ono bour befbre the kocal anactthetics. Each polat b the mesd v

[T1.TLY
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Table 5
Per cont 4Cpel od MC-tdocal d by ltver b and sfices
from different antmal species. 48 pg of the agents were Incabated at 37° for 10, 20 or
30 minuter.
Homogeratey ! Slices
Specier petiocalos | bdocaine priocalne | Locains

|u’(w§|o'lw‘lrr|m'[w‘{:o
|

B;-‘S

Mice 4 s | M 10
Raty 170N s 10 -

Guinespips “% s 3 4 - -
Rabbets 3 | 6 1t [ s a3 3
Caty JER H LA T £ T S X |

of the unaltered compound was quite small this finding indicated 2 rapid
rute of metnbohsm The rate of the i rivo decomposition of 14C prilocaine
was practically unaffected by the enzyme inhibitor SKF 525A (AxtiroD,
RECHENTHAL & BRODIE 1954) which, op the other hand greatly retarded
the metabolum of lidocaine 1n & similar study

In vitro studies were performed with both homogenates and slfces.
UC prilocatne was quite effectively transformed by liver homogenates and
shices from different animals whike 14C-idocalne incubated in an identical
manner was kess affected (table 5) Pretreatment of mice wath SKF 525 A,
25 mg/kg intrapentoneally onc hour before preparing the liver homo-
eenate, drd not aignificantly reduce the capacity of the homogenate to
metabolize prilocamne (45 / metabolized in 30 min as compared to 533 /
In the controls)

Lung and kidney homogenates and slices from rebbits and cats were
also eapablo of metabolizing prilocaune to & considerable degreo (tablo 6)
Some transformatron of lidocaine also occurred with slices from the lungs
and kidneys from cats. No detectable activity was found in homogenates
of brain heart, skeletal muscle or blood serum.

The radivactive metabolite formed by rat liver slices from 14C prilocaine
was insoluble tn ethyl ether (pH 10) but was water soluble and on paper
ch hy usng different solvents (I-1] of methods) the Rf
vahues for the metabolite were umilar to those of N propylalanine. When
tritiated compounds were used onc of the radioactive brackdown pro-
ducts of prilocaune formed by fiver slices could bo extracted by ethyl
cther at pH 10 which on paper chromatography (solvents 1 and 1)
had Rf-velucs simitar 1o those of o-toluidine Theso results indicated that
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Table 6
Par cent 14C-prilocalne and 14C-Hdocsl!
by Kdnay and lnng homogsmates and stices from rabbht and cxt. 49 g of
the pents wero incubated at 37 for 10, 20 or 30 minoutes,

Hom genates Shicey
Species prilocaine | Wocalne  palocsine Lm«:-t-
1 30'[10150' w]w[w[m‘
Ddury
rbtin @ M o o 4 |» o 8
an 7 s ¢ 1 &8 uoa
Leng
rabbin m s o o M & 6 2
aty 1 hij 3 10 57 Tl 135 1t

prilocaine was metabolized by hydrolysis of the amide linkage. Further
studies of the metabolites of prilocaine are, at pretent being made

The formation by hver slices of aromatic, radloactive metabolites from
3H-prilocaine was more rapid than from *H-ldocame (fig. 3) A decrense

150

Aromatic products formed muM

d10 20 30 60 min

o

Fig3 1 mmmw»ﬂmuasnwwwﬂ;ﬁ”;““ -

slices Incubated with 200 mpmol of the agests at 37° The erooste Sormed
estimated o1 o-toluidine (O) kad 2,6-xylidlna (X) respectirety
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in the formation of the o-toluldme liks product was noted with longer
times of incubatlon which may indicate & further metabolic transforma
tron,

Discoxdon

The abtorption studies have sthown that in & richly vascnlanzed tissue
soch a3 the tongue of rats, 1t {5 possible to demonstrate that lidocaine fs
more rapidly absorbed than prlocalne. This difference was elminated
when the two agents were adminustered simmltancowsly 1n 2 mixture.
Thus the agents seem to nflnence the small vesscls and thus the tessue
clearance to different degreea. It has previcusly been reported that lido-
caine seems to enhance the kocal circulation more than prifocaine (AsTrOM
& PErssoN 1961)

The conclusion that Hdoceine and prilocaine differ in their sction on
tmall blood vesscls is supported by some unpublhed studies in which
the reactions of the blood vessels of rat mesoappendix were duestly
observed according to ZwrIFacH (1548). Prilocaine 1n a 2/ solution was
usually without effect while lidocaine Jnvanably prodoced vasodilatation.

It should be emphauzed that wth the techmque used, & slower mte of
absorption of prilocaine from an injection mte could not be drrectly
demonstrated 10 a kess richly vascalanzed reglon such as the pruscles of
the sclatic nerve pocket in mts. Yet prilocains remained at & higher
concentration than lidocaine for a longer period m the thigh portion of
the sciatic nerve. This finding could thus not be explaned by & sustained
higher concentration of this agent in the tissues surrounding the nerve It
would scem rather to mdxcate that the prilocaine molkecules by some

hanism not as yet Hihed arc distributed to a greater extent to
the sites of action in this type or nerve. The difference in distributron
does not seem to be in a mmple manner related to bipid solubility since the
distributon coefficiont cod lrver ofl/water (BRANDITROM 1963) i higher
for lidocaine (F = 36) than for pelocaine (F = 23) (BRANDSTROSM,
pertonal communication). Tho obscrvation that at the time when the
sciatye nerve block 1t rats subsided the concentration of prilocaine 1n the
nerve was higher than that of idocaine indicates that in order to produce
lhcnmedegrceofblo&,lhecomdnnﬁonofprﬂoalnelnmancmhn

10 be higher than that of The relationship between “p -
of these agents on this mammalian nerve therefore scems to be the same
21 that found in the Bolated frog nerve (AsTROM & PrrssoN 1961). These
findings would ako seem to be of relevant for the clinical observations
¢ r by Exixsson & Gowpil (1959) that prilocaine withont a vasocon-
strictor peoduces finger blocks of & longer duration than lidocaine 1n
plain solutons.
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The acute tomcity of local anaesthetic agents seems to depend on &
direct action on the central nervous system (GOODMAN & Guatay 1965)
The concentration of the agents present In the bran would be expected
to vary with the routs of admunistration and also with the atfinity of the
agents for the brain and other organs. The analysn of the distribution
pattern for prifocawne and lidocuine showed no major differences hetween
the two mgents with the exception of the lung which regularly showed
higher concentrations of pnlocaine than of lidocaine and of the brain,
when the difference was in the range of significance. These findings like
the saatee nerve block experiments suggest that the two agents may differ
with regard to their affinty for certain tissues.

LupUeNa, HorPE & BORLAND (1958) have suggested that the acute
mtravenous toxicitees of local anaesthetic agents is closely comrelated to
their local anaesthetic effect. In the case of prilocune and lidocaine the
L v toxxities are poorly correlated to thelr local anaesthetic effects as
measured by most in Hro tests. Despute almost equa! effectivencss of the
two agents (ASTROM & Pentson 1961 Eriksson & Gospr 1959 Craw
FORD [964) prilocaine is about half ns 1o as hdocarme (WEDLING 1960
AsTROM & PEnsson 1961 ENGLESSON ef al 1962) The studles reported
here have shown that prilocaine has to reach a concentration at keast
twice that of lidocaine 1n the brain, to produce a smilar degree of t0U¢
symptoms. The toxicity of thesc agents scems to be better correlated to
therr potency on the 1solated nerve where prilocame 15 about 0 6 as acive
a3 lidocaine (ASTROM & Prrsson 1961). It would thas scem that therz sa
correlation between acnte L v toxicity and local anassthetic effect, if the
the latter 15 detcrmined on a preparation such as the jsolated frog nerve,
t ¢ where cffects on local hlood arrculetion, diffusion throvgh tisue
merabranes and other factors 4o not modify the situation. This conclusion
would scem to explain why in the study by LUDUERA, HOPPE & BOALAND
(1958) the correlation between the toxcity and anacsthetic effect “;
particularly good (r == 097) if the effect was determined lnm'ﬂim]l“y »
rabbits but less marked {r < 0 74) f 2t was measured nradermally
gumnen pigs.

The metabolic studics bave indicated that the secondary amise 5”;’;
cune 15 tapidly metabolized and enzymatically sphit at thclm“:n! e
an amudase present mainly i the hver This finding has previously
reported in a prehminary form by Astabar (1965) and ind able of
GepDES (1965). An amydase similar to thot in the liver ﬂ“ifmm
hydrolyzing pnlocaine has previously been dmommtrd::m
by GEbDES (1965) In the present study this finding has e present
and in addition it has been shown thas a similar actrity

in lung tissue.
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In the cage of the tertrary emine lidocaine, it has proviously been shown
that an oxidatrve de-ethylation wath the formation of monoethylglycine
xylidide precedes the splitting of the amide linkage (HoLLuNGER 19601)
Our observation that SKF 525A in mats and mice mugnrficantly retarded
the metaboliam of lidocaine both /a viro and v vifro is of particular
interest. SKF 525A, hnown to be an inhibitor of oxidative liver enzymss
bound to the micrasomes, has previously been found to retard the rate
of hydrolyas of monoethyiglydnexyhdide at the amide Imkage i vitro
(HotLunaex 1960b) The results in this mvestigation showing that SKF
525A in vivo significantly reduced the rato of metabolism of lidocaine
but not that of prilocaine, would scem to indicate that at tho concentra
thomns nsed, the enzyme responmble for the oxrdative de-cthylation of
Iid was inhibited, while the amidase was largely unaffected and stiil
capable of hydrolyzing the sccondary amine prilocains at an apparently
unchanged mte. It should be added that any monoethylglycinexylidido
formed in all expermments reported here was recorded as unchanged
Iidocame due to the extraction procedures used, unless othervise stated.

The finding that prilocaine is broken down in the organizm more
rapadly than lidocaipe would seem to be one factor of importance for the
toxicaty of these agents. Another fmportant finding was that pdlocaine
had a lower toxic potency per s on the central nervous system as evidenced
by the distribution 1o the bram. This factor seems to be cepecrlly impor
tant when the agent enters the system circulation rapidly for Instance
with an sccidental intravenous rafection

Semmary

Some factors determuning the action and toxicaty of local anaesthetics
haye been studied with the two almost equally effective agents, prilocaine
and lidocaine

Prilocaine was less rapadly absorbed than hdocains from the tongues
of mats, but not significantly so from less vascularized regions like the
sautic nerve pocket. The concentration of prilocaine in the sclatic nerve
of rats at the tme of recovery from motor block waus, however higher
than that of Irdocaine. These studics Indicate a difference in distribution
to the ste of action and also that the relationship betwesn the concentra
tions of these agents required to produce a block it viro 13 similar to that
previowsly found &n vitro

Following inpection by various routes in rats, the two agents are distry
buted to vanous tissues in a umilar manner with ths exception of the
lungs where the concentration of prilocune was regularly higher than
that of lidocune The concentration ofpﬂ'lncllneinlh:brulnnlsolmdfy
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Lobcmmcwhnthighcrthmthmafﬂdomlne.Aﬂerthcimwﬁona!qmﬂy
toxic doses the concentration of prilocaine in the brain wat mors than
twice s high as that of lUidocaine at the trme of appearance as well as of
disappearance of convulsons. The convulsons after prilocaine started
Iater and ended earjler than after lidocaine.

Only emall amounts of intact prilocane were excreted in the urine and

no detectable amount in the facces. Prilocaine seems to be a better sub-
strate than idocaune for the amidase found mainly in the liver but also
present in kidney and lung trssue. Contrary to lidocaine, the break down
of prilocaine was Iargely unaffected /1 vivo a3 well as in vitro by SKF 525A.
Separation by paper chromatography has indiated that two of the
metabolites of prilocaine have the same Rf values as o-toluldine and
N propylalanine,
The fact that prilocaine s less than half ax toxic as idocaine seems o
be due to a weaker action on the central nervous system and to a mpid
metabolic transformation to prodocts with low acute toxicity The studies
indicate that the toxcity of local ansesthetic agents does not have to be
correlated to their in vivo cffectiveness.
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Estimation of Brain Sensitivity to Hexcbarbltoue
(Enbexymal NFN) in Rats by an EEG Threshold
By

Gliraa Wahlstrin
(Recelyed Aprl! 13 1966)

The effects of barbiturates are often evaluated experimentally as the
skeping tme Sleeping tme in this connection usnally means the time
dunng which the righting reflex is absent and 1 consequently & measur®
of the time under annesthesia. This i3 delmeated by two events, &) the
loss of the righting reflex und,b)ﬂ.\cretumofthhreﬁcx.’l‘lxmdncﬂon
tme Le ﬁomthcﬂmeofinjccﬁontcthelmcfthnnghﬂngreﬂﬂhu
an effect on the measurement, Tt is often of such short duration (depend-
Ing on the barbiturate) when compared with the skeeping tmue that
WmmwouMmmﬂyW&mewmcfﬂ
mdmumﬁmcmnldompmmthchmmmmwmﬂwmm
definitely influcnce the alecping time (WAHLSTROM 1966)

Slxpmzﬂmemcummcnumthmumlﬂydctzminedbylhzend
POlﬂt.ie.thcretumofthcrIghﬂngrcﬂcx.Axthhwdpoinldepﬂm
not only on the central nervous system sensitivity to the barbiturates but
aho on the rate of elimination, sleeping time measurements arc often
inadequate for studying the central nervous system sensitivity “’;ﬂ
turates more exclusively Thhhapcdaﬂydcﬂiuconnccﬁouwﬂflndwm
turate tolerance development and where barbiturates are combt fon
other drugs. Both of theso phenomena mﬂumccl.h:rufcofchmhﬂmm
Mmuﬂugordmﬂngth:mcuboﬁsmofthcbarblmmwm&
affect the skeping tme (REMMER 1962 ConpEy et al 1560 Lasodt
BRrODIE 19

Commr;‘g)mmuuumbaormminm-mmsﬂmﬁ;m
uscdﬁmremfwnudbinwhkhmummptwmmd‘md 062
the induction of the anaesthesia more exchuvely (SIMM:‘MMM
McCance 1964). If the central nervous sysiem serativity
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object, then the measurements of the induction of ansesthesia have the
sdvantage that the rate of ehmination does not apprecably infl

In the present paper an anaestheala threshold method # presented.
The changes dunng the indnction of hexobarbitone (enbexymal NFN)
anaesthesia by & contruous infusion have been followed with the elec
troencephalogram (EEG) and this was wsed to determine the threshold.
It was developed In order to follow changes in the sensitrvity of the
ctatral nervous system to barbiturates over a long period in Intact am
mals,

Methods

Mule Spragne-Dawhey mats wers miac. The mitul weight of the anlmals befors the first
threhald determination was around 300 g The rats wert kept1n oowt t  constant
temperuturs 3* The light in the room (two flooresoen lmpe) win reguisted whb
13 hours of Hght and 12 hours of darknom m each cyche Th bghiwesturned o ot am.
The ruts hud accwss to water and food pefliets d hbitum.

