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From the De fp dogy and T ! The Roya! Vetarinary
and Agricotural College and The Dankth Defance Research Board,
Copenhagen, Denowrk

Ceatral Effects of Anticholinergic Drugs Mi ed
by the Apomorphine Gnawing Test in Mice
By

1. Scheel-Krbger*
(Recaired Apai 28, 1969)

Abstract. Apomorphing In Josm ranging from 10 up to 60 mg/kg given smb-
cntapecusly to mmice tndnces only weak goawing behaviour and 10 my/kg was
without effect Th addition of anticholinergic drugy grven {5 min. beforw 10 rog/
kg apomorphine polentisted the goawing behaviour ¢ terthary and I quaterpery
drugy wwo tertad. Among thess same quirocisdimylesters, scopolamine and
bentiroping were foond 1o be wery active campared with atropine. The quatermary
compounds showed moch weaker activity than the correponding tertmry apal
mn.mmmwmmw-ﬁm}y
weakly citred by the ol drog
mw-mmmﬂmmmmmmm
and pirysostigmine gave & offect. Since the  pomorphise
mmﬁmummmmm.-mmm@m
doparime receptors, theso findingy suggest there f a cantral coumter balancing
dopaminargic-chollnergic rystern.

Keywords Apomorphine - anticholinergic druge.

In the psychopharmacological research for the evaloation of antipsychotic
drugs there has been particular interest in drugs showing antagonbam agafnst
mpbeumheornpomrpmxlnducedommmuﬂom-hidlmnnmd
mics conhry of a yped with i niffing, Gicking
and grawing.

Tho correltion between the clinical effert on schbrophrenic sympioms and
the anti-stereotypic effect in animal experiments s repocted to be very high
for antipsychotic drugs (Janssty ef al. 1960 1965 & 1967 Ramoaur &
Munavap 1965 Munkvap & RANDRUP 1966 MONKVAD ef of. 1968 Van
Rossum 1966)

Proscat addreee: Contral Laborstory Dept. E, Sct. Hane Hospital, DK-2100 Roakiide,

1 Ace phareassiopion, vel. 1, fem. 1
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CHENTRAL EFFECTS OF ANTICHOLINERGIC DRUGS 3

Counting of the prawing intensity

Tho intensity of th gnawing bebavioor was stimated by menss of & wire neitlng
(14 ¥ 22 cn) provided with 11X 8 = 153 squares. The wiro nstting was fhed over the
corTugated paper and the numben of squares, through which biting marks fn the comma-
sate could be obwecred, were coanted. Sloce 3 papers wore ueed for the estimation of
th biting imteodty the theoretical maxfmum velus was 3 X 193 = 594 connte, This way
of ectirmating the bithng intecudty t differsut from the methods sed by THER & ScHRAMM
(1962) and Proeasen (1967 & 1968} who anly awess the biting iotemity from an area

to 10X of the papa
Expertmental schednls
1A i I of the apc h atition as shown by the
ik tichol fc drups and hine was peformed, — The

Mmm@wmeAmmrm

Irydrochlorid hy

MNWWNML

hydrochiorida, snd 3 ctroctidinytdiph
wmmnmpwmﬂmmmhmnmmw
ohtrate, and N-methylcopolamine aitra
hmummmwmmmwmpﬂmum
befors a fired dowe of 10 mg/ky pomorphine hydrochloride, ghven subcutaneomly
Twenty mingtes after apomorphine the goawing ntenslty was determined In erder to
equallrs any powitl varistions n the fntenaity of grawing behwvioar from day to day
& mesurereats of esch test drig were octerrdad for a perfod of 14-30 dayr. A control
mmlomwwmmbﬂmmﬂmﬁy
ol i in the forsnoon, snce prelimimry
wwmmmmwmmb,mzsxmm
aftaczoon.
2 The inhibitton of the atropine-apomorphine tuduced gnawing was favertigated in
the afternoon. In these stndies all the mice received a combined treatrent of apomor
phine (10 mg/kg subcutanoonaty) given 15 min  fier atropine (20 mg/ky etrapecito-
Delly) Spiramide (RI$08), which s reporied to be & highly potent amphetamine and
apamorphine antagonist (JANEMN of o 1965 VAN ROSSUM 1966) wys given intraperito-
nmally | hour befors atropine m variom doses mnging from 0.1 20 mg/kg Physo-
siymine smlicyiats was terted in doss of 0.1 05 and 10 me/kg given intraperitoneily
domitanecusly with apomorphine, In afl theve experiments the grawmng behaviour was
wiimmisd during 40 min. starting 20 min. after the adminitmtion of apomorphine

Datermination of the ED30 vaixes of the enticholineryics.
Each af the anticholinergio drngs was tested in 8-10 doses In order to detevmine the
dose interral during which grawieg was increased from  migieum to  maianm
Wiiia thts dose imtaval, th  expariments wers performed with at least §
doscs, each of which wet repeated 46 timer The moan vatues of the gmwing counts
coyresponding to these doses wers calculated and axpremed in per chot of  maxborem
valoe fixed to 300 eounty, Thiy thearctical value B appr y 510X
bove the highest valom obtained in the wiith all the anticholf drugs,
The valoex for the goawing intevaéty represeting the doss from which the gnawing
Increased from 7ero 1o tho macioml iotensity were drawn on logarithmic probability
paper (Copyright AGF2109). Th Lmwar between dosss (k acale)

L
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and the valoes for the goawing (probabillty acale) were calcnlated and tested actording
to the least square mathod (DAvIES 1938). The ED30 bs thus the doso carresponding to
a gnawing intemity of 150 counts.

Resuitsy

Behaviourdl effects of apomorphine

A central stimuolation was indeced by apamorphine given alone gy doses of
10 15 20,30 40 and 60 mg/kg subcutancously Fo!.bw‘h;llr;mc‘.
ton of 10 mg/kg i sniffing, in ) and rearing
(“standingup on hind legs) were observed. Nommal behavioural elements
soch as cating, drinking and grooming were absent.

Incroased strmulation was seen with 15 and 20 mp/kg. The rearing
behaviour extended to a marked dlmbing up of the corrugated paper placed
towards the side. An cxaggerated central excitatlon was seen with doses of 30
and 40 mg/kg The rearing and climbing-op” led to ch istie
mucapeﬁomdxage.Agooddalut}nmptnglnﬂnupwumOb.
served. Some deaths octurred with doses of 40 and 60 mg/kg Thh be

Table 1

AM&ENMMMWD‘H&‘
Apomophing do was gven to mice wing 3 mice fn oach
wxperiment. The guawing bshaviour was estimmted for 40 min. startlng 20 min. after
pomorphine. (For forther detafls, vos Methods™ sectson)

Apomorphizo Number of
i Grawing intensitys
Dosar tn m/ks
10 10 o
13 5 0,65 17 24
P 10 0 (6 experiment),
7737
30 15 0 (9 experiments),
16,29 30,32, 37 100
40 8 0 {8 eaperiments),
2,7 ®
60 5 0 (2 expecienents),
12,124

Expressad jo X of 2 maxtmal valos of 300 wsed in the experiments with  pomorphiss
and anticholinergic drups.



CENTRAL EFFECTS OF ANTICHOLINERGIC DRUGS 5

Grawing  (nkenaly
{wof moximum)

90 PO

o g0 o0 o 2 H b DY

X atropine
O metbyhtropine siunte (sipled Ine)
A seopolamine
A methylscopolumins ritrate (stipied line)

F!;.l mmwhdnwumlpohhmtynhmmdm- tih

X drugs on wcale (abochms). 10 mylkg apomorphine was ghven
ummm-mmmmmpumdwﬁm-hmmm-
cxjculstion of the regresdon codfcients,

bavioural excitation lasted for about 43-60 min. for the Jowest doses and up
0 approximately 50 min. for the higheat doses. The goawing behaviour was
particolardy investignted in experiments with 3 mice per cage. The results are
summaried in table 1

A doso of 10 mg/ig apomorphine sirtady induced chewlng movements of
the Jaw, but biting of the applisd corrugated paper in tha cage did not ocear
Higher doses of apomorphine sometimes indoced gnawing of the paper
Howover, the counts for the goawing intemity were most variabio and not
reprodiucible {n these experiment.

Combination of anticholinergics and apomorphine

The results (praphically summarized I figs. 1 2 & 3) showed that a
of the gnawing bet wat obtained with all of the 12 anticho~

Hinergi drugs (teniary aod queterary &) med. Appront the

me maximal valoe for the gnawing Intentity was obtaioed for all the
tettiary compounds. Even much hightt doses of the antichofinergic drags
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(ot shown in the fignres) did not induce a higher gnawing intensity The
gnawing behaviour a3 determined by the counts on the paper placed towards
the side was high for all thess drug combinations.

The locomotion, reating and sniffing were seen very shortly after the
apomorphine injection in this combined drug treatment. Gnawing occurred
abont 10 min. after apomorphine and was almost continuons after another
10 min.

However H the tertiary anticholinerglc drugs wero given alone withomt
apomarphine, they indoced as observed by gross Inspection, increased loco-
motion and sniffing but no gnawing of the corrugated paper The quetemary
ich rgic drugs (methylatropine, methyscopolamins and methylquin-
clidimyl benzilate) given alone, however did not induce any significant be
havioural stimulation.

Grawing intenuly
(7 of max:mum)

A
99 -
95
s0 110
80
70
so~ | .
0
go 5
10 J
5
LR LY s 10 15
A 3 e I -
dose
o0 az0 8% 10 20 S0 10 20
X benniroping
4 Nemethyld-plperidyl dpheny rbocylats
@ penactyzine (stipled Hnc)
0 cnmiphen
Fig. 2. The grawing inteeity b dawn on thmynhlndlb'duuo(ml
ergic drugs on a k scals (aback 10 mp/kg hine wea ghrea

15 min. after the anticholinergic drugs. The stipled system of co-ordinates b used for the
of the o lrck
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Gnawing inns ty
[wot muxlrnurn)

a
o9

drogs on rithmio scale (sbwcises). 10 mg/kg apomorphine way
Ismmm:n:tho&imdruam-dﬂdmdm-a\ﬂmmhmdfqmu
cskeulmtion of th regrason cocfficiers.

Table 2 summarizes the valnes for the regrestion cocfficlents which cor
reaapond 10 the alopes af the regression fnes in the system of coordinates
drawn with stipled lines in figs. 1 2 and 3 Similar slope values were obtained
for the following clasrical lm.hﬂ:ollnm'gic drup: atropine, scopolamine,
benactyzine and b t pino were found to bo
Zﬁund?nﬂmcx,rupcc&vﬂy momacﬂvnlhlnlrmplm.Banctyﬂnow
7.3 times moro active.

The slope vatues for all the other anticholnergics were found to be bgni-
Beantly different from the values for atropine.

The very Sow EDSO values for the 3-gquinuclidinyi-osters sugaest a very
high central activity for these drugs. However the values for the relative
potency (indicated in brackets) compared with atopine are to be taken with
mmﬂoﬂ.dﬁmlhﬂﬂomvﬂuudnhlnﬂm}ﬂnnﬂy

By gross jnsp the behavioural btained with the quater
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nary compounds and apomorphine was reminiscent of the effect of the

tuﬁnwmmpmnds.mmuﬂnnmmmwmommodcnmwimmhyi

urq:inonndlﬂ.nelr h between doso resp was not obtat
..L.mLL;br thybq T fate and

mcﬁybcopdamlnnwhhdoponhadgnlﬁam&ommo

Inkibitton of the atropine-apomorphine Induced gnawing behaviour

‘The gnawing behaviour in all of these studies was prodoced by a combined
drug treatment with atropine and apormorphine given in fixed doses of 20 end
10 mg/kg, respectively The resaits sre summarized {n tabls 3

This gnawing behavioor was significantly antagonized by physostigmino in
dotes of 05 and 1.0 mg/kg. The Jocomotion, rearings and sniffing were
repressed by a dose of 10 mg/kg. However neurological disturbences such
a3 tremor and ataxia were observed io a few mice for short perlods. No

Table 3

Inh(Bition of the atropinespowor phine tnduced grawing behavionr
All mice wars trested with 20 mg/kg atropine and 10 mg/kg spomarphine. Spuamtde
wa1 grven 1 hoor before atropine. Apamerphine and physostigminge wers given 15 min.
after atropine, Each valos for the grawing behaviour raresents th mean + sandard
aror of the men of 3 experiments, cach perfarmed with 3 mace. Howover th  control

Froup recaivmyg atrog only 9 stpurimenta
Farther drog treatment
(dowes in myfkg) Counts for goawmg behavioor
+ SEM

Spiramid Physostigmine

[ 0 210114 (Control Group)
o ol 174128

0 a0 114 P<000l

0 10 €1 10% P <0001

010 [} 250+ 3

030 0 14126

100 [ 174 125

100 0 140+ 20 P<Om

3.00 0 736 P <001

mo [} 5+ 7 P<oo0!

oo alo 1HEt4 P<OO1
a3 wlo 131131 P<O0

10 a0 1429 P <001

These resutts chifer significantly from the cootrol group.
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thylpiperidyl-phea carboxylate showed activitics which wers
rapccﬁvdyw 73 lndl4ﬂmugrut=rucomptrtdwhhnhn;inﬂ.'l‘he
synerghtic effect with apomorphine shown by the quaternary amines was
unexpected, sinco these drugs pass the blood-brain barrier only to a very
mﬂamm(&:omm&Gmmwﬁs).Hmlhcmmobn!md

with methylscopolamaine and methylquinuelidinyl benzilate occprred at rela
ﬁvdyhlgh@olcmhwh{chwcmuleanwﬁmh@ﬂmmthmouf
the tertiary amines. With methylatropine and quinneliding] benzilats in
extremely high doses, vatues for the gnawing intensitles were otxalned which

were oaly about 50-60 / of those for the tcrtlary amines. However other
tests in common we for messurement of the central sctivity have revealed
dimilar but weaker effect of the quaternary anticholinergic drugs compared
with the terttary analogoes. Thus with respect to the increase of the sponta-
neous locomotor activity in mice, methylscopolamine was only 1/100 ss
ectlve as scopolamine (Farkis 1961). Methylatropine too showed weaker
activity than atropine in mice (MYERS et ol 1964) and in rats (PrADEAN &
RoTH 1568) Methytatropine hay weak atropine-like effects as measured by
EEG sctivity (PouL David ef of 1960 Canvron & Howovitz 1961 Ruent
et al. 1962) and aleo fn tests on the potentiation of the amphetamine effect
in conditioned svoldanco procedures (CarLToN & Dmamo 1961 ScHECKEL
& Boer 1964)
All the snticholinergic drugs used In this gnawing test have been tested
alone sod abo in combination with the oxime reactivator TMB—4 agalnst
the toxlelty In mice with the 3 tnhftd (Raxroa
l%anocndnrohxsbcmuxdbyRmn'mr&Saumm(l%S)u
a text for measunng the central potency of ic drogs. In agr
wﬂhthhthcmmluubtﬂnad!ndngmﬂngmmpmimthcwﬁvhy
bizined against the | jsontng (Karwog unpobll
I!wumtcdlntholnhodunﬁonthntbnapumorplﬁneorumphcmmlnu
Induced gnawing behaviour i3 most probably dependent on an Interaction
with dopemino receptors in the corpus stristum. The anticholfnergic drugs
mmlﬂ'ﬂylﬂ;ﬁdﬂs&sﬂdwtpmdmﬂnmmpulﬂve;mﬁngbchw
Jour but the combined jcholinergic drogs and & small
lneﬂccﬁvodmootlpumrphmepodnocd:mylﬂghgmwhghtunity
These reenlts allow of the condlusion that the sctivity of a cholinergic inhibd-
tory system In the central pervors system plays an Important role in moditytng
the sctivity of & dop system. Inhdbition of the choltnerglc system
with anticholinerpic drags mcovers the adrenergic dominance a3 s evident
&%@wﬂﬂnohdumdmm

nafre and role of the cholinergc system acting in this proposed
cholinergic-dopaminergic counter balancing system, was further investigated.
Activation of the chollnergic system prodoced by ph in
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with the findings of PEDIRSEN (1967) showed 1 tigntficant inhibition of the
atropine apomorphine induced gnawing.

In addition, other central actlivities produced by edrenergic drugs are
antagontred by central cholinergic drugs e. g physostigmioe, tremorine,
axotremorine, and arecofine,

These central adrenergic activides concerned the ampbetamine induced
stercotypies In ruty (SCHELXUNOV 1964 & 1967 ArNFRED & RanDxUP 1968)
ampbetamine dismrbances of conditioned reflexes of rats in a labyrinth
(ScHELKUNOY 1963 & 1967) amphemm!m toxicity i.u amtndmlm(Mm-
NEAR 1965) and amp ine and d motility in
mice (MENNEAR 1965 GALAMBOS ef al. 1967 Tnmml%z).

As another possibility for the inhitation of the atropine-apomorpinns in-
duoced gnawing, tho activity of spiramide way investignted. Among the neuro-
leptics splramide b reported to be the most potent and spedfic antegonist
of the apomorphine and amphctamine Indoced gnawing behaviour in rats
(JANSSEN et al. 1965 & 1967 VAN RossuM 1966) The expeniments showed,
however that spiramlds in this situstion only prodoced a significant Inhibition
of the gnawing behaviour when ghven In high and massive doses.

Thkmultagmawnhodxr bilshed evid which has Jed that
1ok Sle d | behavioural effects consid ,mbo
highly characteristic for leptic drugs 1 and ant h

mcﬁamofnmmlc-pdu(Moammnl%l anmm&'m:mmwlm
LesLE & MAXWELL 1964) Penexsen (1967) found that a small dose of
flupentixol (a very potent penroleptic drug) was wthout significant effect
agaimt the gnawing in mice induced by apomorphine in combination with
anticholinergics. MoRPURGO & THECRALD (1964), SCHAUMANN & RURRIUWEIT
(1961)deAmaundaL(1962)fuundﬂmmedhmrbnn:uindumdby
pcs of a ditioned o resp in rats were antagonized
by saticholinergic drugs. All these resalts thus indicats that the activity of a
cholinergic inhibitory system in tho central nervous system pleys an tmportant
role in the actions of neuroleptic drugs.
Gnﬂwﬁcnmummtﬂmmhmmlhnltnvmmncﬁom
which are ik stic for thus
pliocarpine, i nicntmamdr are reported to induce both
hypothermia and a cataleptic state in mice (ZrTLER 1968). PFerFrEn & JInny
(1957) HeaLy & JEnwy (1959) and Caansuxs & Ewrrcxson (1964) have
described a blocking effect of Ity acting chollnergics in a conditioned
avoldance response In mats PPPFFER & JENRY (1957) furthermore found a
short Lasting improvement m schizophrenic patients after arecoline
A significant synergistic action of the ncuroleptic agent splramide and
phywidpnlnelplnnlhelnoplneapomnr}ﬂﬁnzlnducuipnﬁugmfmnd-
Other findings with cross-p between cholinergs T
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are described in the tests connsting of. Discrete avaldance behaviour in rats
(Gorsrre & JornNsoW 1964),bexobartita] sleeping time amphetamine o
aundwﬂdryhmwdnﬂwmdmpheunﬂncmdnmdmmﬂity@mc
ToR € al. 1964). Increased toxicity of the anticholi drug
(aitrostigminum NFN) by chiorpromanne is alto reported In rats (Gamnes
1962) as well ss the potentiation of the bulbocapaine induced catalepsy with
chollnerglc drugs (ZETLER ef al. 1960)
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From the Research Dividlon of Pharmacia AS,
Vanolges, Copentagen, Denmark

Antifibrillatory Effect of Some f-Adrenergic Receptor
Blocking Agents Determined by a New Test Procedure in Mice
By

Keid Hermaneen
(Rectived July $ 1965)

Abstrocr: Mics which ware aposd to high concentrations of methrylchlaredorm

{o-phancxyphencay)-2-fxopancl, HCU (Ph QA 3%) 65 l—(-op-upyhmtnu)—!—(o«
altylphenoty)-2 propncl, HCl (3678 = ptin®) 19 4-Q-kopropylaminod.
) mcthane HQ (MJ 1999 24 2-(sopropylaminoH

m@mmmaammrwmnwwymdn
cadrenerylo blocking > 50 pha

HQ (dlbazyling®) po effect, phentotamine (reghtin®). > 100 Nooe of sarne
commonly weed antiarrhythmice anturoling, HCI Idoctine, HCL, pheoytaln,

: Ha

~ 200, The method appears perbenlrty suitable for cmhmtion of componnds
with antagocistio action on cardias f-recoptors and in this respect appears to be
highty secsittve.

Kepwords Mics - 1 ~ hydrocarb - e
patholytics
The antiarrhythmic effect of 2 " blockd &

hnlnmcmtmbccuwnlm(cdbymwﬂrxpedmumlmtwoc:dmu.
These may conveniendy be divided Into two sctiologreally different groups.
Tho first comprises methods in which adrenerglc mechantsms are belleved to
Pplay a minor role In the development of the arrhythmia. Amoag thess are
ventrlenlar ectoplc rirythms folkrwing experimental coronary ligation (Haxxis
1950) and cuabain infion In dogs (LuccHEN et of 1967) The other group
couprises rhythm distnrbances induced elther by administration of edremlins
1 Astz pharmessbesicn, vol. T0, faec. |
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or by substances or procedures, the actions of which are medisted throngh
liberation of sympsthomimetic amnes. As a frequently wed experimental
model in the latter group fibrillation produced by an Intravenous Injection of
adrenaline into cats and dogs may bo toned in which the myocardium
has been sensitized to adrenaline by an intratracheal infection of methyl-
chloroform (1 1,1 trichlorosthane) (Soaant & Lum 1965).

During the search for 1 I hods for ovaluating anti-
nrrhythmicpmpmiuwemﬁccdthumic:whlnhh;dbamhmvﬂyapowd
to methylchloroform vapour died in cardiac fibdlletion. A simple single step
procedure based on this observation appeared sultabls for screening purposes
and the method was therefore elaboruted further In order to characterdze the
sensitinty and specificity of the method a series of well established p-adrener
glc blocking compounds was tested. The effect of & few a-adrenergic blocking
agents and of soms commonly used antinrrhythmic drugs was also investigated.

Material and Methods

Tat dragy

Thae f ds wers ueed drenergic sub

chloridum NFN (klorpromarin Novo®) bensylytum NFN = phenotybamaming HO
‘WHO and ph NFN (regitin®) Antirthythmic dngs.
Chinldind sulfas PN Hdocainl chlorddun NFN phanytotnum NFN and procabna
midi NEN (pr y £ad ic blocking 14 pudl
in0)-3-{o-allylpheaoey)-2- o, HQl (H 36/28 = aptin®); dichlorolsopronaline,
HO (DCT) 2+ 1-(p-nitropbemyljatbancl, HCI (INPEA) 4-(2-sopropyls-
mino- hydroxyethyf)mecthane sl HCO (M] 1999) 1-(eopropylamino)-3<{o-

nolol (nderal®) ot woll w3 the two optical fsomars of the hatter compound, methyl

f [(Q A by BDH), and NFN All doses meationed in
mcmduwlhfamdlhtmhuncuﬁmhﬂahpnmwwlurphmmh
mins, wbich was green as th s wero dissobval in
saline at the required except for pl Y and reserpine which

were dnsotved in glachal acstic ackd before dilution with miine.

Tot for endifirllatory effect.

HlkNHRImknvddlh;tmmlS—Zﬂl.banSPP bl:lkq)tmdacunmﬂml
condiilons wers oecd. All test were befors
«xpowire to mathylkchloroform. 30 min. after the drog adminiviration the mics wers
tranferred ooe by one to a 400 ml glass beaker containlng cotton wool satmratared
with methytchloroform under & wire mah at the bottom of the beaaker Thh was
covered with & waich glams Tho antmahs were now observed arefully and when
resplratory amest oarurred they were quickly removed fron the besker In order 10
prevet the antmal from recovering, th thorucke canty was opened by an incision In
the abdomen and the dmpbragm without darmging the heart. The ECG was then
recorded subcotaneomly by bipolar feads according to Scimaer (1933) the animab
betng properly eerthed between the dectrodes The ECG was recorded on - Mingo-
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graph 12 (Eleme) and {n order to follow it coptmoowly the cotput was fed Into an
ma&mmmymmb«dnmmmm-mm

pooling srmller control groups of ten mics of which two groops at lesst wers tested
each dry The cffect was not quantisted in the sing]l mooss, Le H & tewt mouse
sbowed even short runs of fibrillation the prorestment was regurded as ineffectirs,

are aken from a previons forestigation (HExansr 1969).

1 a 1
S TR EHEEEVEE iy camwvnera phemny avsh &S & i

2 2

S e s
) i b g

Flg.1 Bffect of different expenmental procedures on the ECG {n mice. At () an BCO
tracing from an wriTeated mouse anaowbetized with a barbitarats b shown (26) and
(3a) are recorded ut differant times after cervical dilocation and biseding in a mocse.
Section (b) shows differart patterns of methyichloroform wrrhythmiss (1) ventriooler
tachycartia, (2) fino fIbeliation, and (3) coarns (brillaton.

Besulhy

Effect of methylchloroform on cardiac riythm.

Fig. 1 demonstrates the effect of methyichloroform on the ECG In the
mowse. Tho upper left tracing (12) shows a normal ECG of a barbitorate
anacsthetized monts with regularly occurring QRS compleres preceded by
small but distinct P waves. The T wave follows immedistely after tho QRS
comptex. 2a and 3a show two strips of a termine! ECG after cervical disloca-
tion and bleeding from the carotid artedes. The rhythm is tlow and Irregular
but with dittinet peaks and without any signs of ectopic activity such as
fibrillation ete.

In section b of fig. 1 tho different patterns of cardiac arrhythmisy Induced
bymeﬂ:ylchbm!oxmnmdepldcd.At(l)mECOMngvmuicuhrudry
cardia with a beart mate of 700-800 beats/min. Is scen. This pattern of
arrhythmiss Jed either to fibeillation or to bradycardia and asystole. The most
tmqucnllnﬁﬂhmlcpan:mwlhnlhﬂﬂnln(z)lndﬁ)ofn;cdmlb.qn’
>
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two tracmegs {Tnstrate fibrllation of both low and high magnitnde and are
distinct from (1) by the absence of any regulardty The latter picture (3) was
the most frequently observed. When the ECG was followed on the scope the
differenco between (1) on the one hand and (2) and (3) on the other became
particularly distinct, Durlng the test period a total of 32 control groups of
ten mice were Investigated and 90 + 2 / (3 + § E. M.) showed fibrillation
of type (2} or (3). The effect of pretreatment with the test compounds was
calculated from this gross mean.

Effect of p-odrenerglc blocking compounds on methylchloroform
fibrillations

During the initial studies it was noticed that very small doses of propranolol
protected miice against the occurrencs of fibrillation after respiratory arrest
induced by methylchloroform. Fig. 2 shows the effect of the two f-blocking
compounds, Ph QA 33 and propranolol. The upper tracing demonstrates the
charmcternstic fibrillation of an untreated mousc exposcd to methylchloroform,
while section (a) and (b) show different stages of ECG s of mico pretreated
wmth 3 mg/kg Ph QA 33 and 1 mg/kg propranolol, respectively The figure
illustrates that the pretreated mice wers protected against the fibrillatory

action of methylchloroform.
Table 1 and 2 show a quantitative companson of the antifibrillatory action
of a scrles of f- tic blocking pound TbaE)SOinmpcmm«l

yalues wers obtained by a scmflogarithmic plot of the p
o{md:ddmualmhtuﬂfmmthumcantmqumcyofmicelhoﬁngﬁbrﬂh—
tion in the large control group (n = 320) as mentioned previomly The LDSO
and the therapeutic index (LD50.ED50) are abso fisted for each compound.
DCI proved ineffective as a large doic of 50 mg/kg had only a marginal

ol srmstmp g wpbrd iy

b
L A T e e I o o I SF U W B W Sy

Bt e ot L AL e v
T

Fig. 2. Effect of pretreatment with Fh QA 33 and propanclal on the ECG in mxs

evposed 1o methykchloroform vapowr Tha upper tracing shows fibrfTlation fn a control

mouse. Section (a) and (b) & th effect of p with 3 mg/kg Ph QA

33 {a) nod 1 mg/kg pe (b} given uitraper Ty 30 min before exposure to
methylchlaroform vapour
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Table 1
Effect of different g-adrenagic blocking ds on y {Itath
n mice.
Dove EDY  LDX®
% Inhi- LD50/
Compoood mz!h bidon T8 makx  ppy
ip Lp
50 1
ol .. .. - - 100 o, 110
10 bl
H 56/28 - - 20 33 19 10 1
» TI
10 1
MI1999 o e eem e 20 1 b 750 2
30 &
3 i1
INPEA - 50 “ 50 25 41
100 tox,
3 n
PhQA 33 - s b3 63 110 17
10 T

elfect, while 100 mg/kg was toxic. INPEA and (+ )-propanolo! showed very
weak activity and the effect demonstrated at 50 mg/kg should mther be re
garded s unspecific becanse of the low peatic Index of app 1y 4
H 36/28 and MJ 1999 seemed to bo about equiactive with ED50 values of 19
and 24 mg/kg intraperitonzally respectively However when the low toxicity
of MJ 1999 s considered the therapentic ratio of this compound Is far greater
than that of H 56/28. Ph QA 33 also proved to be quits specific In ity sntl-
arrhythmic action with an ED50 of 6.5 mg/kg and a therapentic index of 17
Table 2 shows that tho most effective compounds were by far tho lsevo
rotaiory lsemer of propranclol and propranolal itself. The EDSO valoes of
theso substances wers 06 and 17 my/kg respectively and the therap

index of propranciol was 79 Because of shortage of supply of the (+)- and
{~)-propranalol ths accurste determination of the LDS0 intraperitoneatly has
not been performed but It is of the same order as that of propranclol, L e.
100-150 mg/kg fntr Tho protective effect of (+)-propranckal
l;nimim:thyichhmh‘m[nduwdﬂbdﬂlﬂmannnlylhomomhundmdth
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Table 2
Effect of propranotol and iis optical bomers on chlornform indoced fibeiliaton n mice,
Doss ED50 LD50
X Inhk LDXY
Componnd mafky g, ™ mals oo
Lp. Lp Lp.
03 a
1 44
Proprandlal - 3 55 L7 135 ™
10 i
30 p=3
(+)}Propranclol 50 33 43
100 tax.
o3 »
(-)Propranolol ... - 1 65 0s
3 n

that of (—)}-propranclol the same figure was obtained when thelr f-adrener
gic blocking potencies were compared (Baxrer et al. 1968)

Protective action of a-adrenergic blocking 1p ds on kylchloroft
induced fibrillations
In order to study the mechantsm of hioroform Induced arrhythmlas
further the effects of some Tic blocking compounds wero also in-
Table 3
Effect of some  adrsnagic bocking compomds on methyichloroform mduced {Thnls-
tion 10 mice.
Dose. BDX0
Compoand o B P Y
tp ip
5 2
Chlorpromazing 0 33 >
0 u
Phenotybenramine 10 10r
X n
Phetolaming 100 “ > 100
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vuﬂpmd.lek3dnwithnprcmmetwithd1hrpmmnﬂmmPhc
noxyb only had a peglighhls cffect although the doses used wero far
abovcﬂ)u:ﬂecﬁvea—blmkingthlu.thlohmlne:hrwedmtﬂivﬁybm
cnly at the very bigh doses of 30 end 100 mg/kg.

Andifibrillatory effect of some commonly used antiarrkythmics

To investigats whether an antagomistic sctfon against methyichloroform
fibdllation could be produced by other groups of compounds than those with
p-adrepergic blocking capacity a series of clinlcally useful agents were used
In the stedy These agents are known to be active in different types of ex
perimental arrhythmias, Table 4 shows the effect of five of tho most com-
monly nsed antiarrhythmics and demoustrates clearly that antarofine, quini-
dine, Idocame, phenytoin and procainamide were all ineffective. 100 mg/kg
intrapertoncally was chosen ws the manmal screcning dose, which for all
compounds oxcept quinidine and procalnsmide represent a toxic doso level
The LD50’s for these two compounds were determmined to be about 210 and
325 mp/kg Intraperitoneally respectively

Effect of interference with the adreneryic function on the development of
arrhythmias,

The resulty described above indicate that methylchloroform fibnilation is
brought aboat by mechantsms interfertog with the normal adrenergic function.