The hexobartitope sochnm (evipan @) was btamed {rom Bayer AG 23 & powder
Al dosn were calculatad g3 the sodium satt. The bertaturzte was diluted t  concentra-
ton of 100 mg/ml with distiTed water before oye. Ths salutfon wes mever kept for mors
than | bowr From thhy solutfon an amomt was taken to grve ench ndividmal rat  doss
of 130 mg/kg. This solution was then farther diwied with 023 % soctiom chionds t give
8 fmal volume of 10 mL

The lnfudon was givea bt tard vole by  mofo -dove Inuction  pperstos which
ks bern descbed by Osmvk (1946) The rtendard specd was get to O mi/min with
which the solitlon of itoms ceed € 13 mykg/m (023 mg/ky)
Afiar the tfiuon the tul veine wers luproted 10 ses [ whate spot had ppearcd  bich
Badgn of subatmeoss Jecbon. | donbiful cases mxtion for blood v performed
After the thresbold had bewn determmed Tho was alw 3 done I more tha 03 mi
(73 my/kg had been mftsed. | these casex care a3 always taken 10 enaure that mo beak
had pecnrrad. After cach threshold detcrmiea o afl the tals  ere cuanumed for mecroa.
This was vsually done the mext time the rxt wws med Threshold determunzhons whch
¢ knowa to havs been rebcataneous alway prodoced Decrous. Thme determnlinstions
| whick necroms was wobsequeally observed wert shways axcluded.

A Bechwarrer dectromarpitlograph was usd for the EEG rtcord] g Paper-speed

© 3 cmfsec. [ the prekminary ks and the Arst expenmoents come stalnkem slecl

Mrews were ecd a4 chectredes. Thasc »ere screwed into boles dellied m the skafl of the
1, and farther froed by phowphats crment. Care  xa taken mot ¢ penetrate the dure
Tha operatson was pevformed 1 least [ waek brfore the firs thrvskoid dctermination.
After aBl experments ooc finished the mekde of Ly sulls  ery exam ned partiddarly
fox lafection, hematriage of perforstion of the dura.

The siaraiew yisc) shrtrodes ot Bt tuitable for lomg Lerm expeiowents (07 e s eral
my-mmmmmwwum khoat haterrepting the
- The threshold chosen (slicat second, ses resolt part A) detectable Rh
-w.mwmummmwmthll\ﬂln

unuundbd'-""”""""“’ t present staiakess steel  dre 1 bosy wnd |
mmwml_-mﬂybdmmlmmr@oudmwmm

W an prmbepict, T (1o
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were subsequently replaced when noded. Wih this kind of electrode  fw curves wern
wxnmdmmmmum\wwmmpﬂnudwyfn
mmhmmmdwfmm&:mmmmmywupdumﬁu
was taken from electrodes one on esch dds of the mid Jine.

Ths rats wers rextricied la a wooden box during the threshold determination. The box
was open at the head and tall end. The hexd part comisted of & coth muled to the box
and thod around the neck of the rit, Care was always taken pot t resrict ropiation,
and froo resplration was alyo present during tha threthokd determination.

The thrathold was praally detrmined in two mais at tha tame tlne. After the chosen
and potnt in the electroencephaiogram (EEG) bad appoured, the {nfirsion was discontusaed
and the time withont righting refket (slecping thne) was measared. The resaits of this part
of the expenimant will be pubhatred separatety (WarLsTatu 1966).

Results

A Dezxcription of the changes in the electroencephalogram

During & conhnuous infuslon of hexobarbitone wath the chosen speed
of 15 mg/kg/min. there are some chenges m the EEG which normally
appear after a fairly constant dose has been infused. These EEG changes
are used as an indication of the effects on the central pervous system.
The changes are illustrated in Fig. I The pre-experimental EEG (A) bas
a rather low amplitude and a frequency around 30 cyc.fsec, Thiy agrees
well with reported EEGH in the alert rat (BRADLEY ef al. 1960 FUXUDA
et al 1959) After approximately onc mmute (15 mg/kg hexobarbitone)
there is an increase in amphtude and &t the same time & decrease in
frequency (B and By) The change us usually gradual and takes 10-20 sec.
before it s established. This part of the record s often disturbed by Jerks

ot v vt
"

A e NI LT

B s MAn M R IRL L am

By T IR ML e

C TM&#M&RWWNM’ ———

D NPT

=" Dy RN Ry
contlnnows inlravtaces Jefiisd

1 The ticctroencephutogram of & male rat during @
thd f hexcbatbit ne (023 gy det sed perew:
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and tometimes short convulsions. These usnslly have drsappeared when
30 mg/kg of hexobarbitone has been infused.

Mthknmthcfmqmcyofﬂwhlghpotmunhhudmnd(q
wnd after 45 mg/kg thero Is & tendency for them to appear in bursts with
increasing perlods of burst suppression (D). The rats have at this stage
lost the righting reflex. Usually when about 60 mg/kg of hexobarbitons
has been infusod, a burst suppression of | sec. or more appeany in the
record (D)) and if the mfoston is continued the periods of burst sup-
pression increase still more,

B Definition of the chasen threshold, the xilent second

Virual inspection of the EEG recordings dunng a contimuous fnfusion
of hexobarbitone thus reveal two kmds of changes which are distinct
enough to male it possible to nse either of them as the end point in &
threshold study These changes are 1) the convermon of low amplitude
fast activity to slower activity with higher amplitudo and 2) some pre
determined duration of burst suppression

The conversion from low amplitude fast activity to dower activity
with hugher amplitude has several drawbecks as a threshold. It is often
masked by artefacts doc to movements. The change is not clear cut but
gradual and can thus be influenced by subjective evahuation. Due to the
small amount of hexobarbitone infused, this subjective evaluation can
lend to a substantial error as a 10 sec. difference in the estimate of the
change corresponds to approxumately & 20/ difference In the threshold
doge, The low threshold doss also gives a high relative importance to
smal] errors which are independent of the amount Infused, such as the
WofmiMmmmmmmoﬂmAmlhﬂ
mnwhymmhc\dbaxdonmechmgem.mpmmhuuluucLh
that §t can not be combined with measurements of the sleeping time
since the ardmahs have not lost themr nghting reflex at this stage.

A pre-detcrmined duration of burst suppression does not have these
drawbacks It i1 easy to cvatmato objectively and occurs when more
hexobarbitone has been infused. When burst suppression appears the
atzmaty have lost therr righting reflex In preliminary trials it was found
that the earlfest most distinct burst suppression scen had & duration of
more than | sec. and the threshold nsed was quently defmed s
the aqnount of hexobarbitone needed 10 obtain a burst suppression with
ldmﬂouofomnmndorMmMIanlwprrdahaJ
been deroted as the “silent sccond™

The development of burst sup up to the sitent second is shown
mngz‘mwkbawdonl}nmndEEOmmrdrdfmmSI

n
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AYERAGE BURST SUPPRELSION N PERIODS OF % SEC
DURATION ﬁ

A [:} c o
CONSECUTIVE PERIOOS OF 10 $EC
Flg. 2 Number and duratlon of burst suppressions In sucommire 10 s, periods dariag
contiuous Ly mfuvion of bexobarbltons. The tlme of the Infuslon wes drvided fs 10 scc.
Mmlbmwbumomhwhhﬁmﬂmlwmwc
I the one immedistely precedlag D and 50 oo Burst supprestons soaler than 04 sc
have not besn mehuded, Bofore perlod A thero were nlytwo-hnrtbm:up-pmdomh
al the records studied. D ta obtured from the second EEQ perforned Lo 51 s

It is seen that there 13 a steady linear merease In the avernge mamber of
burst suppression from A to D The average duration of burst suppres-
sion shows a mmilar linear fncrease from A to C which is stightly more
dwancecJtmmndpmod.BctmemdDﬂucuhumﬁ a
sharp increase 1n average duration.

The resson for this difference between average number and average
duration of the burst suppressions 1 shown 1n Fig. 3 whero the frequency

distntution of the duration of each burst suppression z ‘;\-:n Pl?“lf:
[ pe o
for periods A, B, C, and D In period A, B and o s

dustribution was similar In period D the pattern of the

howcvuchangedtocn:mthndcnnmdmcylcwmdumﬂdﬂﬂm’m’d
a duration of 1 3 sec. This indicates thnnhcsu:ntwoondmnbcmm
than just an aritrary threshold, in nﬂdnxpomﬂu&mofbumwwmfz’;
sions with increasing duration. Two possible explanations arc ‘)shoﬂ
there are two distinct populations of burst suppression one with ﬂm‘
duration a8 one with & long dnsation, and 2) that to gve the ;
tecondthercuumddcnm:ltinglogn}ﬁurmormofc;hmn'rdhd

of burst suppresuon
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DURATION OF EACH BURST SUPPRESSION SEC.
Fg 3. Frequency dhtributlon of bunt durstion | perlods of
10 soc. Tho Jettary Inchicate the 10 sec. periods a3 i Flg 2 The burst sappresdlons have

beea obtained from the second EEG perfarmed  $1 rats. Burst supprescions sallec
than 0.4 sce. have mot been tocoded.

NUMBER OF BURST
SUPPRESSIONS

C. Properties of the threshold usimg the silent second
The distribation of the smount of hexobarbitone needed to obtain the
dlent tecond #s shown m Fig. 4 Four threshold determinations were
performed after each other 1n all rats. The rats had never been used in
any experiment before the first determipation. The matenal consists of
Tats with satisfactory records dunng the first four determinations, which
later participated in vanous experuments during the last three years.

As can be seen m Fig. 4 the distributron of the doso needed to obtain
2 silent second in determination BII BIII and B IV were essentially
the same. The means were also of approximately the same magnitode.
The distribution and mean obtained in determinatron B 1 were however
different from the others. On the average, moro hexobarbitone was
needed to obtain the silent second. The distribution has a larger mnge
and standard deviation but there was no shuft of the lower extreme ay
compared with determination BIT BIIT and BIV This difference be
tween the first and the following determinations can be due to excite
ment caused by suturing before the first determmation, in whch all rats
participated and the unfamiliarty with the test stuation. This concluuon
t also substanuated by observations on the behaviour of the rats. The
rats wero definitely more excited beforv the fint determinaton than
before the following determinations.

Suturing alone does not explam the differences, as the threshold in a
group of 24 rats re-sutured for tho first time was 1053 & 31 (sem) 4
of a previous threshold before which no suturing had been needed This
first re-suturing (silver wire) was performed approdimately 3 weels after
the jnitial sufures were placed



410 GORAN WAHLSTROM

FIECIE SR FOTOR S L

HUMBER OF EXPERILENTS

- [} - BN
b3 -
- »
* *
£a n'd wopy a n gy
DOSE FOR “SLENT SECONY'

Flg. 4. Prequency dhtributions of the dosts besded to obtain the sdent accond. Fowr

soccasaive determingtions in 110 rats bave besn wed Detarmination B the first 000

over performed fn theso rats. The avartge time between determimation B mmd BT wm

14 days, betwoen BID nd B 1IT 10 days and betwen BIIT and BTV 9 duys The mesa

and standard devistion detsrminution BI 731 & 13] mpkg BIT 668 + &1 mgrkg
BIU 666+ 87 mykgand BIV 644 £ 9.3 my/kp

The amownts of hexobarbitone needed to obtain the siknt sceond In
determinations BII-BIV have been further analysed in Fig. 5 The

by

-~

§§ NI
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-

l} i i

HOURS CF LIGHT PIOCA TO THI THAESHLD CETERAMATION
Fig. 5 The Ifownce of kowrs of Light prior 10 the threthold W“":,‘_'
nceded fos (he slent second. Determumations B 1L, B §11 aad B 1V (Fig. 4) kaw bee -
Differences between the mtplhrubo!ddoaanwlmdlnu:h)ourma\h-k“
Wmmmmnmr«mmw,dmmmmmﬂd
The mumber rwrummmmmmmmmhmw

the Agurs. Twice ths gtandard erroc h Indicated by the ban
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records have been divided into groups according to how long the Hght
had been on In the room before the threshold determination was per
formed, It is clearly seen from Fig. 5 that the period of Lght before the
determination had no effect on the resnlts, as all vahwes are distributed
around the overall mean with no tendency for a maximm or minimum.
During the light peniod of 12 hours (Inactvity of the rats) there was
thus no change in senstiity to hexobarhitons 1n the central nervous
system with the silent second as the criterion

Expeniments B II-B I'V have beon used to see whetber the calcolation
of tho threshold dose us a functlon of body weght was correct. The
distributions aof the threshold doses are seen in Fig 4 The means and
ranges of the body weights in B IT were 333 (255-415), iz B III 348
(260-435), and in B IV 361 (275-445) g. The correlation cocflicients be
tween weight and threshold dose were 1n BIT 002, in BNl —002 and
in BIV 009 Thus there was no restdual inflacnce of body weight on
the threshold dose,

As the same rats participated 1 all threshold determinations in Flg. 4
fhe correlation coefBcients between the thresholds have been calculated
for determinations BII, B IIT and BIV The figures obtained are be-
twean determinations

BII-B I B IOI-B IV BI-BIV
T =033 0.7 025
P = <p001 <0.01 <0.01

The individua! rats thus tend to kecp to a certain threshold level, This
uf\mhamengthmedbyﬁw:v’ldcncnpmmtcdinh.blel

In Table [ another scries of determinations is shown which was not
included in Fig 4 1n this series 9 threshold determinations were per
formed in 7 rats. The first determination was discarded and the others
followed at intervals of 2-3 days. The means of the cight determinations
evaluated had a range of 570-79 7 mg/kg for the individual rat. The

Table 1
Amatyss of varaece 00 § Lrukold deterrmintiovs im 7 it
oF Mo F
Somres ( ermiion | } gy | ] T
|

3 45269 1897 Q01

Rats ? R o >008
4 2548

Recidoal
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Table 2
Long tarm changes in threshold dose.
Pre—cxperl Threshold dose »s per cent
Time without
mental Number of of pre-experimental averuge
Experiment average aty experiments
mg/ky Months Mean Len
1 450 12 3a ».3 23
n 68.7 12 40 100.6 18
m 617 ] 47 1019 13
Overull mean 1016

range of the means for the experimental days was 63.8-68 7 mg/kg. An
snalysls of variance was performed and the result are shown in Table 1
This analvis shows that there is no significant varance between days
but a significant one between rats The individual rats thus tend to have
a threshold dose of hexobarbitone for the silent second which s fatrly
constant over a short period of time (2-3 weeks) but the threshold doss
can vary considerably between the mats.

Three experments have also been petformed to evatuate the long term
changes 1n the threshold dose. Tn all the rats used the first threshold
determunation was discarded. Further threshold determinations were
performed until cach rat had thres determunabons which were accepiablo
(in a few cases there wers only two) The average dose obtained from
these determinations was used es tho pre-expenmental average After
the last determination used 1n the pre-experimental average the rats were
keft undisturbed for 3-5 months. A new threshold determination we3
then performed and the dose obtaned was calculated as the per ot of
the pre-experimental average The results are ¢hown in Table 2. Tt 5
quite clear that 3-5 months without any treatment had o effect on the
threshold dose. The threshold dose Is thus fairly constant over several
months in adult male rats.

To se0 whether cerebral blood flow s a imiting fector in the present
expermments, the effect of 5/ carbon dioxide in the sir
tested in seven rats. This amount of carbon diomde gives an increa¥
cerebral circulation (SOXOLOFF 1959) The carbon diaxide-air mixture
was given to the rats for four mimites before and during the o ained
determinations. Compared with one normal threshold dox o hevor
3-5 days before mccurbcndlnxidccxpaimmtﬂlj:ﬂ/dw't_
parbitone was needed in the carbon dioxdde experimentt. A
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doction was thus obtalned but with e large standard ervor Thus the
change fn cerebral drcnlation Induced by 5,/ carbon dioxide did not
Ky fath the threshiold

D Effect of varfous infusion rates en the threshold dage

A serres of experments have been performed to determine the effect
of the infusion rate on the dost needed to obtain the tilent second In
these experhments one threshold detsrmingtion with the usus! infodon
rate, 0.25 mg/kg/sec. (rtandard rave), was first performed. After three to
five days & new determination was performed with the infuslon rate to
be tested and the results were calculated as the per cent of the standard
rate dase. Tho results are shown in Fig: 6. It Is cvident fram Fig. 6 that
thera {s an optimal wnfuaion rate which 13 clowe to the one chosen far the
normal threshold determinations (0 25 mg/kg/sec.). With slower infution
mxtes below O 10 my/kg/sec. there ls & marked increass m the threshold
a0d with faster fnfidon rates there 1 a slower and approximately linear

morease 1n the threshold.
With a slow mfusion rate there i3 thus a slower accymulation of hexo~

$a

m‘nm 0 wghghe

of Infision on the doss acaded 1o cbialn the sheat
F-;e.n.mmmmo(mdlﬂ’;'jmmm bept commtrnt. TTied clrcls dowotes
— T e Tha sterdard ute dom for eDomt ecoud aad ursber of
"‘“’“‘“‘"‘”‘; ags bas bevts cukulated b show delow Tukee tho readsrd
T from whlch S ror 1 lndticated by 1b¢ bars,

as 033 0123 008 006 mpdpiuc
Rae 10 08T
L4 W0 BT M3 @0 62y myig
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barbitone 1n the central nervous system than expected. Thus slower a¢
cumulation must partly be due to an increase in the distribution of hexo-
barbitone to other parts of the body during a tlow infision. It fs ako
obvious that with the slowest nfusion rate 0 06 mg/kg/sec. the catabolism
of hexobarbitone can influence the wncreased amount needed, since the
total ume of infudon befors the silent second appeared was approx-
mately twentyfive mumutes.

Some of the moreases seen with faster infusion rates must be doe to
the {ncreased amount of hexobarbitone in the vascular system which had
not yet reached the central netvous system at the time of the silent second,
This amount corresponds to the amount infused during one arculation
tims (t2il to brain) 1n the rat, If the only reason for the incrense was this
delay then the excess dose needed above that ot the standard rate woukd
be circulation time trmes excess rate. Using 0.25 mg/kg/sec. a3 the bas!
rate this calculation for the three highest rates gives the following valucs
of the circulation time 12, 14 and 19 sec.

Separate experiments were performed to eveluate the circulation timein
the rat by rapid injection of 0 15 ml of 40 / fluorescine sodmm (W/V} ln
the tall vem and observing the time before the fluorescense appeared in
the nose (ultraviolet illumination) The expenments gave an Average
crrculation time tail to nose of 13.3 (n == 12) sec with a range of 9-25 sec.
The figures obtained are of the same magnitude as those obtained by the
indirect cakulations using the increased threshold. Thus the threshold
increase teen with faster nfusion rates can be fally explained by the
mcreased amount which had pot resched the central nervous systerm,
when the slent second appeared.

The approximately linear increase 1n the dose of hexobarbitone needed
to obtam the silent second can then be used for estimating how much the
recorded threshold dose excoeds the true one, by using the interception
with the y axis (Fig. 6 dotted line) At this pont the excess dose with
0.25 mg/kg/sw. dus to the delay n the circulation m corrected. As can b
seen from Fig. 6 this excess is 5-10 /4.

Tn the expenments shown in Fig. 6 the rate of the hexobarbitone in-
fusion was changed by changes in volume rate, the concentration beifis
kept constant. Two experiments were performed fn which the bexobarbk
tone infusion rate was changed by means of alteration in conoen .
The rates used were 0 125 mg/kg/sec. and 0,333 mg/kgfsec. The slow ”I‘
wunchkvedhymingmharbmncmnmhnwyﬂ“lmmm;
lmlcomspoﬂdcdtoudomof75mgfkgandinthcfﬂnm°“|’°"m
inmch.wnymalﬂnnmoummlm!conuponduitolduao(mmg::;
The additional dilation needed in the slow rate expenments a3
with 0.9 / sodium chloride.
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The results have been calculated as the per cent of &
formed threshold detarmination with the standard rate mpﬁm:;
The mean and the standard error in the slow rate expermments were
953 £ 7.5 (n = 10) and in tho fast rats expenments 1050 4- 4.2(n = 11)
Compared with the corresponding results obtuined with the constent
concentration (Fig, 6) none of the differences were significant (student s
t-test), Change 1n hexobartitone infison rate by means of a change in
coficentration or by a change i volume rats thus tend to give similar

Discnsslon

The electroencephalogram (EEG) has two advantages m a threshold
method for determning central nervous system sensrtivity to & depresuve
lsrnLOnehthnthmnkuaoonﬁnuowrccordmgpodble\mhout
dhtm-bmgthaanlmaLIfthﬁdepmmoﬂuclﬂmlwdbywmolhamﬂhod.
15 for instance the loss of a refex, this must be tested and the animals
consequently disturbed. The loss of senstvty in the test must be con-
tinuously balanced aguinst the riak of influencing the test by stimalating
theunhnaLOnammpkhpvcnbyMchcﬁ(l%d)whouscdlm
turuvmtufuuonofhcxobarbiwmlnmb:wnhlotxofn;hﬁngmﬂcxu
the threshold The test coukd not be performed contmuoutly and thus a
certain yanahle excess in the dosc was incvitablo a3 ~1t was considered
mportant not to overstmulate the mouse -

Th:oth:rudvnntnguwhhth:EEGbﬂmlldzmcdymmrdnho.cﬂvﬂy
of the braln which Is the organ of mierest. It is trus that if the primary
cﬁectofthebarbﬂumamonomwﬂlum]hedpandmebmiuﬂr
EEGnﬂghtbctoou'udclmmuoflhccﬁ'cct.Kﬂxﬂ(l%l)m-
rwicwo{dmg.cﬂononthcbrulnncmmuwhrrommonmtamm.t
lmnp:no(thnmdnuwmd.mgm:meﬂ'cdofbarbimluhobuhwd
by effects on the reticular formation. However the dopressant effects oo
mmmmmxymhbynomamsmrﬂdadtothhmtcm(m
MIRO 1962}

e kellliood of the EEG beung too crude is reduced by the wsc of the
‘ﬂﬂ“mndi“whichnbmmppfmonhthelhruhuld.ﬂnmd
of bursts at this stage of anacsthesia b not known
Brexroro 1960) The bursts arc however weit synchro-
mo(thnhmnmbrﬂnduﬂngdeepbubimmm
1 al 1953) Such a synchronizstion Is ako seen
thesta in the dog (SWANK 1949). As there is no
rat behaves differently the silent second
very probubly measurcs a generalzed change sn braln sctivity It
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potsible that more subtile threshold methods could be developed wth
deep electrodes, and that with such threshold methods it would be posaible
to establish the relatrve senmitlvity to vanous drugs in different parts of
the braw. But surface EEG leaves the brain intact and at present it seems
to be the best recording method for general pharmacological purposes.

For & barbrturate 1o be useful in a continuous infusion as o test of
central nervous sensitivity it must be able to penetrato the brain rapidly
Hexobarbitons 1s classed as such a substance (Busa 1963) and the fact
that a threshold only slightly m excess of the theoretical one (overshoot
less than 10 /4, Fig. 6) was obtained with hexobarbitone in the present
experiments shows that “penctration tme™ plays a minor role as com-
pared to crrenlation time.

The EEG was previously used by SmAdass ef af (1962) to obtan &
thiopentone threshold in the rabbit. The method was adapted from 2
similar one used 1n the human (SHAGAss 1954) The end paints used were
maxhnummdrmminminmugmdeEGncdvitybemmlhnd
32cyc./icc.Haddmpwmalwtutadutminmrvquf30mmwm-
tion was drscontimuons and the amourts injected wero | or 2 ma/kg every
Mu&mmﬂhodofmjecﬁouhnduthzmmholdmﬂrpuﬂmb
cotrespond to approxmately 10 or 20,/ of the recorded thresholds. If the
F_EG-cuwtyhutobeintegmtndmobuiunhmhnlditmybehmw
avoid a stepwse injection to bypass the tme element In the Integration.
But the brain concentrations after each step can by no means be
to bo stable with a barbiturate like thiopentone which mpedly penctrates
and leaves tho bram It Is possible that the disappomntingly fow overall
relinbility found by SHAGASS et af between the tests and between the same
te:tslutwmmdlngexpcnmmumyparuvbedmmthcmpm
mjection. Since this tends to give fuctuating kevels of thiopentonc, &
threshold based on & critical brain concentration will be obscured. The
hxgbcrmnccnmuonwhk:hmggcxmutheﬂﬂp‘ﬂlmmmmm
lstent results.

With the present method there {3 an optimal anjection rote ssouod
0.25 mg/kg/sec. of hexobarbitone (Fig 6) Smilsr r-xpemmu“; ‘reed
WMW(IQ&)WMWWN&M%W
 factosmal arrangexment with four replications which meluded fofiHor .2
and ration of hexobarbrtonc. No direct comparison ean ehed
bat if fhe values obtained are recalculated (assuming the msee ®

as the
20 )xouonmpondto}“ig.ﬁwﬂhmpcﬁonntcinmgfkglscc
pengda:t varable and threshold dose in ma/kg 23 tho dependent vambis,

the muvarkd
above, The yection t
resalt is smilar to the one shown

between0 1-1 6 mg/kg/sce. The lowest threshold was
and with faster infection rates the thresholds fncreased. The pcreast
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between 02 and 10 mg/kp/sec. was approximately 50 / as, compared
with 20 / with the present method. This difference s difficult to explain
merely by the difference in arculation time between mt and mouse It fs
probable that it depends on the inherent {naccuracy In MCCANCE's me-
thod where the anfmals reflexes woere testod intermittently For the
purpose of calculation, half the time interval between the reflex testings
will be added to the arculation time resulting in an overshoot in thme.
This overshoot in trme will add to the increate mn threshold doses with
higher fnjection rates Tt is thus probable that there fs an optimal injec
tlon rate of hexobartitone in mice and that it 13 not much different from
the one found 1n the rat

The present method to determine central nervous system senutivity to
hexobarbitone can be used for vanous purposes. The faurly constant
threshold over several months in adult male rats makes it suftable for
following changes in CNS seasitrvity which may accompany long term
treatment of varjous kinds.