Tadie 4
Effect of some commonly rsed antiarrthythmtcs an methylchlaroform incdoced fibellln
ton tn mioe,
Doss ED%0
Compond my/ks X Iabl | eny
Lp. bathor Lp
0 o
\manloe - 100 tox.
]
Qi 100 1 > 100
b 2
Phemytoin 0 o
- 100 tax.
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To check this hypothess three groups of 20 mice were expased to methyl-
chloroform after different pretreatments. The first group recetved 5§ mglkg
reserpine intraperitopeally 16 hrs before the test, the next group wes adre-
nalectomzed 1 hr before exposure to methylchloroform and in tho third
group the two experimental procedures were combined. Althongh reserpiniza-
tion causes an almost complete noradrenaline depletion in the mouse heart
(MooRE 1964) the rescrpine pretreatment alone did not afford any protection
against the fibrillation. Adrenalectomy was also neffective. Only ths com-
binod procedurs had some cffect as 50 / of the animals died withoat show-
ing any fibrillatton.

Discwmion
Methyl form has previomly been shown to semsitize the myocardiom
to the arrhythmogenl acdonof h Incs and has therefore been given
before the intr of adrenaline fn order to obtain a consistent

fibrillatory mpumoindop (SoMaN et al. 1965) Methylchloroform admini-
stered alone has never been reported to cause arrhythmiss, and the method
described therefore provides a new means of inducing cardlac thythm distur
bances by a single step operation. A cardio-sensitizing effect of other chiorma-
ted hydrocarbons has recently been reported by Jormeson ez al. (1968) They
invesugated 7 different compounds and found ooe of them (tetrachlorome
thane) capable of indncing cardiac arrirythmias 1n dogs without sdministration

of ad Ine. Two other pounds, tri- and hi akso gave
rise to rhythm disturbances bat cnly in combination with sdrenaline.
As methylchloroform causes & non jbic respl Y arrest it would be

of interest tn investigate whether some other commonly used sacrificing pro-

)codumlkomdmwlﬂ.cmhythmiumlmmnnwiddymed
method which consists of cervical dislocation and bleeding only caused slow-
ing of the heart rate, resulting in cardisc arrest without any signs of ectopic
activity

When mice aro sacrificed with chioroform, arrhythmias also develop as
described by Lawson (1967) However the tncldenco of fibrllating animals
after chloroform exposure In our experiencs i too low to serve as a basis for
a screening test. In the method described by Lawson the absence of fibrilha
tion was pot taken as 2 criterion of effect, but the mice were regarded a8
protected when they showed a heart frequency of 200 or less.

As to the specificity of the method based on methylchloroform induced
ﬁbdnaﬁon,luppcnntmmthomluthnon}yﬂ—idmgicb*ocungm
pounds aro active in this test. The tic chlor

andpbcmohnﬂnc,dnwedwmcacdﬂtyut%mdlwmgfkg
(table 3) L e. far above those necessary to produce a-blockade (Courvomsir
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et al 1953 Earpd 1966) The lack of effect of some commonly used anti-
arrhythmic drugs i surpeming i view of the fact that meny of them cause a
general and raise the fibrllation threshold in the same way
s propranojol (PAYP ef of. 1967) However it may be noted that rather high
doscs of this type of compound are necded in other antiarrhythmic tests
desplte the fact that u Jess severe arrhythmic paitern than fibddlation ars
cmployed (ventricular tachycardia etc.) The lack of effect of these antl-
wrhythmles against methylchloroform fibrillation therefore emphaaizes the
fact that the method described only provides a tool for the detection of
substances with antagonistic action on cardiac f-receptors and canmot serve
a1 o teat for compounds effective agalnst non-sdrencrgic mediated arriryth-
miss
‘The adrenergic nature of methylchloroform induced fibrillatton s docu-
mentated by the following fects. The order of potency of the compounds in
table 1 and 2 corresponds well with that obtained In some other tests for
S-adrenergle blocking activity Furthermore the antifibrillatory cffect of (+)-
propranciol was less than one per cent of the (—)-somer which i the same
mtio a3 that found for f-Bocking potency (BARRET e a/ 1968). Flnally the
frequency of fibrillation was decreased by about 50 / in reserpinized and
adrenalectomized antmals, Reserpinization alons did pot afford protection
agaimt metirylchlaroform althongh tho myocardial storage stes are almost
letely depleted of catecholamines. It i known that the adrensl smine
stores in mico are more resistent to the depleting action af reserpine than in
ome other specles (KRONEPERG et ol 1957) Itbv.hu:ponfb*cthndn
adrenal amines are responsible for the i action of methylchloroform
In reserpintred mice.
Tho semitivity of the method for detecting f-adrenerglc blocking activity
appears 10 be high a3 compared to some other tests, The ED50 of propranalol
was found to be 17 mg/ig Intraperitoncally which is of the same order a1 the
antagonistic effect on the onabein indnced fibdllation in the guines pig and
the hopreoaline induced increase in myocardial forcs of contraction b caty
(Hﬂumml968&1969)whﬂohwsm(1967)mdcd35mmn0(pro-
pranolal intraperitoneally in order to get an effect egainst chloroform induced
arrtrythmiss in mice.
The relative potency of the f- ;| | pounds Osted In
hﬂolﬂuhmuyweﬂvithprevbmﬂndlngxmﬂrp—ldrmergic
blocking effect of Ph QA 33 has been proviomly fonnd to be squal to propra
nolol in some tests and about one third that of propranolo! in other tests
(HOMUAMSTN 1968). The effect of H 56/28 was found to be only about 10 /
of that of propranciol In spite of previomly published obtervations that the
ﬂ‘mtﬂmdlhbeompcundhequalbthalofpmpnmbl(m
et of 1968). The postnlated weak p-stimulant properties reported for both
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H 56728 and Ph QA 33 may be more dominant in this test and thus serve s
an explanation for the discrepancy observed. In the same way the marked
tutrimlcncﬂvityafDCInnybempomIbhfanhohcko{:ﬂectuﬂhhmm—
pound. MJ 1999 was found to have the same actlvity as H 56/28 but with
the favourable therapeutic index of 32. The poor effect of INPEA ks in agree
mcmwith[uwukp—bhcungupnd:ymwlmy

A new sapect In the devel of glc blocking compounds Is
thenpmnmdngmﬂwﬂhnkcdveblocﬁngapndty(%mﬂrdd.
1967). The simple performance and apparent specificity on cardiac # recep-
tors of the method described make it suitable for screening purposes and it
may serve as 2 valuable tool In the further development of this field of work
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O Methylation of Simple Phenols in the Rat
By

Olav M. Bakke
(Recared September 15 1969)

Abstrect. Eleven simpla mono- ds- and thilydric phenols were ghven by stamach
tate at a dose of 100 mg/kg body wmght The subsequent 48-hour urines wars
Irydrotyzed, extracted and anatyzed by thin-tryer and gas chromatography and by
infrured spectrophotometry The mean extent of diroct O-methylation was 69 X
with catechol, 6.0 X with 4 1 L, 89 X with 4-eth { and 62 X
with pyrogallol. Th  prefered site of mothylation was th  middie hydraxyl growp
of pyrogafiol and the meta Irydrotyl group of 4-mothykatechol. Methoryl groups
wero introduced ortho to the hydroxy! group of the monohydric phenols 4-ethyl-
phenol, pcresol and phenol, but this occurred t - very small extent, No O-meth-
yh!.:dmﬁzbolhumddmd 4 d:n of hydro-
qunone, by 1. There waa no beatween
lhcmo(ﬂ-mﬂ.hy‘hﬁouuldl stempl  phenols and thefr potencies as coo-
vulmnt agente Formation of ankckas and O-methylation of more than ons hy-
drocyl group wers not observed with any of the compounds, The rats dosed with
hydmyq\ﬂndbmnmummmﬂdurphhmduinolu:muimn

) peoduced by otlda and unknowa metab-
olh:lmlh:obﬂ:’vd.

Kepwords Methylation  phenols — rats.

Our knowledgs of the bollsm of phenoli pounds has been re-
viewed by WriLiams (1959) Phenols are b d mainly by conjopath
la!urm;lucumn]deslndﬂhcmlnﬂphlluwiﬂchmmﬂcdlnlhcuﬂm.
Addi ctions are hydroxylaton and O-methylation. O-
Methylation of simple phenols has been shown to occur anly with pyrogaliol
In vivo although the extent of this reaction s unknown (Masat et ol. 1962
ScuELINE 1966a).

Phenolic amines and acids p Ing two adf henolic groups arc
readify O-metk d by “—O—mcthy‘l { mdthiscnzymah
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inhibited in vitro by catechol and pyrogaliol (Axerxop 1966). The competitive
inhibition of catechol-O-methy! transterase by theso compounds is particulady
interesting in view of the convulsant effect produced by simple phenols
(DECHMANY & WiTHERD? 1944 AnoEs & RocERs 1968) and the observation
that their O-methylated denvatives are less toxic to laboratory animals
(Brer 1895)

Provions Investigations in this laboratory demonstrated the presence of
atechols together with smaller amounts of thedr O methylated derivatives in
the hydrolyzed urines of rats fed plant-containing diets and & purified caseln
socrase diet sdded 10 / tyrosine (BAXXE 19692 & b) The present report
gives qualitative and quantitative data on the formation of methyl ethers from
variom dmpls phenols following thelr admintstration to rats. The resnlts are
discuszed {n reladon to the toxic properties of the stmplo phenols.

Methods
Com poknds.
All test compounds and most of ihe methylated reference subrtances wers obtalned
memmuchlmummﬂnhhtuthhhbmmcmm&kmmlmx

Parfly was checkad by thin-haye and gas ch und the werw
rvayeallired or dotilad f necesmry 4 2.0- and th
methyl ethers of phl 4 4-wthry chal and hydr

wers prepared by methylation of %o phenok at toom tempendure i stimed acstons
sotutions to which equimolar quamtities of potasium carbooat and dimethy! sulphate
were added Th compounds wers parified by distillation, If secesary with a sprning
bend columa at rednced presame (Nester & Faost MGF corp, Newark, Del). The
homers of metirylgoaiacol and etylgmaiacol could not be separated bot anthente am-
plm of 4 eyl and 4-ethytgoumcol wers avalable The yield of hydrotpquinol methyl
cthers wes poor bt several minor peaks with ahorier reteatron times than the parent
phenol on cotorn 8 (160%) wers obsarved when the rvaction mixturs was anatyzed. The
O-mathylated hydrosyquinol dertratives are not mctuded in tablen | and 22

Antmel experbegmt
l’hhlrblmnnl;cds—éma:ﬂnud'ilhln;!m—m.m\nninqm
on pellet diet (Pelkakh Ol ). Three days prior to dosing

£iven {ree accem 1o food and to water throughot the expeciments.

Th test compounde diasotred fn | ml of water ubem othorwme indicated (rable 4)
were adeeinetered by stomach tubo under light ether apesthes &t dots of 100 mg/kg
body welght. By meam  f metabalic cages eqmpped with separators the (ndividuml
urlscs wero collected during ths following 48 hoo I containers which wers kept below
the freming point. The raty wers obscrved frequently following dosing asd muscular
twiching, convubions and changes jn comcioosmass weors recorded.

Chromatography
The individml 48-howr trines were thawed, fltered and diloted Lo standard volume
of 40 ml Ten m portions of th  difeted trines weore hydrotyzed with f-glacnronidese
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(type H1 containing sulphatase, Sigma Chamial Co St Louls, Mo) or bn HsSO4
extracted and amiyred by thinlayer chromatography (tabde 1) and by gas chromato-
graphy (tablo Z) in several systemw a3 described provionsly (Baxxe & ScrrLine 1965
& b Baxxr 196%). With each test compound the bydrotysls method was chosen which
in thess previoos studim gavo the highem yield of the pomdble O-methylated metab-
olrtes. For the amalysls of which had not ly been both
hydrolysts mathods wers used with scpamte urioo mmple. Extractfon with sodium
bicarbonuts sofrtion was omitted prior to thin-layer chromatography p-Methocyphenal
ot 4-cthylphenol (03 mg in 1 ml of water) was added a3 interral standard befors

for gas amlyxih, The convars{on of the test compounds to
O-methylated urloary metabolites in 48 hoars was cakculated using imtermal standard
compemmtion for losn.

Tho methods of sd: by pus hy on 3 cohunms and by thin-daye
chramatography bave boen described [n an sarlier poblication (Baxxe 1965e). In addl-

Table 1

Chromatography of soms stmpl phenals and thelr O-mathyleted derivatives on 0.5 mm
thick laysrs of colhdose. )

Rt Calour with fast bluo B
Compmmds mit followsd by mtmrated
Solvent 1 [Saivet2  NaHCOy solution

Pyrogallol 004 0ss Pink-brown
Phloroghucinol 0.00 037 Blue-violet
Hydroqquinol o 048 Plok-grey
1-0-Methy|pyrogaliol 036 053 Qrey
2-0-Methytpyrogalld 038 052 Violet
1.2 Di-O-methylpyrogallol 097 060 Red-orunge

13D 0metylpyropalil .. 0% 050 Blue-violet
Mouo-O-methry!phioroghucinod ol - Videt
Dr-O-methylphloroglocinol 089 031 Vialet
Catechol 0% 062 Pink-grey
Resorcinol 010 0s6 Red-purplo
Hydroquinoos 00y o6z Grey brown
m Mebovyphenol oe? 051 Red-purpl
- Methovyphenol on 0s4 Omange-brown
4-Metbylcatachol 0.40 os1 Grey-riolet
4 Ethyleatechol o686 043 Plak-grey
Qumiacol 05¢ - Orange
4-Mothylguiscol 053 Brown
4-Ethylguaiscol o - Browm

)ShmntﬂTypll’(!}puCh:mh!CmSLLouhMo)mmdvﬂhmlmul
scxd-HO 673 upper layer) and MN 300 (Machersy Naged
& Co) was wed with solvent 2 20 X sqoecus potassium chiorido-glacial acetic scid,
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Table 3
O-Methyhted boll d #8hour rat wices following Intragastric ad-
mlnhu'lﬂmutdm-phphmoh (100 my/kg body weight).

O-Methylated metabolitar

Tatcompounds  Method of Method of
gl R
Pyrogallal Enrymic GLCand TLC*  2-0-Methylpyrogallol 62 (45-1.1)
® Acid GLCand TLC  2-0-Methylpyrogaliol, smaller
nmoants than with enrymic
hydrolysh,
1-0-Methylpyrogatiol {n traces?
(Col. C only)
Hydrovyquinol Eorymk  GLCand TLC  Noos
(&3] Acid GLCand TLC Nooo
Fhlorogincinol Enrymic GLCand TLC  Nooo
[0} Acd GLCand TLC  Nooe
Catechol Errymic GLCand IR Guaizcol 69 (56-74)
(&) Venatrole not detected
4-Methyleatechol Enzymk QLCand IR, 4-Methylgmiacol and
® § Methylgmiacal 60 (4.0-01)
4-Methyhreratrole not detected
4 Ethyleatechal Emymkc  OLCandIR  Ettylpmiacals 89 (§6-117)
® 4-Ethytreratrole not detacted
Resorcinol By GLC Nos
[&)]
Hydroquinooe Broyme GLC Noos
[&]
Phenol Rrrymic aLc Guaisca 0.1 (all 01}
(G Ardeol not detected
Emryms qaLc A-Mcthylgnaincol and
(&) S Methylgmiecol 02 (0.1-0.3)
4-Methylnbole pot detocted
4-Ethytpanol Emymie  OLC Ethylgmlacols < 0.1 (all <Q.1)
(&3] 4-Fthylanisole not detected

Symbols. GLC = gas chromatography TLC = thin-layer chromatography IR = infra-
red wpectrophotometry

ton, some new by were | fed by infrared y By means of
» splitter amangement the efflent gas flow was drvertod from the gas chromatographic
cotzma to a beated Line Sliver chiorkls cclls with 0.1 mm path length (Rescarch and
Indestrial Instruments Co., London) wero posttioned at th €k of the heated line and
the dloted bolhes were by of the cells in  mixturo of sthanol
and solid carbos drotwde The metabolites were cartied down to the bottom of the
cd]lbyr-p-ld}ynihhthoci]nmwhhwploldhhyluhn'hkhmmbﬂ-
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quantly svaporatsd. After the ddition of 2 ul of carbon tetrachlorids ths spoctra were
obtained with & Higer HS00 Infrascan recording spectrophotonxter squipped with &
beem condemer (model C-621 Research and Industrial Instroments Co, London). Spec-
tr of referencoe compounds disolved in carbon tetrachloride wers alto obtained with
silver chlonde cell.

Resalts
The urlnary metiryl ethers of tho administored phenoks are listed in table 3
Infrared spectra were obtained with the bolites of hol, 4-methyl-

catechol and 4-ethylcatechol. Reference guaiscol yielded a spectrum {dentical
to that obtained with the catechol metabolite collected from column C. Gas
chromatographlc analysls thowed that 4-methyleatechol and presol were
metabolized o both 4-methyl and S-methylguaiacol and the ratio of the

duced were i ly 2 1 In favour of the former somer
Mimmwuntnppndmﬂecﬂvdyimmmmmncmﬂnb'!ﬁnmd
absorption maxima wero identical o those of 4-metiry] l although some

of the bands were broader as with tho synthetic mixture of 4-methyl and
S-methylgnadacol.
Analysis of the reaction mixture in the chemlcal methylation experiment
with 4-cthryleatechol suggested that 4-cthyl- and S-ethylgnalacol eluto together
from ell of the columns used. After the ingestion of 4-cthylcatechol and
4-cthylphenol peaks with the rstention stics of these ethylg L
P on the ch i The pfrared spectrum of this metabolite
collected from eotumn S was compared to the spectra obtatred with referenco
4-cthylgnaiacol and with a mixture of 4-cthyl- and 5-cthylguaizcol produced
synthetically Although the trapped compound showed the charactertic ab-
sorption of an ethylguaiscol it could not be determined which of the Isomers
s the major metabolite.
Owlng to the colncldence of the pyrogalkol monomethyl ethers on column
S the possible trace of HO-methylpyrogaliol in acid-hydrolyzed urines follow
ing pyrogafiol administration could ot be coafirmed o this column In the
presence of large amounts of its isomer and It was not detected by the leny
seasitive thin layer ch aphic method. ion of more than ome
W‘Y‘mpmmohawdwimmyddmmmpomds.
In animabs given p-cresol and 4-ethylpheno! thin-dayer and gas chromato-
mﬁyﬁﬂdmdmmcmoummmzﬂmofthdrmﬂwhy
d derivatives, 4-meth hol and 4-cthylcatechol. Phenol was
hvdmxyht:dtnhyquuimmmdmnumnmmnocamNmomx
monchydric phenols were converted to their corresponding antsoles.
Extracts of the enzyme-hydrolyzed urincs of rats given catechal, 4-methyl-
catechol and 4-cthykeatechol yiekded amall peaks on columa S (120°) with

3 Ass phormasstopicn. vel. 71, fame |
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relative retention times of 360 6.0 and 9 8, respectively These unknown
metabolites etuted in the same order on column C with the first compoand
coming lmmediately after p-methoxyphenol and the other compounds 2 and 3
minntes after this internal standard, respectively Also in the experlments
with 4-cthylphenal some unknown metabolites gave peaks on the chromato-
grams and 4-hydroxyphenylacetic acid was detected by thin layer chromato-
grphy of the urne extracts. Pro spots corresponding to 4-hydroxy-
benrolc add were observed on the thin layer clmomatograms following the
administration of p-cresol.

The methyl ethers of hydroxyguinol were not available as reference com-
pounds and thelr genenl gas and thinlayer clromatographic bebavicur was
lndiatcdunngﬂwmainnnﬂnmnofdlmhylmlphu:—uuudhydmxy
quinol. None of these d on gr of the
hydroiyznd\n'inesufhydmxyqumd—mmdlnlmnk.

Thin-layer chromatography of extracts from enzyme-hydrolyzed utines
showed that a very small amount of resorcino] was excreted following dosing
with hydroxyquinol while only 2 of the acid-hydrolyzed urlnes ylelded thts

Table 4
Motor b In strk of sunpls phenoks (100 my/kg
body welght) to grouw of § mt.

componnds Vehic Symptom

Pyrogafld 1 ml of water Nono in §/5

Hydroxyqunol 11ml of water Nooo in 5/5

F l 1mlof Noos in 5/5

sivcol water 11

Catechol 1 ml of water Severe coavulsions 1o 5/3 coma in 3/S

4)Methyleatechol 1 mi of water if /s
musuhr twitchmg in 4/5

4-Erbylaatechol 1 ml of water Sught muscnlar twitching in 1/3 none bn 413

Rasaraool 1 ml of water Severo convuldons in 5/ coma In /S

Hydroguinone 1 ml of water Severe comrvuislom and com in 1/5 moderats
comvulnoes 0 2/ moderato mruscular
twrtching in 23

Phenol 1 mt of water Sovero comvublom and coma [ 2/5 followed
by death in 1/5 moderato muscutar twitch-
g in 3/5

pCresol 2 ml of water Slight mrmacolar twitching in 3/5

AEhviphenol 1ol of p None m 515
ghycobwater 11
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1 was not d d in the urine of rats given pyrogaliel
oc phioroglucinol.
mmmurdhnubmoulndmdbythcdmplcpbcmhmm
marired i tabls 4 Mmcuk Ing and Istons sterted 4-10 mimrtex
after dosing with phenal, catechol, 4-methylcatechol inol and hydro-
qmmmdmwdmclwsmmmmpmlmdnmﬁamdnl

tehing but po 1 wcruobwrmd.lnt.’mrlﬂrwdving
4 ethyloh gallcl, phioroglncinol and b yquinol and tn control

nﬂmalsdm:dwhhwnterundcrdhermnmhnhm:mlnﬂnnp!rmm:m
wero observed.

Discmsdon

The formation of 2-O-methylpyrogaliol from pyrogaftol in vivo has been
demonstrated by Masal er al. (1962) and by Saueine (1966a) This meta
bolic reaction was reproduced in vitro with catechol-O-methyl trapxferase
from mt liver (MASRI ef of. 1964) Tho present results canfimm that 2-0-
methylpyrogaliol b produced from pyrogallol in vivo and damonstrato that
this convernon occors to a considerable extent. 1,2-D1-O-methylpyrogaliol
which AxciEr et o (1960) claimed to be the maln O-methylated metabolite
in vitro was not detected.

ScHILNE (1966b) demonstrated the dehydroxylation of pyrogallol and
hydroxyquinol to yleld resorcinol in incubstes of rat caecal bat
found that phlorogincinol was not so affected. Treces of resorcinol have also
been detected in the hydrolyzed urine of rats dosed with pyrogaliol (SCHELDNE
19660) Whils the latter i wo finding could not be conflmmed by the present

study the dehydroxy of hydroxyquinol was shown to take place also in

the intsct antmal.
The falture of resorcino! and hydroquin: toy{dd hylated boll
while catechol, 4 hyk and 4-eth yhelded bk
mtities of mch derl d dntthoZ.de:nthydmtyl
$roaps aro exsential for direct O-mothylation in vive Hydroxyquinol is the
d with this which was not shown to produce a

methyl ether in the present study This compound, bowever 1y very unstable
and Tittlo bs kmown about its fate in the animal body except that it formy &
gluctronide (se0 WiLLMs 1959).

Gaxton & WrLriogs (1948) stndied the urlnary metnbolites of catechol
following its oral sdministration to rabbits and found that approximately
90 / of tho dose sppeared in the urine a3 conjugated and free catechol. A
trace of quinol was alo d d in thess urines, The present
study demonstrates that gualscol i an sdditonal metabolite of catechol and
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the quantities produced by the rats carrespond fairly well to the fraction of
ingested catechol which has not been accounted for in rabbit urlne. This
finding confirms an earfier suggestion that guaiscol which ocours in the urine
of rats fed plant-containing diets may arise from catechol (BAXKE 19692).
Also, 4 hylgnalacol which was d d In these urlnes and in the unmne of
rats fed & 10 / tyrotine diet is possibly produced by O-methylation of 4-
methylmmcholdedvcdfmmplmtmmﬂmmhmdﬁwmtymdm(mm
(1969b) The predomi of 4-methylguaiacol over Its 5 methyl komer in
lhcmtupamuhwndnmtwﬂhthoohxrnﬁomo!arﬂcﬂnm
tigators with catecholamines and with most of the short chain phesolic acids
studied as theso are methylated mainly at the mera hydroxyl group by ca-
techol-O-methyl tramferase In vitro and In intact antmals (DEEns et of
1957 Masn1ef ol 1962 Masmi et al. 1964 AxEIRaD 1966).

Aromatle hydrozylation of plienol fn the rabbit to yield hydroguinoee,
catechol and a trace of hydroxyq vas d: ated by GARTON & WL
LIAMS (1949) BraY et af (1950) found a trace of conjugated 4-methyleatechol
{n the urine of rabbits given p-cresol by stomach tube (100200 mg/kg body
welight). The metabollsm of 4-ethylpbenol has not been lovestigated previ-
ously but as with p-cresol lts ortho dilrydroxy derivative was not dstected in
the urine I the present expenments with rats. However the excretion of
small amounts of gusiacols following the administration of thess compounds
suggests the formation af catechol derlvatives and Is conslstent with the find-
ings of DALY et al. (1965) who presented cvidenco for mi 1 hydroxyl
tion of phenols and tubacqu:mOmcthyhﬁmbyatecho{-o-meihy]n-nm-
feraso in vitro

Tbereladve jon times of the unk bolites of catechol 4-

hol and 4 hol suggest logous metabolism of these

compomnd:.]‘bopcakobsu‘vcdonmlummCmdeoﬂo’wingatrcbol
' administration was pot present when ths hydroxylated metabolite hydroxy
quinol was grven. Therefore, in contrast to the findings with the rmonohydric
phenols, there was no evidence that hydroxylation of catechols Is followed by
O-methylation. With the alkyl substitnted phenols some of the unknown
peaks mght be accounted for by side chain oxidation to aromatic alcobols
mﬁmmwﬂmmmemusammaﬂmw
henolic ackds was d with p-cresol and 4-ethylphenol.
Tbccnnvulumcﬁacuoinmeo“hztmcompound:lndoded[nlho
present study have been described by other workers (BiNer 1895 Dracrraany
& Wmerur 1944 Ancer & Rocres 1968) The doses which are required
to eBdit convuluons in haboratory animals are different for most of the com-
pounds studied and the data in table 4 are given only to indicate the relatve
toxldities of the test compounds at the dose level used In the present meta
bolic study To dhsolve the standard dose of pcresol 2 mi of water was
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required. However DEXCHMANN & WIAERUP (1944) have demonstrated that
the concentration of aqueous solutions given orally does not affect the acute
systemic taxicity of pheool in mts. 4-Ethylphenol and phloroglucinol were
dinsolved In equal parts of watzr and propylene glycol, a soivent which might
influence the absorption rats and therafore the acute toxic manifestations.
With the remaining test compounds which were dissolved in water caly there
it & tendency for the convut cles to d with alkyl substituth
mdwhht.bednhﬂcugthufﬂn bat] Al the Introdu of mors
than two phenolic groups in the molecnle is accompanied by reduced potency
As review recently by ANGEL et al. (1969} various hypotheses havo been
yut forward to explain the convulsant actions of catechol and pyrogallo! The
possibility of & d inactivation of cerebral ines due to inhibith
tramsferass by these phenols has been comidered
RoGERS et al. (1968) have shown that catechol and pyrogalial begin to eater
the brain within the first mmaute after their intraperitoneal Infection in mice
and that the time conrse of catechol penstration into the brain follows closely
tboﬁmaoourmolthsmnmhivewdvﬂyﬂmﬂvymdmdnnpfn
the of mines In the brain following the administrat!
!Mocunpcunds.OndnoLbcrhmd,ImUmlmnd(l%d)npomdﬁul
Intraperitoneal injection of pyrogallol increased the concentration of cate
cholamines in some areas of the brain in mts and mice. Tho present resmits
suggest po comelation between the comvuleant effect of the simple phenols
and thelr abllity to undergo O-methylation ix vivo
BrET (1895) studted the scuts toxicity of several siniple phenols and some
O-methylated derlvatives in various labomtory enimals lncloding the rat.
Theso derivatives were found to be much less toxic than the corresponding
phenols. Thercfore, as with the catecholamines which exhibet & decrease in
hlah;hlncﬁﬂrynurrmltofOnrﬂ:yhﬁm(Ammol%G)thhmuhnnc
l;;ﬁ:lyhmbe,“un‘A hanism with the simple
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Protection of the Neostriatal Dopamine Stores agninst Reserpine
by Locsl Treatment with Metatyramine

By

NilsErTk Andén, Sherrel G. Batcher and Kol Fuxe
(Recstved Jaly 24, 1969)

Abstract Metatyramine (15 mg [n 5 hrs) was infised onilaterally into the corpos
;trhmmdnuwhﬂuﬂnnmnvmdnummdmmrﬂnmﬂy

siren enwita ly @3 mgkg fly) caused a signifl-
cantly amaller reduction of o the treated side after
25 hn. Th poradremline was protactsd to a smaller extent. At the sme time
there was 2 toming of the mis to the opposito ekde. Four hours after & second
njection of reserplns (5 my/kg 2 amounts of it
wors fornd on both gdes and the asymmetries had dimppeared. Since the asym-
matrics weco mare marked 24 hry later than doring th metstyramin  infusbon,
the protection of th dopamine on oo side was probably rerpoomible far the
arymceiries.

Key-worde: reserpine — ¢ ine dtorm — wtrin

Previous studies on mice havo shown that repeated systemic Infections of
meiatyrommo just before and after reserpine injection can partially protect the

P (DA) and drepaline (NA) stores in the brain from depletion
byma;ﬂm(&nuso«&Lm:qvml%T)mxpmtcdionkmmpmkd
by a of both the reductt tion and the

dmamdmc&vhytn:ﬁmuﬂumﬂyohcw:dlﬂerm‘;ﬂmﬁuﬂnlen
dﬂsmpcctﬂ:e;mwcﬁouotbnluDA:ppunmbeolpmimpmmm

b p d by ine and g-hydroxy-metatyra-
minawhichlmfnnnedlmmmcmrymdnotulhoDAmdNAncumm.Thcn
amines may compets with reserpine at the amine upiake sites of the cate-
dnlamdmmula.lnvicvutﬂxupwv{amﬁndhpnlnvcmmth:
cffects of direct b ine on the reserpine
lndnmddcpletbnnfnmhulDAuommdouthomuﬁne-{ndmd
changes In tho neostriatal DA tramsmissdon.
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Material and Methods

Sprague-Dawley raty wuighing between 250 and 350 g wore wed. Drugt wees in-
troduesd into th neostettm by meam of & doublo cannols asyembly cimilar to that
described by Gromsuun (1964). The ascmbly comsisted of & gukds and an fajection
cannule both made of stainless fecd. Under pentobarbital ancethesia the guide canmmies
(lnner dikmeter 089 mm, outer dameter 125 mm) wers pomanently impianted B
Ixterally ming a stereotaxie procedure. Acrylic cement was meed to secure the canmlas
in place. Th rats wors aflowed to recover from surgery for at least one week befors
the start of expommentation. The injection cannoles woro Imserted bilsterally fato the
guide tnhex of tmaneghetized raty. Drugs wers administered into the corpus sristum
through the {njection cannniss (mner diameter 041 mm, cute diameter (.71 mm). When
in pace the tip of the injection canoulas had the following coordinates (KOroo & KLIP-
rEL 1963) anterior + 7.9 mm, lateral £ 2.7 mm, vertical + 4.0 mm.