Semmary

A new method of studying the central nervous system senstivity to a
barbiturate is described. Hexobarbitone (enhexymal NFN) i Infused
cothnuously into a tafl vein of the rat and the changes in the EEG are
followed. The first appearance of & barst suppression with a duration of
1 sec. or more {silent second) ts taken a3 a threshald and the dose needed
to obtain this 1s used as o of the sensitivity The threshold dose
Is dependent on the infaston rate and thero seems to be gn optimal rate
around 0.25 mg/kg/sec. The increase in throshold acen with faster infusion
rates probably depends on the delsy caused by the circulatton time, before
the hexobarbital reaches the central nervoms system. With a rate of 0.25
mg/kg/ses. the circulation time seems o give an excess dose corresponding
ta $-10 / of the threshold dose. The threshold dose Is different betnesn
male rats but tends to be the same for the indvidual rmt. The average
notmal threshold Is approximately 65 mg/kg. No change in the threshold

mzenmtrapmodof.'i—Smonth.
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Hexobarbitone Sleeplng Time in Rats Following Doses
With Similar EEG Changes
By
Gt Waklstrfo
(Racetved Apnl 18, 1966)

A common method of determining the central nervous system depres-
nntpmpcrﬂaof-dmghtomcordthu“lhepmzﬂm“ which 15 In fact,
the time when the nghtmg reflex is absent. The drug to be evaluated can
be given exther in one dose or 1n eeveral fixed doses to pet a dose response
curve.

In anather paper (WAHLITROM 1966) 8 threshold method for deter

mhﬂngﬂmcenmlmmmrymn(cmmddvitytobaummh
described. The appearince of an electrococephalographic (EEG) criterion
(buret supp ) after t rate bexobarbitone Infusion
huuduammhold.shordyuﬂermaEEO‘crheﬁonhquduw
tnfuston s terminated. The dose mfused s therefore dose to the threshokl
dose.
Tn the present paper some aspects of skeeping tlmes are presented foll W
fng a threshold dote of hexobarbltone in otherwlse untreated ats, thev
times are further more related (0 the sleeping times olwatis | 0
the usual way by a fixed dose, and the drawbacks of sleeping tiie o &
measyure of CNS sensitvmty are

Methods

Daniey rats » o7 w300 €SOIDE Mhers Mborutse grated | b6 b1l weight
d,h.mnm-dlwlb‘“""’“"“’mimp.{m fhe 4 erebept
tn cometunt wemperstare room 8 3% The Lt [n fhe roocy hag o o1 b 61 12 bowme &
Ryt and 12 hours of darkpese: The Lght wes tomed gn gy g g gy Jho £at had acore
water e food petets ad UV

e taome whOA DUt Tighting 09 Wb TCrSed tatomaticatty exceyy botd Otk
m“wmmw-mm“xumw“nummn

Mala Sprapue-
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bed lhu-mnmkmnhchvhlchm-cmmdwhmtb-wﬂmom-nnprucddvn
©on the bed. An impalso was assed through the microvwitch every 10th second and wn
recorded on 2 counter The rats wero placed on the beds elther on thelr left or it dde.
When the rats regained thelr righting reflex they rolled over and moce or Jers foll off the
bd-ndthcdccukd:cuﬂwuh'nkuu.Tbebod:mlmnm:ﬂunymadhyuiupk
mechenkal devics coralsting of 1 spring and a pawl which made ft |mposabls to depress
the beds again (If the rat were to crawl aboard again) and sctoate the prcrossbrh wntd
the next recording was started by taking sway tho pawl. A brief description of the deriee
bas bern ghvon previomly (Wantsadu 1938). It bs cmentlally slmbar t  the one decribed
for mics by Bouna st el (1965). The beds were placed In the tempersture controled st
TOOD.

The observation of the deeping thme was also perf rmed in the temporatars controbad
Tat room. The rats wers placed on thelr backs at the beginnirg of the sxperiment. When thay
first rolled over they wers gantly placed beck on their backs, The end point wed wis tu
bitity of the rats to rght themeeivea fmmedintely (within 13-20 sec) whea placed oa

their back.

Two different kind of exp werg ed. In one bexob sodbom
{tnbexymal NFN = evipen @) wat Injertod intraperitonally In o faed doss (100 mfEgl.
Hexobarhitono was obtalned in & powder form as the commercial preparation from fayer
AG Immeduately before o it was dllnted with diufied water to a concentration of 100
ag/ml and this eol U n was Injected. Sleeping thme was taken a3 the time frooe the ks o
the righting reflex to ita return.

I the ather experiments, hexobariitone way nfussd, intrevepormly a1 coneat sty
of 0235 mg/kg/sec. 1f Bot otharwise stated. A doss of 130 my/ky waa taken from the sbock
tolutkon detcribed above, for each rat. This umovnt was foyther dlluted with 0.25 ey
chlotide to give & final volume {1 mL The yolame rate was thes 0 1 mi/min. The FEG wes
recorded durlog the Infobo  ns described ebewhere (WamLstaon 1966, Whia the £x
burst euppresaon of 1 tecond or more (the stieat secead) wes aoted by the obecrver U
Inforion was stopped The mnfusion was actually stopped onty et the eod f 10 vecomd
Increeent ruummdmmmunnummndmmmm-w:
hexobarbutons Infusest after the sucnt second could thus vary dependiog on whether s
actual ukent second was mkmmummmnmd-mmmmm‘m"'u
Mormrxummmmmmm,mhdwamm“”ﬁ;h
lnmm-ﬁumdlntmﬂ(»-F;qummmmdnﬂh‘

Wit taken 21 the beginning of the sleept g tme. The righting reflex had wsoally i,
approumately | min. befors th slkemt second (WANLITROM 1968). It wrslly ook i
tocarrytheratit thobeds  the ratroom nd thrs tle ws tnchded be the siofpios

Results
Comparison between directl)y observed and awtomaticolle

recorded sleeping thmes
The skeping times obtained by the ! mwdinsbcdét}:;ubz
direet observaton of the nghting reflex were compared in qn}thcﬂt s
Spraguc-Dawley rats. The second sleeping time obtained in e ey
was used Spayed females were used 1n lhlscomynrmﬂ:u;"’ e 11
long sleeping times and a more gradual return of the shd:;  heco-
compared with males (see Fig. 1 senes A) glven the same
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Fig | Frequancy distributlon of skeoping times fter hezobarbrione in male rams. In secies
A, 100 mg/kg was Injected L p. In saries B hax barbitons was Infused L v to the elbent
ecomd Chreshold. The tame rata wore oesd fn a0l A (= 62) and el B (0 = 110) axpeeiments
rwpectively Expenimant [ the Arst ono eyt performed on thess raty. The meam (m min)
tad fanderd devigtions were 1n oxperiment A [ 315 + 113 A LI 376 4 13.0, A TIT
M1 140,BI271 4153 BUI91 £ 200, BIII297 £ 11.9and BIV 240 3 122,
Chtm kertervals are 5 min. None of the rets showed raro tlosping tlme.

barbitone, Any difference between the two recording methods could thes
be more eaully seen

The experiments with the beds 1n one group of rats gave an average
secping time (after 100 mg/kg i p.) of 90 min and a standard deviation
of 27 min (n = 43) The corresponding vatues m the other group which
was directly observed were 109 + 27 min. (n = 41) The bed method thus
tended to show a return of the righting reflex carlier than direct observa
tons. This was ns expected, as the direct observations were based on an
end point at which the rats had fully regained the ability to roll over when
tested, while the beds recorded the refurn as the ability to Jeave the side
pontion In spayed females it thus takes at least 15-20 min between the
first appearance of the righting reflex and rtx complete return The uncer
tainties in both methods were, however approxmately the same,

Comparison between the sieeping time after a threshold dose

and after a fixed dose per kg bod) wreight

In Fig 1 the distribution of sieeping times obtained In two difT
magners is shown In scriet A hexoberbitone was injected ntraper-
toncally n a doss of 100 mg/kg. Three consecutive sleeping times were
obtained jn 62 mak rats in the three expenments. The interval between
the experiments was ono week and the first experiment was the first one
ever performed on these particnlar anlmals. The average induction times
W Aca plermesstegict, Sl M. Lo
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which were not included in the sleeping times were m cxpermment A 1
32 min. (rangs 10-12.5) A II 21 mun. (range 10-10.0) and A T
1.9 min. (rangs 1 5-4 0)

In senes B the sleeping time was obtaned after a threshold determms-
tion (' ailent second™) The result of the threshold determinations in
thess rats have been published elsewhere (WanLsTREM 1966, Fig. 41 In
scries B the doso of hexobarbitone was not flxed but depended on the
appearance of the silent second and was thus mdividually determined.

Fig. 1 show that in spite of the different method of injection and dose
schedules used 1n the two series of experiments, the shapes of the distribe-
tions of the tleeping times were remarkably similar The mode is obvioms
1 all distributions, even In series B where the doses grven ranged between
45-105 mg/kg. Only 1n B T was there a tendency towands e wider range 2
sleeping times than in senes A The effect of the dose on the teepmg times
in series B will be further drscussed below

All the distributions 1n Fig. 1 are sightly skewed because some rats had
extremely long sleepmg times. In tenies A the mean in the first expenment
was smaller than that of the others, but a correspondmg difference was
not seen in sernes B

The dose administered 1n the experiments 1n which the sikent second
was used a3 a threshold (senes B) can be regarded as conusting of %0
parts. One part is the amount needed to obtam the sllent second. T
other 11 the amount infused nfter the silent second and this amoutt
depends on the time when the infusion h stopped. Since the infusion was
only stopped at 10 sec. trme intervals after it had started, the expecime
in serics B can canly be classed according to the total amount of beso
barbitons infused.

Fig. 2 uhmtbcnmmtmﬁmduﬂcrth:d!cntmnd(mdﬁ
in relation to th total amount infused. It is clear from the figure that ¥
excess dose was farly constant over the range of doses given aod that
wsually amounted to 2-5 mg/kg. 20d

In Fig. 3 the relationship between the doss of hexobarbutone {nfised o
the sleeping time in series B has been further analysed The filled 1428 %
mHg,3mdcﬂvcdfromnlcpamcupmmenLT\'°ﬂ”ddw”
hmba:biwnc(SLSmdSZSmg/kg)mmnncdinthﬂﬂm‘%
in the threshold determunations. No attention was thus given 17 (¢ S0
mdﬁnmm:mugozbozbdma,haﬁofmmdmﬂh‘m&
ﬂmﬂmmﬂ(w*aC)mnotmdudedumouglhznumcdlﬂ

ng,ammzmnmammnwmwnod“"fi
relationshup between the amount of hexobarbrtore WW
ummlnmiucﬂmdm:ﬂxgdmmtofha?‘ww
there was a clear relationship betwesn dose and skeeping tme
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Fig. 2. The amownt f bexobarbitons Infined after the et sccond kad  ppearcd in rele-

tiom 10 the fotal amowst infesed. This seriem s idestical with series B in Fig. L The number

of rats &2 esch pount i lodicated by the symboh. Filled circe 10-16, half fifked circlo 3-9

ad unfllled circte 14 Total sumber of rats 110 Averags total doss 1nfosed aad avecape

doss infused after aflent second wers i exponment B 1760 and 33 my/kg, B I 70.0 and
33 mgkg B UL 8 and 33 my/kg and fa B 1V 677 snd 33 mypky.

s Y A

LA o

¥
E Mhrt Mﬁ
HWoB Rk W3 W R ke
TOTAL DOSE MNFUSED
Fig3 mmmmmummmmm con-
tamees fatravenom ko 1n which the sllent second wxs trsed &1 an lodicatioa to stop
&Mmmn-fﬂm@mmlhﬂpludlmmdmu
nch pott ls Indicated by the eymbolt. Filled circle 10-16, kalf ADed cirde 3-3 xad wa-
fiad circte 14, Total mamber of raty 110 Trianghes imdicats cxperiments n which heto-
btclsons wee fafzsed & L0 the B scrcs, bot with flzad dows withoot repard to the sitent
sacond farries (3 The ssme Tats (= 1) wrrs tacted with both doses. The burs indicats
txw D se.m

bevnponﬂ:htoobmnth:mmdcepingmncwiduhrsemu@cfdm
dmw‘wewﬁddmtmnﬂmtmmmodunnlndlcnﬂun
lumdmc{pﬂmonﬁhmamlhatthctnrbimmtzk\ﬂmmrytog}w
lhedb“mndmdlhekv:l]lmanmngfarrﬁmﬂofthensh!lns
mmmhfmﬂymnoomhlcdlnmhgrmxpohnlmnk.