A solution of metatyramine HCQl (S0 mg/ml redistiliod water) was infused futo th
right corpm sriatom for & perfod of § hours at a mt of 1 wlimin. As a cootrol an
oqual yolume of 0.9 per cent mline was infesed dombtaocowmly {nto the corpos striatom
on the oppmite sids. Tw hours afier th begioning of tho infomion, rescrpine was
njecied (2.5 my/kg, hntraperitoneally) The infuion was then continoed for 3 hours. The
antmals wers mcrificed by decaptation 4 bowrs after the reserpine injection In 3
seanite experiments on § raty, & second doso of resarpine (5 mg/kg intraperitoneally)
was given 24 hours after tho first ono and the b wero sacrificed 4 hours hater

‘The total volmne infused into the corpem stristum over the perdod of 5 hours wes
about 300 xl per side. Sametimes the amount wes probably somewhat smaller L e whes
oo or both canmulas wers removed by the animals thonechves or by the rvestigators
for short periods of time. Moveover after the infodon had been o progres for
sevenal hows sl amonnts of ficld came out of the top of the gukio cannula in

experiments
Tn the blochemiaal experimonts, the right and Ieft forebruin was amalyzed spec
troflootoaetrically for DA and NA afier aation crchangs chromatogmply and
otkdation (BERTLER, CanrssoN & ROBENGREN 1958 Carimson & Warneck 1958
mm&u-nqvmlm
In scpanato e, y and A-hydroay of the podled
bnhtnlm{m:orJunmpuﬂﬂcdmdn-;.muibyuumumu:hmw-

mchnnﬂnol(mu)‘xl%ﬂ.ummudmhﬂmmwdubhnkmmohludw
colour The recovernes of 1| 43 melatyramine and 1 wg A-hydroxy-metatyramine
26ded 1o a braln cxtract wers 100 and 116 per ceat, respectively
Histochermcal asalyser af DA, NA and S-rydrocytryptamuin hd.df:rmqukl'nd
the rt bain wern aiso made After of the rats the
cthoulndmam-phdw\mnpldhdlnwldoa.lrcucddcdmdlﬂmd(
react wih formakichyda gt as previouly described bn detall (Pavex, Hiteaxr Thmowz &
Tour 1962, Danstadry & Fuxe 1964 Comxoot & Jowsacrs 1967 The flnorescencs
was perf d oo coded p of tho b ]

resoity.

The siatistical significancs between the valoes obtamed from the two bral  hakves was
alculated by the t-est for the dHTerence between the means of paired amples (S\C
pecox & Coamas 1967) The it werte aot at P vahues
higher than 005
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Results

Blochemisiry

In the reserpine troated rats infused with metatyramine into the right corpos
stristum, the DA remaining o the right forebrain was significantly higher
than in the left forehrain (able 1) The NA was ako significantly higher on
the right than on the left side (table 1). After unilaterel infosion of saline for
5 hours into the corpus striatum of pon-reserpine treated raty, the levels of
DA and NA fn the forebrain on the treated sids were 074 £ 0107 (0 = 2)
and 049 + 0042 (n = 2) /s, respectively The differences between the
two sides In the rats treated with metatyramine and reserpine were 18 and 8
per cent of the normal valacs for DA and NA, respectively (table 1)

When a sccond dose of reserplne (5 mg/kg Intraperitoneally) was ghven to
protected rats 24 bours after the first dose, and the mty kifled 4 hry Inter the
DA and NA values were reduced to approximately the same Jevel on both
sides (DAmight = 0071 ugfs, beft = 0102 pg/g: NAwright = 0032 ug/s,
left = 0 031 pg/g; mean of 3 experiments).

The amounts of metatyramine found in the rt brain afrer treatment with
metatyramine plos reserpine were variable (tatle 2) There was, however
always a higher concentration on the right side. The content of g-hydroxy-
metatyramine was negligible on both sides in all experiments except one.

Histochemdstry

After infusion of metatyramino tnto tho right corpos striatum snd fnfechon
of reserune (13 rats), there was a weak to moderate diffeso green flucre
scence in the right caudats mxdens-putamen (neostriatnm) However the left
ncostriatum was virtually devold of specific fluorescence (fig. 1e end b). The
fluorescence of the DA nerve terminals in the peostriatum of untreated rats
wa intenso (fig. 1c) The fivorescence observed i the right neostriatum in the
present experiments wat therefore weaker than normal The fluorescent DA
BCTVO terminals wers uwsnally not seen in the extire right neostriatum but
mainly In the medial-dorsal part. In the part of the right necstriatum close to
the tip of the canmula there was no finorescencs. This lack of fluorescence
mybcdnchdmmmnlnmgmntynnﬂncmttnnmtnmin.hlmu‘ndthc
up. I y y conld not be observed in the or
dinary fi L tince the emlsxion peak of the blue floore-
lccncnemhindﬁun(hcﬂydmxqud]hydrquuhoﬂncformdklmund
415 m; (Comront & Jonsson 1966 Jonssort & Rirzes 1966) which can not
beobum-vcdwlththescmnduyﬂlternscd(tﬁm;-hwrplbnbcbv%mg)
The DA ntrve terminals la the tuberculum otsctorium, nuclcus accumbens
and nucleus intenstitlalis strise terminalis sbowed practically no fluorescence
on the right or on the left side. A few weakly floorescent NA perve terminals
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H].ll(lup).TbnldlnlMclMﬂndllnmtlnndlnl 4 hour after rererpine
(5 mafkg Ity). The right caodate puclems of the aamo rat i
shown In fig. 1b Practically po fluorocencs 15 sowm (0 tho leflt candate puclom. ¥ =
Lateral ventrcle Magnification 120 X
Fig. 1b (midd! ). The nght caudats mxlens of a Mt 24 hours afier reserpine (2.5 me/ks
intraperitanally) trestment and local infwalon of metatyramine (aboot 15 my) into the
right corpos etriatom. For further detally, sec text. I the part of the cawdate muckns
close to the hitera] ventncle () there &5 dilfuse green fheorescence of modenate
miemay Magnification 120 X
Fl;.lc(boum).Tbaerumhuwdmuhmlmm b ddfose gree
fluorescence of strong 1mtenuty Magnilicaton 120 X
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remained and they were found in about equal numbers on both sides of the
braln.

Flve rats were sacrificed immediately after the metatyramine infoslon and
studied histochemically A gresn-yellowith fluorescence of very strong in-
tensity was observed in the medial and dorsal but not in the ventral and
Iateral part of the right neostriatum (fig. 2). The major part of the green-
yellowish fluorescence on the treated slde was located in the corpus statum.
On the llne-treated side, snch fluorescence was not obscrved. Tho yellow
fluorescence was fn all Hkellhood due to the presence of high concentrations
of metatyramine mainly located extrxneuronally 'Dms,uud.crth:icmn

ditloms, when not present | Iy the fle h
34«ﬁhydmhnqn1mﬁnaturmcdfmmmeurynminchmnwﬂcdlnhiu
idal form ( son peak around 510 mu) end exhitats

npmydhwhhﬂummmanmﬁmryﬂmmmlmmpe
with the secondary filter nsed (ComroDt & JonssoN 1966 Jorsson 1966
Joressor & Rrrzin 1966). The canmila tracts were easily scen under the
microscope sincs they were surrounded by cells with sn orange fluorescencs
of erong intensity In wn area 200400 my in dlameter Immediately around
the canmule, necroads of the brain tisue was seen.

Fxnction.

The tnfuston of metatyramine {nto the right corpus stdatom caused the
rats to turn or rotate to the left side. This ssymmetry was usually noted after

Fig. 2 The right candate muclems of & nat immedmisty after Jocal iafesion of mets-

tynmic (about 1S mg) For figther detuh, see tat. Tho whol medto-darml part of

mnnﬁh-ﬁmnmhm}nlﬂﬂ-mmdey

strong fnteosity The yellow fluaresomace probably refiects U presence of  high

concentration of metatyramice which ks mainly located cxtrineurnoally 8 = peptal ares
Magmfication 80X
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ppruthtnly%miuuul‘benymmcﬁybwammcmpmmlmccdlm
the reserpine injection and d ghout the 24 hour period. In all
experiments the rats remained asymmetrical up to the time of sacnfice with
the head and tail turned to the left and with the hindleg abduced on the right
side and adducted on tho left side. There teemed to be & potitive correlation
between the degres of asymmmetry and the difference In DA betwreen the two
sides.

When the second dote of reserpine (5 mg/kg intraperitoneally) was given
24 bours after the first doss the asymmetry was climinated in all the 8 rats
Investigated.

Discowion

Tho present study has shown both biochemlcally and histochemically that
lnhnhmofmemynmhwlntoﬂnnco:tﬂnmmanparﬂaﬂypmm!hcnw-
striatal DA stores from depletion by reserpins. That there actually was a
protection of the DA stores on the right side was demonstrated by the fact
that a second doso of reserpine reduced the remaining DA at least as much
on the rght as on tho ket side. The latter findings akso Indicated that the pro-
tected DA was Jocalized In the amine storage granulkes of the nerve termiraky

There was alto a partial protection of the NA stores on the side treated
with metat This is not unexpected since the volume of metatyramine
used was rather large and must also have reached reghons cutside the corpus
striatum. The NA was, however protected to a mmaller cxtent than the DA
on the right side. On the left side the NA and the DA were depleted to about
the game extent.

All the rats showed a turning from the side with the highest DA valoe and
'the asy y was most p d in the animals with the Iargest difference
In DA between tho two sides. This effect is in all likellbood due to a better
neurotramymistion in the ncostristum on the treated sido since = similar
asymmetry is seen afterintrastriatal administration of DA on os slde (Unozx
STCDT Bmsmmm&lem;Annmmmd
3 4-dihydroxypheny or nialamide plus reserpine to rats with a nnils-
teral striatotomy the head and tall are also turned from the sido with the
highest DA concentration {ANDIN, DAILSTROM, FUXE & LARSSON 1966). The
asymmetry was probably not due 10 a leslon cifect by the metatyramine sincs
the asymmetry dissppeared afier & second dose of reserpine, concomitantly
with the difference in DA content between the two sides.

The asymmetries may also bave been prodeced by the higher amoent of

on the right than on the left side. Metatyramine may serve as 2
false transmitter and thus, may cause a greater facilitation of the DA peuro-
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transmisslon on the rght side. Such an effect is not very probable, however
tince dmilar asymmetries were cbeerved for both emall and large side differ
ences in the motatyramine contemt between the two sides, Furthermore,
the asymmstries observed during the first hours of the infsdon, befors and
shortly after reserpins tr wero bets pr d than 24 hours after
reserpine, even though the concentration of metatyramine at this time was
higher On the otber hand, there seemed to be a comelation between the
difference fn DA between the two sides and the extent of the esymmetries,
The remaining DA b probebly released by the nexve impulses in & noemal
way Local treatment with metatyramine plus systemic infection of reserpine
may thus, discloss the normal function of the catecholamine neurons in the
different regions of the brain.
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Adrenergic Receptors in the Guinea Pig Trachea and Lung
By

Heury Perossn wend Hirgitts Johason
(Received March 5 1965)

that = stor effect of sdreoalive and nocsdremtine wer
antagoatred or complsialy tohibited by the e-receptar blooking agaos
b ine and dib too n & of 15 ugfml did mot

aling 38d noredrenafine was not affected by atropme tat was ishibiied by phe-
or d (1 2 my/kg)- Tsops in doses op 1001 my/ky

&d aot producy any after with

Tha reealts obialned mugpest that th  smooth muscles in the guines—eg traches

nd hung contain both a- and g-recepton, the A-recepior being dominant.

Key-words: Drag receptons — adrenarglo receptor blockers - broochodilator
agents — adrenergic receptor sinmlasts

According to Amqorst (1948) the sdrencrgic receptors are clstsified as
a- and A-receptors.

The guines-pig trachea has been stated to contain only g-receptors (Foster
1966) whercas the guinea-pig lung has been stuted to contaln both o and

Atta pharmmtagics, voL 28, s, | -
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p-receptors (Nagasake er al 1964 Lyrv James 1967) It has abko been
reported that both kinds of recepton are present in the dog lung (CasTeo b
LA MATA 1962). Recent obscrvations by Taxaci et @l (1967) and Ciar &
ODONNELL (1968), however Indicate that the guinea-pig trachea may contain
excitatory g-recepton.

Sinco the guinea-pig trachea is extentively used in the study of the effects
of sympathomimetic agents, it Is tmportant to know the nature of the adre-
nergic receptors In this organ. Results obtained in this stmdy favour the
sssumption that the guinea-pig trache and kung contaln both a- and p-recep-
tors, which are functionafly antagonistic.

Methods

The effect of ad; il dr and line was studied in ritro on the
spindly ot guines pig trachea and b vivo in the anssthetizod guines-pig. In all, 45
animals were med For the fa vitro stdies, the traches from mabe guinea-pigs of
400-500 g body weight wes excised and cut spirally to a strip about § mm wide, The
trachea was emyponded in an organ bath with Kreb® solotlon (composiion Na(l 69
KC1 035 CaCly 2 HrO 037 MgSO; 7 HyO 0286 NaHCO; 209 KHyPOy 0.16 and
glucoee 1 g/1). No pllocarpine was added to the sotutson. The temperature of the tath
was kept constant at 37 and the solution was wail acrated with & mixture of O3 (95 %)}
and COy (5 %) The Joad was adjosted to 2 g and relaxations and coctractions wers
recorded by meam of & Oam farce displacenent toansducer (FT 03) and o Gram
polygraph model 5§ Th cmmulative method of Axrrn & De Groot (1934) war med.
The concentration of the ;mmmlb-hmmlnm:ucdumﬂlmdf:tm
obtained, Th negattvs logarithm of the molar lon of th sgonets pr
30 per cent retaxation of thelr maximal rerponse (pDy) was cakoulated. An amagoit
was added 1o the bath 20 minotes befors the sddition af the agonmt. Whare other time
intervabs were used, they are incloded in the roult.
Foc the in viro studies, male guinea-pigs of 500-900 g body welght wers used. The
anirmbs were hltially anmestbetzed with mebnmat sodium, 50 myfkg intraperitooamlly
Intravenons injectrons wero made into the right jgular ven, and th arterial blood
pressure was continoously recocded in the kit carotid artery Changes bn tidal volome
wers recorded according to the method of Koearrr & ROAsirx (1940) by means of
a Oram volume tnmdocer (PT %) and  Gram polygraph model 5§ Arterial blood
prowsuTe was recorded by meams of mdumprmunmmdnccr(‘PzJAC)
Coocentrations and doses of ad, refer to the
bass of thess agents Domnmmuaud«bammmcdrduwh
e fs wers weed Ladremalian b Voordremaline biar
MmedMgmﬂmmmmhﬁrﬁmw
1 oh b 144

¥ ph (benyly NFN)
2isopropylamine ethanol hydrochloride (INPEA). od propranciel (proprusyhytom
NFN) hydrochlorida
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Tabls 1

Isolated guinew-pig trachem. Relative potencles of adremaline, poradrenaline, and fso-
pravalina,

pDy s the negative Jogarithm of the malar concantmation of the compound producing
30 per cunt relazation of f3 mexkrml response,

pD:ES.E.M Number of Reiutive
Compound molaafl «ap. potency
FNoaudreoalins - 3816 £ 0055 1 10
FAdraoatne ... .. . .. 7.157 £ 0282 6 219
Tsoprenaline — 7969 1 0.167 6 1422
Results
luvitmmdln.
drenaline, snd drenalme relaxed the muscles of the
i;uinn—plgmnhu.hhhlﬂmtbomhﬂwpotmdaoftheﬂnmlgamln
desconding order they were lins > il d ine., Pre-

trnnn:mtocmmutnwithINPEAorpmpnmhlmpmzcdthoeﬂ'wt

L

0
w

Il
0,001 oM 81 10 10,0 00,0
Conc (p/mi)
Fig. | Dolated peiscapiy trachoe, Effect of adremline bafors (A) end alter (B)
pretrtment with proprasolol 1 xg/ml
-
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of all three agonists and shifted the dose response curve to the right. In the
ptuu:coutpmpnmbl>05#g/mldeNPEA>3pg/lemmncﬁm
was obtained for ad and drenaline In concentrations below those
required for relaxation. Fig. 1 shows the effect of adrenaline beforo and after
pretreateent with propranolol 1.0 xg/ml. As can be seen from the figure,
sdrenaline within a wide concentration range cansed a contraction in the
tracheal muscles. The constrictor effect of adrenaline and noradrenaline was
tred or completely Inhibited by the ptor blocking agents phe-
rt and dib 1 inamncmmdmo!l—S;Lg/mLThecm-
mianreﬂeaofﬂ:mﬂmmdmmdmﬂmwumemrbdwbmm
nolol was nsed 23 the antagonist than when INPEA was nsed. Adrenalinge was
mom potent in contracting tho trachesl muscics than norsdrenaline. In 4
experiments where the constrictor effect of thess two agents In the presence
of propranolol 1 ug/m! was directly compared, the effect of noredrenaiine
wus 044 + 007 that of adrenaline (P = 001 ding to Student's t-test)
In contrast to adrenaline smd noradrenaline, bsc line did not prodoce
any contractions in the tracheal muscles after pretreatment with propranolol
or INPEA.

Invfm.mldlu

drenaline, and noradrenaline are known to e broacho-
dlhlaﬂonlnlhomthedmdgulmﬂ(forrdﬂmmscoﬁ:ﬁn%
Lynn James 1967) and to sntagonize bronchoconstriction cansed by hists-
mine or acetylchofine. In higher doses, however both adrenaline and noradre
naline caused a t nction, adrenaline being more potent in this
respect than noradrenaline. Isoprenaline did pot produco any bronchocon-
striction In doses op to end incloding 01 mg/kg. Higher doses were not
studied. Pretreatment with propranoiol or INPEA enhanced the bronchocoa-
Istrictor effect of both adrenafine and noradrenaline (fig. 2). Atropine n a

tbwotSm,g[k;d}dnot ize the b h ictar effect of ad: \if

and fine. The and brooch ictor effects of

amtyl:boﬂnomnboﬂ;hcdbyl}dsdme‘l{m tht a-receptor blocking

ageats pr y ine and dib ine were i} tsts (fig. 3}
Discawton

“The dual effect of adrenaline and noradrenaline on the muscles of the luag
may be well explained by the effect of these agents on two different kinds of
adrenergic recepiors which are Istic fn function. A beoachodlatation
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I3 4
P1omg ADR ADR
10 pg 2,0 pug
Flg. 2. Gulna-pig (3) 03 ky. Effect of adrenaline (ADR) oa tidal voleme (CTV ~
changes in tidal volume) and artenal biood premwrs (ABP) befors aod after treatment
with propranolal (P), 1 mg.
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ABP
200'mm Hg

——
150~ 1 MN

100° hgu $
CTV

* 1 4

ADR PRz  ADR

209 10mg 20jdg
T3 Qs pg () 03 ks Che mme ankoul s o fg. 25 Th broccbocondaca
fect of adremline (ADR) after 1 mg, b comphetely

wmmmemxmnmmmmn
nowly 10 mirates befors the Injection of sdrenaline.

dus to the stimnlation of the A-receptors and & brooch ction dus to
t}nnimulaﬂonolﬂwa—rweptnm
Tho relative p 3 1t drenaline, and isoprenali
ntcdndtordnxthobolltuigﬂhtﬂ-pigmdxanyaeweﬂwﬂhﬂmempoﬂbdby
FosTiz (1966) and in & g order are isop > fine > not
ud:mnﬂne.A:mrdlngtoAlmm(lW&l%G)ﬂ:hadcrlndlatul
‘g-recep Afier blockade of the g-recep with INPEA or
lod, adrenaline and drenafine caused a tion of tho tr-
chn!mmdn. Here the relative po'm:duol\h:diﬂerm\ mmpannth(n
ding order were adrenaline > norad: > tin
ma—mcwwrrﬁmnhﬁon.?mhnmtwithbmhmmdpqworbhcﬁn;
ageots 1 ! effect of adrensht
Thmthndunleﬂectullﬂmmﬁmlndnamd:cmﬂneonlbolmhmdgm
pig trachea can be explained by the effect of thetc agents on different adre
nergic receptors. A relaxation due to g-receptor stimulation and & costraction
due to a-receptor stimulation since the resalis obtaloed in the in vivo studles
agrec with thase obtaloed In viro the in vivo effect cannot be escribed to
clirculatory effects of the compounds.
In the guines-plg ileum, o~ a3 well a3 f-receptor stimulation cawses a
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relaxation. According to KoSTERLITZ & WATT (1965) the adrenerglc a-recep-
1ors in this organ aro ponibly situated in the cholinargic neuromns inmervating
the longrtudinal muscles and havo an inhibitory effect on these neurons. In
tho guines-pig trachea and lung, tho sdrenergic a- snd f-receptors are anta-
goclstic In fimetion. Stimulation of the a-receptor cansed a constrction,
wheress g-receptor stinmulation caused a dilatation, If the adrenerglc a-recep-
tors aro sttuated in the neurons innervating the trachea and bronchial muscles,
ﬂlcymnsthxwln:n:hnmrycﬂwtunthwmslnmnmpimd]dmt

Ty strictor cffect indnced by adrenaline or noradrens-
Iine, it teems valikely that the a-receptor would be sltnated In the neurons In
the goines-pig lung, but mther in the smooth muscles.

The resulis obtained in this study suggest that the smooth muscles in the
guines-pig trachea and lung contain both a- and f-receptors, the f-receptars
being dominant in both organs. Preliminary stodies on the mman trachea
indicats that this too contalns both a- and A-receptors (BexTLER, JOENSON &
Prxasort, tnpubfished).

While this manusctipt was being prepared, an artick by EVERITT & Calkx-
s (1569) appeared. Their results are ensentially the same as oure. They
worked with In witro teehnique only Qur study hes demanstrated the bron-
choconsirictor effect of adrenaline and noradrenaling both in vitro and In vive
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Evidence for Adrenergic Mediation of Ouabain fuduced
Arthythmias in the Guineza Pig

By

Kaid Heormsasrs
(Recatved Augmst 6, 1969)

Abstrwct. Oubainin a doss of 75 pg/min was infosed intravenoualy foto urethane
memmmm,mmdw

and the cardiac arresl) wers detxr
nﬂndhmpufn)muudmmuh,mmmmumd. rwsesplotzed,
3 me/kg sobcoamsouady (4) rwerplatred + adrenalectomized, (5) reserpintred +
noradrenalme fotra

rectal
resof Tesponss to tyramine (0.1 and | mp/kg intravenously) was tested during
the mmve experiments! conditions. Afl animals dled in fTbrillation except thoss
in () 2 which only 50 X showed flbriTlation. The seositivky to oombain (mindmal
fibrilitory dose, LD100) was cnly slightly decreassd in ) while the LD100
wus Increesed from 2391 10 wa/kg t 375 1 15 ag/kg In (3) and 466 + 17 palkg
(0 Ifmion of nordremiine (mio Teserpinired aieml cavesd  partial

ARk to 324 11 wgfkg (P < 000]) Tha pressor responss to tyramine showad
features almost similar to the coabain semitivity accept that the soeitivity to
fyremine could not be regatnod by a nomdreoallne infusion bn remrpinteed gaine
Pl The revalts indicats that the cosbain cardiotaxkchy in th guines pig Is at
Hast to same extent mediated fhrovgh & releass of catecholamines and may
*plaln the species dependent difference m potency of somo f-adrenergic blocking
agents on ommbain arrhythentes

Keywords: Arhythmia ~ catecholamine ~ omabain — guines pigy

Noumeroas reports on. the b of sdrenergle on the cardine
actlons of ouzbatn have been pubished In recent years. Sufficient data now
seem avallablo suggesting that glycosides In some species release cardiac
catecholamines, which in turn sct upon the myocardium o produce a posltive
inotropc effect (Tarz 1967).

The mech by which the arthythmogenic effect of cardiac glycosides is
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brought about Is still obecure and the evidence for an adrenergic mediation of
thedr cardiotoxic effects is quite confficting. Thus SwAMY ef al. (1965) found
that a continoous infusion of cuabain in the cat did not alter the atrial nor
adrenaline content significantly nor did pretreatment with reserpine have any
cffect on the arrhythmle or lethal dose of ounbain. On the contrury Looms-
TIERES e al (1965) found that In the guinea pig a nngle dose of ouahain
cansed a marked depletion of mymrd’nl poradrenaline.

Recently it has been & H N 1969) that the g-edrenergic
blocking agent, 2-isopropylamino-1-{p-nitrophenyl) ethanol HCI (INPEA)
though largely devoid of any local ansesthetic effect, Is capable of revening
ounbain induced fibrlllation in the gulnea pig. while in the cat and dog
INPEA was found to be incffective against ouabain Induced rhythm distor
bances (LEVITT et ol. 1968 Scamant ef ol 1965). This observation together
with the above mentioned difference In sction of cuabaln on endogenous
poradrenaline in the cat and the guinea pig led to the present study on the
mechanism of ouabeln induced cardiac fibrillaion and lethal effects in the
guinea pig. In order to determine the effect of intact adrenergic mechanlmy
on the cardlotoxic action of cuabain this was evaluated in different expert
mental conditions such as after adrenakectomy reserpine pretreatment, efe.
Furthermore the pressor response to tyramine was measred after tho same
experimental procedures to see whether the sensitivity to onabain and tyrs-
mine behaved in a similar manner

Materfal and Metbods
Test drugs.
Norsdresalini buariras, NFN onababn (g-strophamtumam, NFN); reserpine (AKrich)
. ride (NBC) and wrociazun, NEN The doses menticoad (o the
) text refer to th form of the given un thie axcept for porad
brarinat which fs expressed as the base,

of the omabeln

Male gunes pigs weghing from 250-500 g were anarthetized with arethazs (135 ks
intraperitoneally) and given artlfical ropoation. Ouabain was infoscd comtlantusly
imto the juguiar van by meams of an infinkon pump. The concentration of cusbain was
50 ugiml and the mts of infution so that 7.5 xg was ghren dorvieg 60 sce. and pot
varied according to th weight of ihe amals. Thus the doses/kg/min. varied from 18 to
30 ug of ousbaln The body weight of the groum (n = 10) varied from 32) to 430 g w0
that the doses of ouabain from group to group only varied fram 17 to 23

a differenos which i onbikely to interfers with the fibrillatory or the lethal doss berd
of ouabain. The ECG was recorded with brpolar leads. Dunng th infeslon of ombain
Lh-lnﬂa!dnmuhhnnfmﬁmbndwudmvmukuh:mﬂhmm_mob-
wwmhmnmhmldmmnwnmnhﬂhmmmhwdmvm
recorded.
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Thmﬂowﬂydmhhmdmnﬂndmﬂﬂmmd[uh-plph
which the fallowing weto d 1) no
bdmth-umhlnhﬁdm(ﬂn:umnlm),l).dnmhﬁmhﬂmlilndm
min. before th mhhlufuﬂmmmd,})smlrmpbo;hmmhmmly
spprovimataly 16 hrs befars, 4) resorpine 3 mg/kg

adreralectomy and 5) Teserping 3 ma/kg sub ,+1oo,um
norsdremaling nfosed at @ rate of 1.5 wg/kg/min In all exporiments in which  nar
adrenafine infosdon wes performed & 15 min. imtsrval was allowed to dapso between
this and the start of the coabuin fnfntlon In arder to allow the blood pressure and beart
Tais 10 returm to th prdnfmhnluﬂ.

T =xvold the In body shoald infhunce the
mm«hhmkmmmmuu by oxterral heating. This iovolved warming the
reserpinized sntmmb and cooling the pon-recarpinized antmals befors th  ousbain
Infoston was started. All groups consisted of 10 animalb,

Determination [ the pressor response fo tyramine.

The prossce reponwa to the {ndivectly acting amine tyrumdas wus taken ay & measirs
of the tymmine reesmble pool of nondremline. Groups of five malo guine pip
welghing from 310460 g were anaesthetized with urctbane (1.5 kg Intraperiionsily).
After exponts to the mme sxpecimental procsdures ae described above th  pressor
resporse to 0. and 1 myfkg tyramine given Intravenonly was meanmred by means of

Hp-manameter connectad to & cerotid artery During the experimcnts the body
temperature was kopt constant at M4 by meams of axternal heating.

Rewits

Table 1 shows the effect of the different expermental procedures on the
incidence of fibrillation and the minimal dose of ouabaln which causes
fibeillation and cardiac arrest. As seen from the tablo all animals in the control
group dicd in fbrillation and the fibrillatory and lethal doses were determined
to be 187 + 9 and 239 + 10 ug/kg (x + 8. E. M.) respectively Adrealec
tomy dld not decrease the ncdence of fibrillation while the fibrillatory dose
Ioved slightly increased to 214 + 6 ug/kg (P < 005). The Icthal doso of
oasbain was not significantly different from that of the control group.
Pretreatment with 5 myp/kg ressrpine subcutaneotsly 16 hrs before the
otabaln infation had no Influenco on the frequency of fbrillations although it
cxmed a siderable & in itivity to ouabeln, resulting in an
mfnnwmemuflbﬁlrﬂhmmdkthﬂdmlﬂnhtn”iumdﬂSt
lsnfks(l’<ooo1) p The pr with reserplne
dmlkcnmyhﬂmcdd:emdmclﬂehnﬂ]funh“mdﬁﬂlmﬂn
oaly procedure which caused a decrease in the Incidence of fibrillation. Only
50 / of the animak in this group died in fbrillation. The remalaing anjmals
died in asystole.
Fig. 1 shews two serles of ECG recordings, one from a control experiment
(section a) and the other from a gulnea pig which was pretreated with §
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a b

WL debbbt it

3 3

Wop iy L L L L Lol

‘ 4
AANR~—— A A A A
—
Fig. 1 Effect of a cantrinows infosion of omabaln on the ECG In an untreated guines
o4 () and 2 guine pig pratreated with reserpine (8 my/ky snbeataneomly) aad adre-
befors ousbain (b1 At (1) th control BCG i scen @), (),
and (4) chow tho effect of Incrensing doses of ooabain. At (4) desth acrarred. Note the
fibrillation in (3a) and tho abwence of fibeiliation in secton (b)

mg/kg reserpine sub ly 16 hrs and 1 ired 15 mmin. before
the infotion of ousbain (section b) The tracings clearly demonstrato that the
contral antoal shewed definite fibrillation while the reserpine pretreated and
sdrenalectomized animal after a period with irregalar beart rhythm, extra

b!mwunncmwlﬂlmplmmdnamunmndrmmmdcphdnzcﬂea
Othlmn-mmpamd.lwduolmcqinlmdguinmlipmghenldom
of 100 yg/kg d eoowly as & contl infusion, xt & rate
otl.jpﬂk;,fmln.(axpm'lnrnul;mup]lobbl) The Infusicn of nor

caused a i) Y o cuabain towards the
mmmmmmmmwmmmﬂ
375 wg/kg (group C) to 249 and 302 ug/kg (group E) respectively A com-
Picie recovery of the nocmal sensitivity was Dot obtained by the infmion
of noradrenaline,

As mentioned previousty the pressor respanss to tyramine was investigated
during the same cxperimental conditions as the cardotoxtclty of ouabaln
Table 2 shows tho effect of the different pretreatments on the blood pressure
Ioved, heart rate and the pressor respoase to 0 1 and 1 mg/kg tyramline ghven
intravenously As seen from the table the blood presure and heart rate jevel
wa1 unaffected 15 min. after adrenslectomy hed been performred while the
tyramino respome was considerably reduced Pretreatment with reserpine
(group C) caused an spproximately 50 / reduction of the blood pressure
lcvdmdhanmnuwmpucdtothomnun!:rwp,mdllmm:’!ps{hbed

O
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the pressor respoase to tyramine. When finally the pretrestment with reser
funs was combined with adrenalectomy this reduced the blood prossure and
heart rate still further and compictely abolshed the tyramine response.
‘When an attempt was madsto regain the control lovel of blood pressure and
-heart rate and tho normal senaitivity to tyramine in the reserplatzed group by
infoson of the same dose of noradrenaling as used in the ouabeln experiments
(aHoZ,gmupE),lbkdldm(lﬂcctdﬂtrthnhh)dpuummmdbﬂnnm
messured 15 min. after the infoston, or the d d
Thhrulnumu-mtnlhecﬂactofﬂwmmdmmllnalnfnﬂonundﬁ
decreased sesltivity to ouabain in the reserpinized group (table 1 group C)
Here the amino Infuslon camsed a definits increase of tho semitivity towards
the normal as mentioned previously

In order #0 Investigats the possibility that the return of sensitivity to
ousbain In rescrpinized animals as a response to a noradrenaline infosion
coald be due not to a specific refilling of noradrenafine stores responsible for
the cardiotonic effect of ouabain bat to a timple additive toxicity of the two
compounds, the following expertment was carried oat. To & group of ten un-
treated gnines pigs 500 4g/kg noradrenaline was infused intravenously in the
counio of 33 min. Thus the doss per min. was 15 xg/kg or ten times larger
than thet fn the previous experiments. Whea the dose levels of ousban

to camse fibrillations and death were then determined they wero

found to be 225 + 14 and 271 #+ 10 ug/ky onsbaln respectively The cor
Wznhuh!hﬂnmﬂolgronpwﬂvlmi9md239110ym
cumbain. Thus a nomsdrenaline dose which was five times larger and an
Infution rato ten times faster than that used In the reserpine experiments did
ot lncrease the cardiotoddty of ouabain in normal goines plga. This finding
s {n favoar of the view that the partial restoration of tho normal scasltivity to
ouabain in reacrpinized animals by infusion of poradrenaline i3 doe to &
specific effect of this amine.