Matters were different in experiment B I 1n this experiment there
mmdmbcmmcrwclnﬂerphgmneﬁmlnamﬂn;dmofhuo-
bumme(r_oja,p<om)m1mummmngblypanﬂdmlhc

F
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one obtafned 1 series C, although the absohute values were somewhat
smaller 1n B L An attempt to explain this puzzling finding 13 given below

In experiments B 11-1V the average variance in threthold doss was
76.97 (mg/kg)? and in sleeping time 1t was 231.52 min? The corresponding
figures for B I were 169 06 and 233 {1 The factors causing the increased
vanance 1n threshold dost in experiment BI had thus no detectable
influence on the variance of the slesping tmes. Since the return of the
righting reflex (sleeping tune) was not affected by the extra factors i
fluencing the threshold dose in BT the larger doses in B I compared with
the other B experiments must grve a dose response. The unknawn factors
in B I which cansed the increase in threshold were presumably related to
the unfamilianty of the test sitnation 1n the first experiment (WaHLSTRIM

1966)

Influence on the sleeping time of hexobarbitone doses
deviating from the threshold dose

In Fig. 3 it was shown that In experiment B 1I-B IV all the doses infised
gave approximately the same skeping time, when ths dlent second was
wed to determine the end of the infusion. It was therefore of interest to se
how the amount of hexobarhitone infl d the sleeping timo when the
doso was related to the dose needed to produge the silent second. This i
shown in Fig. 4 reed qones of

Two scnies of experiments were done, In which two
hexoberbltone were infused in the same way as i the threshold determing-
mmmmnmmedfmbomdmlnwhcwmm”
the fixed doses were 52.5 mg/kg and 82.5 mg/ks, and in scnes D witk
moﬂmgmuPofmts,thcymM.OmdSLSms.’k&W“"“g
ﬂxcddosaupcnmmtx,thnthmholddmniuﬂanofuﬂ\m!thﬂ
lh:xmﬂatumudmn(amaunth\fumdaﬂut}mlﬂdﬁmmw'”
selected out of 2-3 determinatlons. The first determination performed ia
the rats was not used Mmlccwdd\mhnlddcmﬂmﬂommﬂc:"
nntu:lasthnnlecmdcxpemnmu.’[‘hedasemcdcdmobufntk
mondlunchmlwuddcrminedfmmﬂwwdcdcdcxwﬂm“m
of the selection, the dose which gave the skeping thme was Voo
that needed to produce the sikent second.

Am.hmmﬂmmmﬂeemummmcmnddmﬁ
pcxfom-:dm&OZounrmn.’l‘h.amulnnriuBmhd he dose
those in serfes C and D The mts were grouped sceording 10 £ C20
mmmmuumﬂku:mnd(ummdm)mdf;dmfmoup
clnssed with a hexobarbitone excess of 2 mg/kg s class topeiber
to an excess of 10 mg/kg. Above lOmg/‘kgaﬂmB'mdmd
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»
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- 4 © * e
DO BELOW AvERasd FOR DO WPUSED AFTER
“ELINT SRCOND” “HUENT SECOMD”

Pig. 4. The offect of the dose Infosed Immedintety bafore and after the silent secosd oo
the sleeping tme. Averages wre plotied and thoss below the wlewt srcond wre expected
snd not true vatoes.

Bqoares denots scries C. Pluad doses of 5.9 snd €2, mgfkg wers (nfused ax in the nenal
Greshold determinatioy (fed square). Selected threshold experiment with smsall excesm
dows b denoted by open sqpare (ses taxt). The everaps doses needed o obtata the et

Second were in the 82,5 og/kg experiment 60.1 mg/kg and o the selected

€21 mpkg Tho rangs of the excem doss was 7.8-35 4 and 0.5-1.9 mg/kg respectively The
wincted sxpectment was taed o cakeutato the dose dafick in the flard dowe &xperiment with
2.5 rg/kg. The same rats wers wed bn all experiments (n = 18).

Trisngles demoto serise D Plisd doscs of 43 and 2.5 my/kg (Afied triangie) and

The materlal was growped scconlng t mg/kg infosed  fler the sllent second and then
Claaed. The cantral paint in each class was walghted. The clem whdth and the nembee of
Tuts I each cless wars 0-2 myfkg 207 34 mpkg 178 4-6 mg/kg 45 6-3 mgkg 29
10 my/xg 77 nd more than 10 my/ky- 16

The bary indicsts twice the § e The hortrosial bar ¢ the lower kit b apphicable t
0 poknis below the eilent sccond.

The class means with regard to excess wero weighted as there were different
numbers of rats in each group in the class,

Fig. 4 shows that the slope of the dose responsc curve tends to Increase
with higher doses. This peneral shape agrees with the expected time course
of concentration in the CNS It is probable that the first part of the
concentration decay curve shows a faster fall than the later parts. With
targer doscs, the CNS level of barbiturate which must be passed for the
righting reflex to reappear could not be reached on the rpidly falling
part of the concentration curve and a small increase m dose would give &
larger Increase in sleeping time.

In many experiments an arbitrary himit was chosen, above which the
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sleeping times of the rats were duscarded sincs they were given too much
hexobarbrtone after the silent second (excess dose). 7 5 mg/ky was taken
as the lunit. As seen in Fig. 4 this excess would correspond to an increase
in sleeping tims of about 3 mun.

It is also of interest to sce to what extent the observed vanability in
sleeping hme is cansed by the varlable excess. A good estimate can be
obtained by using the fixed dose of 82.5 mg/kg and the selected experi-
ments in series C. In the fixed dose experiment the range of the excess was
approximately 25 mg/kg and the standard deviaton of tlketpmg time
10.9 min. In the selected experiments tn which the range of excess is 1.4
mg/kg and which is mtuated on the flatter part of the dose response curve,
the standard deviation of sleeping time is 9 1 min, Thus, the extra varis-
bility caused by allowing a lumut of 7.5 mg/kg for excess dose s very small

Some properties qf the sleeping times after hexobarbitone
infuxed 10 obtain the silent second

Table 1 shows an expenment 1n which 9 threshold determinatiops were
performed 1n 7 rats to obtaln the siknt second The first determination
was discarded and the others followed at an interval of 2-3 days. After
eanhthmhnlddctzrmmaﬁonthubcpingﬁm:wmcordcdﬂnedmpm&
time had to be discarded as more than 7.5 mg/kg hexobarbitone wat
Lnﬁucdaﬁuthcaﬂmtaecond.Annnﬂy!hofnﬂmmperform:

' wnhonemxningﬁmmamcrdlngwsm(lgﬁ).l%m
ﬂwmnzﬂmtcouldbcatubluhndbﬁmthadjﬂmtdaﬁmdlhrhf:
WOﬂlyamsgcsﬁvadlﬁemncnbctwmmdeunlmmmmllsﬂf
threshold determinations have been published clsewhere (WaAnLSTROM

1966)

Table 1

Amlysis §varlance (n § serplag tmee after threshold
dowes 1 7 rans (one eiseing Egure).

Bowres of variation DF l Mun sqoare l F
499 <003
Rats ¢ 0433 >048
Da: 1 17.04 o4
r 0%

Redml H
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Table 2
Long torm changes {n sleeplng thmes after threshold doses.
Average n First determination
pre-experimentel f after the interval
Namber § Crnge o deoping | -
Experineat  gpeping of ety E i thaw from
tine | Weight g 3 5 Pre-sxperimental
min, E verage. Per ceat
[~ g = Mean cem <
1 411 403 9 3 M7 7 417
ne s n 40 100.5 4 481
o 41 376 ] 47 0.6 84 436

The long term changes In skeping time after a threshold dose are
shown In Tuble 2. In no case was more than 7.5 mg/kg infused after the
occurrence of the silent second. The pre-experimental kevel was cakulated
on the avernge of 3 or on & few occanont, only 2 determinations. After
these had been performed the rats were keft undisturbod for 3-5 months,
The sleepang tunes recorded 10 the first experiment after these months
have been cakeulated as per cent of the pre-experumental vatue, Tabke 2
shows that in experiment I and III there was a small and doubtful tendency
towards a decrease in the sleeping times. There were no changes in the
doses needed to obtan the silent second in the three axperiments (WaHL
STROst 1966) It 1 possiblo that wright and/or age could be responsible
for a tendency towards smaller sleeping times,

The slecpmg times obtained in experiment BII, BOI and BIV (in
which approximately the same antount of hexobarbitone were infused)
have been divided into classes depending on the time after the onsct of
fight in the rat room when the detcrmination was performed. The results
are shown in Fig. 5 There was a tendency towards sharter sieeping times
m the first few hours after the light was turned on and before the hight was
turned off, No sharp maximum was, however found. There were no
corresponding changes in the amount needed 10 obtain the stlent sccond
(WaHLSTROM 1966) The slight tendency towards a diurnal variation can
be explained by a change in metabolism due to the known rhythmic n
the fanction of the Liver (MLIITMAN 1963 chap 17 HaLbra 1960) As
the effect of metabollsm on the fairly short skeeping times obtained after
the threshold dose {s presumably slight, no more than a slight tendency
towards an infloence of the light time conld be expected.
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DPPERDCE 1WA T

HOLEES OF LIHE PO TO THE THIFIHOLD D TRSMmTion

Flg. 3 The Infloence of houn of Hght befors the sflent sccond threshold determination oa

1he sleeping times. Experiments BTV B 1L, and B 1V (Fig. 1) have boen weed. Difieresces

betweon the avecago slesping times obtaloed | oach bour after the lght was turmed on #od

the ovarall mean for the el bars ben The pumber of

Tuts ot each point and tho symbols teed are shown in the lower part of the figure. The ber
indicate twice the eem.

Effect of different Infunion rates on the sleeping
time qfler a threshold dose

In Fig. 6 the change in slecping time n plotted (in per cent) agalnst
different infuston rates (obtained by changes in volume rate) The expert-
ments aro the samo as those used previously (WauLsmds 1966) to
{nvestigate the effect of different infusion rates on the doso of hexobsr
bitone, needed to obtain the silent sccond. All experiments, In wich
more than 7.5 mg/kg hexobarbitane was infused after the sllent second,
wero excluded. It ls cvident from Fig. 6 that the standard rate (025
mg/kg/sec) gave the ahorter skeeping time. The pattern of the chanfe.
with higher and lower infusion rates, of the slecping times ore closely
pnmllcltuthopartm'mofchansuintheduuholddw(w“mw
1965) Thmisndowg;ruduulh'mxcwhhhig,hcrmumdnwm
with slower rutes

Bmmoruudmnnmnmizmormmwmwww;
tncreass in dote due to “slower than standard rate” cased the ST
crmclndecpingﬂmuummpm\dingwindocducto“ﬁﬁi‘:
than standard rate It I3 clearly evident from Fig. 7 that aa JocTeose 7
dose due to a faster infusion rate was more effective In Incressed L
slecping tirne, than a corresponding increase fn dose due ta 8 slow
sion rate. It 13 probable that the increase 1n dose to obtala the sfent
with faster infusfon rates 15 caused by the amount ofhexoba.rbummmn
has st not reached the CNS when the sflent second appears (¥
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The 1ame e prrinsents
ke born et perd mlFlg 6

the 1966). Thus the extra dose which has ot

Infision yet reached the CNS

tag an {4 topped shouid produce a larger Inerease 1o hen
extre dote which has alrendy sleeping time,

Metabotized due to the alow infusicn “t‘m redistritoted or ‘perhaps
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Dlscossion

Sleeping time is commonly defined as the time whea the righting refiex
13 absent. Actually there are two events which are recorded Jost and
retumn of the nphting reflex. There are thus three possible umes which
could be measured The time from the adminsstration of the drug to the
return of the righting reflex (refurn sime), the time before righnng reflex
lost (induction time) and the difTerence between these two times, L e. the
sleeping time. That these three times ought to be carefully conudered in
experiments using sleeping times 15 exemplified by senes A (Resnlts), The
average slecping time in experiment A is 51 mm. shorter than the
corresponding ume in experiment A1l (Fig. 1) The probability that thn
difference 15 dus to chance is less than 0.05 (Student s t). It thus could be
concluded that the rats consistently wake up earfler after the sdmymsina-
tlon of the first dose. A closer analysis of the dats reveals, howover &
small but significant difference (1 | min.) i the induction time between
Aland AIl(p < 001} The larger difference (4 0 mun ) in the return times
was not significant. The consistent difference between expenment ATl and
AT was thus due to s fonger induction time in experfment AL

A change 1n induction time i not equivalent to a change of the sume
magnitude in return time, when CNS semsitivity to hexobarbrooe 13
studied. Such a comparison must be based on the corresponding changes
in brain concentrations of hexobarbitone. The brain concentrations of
hexobarbitone in mice after intraperitonea! injection have been carefully
studied by WINNE (1964) Calculated from hus figures, the changs In trsin
concentration in mice was approximately 15-20 times faster at the
approximats time of loss of the righting reflex, than at the tune of return
of the reflex. Sinco the situntion must be smilar fn rat, a changs in CNS
senultrvity should cause much larger changes in return time than i Indue
tion tyme The 1 | min duference m induction time between AT aad AL
thus very probably represents more of a true CNS differeace dm‘:
4 min. change in returm time between the experiments. The cause of U
increased induction time in the AL expenment prwumbl)’ufé‘ﬁ;_
the unfamiliarity with the test siruation, 1n the same way a1 i the
hold experiments.