Dhscrssion

Tbcmnuuda-dydunonmmﬂmpm:umtwﬂhlhmcbwol
mﬂ'p!mvhi:hmlnnlmun o of fine In the
ad ic nerves consldersbly d tho
ﬂrdlﬁuxldtyn!ombdnlnthe;ulnupig.Whﬂc-d:mahcwmylloocm
tve in changing the itivity to ouabain the combination of reserpine
mmtmmummymbdﬂxmﬂmﬂ:ddmmhnu!ux
sensitivity ‘This procedure was 2lso the only effective way of decreating the
incidence of fibrillation during the onabaln Infosion. The pressor respense to
fyrumine which was taken s an indirect measure of the
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pool of noradrenaline showed some charecterisiics In common with the
ounbain cardlotoxiclty A distinct difference between the responss to coabein
and tyramine was however revealed by Infusion of noradrenaline, This
procedure caused 2 partial recovery of the normal cardiotoxicity of onabain
In reserpinized animals whils the pressor responss to tyramine was affected,
The latter finding seems Incompatible with previous observations (MuoscaL
1961)whnobtaincdlrummﬂuno{ﬂnprmoxmpomtutynmimlmd
dintely after the jon of & noradrenaline infusion in the reserpintzed
raLInourux‘pedment:however the pressor response was tested 15 min.
after the noradrenaline Infrsion at which time tyramino fafls to exert a noc
adrenaline releasing action (IveRSEN ef al. 1965) Only after pretreatment
with & MAO-Inhibitor were we able to restore the tyramine response by 2
poredrenaline infusion In the reserpinized goinca plg.

It has been shown by many lovestigators (MoScROLL 1960 IvERSEN et ol
1965) that noradrenafine infusion into reserpinized anlmals anly leads 0 2
mmimal accumulation of the amine in tho tissue. The rate of uptake of H-
noredrenafine shows po difference In perfused hearts from normal and pre-
treated rats. However the disapp rate ks {derably faster in reser
pinized animals peobably because resermine prevents roradrenaline from
entering through the membrane of the nervo storago granules. Outside tho
granules the norsdrenaline b mpdly destroyed enzymatically However the
results of IVERSEN et ol also showed that after infosion of a large dosc of
noradrenaline there was still a considerable amount left 15 min, after the end
of the Infusion that is at the time when the ouabain infusion was started in
our cxperiments. Our data indicate that the noradrenaline after an Infusion i
sttuated at a ity accessible to ovabaln but not to tyramine.

The peotective action of reserpine on cuabain induced cardiotoxdaty may
» due to other factors than the norsdrenaline depleting effect. Thus CroFALD
1 of. (1967) pointed oat that the hypotemive, bradycardia prodocing and
rypothermic action of reserpine may all contribute to the decreass in sen-
invity to ousbain. In this iudy a possible effect of hypothermia has been
achuded a1 oll experimeaty were carried cut at 34 That the hypotensive
ind bradycardic actions of reserpine are of significant importance atso seems
lobnnnﬂkclydnccﬂnmndmlﬂmhfudou(uthmpE)umdl

ble increase In sensitivity to cuabain as p 10 the reserplaized
group C, despite the fact that it did ot change either the blood pressurs jevel
or the heart rate (table 2, group C and E) at the time when the ouabain In-
fusion was started, i e, 15 min. after cexsation of the noradrenafine infosion.
The possibillty that the cflects observed could be due to a decreased binding
o(myocudhlmbahlnrncrpimmﬂmpip,nhnbcenxbo'nfw
digoxin in the dog &nd in man (MARCUS et al. 1968), is also unlikely becnsse
of the action of the noradrenaline Infoston. It tins seems fostifiabls 1o assume
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ﬂmhhﬂwdcplcdngdbadm]innuuamdnlmhnmmwhlchh
ble for the city of ouabain.

menhommhmybomndudcdummthogﬁmp!&moﬁbnﬂnmy
and kethal effects of ousbain are at keast partly brought about by a Hberation
of catecholamines which then in tun act on the cardlac p-receptors. The
finding by LOUBATIERES et af. (1965) that a singlo dote of onabeln caused a
pronoanced fall in myocardial poradrenaline in the guinea pig also sopports
this Yiew As to the observed species variation in the actior of the f-sdrener
gic blocking compornd INPEA on ousbeln indnced arrirythmiss a3 mentioned
in the introdnction, this may be explained by assuming that the ouabain car
diotoxicity in the gninea pig is more dependent upon relsass of catecholamines
than in the cat and dog as is suggested by the results of Swany ef . (1965).
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Comparison between the Absorption of Nicotinic Actd and
Pentaerythritol Tetranicotinate (Perycit®) from
Oriinary and Enterocoated Tablets

BY

Niht Sredmyr and Lomnart Harthen
(Recetved June 11 1969)

Abstrect Nicotiolo acid was shown to bo rapidly absorbed from the gastro-
Imtestinal tract but also rapidly dimimted from the blood stream. Administration
af nleotinic scid was th d with large fh of nleotinde wcid
concentration in th  plasmm, Two akermative ways of maintaicing & moderato but
more constant increase of the micotindc acid coocentration ia the blood were
sudbed, One way was to give mcotinic acid a3 & svtained releass  prepuration.
Nicotinic acid in tablets with dimciution tumes of 2 hry (in saw-
hatod intestimal jics), induced only an irregular and transitory increass of the
plasom pleotmbe acld concvatration after § hrs and in soms subjects only a redec
tion in plasra FFA. E o tablots with a dissol time of 4 hrs wern
ineffective. Nicotinic acid &5 a woak acid and &y such b poorly absarbed from the
mocs distal parts of the digestrrs tract. Thereforo the blological preveguishtes for
this alernative method were not e0 good. The secoad alternathrs prethod stodied
wat 10 give micotinic ach ester which would continoomly relenss micotirio scid
in the body Th nicolinic ackd erter used (peutacrythritol tetranicotinate, perycit®
Bofors) given {0 an oral dose of 1 g, was found to grve a moderate but consistent
and proloagsd increaso in the fres nicotioie acid concentration and a coasistent
| decromso In b FFA-level of plarm with 8 moderste flmsh, Nicotinie acid ta
ordinary ublets and in n equivalent dosa induced & comiderably more pro-

peolooged clevation of the plasma FFA conceniration. This sccondary Increase
wat pot obscrved n th  experiments with pmmerythritol tetrapicotnate. The
of theve from ph h point of

possiblo
view 1 discuseed.
Key-words. Nicodnlc scid - pentserythritol tetrankeotinate - oml atsorption.

Nicotinic acid Is widely used in the treatment of hyperlipacmic conditions
and obstructive vascular disexscs. In large doses however it produces stde
effects such as flushing of the face and neck as well as gastrointestinal symp-
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toms (review ALTSCHUL 1964) Onlly administered mcotinlc acid is rapidly
absorbed but is also rapidly eliminated from the blood stream. CARLSON ef al.
(1968} in man observed that 142 hrs after administration of 1 g of nicotin
acdd by mouth there was & meximom focresse in the plasma level of free
nicotinic acid to about 26-28 prgfml, but after 6 hrs scarcely any nicotmic add
was detectable.

Nicotinic acld depresses the FFA-level in the plasma and Carrson (1965)
bas ruggested that this Is important for the lowering of the trigiycerides and
ho) Aftzr 1 g of nicotinic acid by mouth the plama FFA level was
redoced for only about 3 hre. It was then followed by a period of marked
increase (rebomnd) over the basal value, being still obssrvable after 6 hr
(CARLSOH of ai. 1568).

In earller experiments I man (SvEDMTYR et o, 1969a) we studied the
pharmacological effects of an Intr nfusion of nd ic acld, With a
total doss of 150 myg infused during 20 min. the plasma concentration in-
created o @ maximum value of aboat 4 ug/ml. The pharmacologeal effects
- ftush, Increased bloodftow in the forearm and hand and decreased FFA-Leve]
In the plasma — reached & maxiomom at the samo time. The plasma Jovel of
oleotinle acld was no longer elevated and the pharmacological effects had
disappeared 4060 min. after the cud of infuslon Nicotinlc acid was thus
rapldly efiminated from the blood stream and inactivated. We found that a
conceatration of 01-0.3 ug/ml nicotinic scld in the plasma slgnificantly
increated the blood flow in the hand and forearm and reduced the FFAewel
In tho plasma. If the plasma concentration of nicotini achd was further raised
© 36 ygiml, the vasodilator sction of nicotmic 2cld in tho foroerm was
significantly increased wherees the actions on the blood flow of the hand and
the FFA lsvel In the plasma were pot signlficantly changed. Flushing af the
hmmduppﬁp‘ndthohodymonlymtulongnﬂnplmlml
dnimdnlcaddmudnucd!glumb\ncﬁuppumdwhmlhcplumn
concentration reached A coastant, but in other respects active pharmacolo-
gieal level,

It bs therefore probabls that the most lmportzat acton of the high doses of
nicotnkc acid wed dinically (3-9 g/day Instead of smaller doses) In the
freatment of hyperfipacmic conditions s to prolong the duration and peevent
the rebound phenomenon withont increasmg the Intensity of ts action

It was therety blo that if nicotinle scld could be adminkstered 5o a3
to give a sustained but moderate Increass in tho plasma level, the pharmaco-
therapeutic actiom might be as good as after larger but fiuctosting plasma
concentrations, whilst the side effect of flushing could be expected to be
rtdnccd.WhhorﬂldmInhtrnﬁnndniwllnlclddﬂﬂ!:m]nﬂghtbcnﬁnined
In two ways. 1 by giving ackd In a release
wlﬂ:hmmlnumnlyrﬂcncdnlcodn}ctddmthngmdmudndmlby

Ll -
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giving nicotinic acid as an ester compound which after absorption would be
gradually hydrolyzed thus relesslng micotinic acid in the body

In the investigation described below we studied the biologlcal prerequisites
for these two alternatives. If nicotinic acld 13 to be pharmacologicatly active in
tho sustalned release form, it must be comparanvely highly absorbablc in the
more distal part of the small intestine. If & nicotinlc acd ester i administered,
it must bo shown to release free nicotinic acld In the body in & pharmacolo-
gically sctive amount. We studied the first atternative by glving 1 g of nico-
tinic acid in the form of a) ordinary tablets & (.S g and b) enterocoated tablets
4 0.2 g with dissolution times of 2 and 4 hrs In simulated intestinal fulce
(U S.P) and observed bow theso two different tablets influenced the con-
cmm(hnoflmonicoﬁnk:.ddandﬁmhttyndds(FFA)lnl}tplm&
The changs in FFA Is 2 itive indi of the phar ogical
nioodnlcm:id(Svmumnale-).mbbod;hmconmmmdnnm
also determined.

The sccond alternative was studled by giving 1 g of & nicotinic ackd ester
(pentacrythritol tetranicotinate & 0.5 g; perycit® Bofors) by mouth, observing
how this drug influenced the concentrations of free nicotinic acld and FFA in
the plasma. In order to sscertain if the observed sustained Increase in the
plaama level of free nicotinlc acld after peatserythritol tetranicotinate was
cansed by absorption of the compounds in the more distal parts of the gastro-
intestinal tracts, the nicotinic scid ester was ako glven in the form of
enterocoated tablets 3 0.2 g

Methods

The cxperiments wero performed on 3 healthy male subjects aged 25-32 who partic-
pated in all the seriew of experiments. The volunteers wh had fasted since the previons
bvening, were placed m a thamostatually comrolied room (+ 25 £ 057) durkg the
cperiments Tho tablets wwo given with orange uice Blood sumples wers drawn
through  catheder loserted into  cubital vein.

Two baml blood amples wars fint taken, afier a rest penod of 60 min, for the
determination of the plasma micotlnic acd, FFA and giucoss concentrations. 1 g of
picotlnic acid or of pentacrythritol trtramcotinats was than given and further blood
samples wers takon after 15 30, 60, 120, 100, 240, 300 sod 360 min. and in som*
rperiments abo after 420 min. The experiments wers repeated with otber forms of
tablets after intervah of 3-7 dayn.

The concentration of [ree mcotinic acid In the plarma was determined acrording to
CantsoN (1966). The “blank extinction given by this method was subirscted (SVEDWYR
ot ol 19650). The tota! pyndie compounds of whale blood were determined according
1o HaxTHOm of of (1964) The content of FFA {n th plasma way detsrmined sccording
10 TROUT ¢1 o (1960) and the blood glucoss according to Brrouryra & BranT (1961
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Regalty

Nicotintc acld.

Nicotinic scid In ordinary tablets induced a pronounced flush. A large and
rapid increase in the plasma micotinic acd concentration occurred, which
durmg the period 30-60 min. after ingestion reached a mean maximmm value

19 NIC AC 19 PENTA NIC.AC
20- r
18_ v
18 15 |
2 /
12
A
2w 10
z 8
E
2 ¢ 05_/
J ‘1 i
g ’

FLUSH

FFA meg/l

Fig. 1 Lffect of 1 g nicotine acid in ordmary tablets & 0.5 5 (e sc) or 1 g penta
mmdmmhmrynuwlwg(pmnkm.)m.l The frcs
alcotimo acid concentration [ plecma (x-x) o total pyridine compounds in whola blood
0 1 x) the maan hithl content of total pyridine compounds i whols blood
w1 445020 ppfml Obsery the differwnces fn the wale of the ordimate 2. The
degrea of flushing In the face and pock, + + = procounced flmbing, -+ = moderats
floshing, (+) = weal fluating. 3, The content of FFA in meq/l [n piauma. Meand
3. E. M, number of tosts = 5,
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of 13.5 + 49 ug/ml over the inltial vatue (fig. 1) The maximum increases
varled between 10 and 32 pg/ml In the individnal cases. The nicotinic acid
level then fell rapidly and only insipmficantly exceeded the intifal valoe afier
5 hn,

Nicotinic acld in ordinary tablets induced a considerable reduction in the
concentration of FFA (fig. 1), which reached & minlmum after 180 min. This
reduction was — 0.35 + 005 meq/l (P<C0001) in relation to the baul
values. The reduction after 240 min. was followed by a significant Incresse
(D49 4 010 P << 001) in the FFA concentration above the initlsl kevel, and
pensisted throughout the experiment. This Incresss In the plasma FFA con-
tent occucred at & time when the nicotinic acid concentration in the plasma
was till elevated (fig. 1)

When given in the form of enterocoated tablets with a 2 hrx dissolation
time in lated | inal juice & mod and transient incresse In free

1g WC AT 19 PENTA NIC &AC

o oos (1)

2 fa o

q . 7;\

! . ErYYY.

3 9

Z Nl - ml \
o [-t)

%u “}“!‘—'—ﬂ-—c/‘/'—‘

- as

= 1] 1 1 s 8 7 ‘ I L b ' [ T T

et
Fig 2 Effect of 1 g ascounic scd or 1 g p hritol o

Y n
blets 4 02 g with 2 hra druolutson time on. 1 Tha contemt of fres aicotinke scid i
phmu(x—l)l.tdwhlcﬂﬂﬂdmﬂ:mwh‘holob{md(o ok 2
Flothing of the face or acch 3. FPA cootent in plasma, mean $ S E. M w3, Ser
further taxt to fig. 1
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nicotintc acld concentration occurred and two of the patients had a definite
Incresse while the mean increase amounted to about 1 ugfml after 5 hn
(fig. 2). This was assoclated with & weak {lush in the sams two subjects and
a marked fall in the FFA-tevel of plasma In ono of the mbjects while In the
other no consistent effect was observed, the mean decreass In FFA belng
015 £ 0.09 meq /L. Tahlets with 4 brs dissotution time did not infleence the
nicotmic acid leved In the plaxma and had no pharmacological effects,

The blood glocose was not definitely affected by nicotinic acld tables In
any of the experimental serfes.

Pentoerythritol tetradeotinate

In ondinary tablets 1 g pentucrythritol tetranicotd Induced a mod
but slgnificant incresss in the plesma frec nicotinic acid concentration in all
tho subjects after 180 min. it reached & maximum mean valoe of 0 65 + 0.20
ppjml (fig. 1). After 6 hrs the Ievel of nicotinic acld in the platma was stifl
clevated. The increasc in tho plasma nicotinic ackd concentration was some
what greater than that induced by an intravenons infusion of nicotinic scld
in 2 does of 0.01 mg/kg/min, (SVEDMYR ef al. 1969a) It was associated with
2 moderats flush In afl subjects. There was an Increaso of the total pyridine
compounds in tho blood. This was 3-4 times greater than that of the frec
ucotinic acd content in the plasma, indicating the presence of pyridine com
pounds other than fres nicotinic scid (fig. 1). In experiments on the cat, some
of these componnds have been identified as pentserythritol tetranicotinate
(BRATTSAND & HARTHON 1969).