When regarded as a measure of sensitiaty of the CNS, small changss,
mthnllwpmgumscou}dmmcﬂhermnnlﬂmcmﬂ’mmﬂm
. &. if {nduction tume wos influenced, ot virtually no change, &€
tume was infiuenced mchnnpuobuimdmmdmﬁmﬁm°mw‘7ﬂ
mﬂsﬁmdlokncgﬂﬁbkwmommﬂmmmmmwm
retum tume. Tn most experiments with sleeping times, refurn
thus responsible for the change measured
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The event return of nghting reflex” depends only on the tenstivity
of CNS to the inducing drug. The return time bowever alo depends on
thﬂmteufdxn.ppmmmorth:dmz.ﬂmdmppunnmudctcrmlmd
bytbnmmbolummd/orthcradkmbunonnfth:dmgkmunﬂmthm
hinfluenced byulcanthmefudoncfwﬁlchCNSmuumyu only one,

Scmﬂmnmplnmnbchvmmﬂ]mnonofﬂroﬂ'euofmbounn

of the ducing drug on skeeping time  iny d metabolsm of the m-
dmfugdrugduatoaprcviomndmiu&muonofthclamcorrrlutcddmp
(Renaen 1962 Conney 1960) ch d holism dus to admministration

of a different drug (FuymoTo ef af 1960) and changed metabolism due to
the sex hormones (Reuire 19584) or glococorticords (REuer 1958b)

m:ﬁauoudeep{ngﬁmcofthcmwmaltcmpcmmofmﬂummnk
can be explained by a changed metabolism (Moxrs 1963a Foaeuan
1947) However temperature also seems to have a direet effect on CNS
sensitrvity (WiNNE 1964)

If slecping time measurements are made with a drug in which re
din:lbmionwnn-ibututom:tmn!mdanofm:mmmﬂnlongmm
experiments will be difficult to evahuate If the body weight changes, As
fean tissue such ax muscle seems to be the first compartment Into which
short acting barbiturates are redhtributed (GoLDsTEIN & ARoNOw 1960
PRICE ef al. 1960) changes 1n weight duc to increased rmuscle mass could
decrease the sleeping times. Changes in weight dus to other reasons could
hmuasethmn.Ancmmphohremunorﬂwpmgﬂmcoubodedgm
after pentobartutone adminstered in mg/kg dosss is given by Momen
(1963b). Whether this was due to changes in re-distribution ar metabolism
can pot be deduced from the sleeping time data given. In the present
xperlments, an effect of weight on the sicepang times can not be excluded
in tome threshold expermments (for Instance Table IT) A slightly significant
correlation betwesn weight and eeeplng tme was, however found only
In experment BIV (r =019 p < 0.05 0 = 110), but not in ths other B
experiments. However changes m metabolism with age or weight can
not be excluded and the observatrons are not neccwsanly cxplained by
re-distribution alone.

The slecpang times are also nfluenced by hydmtion and dehydmtion
(Brozriirca & MANTHE 1957 RaMwL & LESTER 1961) The solvents
in which the bartuturato 13 administered i p and the ditution cffect of
Pptrrioreat flutd which presumably could influence the absorptlon arc stilt
other factors which should be constdered (Rthaxt & Dr Jonar 1962
SMrTH 1961) Even when as many external factors a3 possible aro ripor
ously controlled and analysed there {3 a conslderable variation between
sleeping times of control groups treated in the same manner but partich
pating in different experrments (ROMKE et af 1963).
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mrxuum are thus nfh 'bya Ititnde of
factors which are hard to evaluate without a detafled knowledge of the
distribution and metabolism of the barbiturate under study Most of
these factors Influence the return time. If CNS senartivity 13 to be studied,
sleeping time measuremnent Is a rough and oncertaln method. When an
experimental vanable is introduced, ail other possible influences on the
sleeping times must be excluded before changes in CNS sensitivity can
be ascertained

Fig. 4 shows that there is a positive correlation between the amount
Infused after the silent second and the steeping times obtained. This meam
that at a fixed dose of hexobarbitone, rats with low threthold doses will
tend to get long sleeping times and rats with high threshold doses will
tend to get short sleeping times. When the threshold dose for the silent
second is used to terminate the infusion, then thereis no relation between
sleeping time and threshald dose in the B serles (Fig. 3) except in BE
Under normal conditions slecping times and threshold dose are thos i
dices of sensitlvity to hexobarbitone in the CNS and are related to one
another But the silent second is kess affected by extracerchral factors,

Summary

A method for the automatic recording of ‘sleeping times” in rats Is
described In spayed females after 100 mg/kg hexobarbitone (enhexymal)
Injected Intraperitoneally this method gives skecping times which arc
approximately 20 min. shorter than thote observed durectly but the
standard deviations are the same with both methods,

Sleeping times 1n two gronps of male rats were recorded after different
treatments, per

1 The rats got 100 mg/kg hexobarhitone intraperltoneally

2. Hexobarbitone was infused contnuousty intravenomsly af E’g
of 0.25 mg/kg/sec. and the dose needed to obtaina il
cnterion (the ailent second) was used as an 1ndication for ending the
Tuslon. ntre-
Similar distributions of the secplng times were obtnined in the
peritoneal group (3 succenive expermments) and ﬂ““hdmd
group (4 successive experiments) In the threshold group there ¥as t
dose responss relationship (range of doses 4550 mg/kg) "ﬂhd“mm
duplngﬂmncxcepthnth:ﬁnttxpcnwlnmi!um‘lmﬂ‘;undmwﬂ
hold doses were also increased. A corrsponding change was f
ﬁmmmpcﬂtmml:xpﬁimnntmwh!dxﬂmwﬂondmﬂm \

A dose response curve plotted with doses related to the amount needsd
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to obtam the silent second reveakd a gradually mcareanng slope with
tugher doses.
thclnﬂmonn.tmnfhexobarhmnnwmdmnpd[mmthcumdnd
rate 0.25 mg/kg/sec., the b times
dmlhrtothcimmminthrmholddoufmdmﬂmwﬁhchmgcdnm.
An merease In dose duo to a faster than standard rate, increased the sleep-
fng times more than a corresponding increase doe to slower than standard
rate,

The disadvantages of sleeping times as & of central nervous
sysiem sensitivity to drugs are discassed.
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Effects of Vasopressin on Uterine Blood Flow in the Rabbit
By

Axthouy M. Carter Peter J Lews and Lars Piillp Bengtmon
(Roceived Aprll 29 1966)

1t is well known that the posterior piturtery hormone vasopressin has
an effect on certain vessels. The action of the drug on the ntenne vascula
turo was first investigated 1n pregnant cats and spayed cats under sterotd
treatmsnt by Roeson & Scuirp (1938) Using a constant rate perfusion
method they showed that the injection of vasopressin (0 05-0 1 IU) into
the utenine artery ked to an incresse in perfuslon pressure, indicating
vasoconstniction In & small number of expermments they also found that
vasopressin (00502 IU L v) camsed a decreass in uterine volume as
recorded with an oncometer 1t has also been demonstrated that vaso~
pressin (0 01-1 0 TU) admunistered via the uterine artery of pregnant and

portpartum briches causes & redoction 1 flow through the vessel of
between 30 / and 100 £ as measured by an optically recording rotameter
(AHLQUIST & WOODBURY 1947 AHLQUIST 1950)

Large doses of vasopressin grven to pregnant anfmals have been shown
to causc foetal death 1n the rabbit (BENGTESON 1957), rat (Byrox 1937)
and monse (PARKES 1930) This effect was first demonstrated in the rabbit
by Knaus (1926) using posterior pituitary extract (2 mg moist gland
extract, 1. v) Since he failed to obtain a response before the 18th day
of pregnancy and 1t 1s at this point that tho placonts becomes separables
from the uterine wall the effect was attributed to the oxytaxic pro
of pitnitrin (HUGOETT & HAMMOND 1952). BENGTSSON (1957) has, how
ever shown that the active molety 13 vasopressin oxytocin being without
any effect

It i not known 1f the deleterions effect of vasopresnin on the foetus &
related to its effect on the uterine vasculature. This question is being
studred in our department and the present paper deals with the effect of
vasopressin on uterine veln flow in pregnant and nonpregnant rabbits.
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The rate at which blood traverses the uterus of the mbbit was finst
mvestigated by Barcrort HergrL & Hiiw (1933) using extensive dissec
tion and collection of the diverted venous outflow Search of the literature
falls to reveal any subsequent attempt to measure utenne blood Sow m
this amma! or any information on the pharmacological responses of tbe
vascular musculatute in the rabbit uterus. For the purpose of the present
study we have developed a relatively simple techmque which enables
continuous monitoring of uterine vein flow in the rabbit.

Methods and Materlals

Animals

Swedlsh white Land rabbits wers wsed ln this stody The mean lengih of geatation v
this sirain {s about 31 hnm‘mmhtwmdﬂmmﬂ
nanpfeptnhv[lhnunvﬂ;huef!lulnduurupﬁvdy The &nt groop wa
lrﬁ.&d;ﬂylmcﬂﬂmudvhhdﬂmdmhmrmhmﬂumdmwm
teophin (gonadex @ Leo, 33 1U Lv ) to Inducs ovulation mnpcdmﬂh‘mp‘w
26 days fater Tho second growp conshied of nonpregpiast, parow sioude.

Experimeatal
Tnchpwfmcﬂn:vdnﬂovmdmunnmﬂdnmrhlmmobnhdmmhd
wmwmrmummmmmlmmuwmpmm
mebomainatrium € o, 40-30 Ly )T s peT,
incrmljnuwvdnbm lujn’-"nn«d sdtoap bnnﬁ.t'u:hcrv:
a3 8 blood ressvolr lltplﬂn(ltmluflﬂmlljtcw!vhmmhﬂﬂmdmhdh‘
Zwmlnwmmmmwmmmmmmw
bynunufmmmdwdlmulphmw&mhﬂmammmmmﬂm"
The bdemmopmdlrynnﬂdlnnmynbi:tndﬂon-mwmmpﬂd
,bymmummpfmmlnmhmmmmmarm-n;mmmwﬂ'ﬁ":
anmdllmmmwmmmammmﬂ
ﬂf'ﬂlﬂ!hvkrﬂmmtdhurthﬁlwwﬂﬂﬁm.ulpoh(lmalﬂﬂml
the biadder ndmmmmmhwmdc-ndnfmwonlnmfbnbod -::-m
The mtmmcrymdwtnnrypuﬂylnlhdrmm-lrdlﬂnm(mlcﬁﬂmw
3CIOLD 1932 Baxcmorr Houow & Hin l9.\!).th-ummﬂy:mﬁ£§m
-wdm-vﬂnnﬁbdngbcunduﬂ:uy(ouu:lmmu;md emirely
SepArEt OT the artery is slong within the lemen
mwﬂhlmmmmof:lmdm-ﬂhhaqwﬂﬂummwﬂ‘;:w“
wmf“lﬂ:ﬂdp-ﬂicnnk\tbﬂwpnlﬂoﬂaf.ﬁw]hmvdﬂ-m
achlevad, polyvthyles catheter was inaerod fnto tha veln_od Led o
mmbummwmﬁmwmmxmp?ﬂ*
practiso only tw  tTes wers needod ome fo the snimals
1 14 mm) and nmhufwmm;n{mh(md-lsomli‘
o(mnuthttvmconn:mdwu-dmpphlchmbud pbe
mlmmmnmmmwwmld’
badthcuﬂ-h’vvlnhln;h.vdn_ﬂu:b&mphmnjm
1 dcﬂeaiouo!ukymowphmmwnwﬂ
.ndrecum-dmt.hejn;nhrvdnrmmmuwdmwdr
constant by sdhrsting the Infiow tap.
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Fig.1 Partof typheal kymograph record 1 Uterlne vem flow sach deflection of the

tractyy indicatms petsags of  drop of blood through the epanting chamber 2: Mean

carotid arterlsl pesseore. 3 Time marled every siath second An injection of 1.0 U
vasoprestin wis made betwern A and B. Nompregoent rabbit.

Yaveprexsiv

The vasopressin used In this stady was syntbetic lysise-vasopresin (postacton @, Fer
dng) with  pressor actrvty of 166.7 [U/mg und an oxytock sctivity of 2.3 1U/mg.
Vadom y were 1o excartain the moet suiteble mathod
of adminietration. Several points cmerged from thess. Frretly marked tachyphylaris and
Pertistence of action were obeerved which rendorrd repested  beervitioss oa the same
nnfmal enreluble, Sccondly rapid injections ked to rapid awd violent flectwations a the
bood pressers. Thirdly thers was  marked variation ia the individmal resposes to tho
drag. On coasideration of thees factors & was deckied 10 adminrater the drugas  wow [ojec

pump which delrvered 0.2 1U/min. for ve mmrutes

Remits

Part of a typlcal kymograph tracing is shown in Fig. I This [lfustrates
the effect of vasopressin infection on mean carotrd arterial pressure and
uterine vein flow Twelve such records were obtaned, half from non-
pregnant animals and half from animals on the twenty-snixth day of
peegnancy From these records the uterine vein flow wns cakeulated in
dmpupﬂmmumrorud\o[mnfulloﬂngﬁwmlnuupenoda 1) imme
diately before inyection 2) duning infection 3} immediately after injection
4) 20°25 minutes after mnjection. A typical hstogrmm based on such an
analyss 18 shown in Fig 2.

mecwgofoommﬂwn.ﬂnﬂgmuthmobumcdmwmmcd
mmmo{m}ggﬂw defined a1 the average flow dunng the five
minutes before drug fon These p are given in Table
1 Means of the pr were then d for the nonpregr and
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Min- Noapregrunt anfmats Proguast antmahy
ttes 1 2 3 4 S 6maa 7T 8 % 10 Il llom

Is6 100 100 93 102 105 101 oMo 910t B2 oW
2 105 96 103 9k 104 % 101 | 103 102 106 12 9T 97 oy
3H02 103 103 101 99 %9 jo1 | 107 s 93 104 101 103 Int
412 00 91 91w e n S0 104 ST 97 101 104 98
I % 5 o9 14 ;1 g 107 104 33 100 101 104 1@
08 % AT 00 ™ 9 o | 107 108 1 o om0 W
TN T 7 om o o4 s LI < B - I TR I <)
t ? 6 12 e 15 2 % 92 » & U NN
s € & o & 12 w4 1B o5 20 68 H @
1t e 0 &1 15 13 16 3110 51 % & T2 @
& o 6 10 26| 4 s s Moo w
12 fl.&@ o & 100 71 23 % 102 51 2% N & N
P B - S S ST S 0 100 51 24 3D & %
MM e 0 st oy 7 28 @ im o » 18 28R
5 17 & o e 19 7 27 M o132 a8 0
¥ B ™ ouaw oy oy oy - % 75 @ St noH
3B oM 2 non ow o4 B e 2 %M
32025 Mo s o25 13w - % 75 8 St ™ X
B2 M7 3 ooy oa - o1 & 22 9 f
MM ¥ TN o1 a4 o 13 & 1 %7

Ppreguant groups respectively These are also given 1n Table 1 and are
plotted againat time 1n Fig, 3

Thus analyxis of the results allows of the following obscrvationt

In afl tho nonpregnant animals and in five of the pregnant ’“ﬁ“'k'vdn
admunistration of vatopressin led to a marked reduction i uterla¢
flow (Table | and Fig, 3)

Thc(rcxtcnt of the individnal response vared in both groups.
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swprrgment
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Fig. 1. Uterine vain flow a3 percentago of restieg flow for pregnant
tod soprepsant groups (mear) plotted  palnst Ume. The horirontal ber tdicates
mjection of 1.0 TU vasoprossia,

The reduction in blood flow first became marked durmg the second
mmute of the injectton and ft usually became maxmal towards the end of
the njection.

In no case was complets recovery to the resting flow level observed.
One ammal was followed for 13 hours after the infection without full
recovery of flow (Fig. 4)

The reductlon in blood flow bore no clear relation to the pressor res-
pomse, which was marked in afl cases, Thero was atways a rapid risc in
mean carotid arterial pressure during the first minute of the fnjection,
whilst the uterine vein flow remained at or near the resting level In the
single cxperiment where no reduction of flow occurred, there was noverthe-
lenapmnurrcxpomcofﬂmmH;.InaﬂusuLhoprmmmmm
values at or near the restng level after the infection, but there was no
carresponding recovery of blood flow (cp Fig. 4)

The mean reduction in flow was greater In the nonpregnant than fn the
pregnant groop (Fig. 3) We have attempted to assess tho significance of
thhdlﬁaambyp«fcrmlngnnﬂmbhhtutforthudiﬂmbemm

sy WO
-2
- T

(2] ]

ol
5 . o g [

s
Fig. 4. Utrrine vcln Sow (blstogram) and mwean caretid artecial
pressars (epper cwrre) phoctrd aqalnst tia. Ty bortroatal ber badicres an fejection of
1.0 1U vasopresin, Noopregnaot rabble.
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means of two small ples. The results indi that tho observed
difference It probably significant duning the penod of Injection but not
subsequently The apparent discrepancy between this conclusion and the
trend of the curves in Fig. 3 depends on the fact that, as the two sets of
means diverge, the individual vanation jn response within the two groups
also increases. Further investigation of the question would require nmuch

larger samples, allowing the application of & more powerful test.

Discoesion

The results presented above indicate that vasopressin has 8 marked
effect on the uterine blood flow of the rabbit n the dose adminntered here.
This result 18 in accordance with the previous work cammed oat in cats and
dogs (RosoN & ScinLp 1938 AmQueT & WOODBURY 1947 AnLouist
1950) suggesting that the effect may be common to & wide range of
mammals.

“The reduction 1n blood flow appeared to be sustamed, even when the
artenal pressure had returned to and was maintamed at a vatoe clost to
the resting level (cp Fig. 4) Since complete recovery to resting flow fevels
was never observed it 1, however difficult to elimunate the possibility
that this sustained reduction was an artefact depending on some espect
of the technique used It 18 therefore of fnterest that cxperiments i shetp,
where an clectromagnetic flowmeter was cmployed, have showm redoction
of arterial flow for 100 to 120 minutes following intravenous Inpectin
of oxytocmn, which s a close chemical relative of vasopressin (AssALL
DasaUPTA & KouiN 1959) Prolonged oction of vasoconstncior drugs on
the uterus was alio reported by Asnguist (1950), who attributed this 10
trapping of the drugs b the constricted vascular bed.

The marked reduction of uterine blood flow observed following vaso-
pressin treatment must necessanly interfere with placental blood fo¥
Whether this ls the cause of the foctal death reported by various 'ﬂﬁ
gntors (BENGTESON 1957 Bysoar 1937 PARKES 1930) fs at present
nvestigation.

Ithmunhl:ky that the observed reduction 1n bloodﬂawdemﬁ:f
a general systemuc effect snce 1t appears to be mamtained. Thus 2 m
tion 1n cardiac output for such a prolonged period could be apcdut: 1
badtodrculatorycﬁﬂnpu.Arcdumloninuwnmb‘wdﬂwd_me
local action may be mediated through mechanical constriction aso-
Blood vessels due to myometnical contraction as well a3 by ective
constriction, Results obtamed with uxﬂuwa(;l‘;]mht; "m“:“

metrial sumulant than vasopressin,
r;g-m contraction a1 the operatrve factor Thus Anmrquest (1950 found
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that a greater reduction of uterine blood flow octurred with vasopressin
than with oxytocin, which sometimes caused an tnereass in flow

If vasopressin causes active vasoconstrichon withun the uterice vascular
bed, it i pertinent to enquire whether these vessels are particularly seng-
tive to vasopressin or whether their response 15 a manifestation of the
general vasoconstrictor properties of the drug In thus respect it is notable
that we found a complete dissoctation of the reduction in uterme ven flow
from the general pressor respome of the antmals as recorded from the
carotd artery ‘The risc in artera! pressure was raprd and usually became
maximal before any effect on uterine venous flow was noticeable. Further
more the pressure always returned to values near the resting level after
completion of an fnjection, whereas the reduction 1 flow appeared to be
sustained. The possibility that driferent responses to vasopressin occur in
different organs is mven support by isotope studies, which indjcate that
Iyxine-vasopressin causes & redusiribution of blood amongst the organs of
rats (BerDE 1965) Thus concept also seems to be confirmed by radio-
angiographio studbes in dogs (ARONIEN & NYLANDER 1964)

The reduction of uterine venous flow demonstruted was obtained with
retatively high doscs of vasopressin. The effect of lower doses and the
effect of the drug on the human uterine vasculature should be carefully
investigated. If small doses of vasopressin prove to mflucmcs blood flow
through the human uterns and placents, this may have varions implies
tona. Firstly 1t would act as a warning against the use of vasoconstrictor
drugs fn the treatment of materna! hypotenson durng pregnancy (Gaeet,
RomnEY & KANDORA 1961) Sccondly changes in placental blood flow
may interfere with placental functioms. including the production and
trangport of hormones, and thus influence the endocrine control of

pregnancy and partuntion.

Ssmmary

A technique 15 reported for continuous monitoring of utertne blood
flow by diverting the outflow from on¢ uterine vein through the dropping
chamber of & photeclectric flowmeter The technique was appled 10 an
investigation on the effect of Iysine-vasopresun on utenine blood flow In
poegrant and nonpregnant rabbits. It was found that the drug evoked &
marked reduction of ow in both m’oups,d. whvcho;ppmhh red to be M‘Mbln:d?

lon ! log 1 p 3 t
:v:‘:m Lflﬂ‘ml from that of the pressor response as recorded from the
carotid artery The significance of these results is duscussed.

3 Ack plearsceipion, YL I St
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From the Pharmacological Labonatory of Dumex L1d,
Copenhagen, Denrmerk

The Embryotoxie Effect on Rabbits of Monophenylbutazoe
(Monazan (®)) Compared with Phenylbutazone and Thalidomide
By
Valdemar Larsen and Erik Bredahl
(Racstved Apnl 21 1966)

Even though phenylbutazonc has been used clinfeally since 1949
(BELART 1949) and monophenylbutazone smce 1959 (A. LANDI), only a few
publications seem to deal with the embryotoxc effect of these drugs.
TRIEBOLD et al (1957) have, however found no redoction in fertility in
experiments with female mts which were given 33.3 mg/kg phenylbutazons
subcutaneously 8§ times within the first 18 days of pregnancy

The present investigation Is very amnilar to an iovestigation of “The
Teratogenio Effects of Thalidomide, Imipramine HCI and Imipramine-N
Oxide HQI on White Danish Rabbits™ (LARSEN 1963) At the same time,
it Is an mvestigation of embryotoxic effects 1n general, and of a possible

relation to fertility

Materials and Method
Experimpnsal smiwls and doet
The whits Danleh rabbity mecd came from the Duakh Stats $orum [osthtats and aft had
previomsly bad frem 2 to |1 Biters. They wore dividad oo 6 identical groups sccording
10 tisa pumbser of previows tters. The males need for taating were also whide Danish rabbrty.
Both males and fenske wae fed on hay cstmeal, carrots @ wefl o3 Barre's mangoid ad
Nbitom. They wers oot gheen water

Drwyy b exrtputed ond metbod of adminirarasion

For compartson with mooophmyitetazone we weed the chnically well-keowa compound
Pheayibotazons xs  positive comrol there wae  thalidoraide gro, and &3 NegItve
control group § rubbits WO WITY gTvER the sxms amowmt of driwewt {wwter with 3,
Etacosc) &2 wsed (o7 tha other §roups and sdurinietered in the same  ay see betow Phesyl
betaroos was wsed a8 drog of refervace, sincs bt b very gimllar cheraically sad has the
clinicat idxcatons. "

o= v
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mylbmmmmwdhxhrmdmmmmpwnxwuxuuﬂm
with 2 pH of bout 8, mad In our kex] Taby Y from Phamy [+
conformity with the texts of the B. P 1963) with N-NaOH Thess vials ware kept bn the derk
mdrcmmedl‘onhcful]dunﬁmorlhenpcﬂm:uMm:rphnyfbmmemmcdh
the form (\hhobt.lhtdl:mmd:-eﬂdnllpchw “Momaran B Dwmex, vials ench

Inlag 3 ol {Danlsh $pect No, 2567 bx 40816 K. Each mi contalsed 0.150 ¢
1-phenyi-4-butyl-}, Sdloxopyrazolidine™ Both kinds of yials were first opened {mmedixtely
before me and diluted with a sterfle 3 sotution of glncose. At the end of the pariod of
Lafection, any vialt of y und waro examined
by our anslytical laboratory Of the declared contents, $9.0% of the monophenylbotarse
wnd 97.2  of the phemylbutazonce were found. We thus made sure 152 [he anfmafs recoived
tha intended amount of the apents, slnce this bs Important when dealing with kbl com-

Thesa (0 sabstances were, given together with as mach diluent s 10 mi/ky per radbet.
This was done 10 prevent tsyoe dacage (Recravstng 1961 p $5) and to peolong the
sbsorption time and the period of actlon

The thalldomide usod, was the same a3 la previous experimcnts thalldomnde P2 1877 4%,
a gift from Distiliers Co (Blochemicals) Ltd  Liverpool A tospeasion coniaining &0 mg/m/
wis given lo & doso of | mifky rabbit. We deliberatcly inpected thalidomde 53 well a5
phesy) sod 1y joto ihe beck. It eHmowa.
that thalidomide has a terutogeaic effect, wiscn ghven mbcutancoualy A further sdvantags
of the subcutancous row  &s OPposed to the oral of [ntraperitoncs! routs b the elimbnation
of » posaib] Jocal effect o1 the embeyos and oo (be siomach of the dam, 5o that any effect
producsd on eliher of thete must by ascribed 10 & trenspoct of the apets by the blood
stream.

Dospe
Accordlag to Abaxi (1936) the LD30 of phemylbutazone given subcoiascoaty to rabbiy
1 270 mp/kg therel ra doses of 50 myg end 30 my/kg rabbit given duily are appeowiomstely
} and ) respectively of the LDSO. The drugs wers sdmisistered for the firm I0 days {xr
cluding Sundays) fter mating but ot on the duy of muting ierif This tong period wes
Lboumnwno(onb‘nhrdwlmmlpmmnmlo;mhdnm:bmmbquudc
effccts 1n genaral compars in this respect with the considerations [ McCott ot al (1965
mmdwmmmmwm;mmmpammuw

h was alao 60 mgiiy

Lxpertmental procodares
the umber of
lehldm-mqummmmdmnmmmﬂm
mm;mmntmmmhmm.mamdmmm
1 give birth paturally fo the grest majority ummmﬁm{mnrwu
casble ts to  blun loformation regarding dead fetuses, ar well as of retention
of either foctos or placesta m the vterws. Tho young w0
bout 1 hour fo gross cxwmination they wers then kitked whl
p-mdymmu-dmumny-ndnmﬂymmtdr« tebrtal aoomales

Evaminarion far sheietal mamaties ”

Mwuﬂwmmmmwmml)mﬂk
nmmm.crmmmmmuummmm;aw ot
mwnAm(lyza)mmwmmmW troatment
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& weak solntlon of todtum bydrovide follon ed by a graded series of glycerol with decreasing
T water whﬂcﬂmmymﬂpnruaf!h:ﬁekloﬂmlulmﬂmdby

alirarino dimolved In the sqoeons Bquld. Thees sained bone preparations witl here be
cxmod Dawso preparstions. A rule only e udrogram was taken of the fadrvidesl
mmhhddopmj‘rmnmdu»eddﬂonwnmn}ncdbylooklnlrarlburoﬂaﬁnl
booes In the

1 scapuls, 2} clavicie, 3) humene, 4) radiuy and ulne, 5) petvis (4 bors), € femur
T vtermum 13 dotted I, 8) cervical segments (7), 9) thoracko segants (12), 10) lumb
segments (7), 11) eacral segments (4), 12) outhoe of skull with apper nd fower fuw nesal
bae wrd teeth.

Fiaally the [ miapalle was measgred In mm o th radbograph.

The Dansex preparations were curmined for bones which eannot be seen at all, or only
with diffienlty in the rograph

1) metacarpirs, 5 bones of which pe is very small (bones of tho carpis are pot seen),
2) pbalanges, 14 In exch forefoot, 3) ibfa + fAbnle, Arv seen &3 Onw booe, which i, kow ever
diviied into two bores t the proxbmal extremdty 4) two bosey [n the tara cakaneouy
and the are not seen, 5} 4 booes, 6) phal 12in cach
bindfoot, 7) nbe, cownted from the pleural ud  specsl care has been taken (o determine
whether they are paralied, | ¢, whether thers is any fuslon, §) bones of the skall, Incheding the
sirs of the fontancily, length and width 1n mm, ¥) fourteen t  oxtesn caodal wgmenty.
VWhen impecting the recdiograph t s poted whetber o 5 the third  foaTth sacrat segmaent
which | tnated opposite the tpece betwren the two caudal nd the tho cranla! peivio
boner W ca then determne winch segoent b the cormmpond: g Dawso  preparation,
1hotid be desgnated the firt caudal segment. The cadal mgmcuts cart be covnted qscily
xS gven quite mall skeictul parts, a3 already menboncd, are dotinctly stained

Tabis 3 shows kome of the results of the commtings nd mesTnremeits

Hutelegical axaminetions

A1 1t 3 wefl known thal pheny|butazose may cause keuons of the wall of the stomach
when adminmtered subcutaneously to mmal (TanwoL o o/ 1957 Dovanwoz (960), we
vainlty ttempted t @nd such halom the fortoses [ the rabbrt without, bowever
camn g ten ksiolopcally On tha ot hand, we mads  Instologaal cammation
the ffect of the three drugs on tha stomach  {the frmales It mast, howeter be nemembered
(hat the docs were tremted from tho finst o tha twwscth duy inchustve siler mating,
wharens (he Cacsinean sectiut wat frst perfirmned on the thirtwth 1 thurtyfrat dey Poenbie
[mprovemsnt of recovery may bave taken place  the pearod of 11 days between the with-
drawal of the drog end Use performanc of ke Cacraren  scchon,

Iresex, mesmang exfolaton of parts 1 the mmcous mernbrane bat sot 1o 31 U depth
On the swrface, brm  1d posnbly cdots are scen. and  skdibon, oecross nd mfllmaton
wkh potymorpoacies teukoCyves My be present in the remaoneg parl of (e cwrwbrane.

Chroasc wlcer & chamge  winch the mecows membrase becomes exfollated  He
el depth nd M ich the mOsCTLLITE MUCOLIS May aiso D¢ bsent Tha bass of (ha defoct
s conervd by fayer of DcTOUR (s inBitrated  th potymrorphomeciest leuk ocyies wader
whych there s 20wt of grasulition iios W au Hood vsch, p
Mukocytcs, psas celts tad [yTPhocytet, knd im eddion  prohfcrauon of the consecirve
ko ra the sdjacea LSLMS 1O AryIIE degres, froquemily sxtencing nt 1he muscwlarh




446 V LARSEN AND E. BREDAHRL

nhrmmn}onofmlhucmyhn\qmrhdntmdpdm:lm which are rabpd
25d tumourdike.
Thhhdoﬁmmmmﬂonﬂmmmummﬂmhwmmm
mumkmpumm:wmmwmmmm
remlt of the [ of the ot ‘ Of tha does 5 thowa In Tabic IV

Results

A survey of the cxpenment and of the fertilny etc, 15 grven in Tabiz |

In Table 2 with the accompanying “key 1o Table 2' the details of the
experiment are given, though the number of ribs and caudal vertebras as
well as the size of the fontanelles are given in Table 3 The result of the
histolopical exami of the st hs of the does s given 1n Table 4

Discrssion
It can be seen from Table I that only thalidomde definitely redoced
JSertility and the avernge weight of the young. The 6 anmals in group D
that received the large dose of 150 g monophenylbutazone per kg body
weight daily gnvebmhto45ymmgmmmpa:cdto48voungby8fmub
(6) in group F
Twenty less young were bred in the phenylbutazone groups A + C than
in the groups B + D (monophenylbutazone). However 1t would only
have been possible with certainty to establish that Phonvibutazope bad
redoced the fertllity if a far greater number of dead foetuses and foetal
remnants had been found in the females belonging to group A +- C than
" ingroupB + D From Table 3 it can be seen that such a higher death rate
amang the embrycs was not found in group A + C. (On the other hand,
nhxghaduthmeoflh:foemmhicenmgmﬂpm
ﬁncenl]ﬂdouingnmpsA,B CundDbrcdycunB-‘h“dmhﬂm‘;
tion of thaldomide must be held responsible for 4 out of 8 females JLJ:
breediag tn group E particularly as the finding of spermatozos i“un:
vaginal smears from these 4 females, taken after mating, shm*:d -
mating had occurred. There were, however also in group F Le- :
negatrve control group females (2) which did not breed and which un‘z;’
be accounted for as the sterile salution orgiucoscm'-hﬂm"hnd
dmi d to the above d 4 groups. Thueinf'aﬁbfcmlgm
previously bred 8 Litters each, and the males with which they were
had been shown to be fertile by mating with :gxerrcm-lﬂ in this amvestiga
tion. The nfertility can thus not be explain when
The average weight of the young in groups B and z:'h:?:;:“m
taking into consideration the large mumber of young an file the yours
were taken from the dam on the 30th day after mating, W/
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Table 2
The result of the gron examination of the exterfor and tnterior of the young ghren o detolia,

2 Eiw .
§ 2 b 5 o
z £ g i
& ﬂ‘i re's }i‘ag
3%% 1’12 % € s E1 Eg Details bout the yoany
E Zgp =
g:g gé Egg %gﬁ 53
Bre 23 24 Rids i

A 539 340 | cadl |0 9 | normal’)

615 160 | ca 3l | 4 grey 5 | 10of the yoang normal. 2 of the youug” righ
2 remmants of ey¢ dlightly open, otherwiso aocmd. el

. placenta umbilical herntxs, me of thea to & purked
H

- edtent
ii 93 410 norm. | ? 6 | 1 of tho young diappearcd § yoong ks
= 31 pormal appearcnee were allowed 1o bve.
“é They thrived weil _

d % 37 norm |2 2 | 1 of the young normal, 36 g died of o

3 n known reeson The otber onc tieo pormal

= was Tiowed to live and thrived well

£ o1 460|cadt |20y 2 | nomat
2 reranants of
g8 plxcenta -
B |92 3435 | cal | | 8 | wormun

B 738 420 | ca 30 |9 sorma

473360 | ca30 | 7 | sormat P

3 339 460 | 0030 | 3 | pormal _—

P Sg 79 4201 ca 30 | 6 loomal
= 'muolu:u& ’ 7 | 6 normal, The Tth ves fem 2 o key

2 table 2
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in the other 4 groups were taken on the 315t day see Table 2. The young
in the control group F are evidently the most uniform in sze (S D =
932

Table 2 grves the details of the contents of the uterus of the partkapating
docs and of the results of the grots examination of the young as regards
both exterfor and interfor examination In the key to Table 2 it can be
seen that there were no cases of enlarged spkeens, a phenomenon observed
by Troret (1964) after treatment of a patlent with phenylbutazone

Umbilical hernia is also observed 1n the young of rat does treated with
reserpine or similar substances (GoLDMAN & Yakovac 1965)

Table 3 shows that most of the young mbbits in the controf group had
24 ribs, but this not was 0 in groups Cand D The 25th and 26th rib are
nearly always quite small so their occurrence or absence must be con
sidered as insgnificant

Only 1n group E 1 the average number of caudal veriebrae markedly
reduced and the fontanelles larger than normal The ize of the fontanelle
can not evidently be estimated from the radiographs, but theso do
possibly give some information about the thickness of the siull at the
edge of the fontanelle Only the Dawson preparations give the exact ure
of the fontanelle.

It appears from Table 4 that the most marked changes are seen 1
group A and group C compnsing the animals treated with phenylbutazone
1n two different doses The changes in group B and group D treated with
monophenvibutazone also in two different doses, are less marked, but
more pronounced 1n group D than in group B In group E, the thafido-
mide group, only slight changes are found. On the other hand, neither
erosions nor chronic uleers are found in group F the control group

Table 5 gtves a synopsis of the results given in Table 2. It appears that
with the doses used, there 18 no great difference in foeral mortalitr Wﬂ;k
the phenylbutazone groups, the monophenylbutazone groups and
control group, while this 18 signficantly greater hn the thalidomide mlﬁ

With Regard to amomalles it ean be scen, as was to be expected,
they are much more frequent in group E than 1n any of the other ITU‘-‘I\')’;
There 15 some difference between groupi(A+C)md5""“P’(B+w
n both cases anomalies are found n the skeletal system Whetead 37
mﬂnxn&:w&ﬁuunmoﬂydcﬂmtﬂymmwpbmm
groups There were, however In group D 4 Y‘;‘:—J“lg‘hu“bhum been found

b-
in the present experiment. However in a later upatm:nuyu?hng_;:m
bits, delivered by Cacsarean section on the 3th day {mmt;'oy
normal, ie. untreated females, were found to hneh;m;n_bk
umbﬂicn]armcsubouwmminmdthmthcwhukoft r length
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Table 5

Burvey of dead foctuses, foctal remmants ctc. and of saomaties found fa
the young rabbits Taken from Table 2 with sccompanying Ley

Dead foctmsss, foctal
Group remnEnG e, Anomales bn the Iiving young
A ¥mg 1 2rabbie dlogsther 4 of the young ahormali 2 with en open
phenylbutazone 6 remsants of pliceats ©yc, 2 with nmbilical bernlas

» @mg  Nosdgs [dend foctuses | 1 of the youy abnarmal with fusion of
monophenyl Tibe 0w both tides and  buormal vertebeal
butarone colxmn | the thocacic part

c 0mg N mgnofded fortmss | 3 youny boormal | with umbitical her

phenylbatarone e, 1 with  boormal stamebraz, only 3
sacral segments und w0 cawdel segments,
and | w th oaly 3 caudal segmects

D 150 mg  In 3 rabbics attogether 4 youog whth clotted blood  rowad the

monopbenyl- 4 deud foctoses mmoary bladder possibly an  riefact, sev

botazone e

E 6 my | mbbI2dead focmms | 11 young (137) with cumerows  boormal-

thalldomste foeta) remmants ities, see T bis 2 and accompanying key
asw-lasln T bied

E (0 2 rabbits altogotber Rectal ead of the colon drstended In ce

Coatrol group | 2 dead fostoses yousg rabblt

from the neck of the bladder to the umbilicus, probably as a result of the
opernuon If such a dilation had progressed further still it is possible
that a haemorrhage from these vesscls might have occurred with a
resulang penvesicular haematoma such as was found m the above
4 ng rabbits.
mﬁd;:‘; me onc rabbit with a posibly fi colon dilatatk
was found Beeause of the otherwise normn:‘dcondmonls in l{m hncrgmup,n
that ph a y ma
" mn;nmoh;l::c::me embryotaxic effect. The lesions are, however not
pmmbﬂ ¢ vicw of the targe number of young (154 young rabbits in all
o 4 - ). In lon with the ce of these keslony, the
i the gr;uoz‘ used per kg rabbit must be emphasized
very large ‘of an cxperiment Jike the present one wonld be greater if th
_ Vﬂ:ndhlom had been fulfilled that the two drugs {n man and
:m&; metabolised by the same roate, and that the rates of ellmina
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tion for the unchanged drugs and their metabohtes were comparable m
man and rabbit. The embryotaxic component or components would then
be found 1n the blood of the two species In comparable concentrations for
comparable pertods of time. To clear up these questions would In jtself
entml much work.

That lestons of the stomach occur both in does and {n human subjects
Indicates, that the same or a similar compound or compounds with
injurious effect on the stomach, might actually be found arculating tn the
blood of the rabbit ~ for a sufficient period ofdm:: as in man.

Summary
on embryotoxic effect In rabbsts have been performed on

40 mated does divided up into 6 groups For the first 20 days after mating
each doe recerved dafly by subcutaneous fnjection

1) 30 mg/kgor 2) 60 mg/kg phenylbutazone,

3) 60 mg/kg or  4) 150 mg/kg monophenylbutazone,

5) 60 mg/kg thalidomide or

6) 3 / glucose solution.

The young were removed from the dam by Cacsarcan section on the
31t day after mating. The two phenylbutazones did not appear to reduce
fertility Bven if large doses of both substances were used, it is not
posible to dismiss the possibility of an embryotoxic effect on the skeletal
system, and on the soft tissues as far as phenylbutaronc #s concerned.

} The embryotoxic effects are, however not comparable with thoss of
thalidomide, The two butazones, particularly phenylbutarone, had an
Injurious effect on the stomachs of the docs, which wero examined hi

stologically
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