In ordinary tablets 1 g pentaerythritol tetranicotinato indoced a significant
reduahnhllﬂmb}e:n(mmmulmummdwdnno.ﬂiooﬁmeqﬂ,P
<0.02) of the plasma FFA concentration below the besal level, the low
munpa‘d:ﬁngfm4hrtAM6hndnplmn;FFAhtdmgﬂmdﬂ)obul]
IcchNolemnm:ylnamainﬂ;oplanFAwuohsermd.

1n enterocoated tablets pentaerythritot tet tnate Induced no sgnifl
increase In the plasma nicotinic ackd concentration or in the total content af
pyridine compounds in the blood. Nelther did it indoce any pharmacalogcal
effects (8g. 2).

The blood glucose was not affected by penteerythritol toranieotinat either
n the ordinary or in the enterocoated tablets.

Discomion

In the intestinal tract weak acids and bascs are absorbed mainly in an
undissociated form (review Sqarkex 1962). For this reasoa nicotinfe acld
€2n bo expected 10 be absorbed mainly In the stomach and upper part of the
duodenum, where the pH s sudficiently low to depress the joalsation of the

Pana
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carbaxyl group (pha = 4.85). The biclogica! prerequisites are relatively weak
{for the successful administration of nlcotinic acid in the form of a  sustaimed
release  preparation Intended to be absorbed in the small intestine. Oar re
sults with nicotinlc acld In enterocoated tablets give some support to thix
sssumption. In emterocoated tablets nicotinkc ackd was irregulardy absorbed
and induced 2 pharmacological effect in only some of the subjects and there
‘was cotsiderable variation in the individual respomse.

There is however evidence that §-pyrdyl-carbino] which is metabolired in
the Tiver to nicotinic acad can be absorbed from a “sustained release prepe-
ratbon (RAAFLAUB 1967). The difference between the intestinal absorbance of
A-pyridyl-carbinol and micotinic acid may be attributed to the fact that the
former has no carboxyl group dissociable in neutral or an alkaline enviroa-
ment.

The second al ive for inducing a mod but prok d increase of
the nlcotinic acid concentration in plasma was to give it as an ester which
would gradually relesse nicotinkc ackd in the body Our experiments with
pentacrythritol tetranicotinate in ordinary tablets Indicato that this alternative
has a better blologieal prerequisite. Thus 1 g pentaerythritol tetranteotinate
1n ordinary tablets gave an | in the plasma nicotinle acid tion

by a continvows intravenous infusion of nicotinic acld n a dose of 0.01
mg/kg/min. (SYEDMYR et al. 19692) Ths elevated values in the plosmea nico-
tinic acld concentratfon persisted for 56 hry after Ingestion. Peatacrythrisal
tetranicotinate was not absorbed from the more distal parts of the gastro-
intestinal troct. It is therefore prob that tho ined fncrease In the
plasma level of nicotinic and produced by this pound was caused by
absorption of the whole ester which was subscquently hydrolyzed in the body
The increxss In the niconnlc acid level was accompanied by a sgnificant
)rcdndhnmdwp{muFFAmnﬂmbjcmThedcuwcwumtmﬂth
smaller than that induced by 1 g nkotink acld. The Increase of nlcotinie acd
concentration In plasma was however moch more moderate than after the
administration of nicotinle add. In another study (Svemay et al. 1969b) we
also demonstrated that 1 g pentaerythritol tetranicotinate increased the blood
flow in cutaneous and muscle tssue and wo have ako given further suppott
for the assumption that the compound is absorbed s a whole mokecule and
subsequently hydrolyzed in the tissue. The capacity of human plasma and rat
liver homogenates to hydrolyze pentaerythrito! tetranicotinate has ako been
demonstrated in vitro (Haxmion anpublished)

One dbumilarity between nicotinic acid and pentaerythritol tetranicotinate
in ordinary tablets was that the former induced 2 secondary Increase in plaso
FFA, while the Iatier did pot. This stmulating effect of nicotinke acld on the
fipid metabolism has been observed previously by Caxvson & OB (1962)
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and Is probably cansed by a reflex liberation of growth hormons which has
& lpolytic effect (Ime et ol 1967). CarLIoM (1965) considered that the re-
ducing effect of nicotinic add on the plasma FFA concentration could abo
explain its effect in decreasing the triglyceride snd cholesterol concentrations
In blood. If this sugpestion i correct the rebound of FFA b very likely not a
duirublathu-upmﬁc cffect (CARLSON ef al. 1968) In expenmental cholesterol-
Induced hyp ia and ath 3 in the rabbit, BRATTSAND
&ummx(lm)fmmdthnpanury'hnmlwtrnﬂcoﬁmmiumequin—
lent dose bad a significantly greater hylactlc effect than nicotinic acdd
Smm(l%&)nkufmd,onuunnmtafhypcmho{m:mlnmﬂcpc&mu
with pentaerythritol tootinate, that the compound was & potent cho-
lesterolredncing agent. The stronger Ipld-redocing effoct of pentserythrital
tetranicotinate in relation to that of nicotinlc acd in the sams dose referred to
hdnmhnp(pmmybcn:dhedtothofwtthnpmmrythﬂmlmn-

a more p doctlon of the FFA-level in the
plumhnnu:mndnymmuhﬂunnflheﬂpldmnbmnﬁounhthecne
of nicotinic add
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Effect of Nicotine Treatment on the Metaboli
of Nicotine in the Mouse Liver in Vitro
By

Terbjden Sthlwadsks and Presnsl Shiea
(Recedved August 6, 1969)

Abprwct, WC-mricotine was d with 10000 X g fmaction of Erer
homogenats from mice pretreated with micotine for 3 10 and 17 days respectively
The mte of was byth d& of the ceidative

micotine matabolrts cotinine, After intraperttoneal fnjections of 5 mg/ky of mcotine
thres times dally for thres days & 50 X significant decreass in metabolisn was
obtaved. A 71 X egnificant decrease in hepatio glycogen was ulso seon Giving
micotlne 278 and 245 my/xg/24 howns in drinking water for 10 and 17 days

P y &d not chango the or th hepatic giycogen
Levely,

Key-words Nicots metabolim.

Only 2 limited nember of reports on the effects of nicotino treatment oa its
own metabolism in tho liver have been published. TaxeUCHT e of (1954) re-
ported that the ability of livers from untreated and chronically nicotine treated
Tats to detoxify nicotine did ot differ dignificantly WrzLe & MOLLER (1941)
h]ﬂmlhfﬂpcrhmnuhﬂndtolhowlnymcrumddcmﬂ:udmnmlnnbo-
tine treated animats i fact, in comparison with untreated animals detoxica-
thon was even decressed. However WERLE & Uscroep (1948) in a lster stady
lhowcdlhntlhedemﬂymgmpadlyctdnﬂvenlnn!codmmtcdnnhld
increased a Fittle, The suthors ded that the d capac
ity for nicotine, deveioped through s chronic adminktration, was Lmited.

The parposo of the present work was to investigate the effects of nkotine

on nlcotine bofsm fn mouse Tiver The mouse has been chosen
a8 the experimental animal since most of the previons stidics In this labors-
tory concerning the blotramsformation of nicotlne were performed In this
species.
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‘The metabolism of nicotine was d by the determination of formed
cotinine, the mapr metabolite of nicotine in the mouse (HaNssod et .
1964) A 10000 X g supcrnatant fraction of mouse hiver homogenate was used
a3 a source of liver enxymes (STALHANDSKE 1969).

Material and Metbods

Compounds

Nicotine-matiryl-14C was synthestzed according to tho method by McKeees o a.
(1962) x3 described by Harsson & SOnammidw (1962). The specific activity of ditfer
ent syntheses varied betwoen 28 and 46 wei/mg. Nicotine-bitartrate was kindy doneted
by Sremka T baks AB.

Treaiment of animals.

lmtdblnonﬂcou!dumlllnnjn,vdﬂnl 18-20 3, were naed. One group of
animals was {njected | disotved in dintTed water
anlmamltmupendln.lo!m:fhulthopunnhodmhnﬁohkﬂ:dvdm
was 0.05-01 ml Ths amount of nlcotine was injected thres times a day at intervah
of 4 bours for threo dayw The controls were sinrultanecoely infected with distllied water
The time betwesn nicoting injections was based on data on the elimination of nicotise
In the mouse described by ScrMmERLITW of & (1967). Two other groups also treted
with nicotine recervod a3 dnnking water a tap water solution of micotlne-bitartrate, i
a concentration corresponding to 123 my/1000 m! of the pure micotine tase, for 10 and
17 days respectively The amount of nicotine coosumed 1 prasented as an averags of
the daily intak  during the pariod of treatment.

The hast mjection of nicoting was given 15-20 hours prior to sacrifics and romoval
of the Livers. At the same timo the nicotine contalmng water was axchanged by tap water
and afl the food was removed

I vivo siedia

The of 10000 X g liver th content of the incubation mixtare
and the methods used for th determination of the reaction rates have besn described
previomly (STALHANDAXE 1969). To the incubation mixturs nicotlne was added Ja &
concentration of 1.6 mM and under the anay conditions wsad the enzymatic reaction
was linear with time and protein context

Protein estimation.
Ths proein of the by th Buret method
W&Kmol%n&ymmmmdmmmdu-m

Glrcogen estimation
Amarmhmmmrmmmmmmmﬁ
10000 X g supomatant [raction was added to 30 X (wiv) KOH soltutions a1 soon 19
postible after the antmats kad been LTled. Liver glycogen wws determioed ming the
h ackd method of ey (1957).

Statlstical evelnation of data.

Stodent’s =t~ distnbution was used & a test of the null hypothesia. The bered of
slgnificance used was P less than 005



NICOTINE METABOLISM IN MOUSE T7

Resdits

Results presented I table 1 show that Intrapertioneal Injection of 5 mg/kg
nicotine three times a day for three days significantly inhibited the abifity of
the mouse livers to metabolirs micotins to cotinine in vitro The treatment also
camsed 1 sgnificant decrease in the hepatic glycogen lovel

Nicotine 27.8 and 24.5 mg/kg/24 hours administered in drinking water for
10 and 17 days increased the formation of cotimne by 19 and 12 per cent
respectively Hawever the Increaso was not significant. No significant effect
oa the hepatic gtycogen level was observed (tablo 1)

None of the treatments affected the ratio of Hver weight to body weight.
The amount of water consumed by cantrol and experimental animals was ap-
proximately the same. No clinical effects of nicotine were observed in mice
treated with nlcotine In drinking water

Discumion

Repexted intraperitoncal Injections of micotine (15 mg/kg/24 hours) for
three deys significantly Impaired the metabolizm of nicotlus in mouse liver
In vitro Coatrary to this, anlmals treated with nicotine In drinking water for
10 and 17 days (27.8 and 24.5 mg/ke/24 hours respectively) ahowed a alightly
Increased metabollm of nicotine. However the Increaso was not significant
and the stimulating effects of nicotine on hepatic metabolism under the exper
Imental conditrom vsed, st be considered to be Hmited.

Tho dual effects of nicotine treatment on its hepatic metabolizm observed
In the present fnvestigation Is substantlally in with the obsarvations
oanua&Umu_D(lws’)dem&Mmm(lwl)

A samlating and an inhibiting effect of nicotine treatment on hepatic drug
metabolm was alio observed by YAMAMOTO ef of (1965) who found that
afier dally Intraperttoneal Injections of 40 my/kg of micotlne In com oll for 2
£d 3 days, an fnhibition of the hepatic metabolbsm in rats of 2-scetyl-amino-
fraorene was observed. After a single admintstration of doses ranging from 5
10 40 mg/kg of nicotlne 24 hours before the metabolic assays, howerer there
mllﬁmlu}ouc{z-ccayl-mﬂ.m—ﬂmrmommbuﬂm

Tn addithon, WinzEL & BroaniE (1966) who gave mice nicotlne in drinking
water (2.28 my/kg/24 houns) for two days observed a stimulation of bepatic
meprobamate metabolim,

Coaslderlng the abovo mentioned obscrvations it Is evident that nlcotine
mlyboﬂllﬂmu]alelndmhnﬂzbqnﬂcmcuhoﬂ:mu!mtcddmp.ﬂmﬂnd

of effect produced i very Iikely dependent of the dose and the duration
of treatment,
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The repeated Intraperitoneal infections of nicotine for three days which
significantly impadred the in vitro bolrsm of nicotine also lowered the
bepatic gycogen level

Fours (1965) stated that In nearly all cases of decreased rato of hepatic
drug metabollsm stodied, it was also postible to sthow a decreased level of
hepatic glycogen. As a of this be soggested that the process of
glycogen storags or maintenance of storage was related to the ability of the
Ttver to metabolere drugs.

It is known that nicotine Interferes with hepatic glycogen storage causing
glycogenolysls (Kosayasmt 1938) end hyperglycemia (for review see LARSON
et ol. 1961). The most important component m this mechanism is very Ikely
a direct effect of nicotine on the adrenals where nicotine stinmlates the release
of catecholamines (for roview seo Laxsor ef al. 1961 & 1968)

Foms(l965)hudnwnthn"“‘ of cpinephrine (sdrenall NFN)

ine (paradrenalinnm NFN) o & prodacing a depleth
ofhopaﬂcﬁymmwulddpﬂﬂmnuympprmmnlnvlwmnbonnnof
somo drugs, | e hexobarbital (cobexymalum NFN) Ooe mey thereforo
postulate that the glycogenolytlc effect of nicotine mediated through cate-

holamines s closely d with the inhibition of nicotine )il
observed. This asumption 1 also sipported by the fact thet when nicotine
was sdministered to the drinking water for 10 or 17 days and oo decrease of
giycogen was observed there was no Inhibition of nkootme metabobam,

WESTFALL (1965) d that the adrenat dually become tolerant to
repamd&dminkn'lthnotmmdnr.Tbcynbcawdlhuthorﬂmuhﬂund
urlnary excretion of catecholamines observed after daily infections of 1 mg/kg
nicotine in ruts increased progressively and reached a peak after three days.
‘This initial increase became gradually less during prolonged sdmintstration
of the drog and {ell off sharply by day 7

In additlon Kopavasinm (1938) reported that the Inftlal ncresss of epine-
phtine in blood observed after nicotlne injection disappeared after chroatc
nicotine admintstration. He also obscrved that the initial effects of nicotine on
;ﬁ{b:nmmmwmmmmchmuﬂymmwd

it

The effect of chronic nicotine int jon on the ton of hol.
mtines may explain why bepatic glycogen deplotion was observed In mice
treated for three days but not In mice treated for 10 and 17 days and why
inkibition of the metabolixm oaly occurred sfter treatment for three days.
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Metabolism, Distribation and Excretion
of the Tiiophthalane La 5-003 a Bicyclic Thymoleptic

By

L Freldricson Oters, A, Jorpeagen am V Haasen
(Rocetved Jaly 24 1969)

Abstract, The metaboliens of orally dministered Lu 5003 hay been stidied in
the mat, dog and mmn. Urine and frece were studied by thin jayer chromato-
sphy of beske and scidic atmacts. Th metsbolic degradation wws shown to
proceed purily by sulphaxidation and parily by demethylation followed by
the sido cham. Seven metabolltss were found. Tho pettern wes
the same n the three species I d. Hy
and

A
the demsthylated meabolite to be the main excretlon
products in the fusoss, while th mors water soluble suipbaides of thes com-
pounds and propioaic scid derfratives wers dominant in the trine 14C-labelled
Lo $-003 given intravenowly to rats, was used for distribution and excretion
stodies. Groupe of thres mts ware killed at diforent times after
xnd the amount of rediosctivity was determined m the blood and thenes. The

of mcBoactivity shortly after protably or from
Key-words, Thymol kmetics thin layer — adiwodsotopes.
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as did the corresponding phthalans (Lu 3-010) among the phthalanes, A
previous publication dealt with the distribution and metabolism of Lu 3-010
(PLyas FoRsTELL ef of 1968) and the present paper Wil describe the metab-
olism of Lu 5-003 In dogs, humans and rats together with the quantitative
sspects of 1ts distribution and excreton tn rats.

Materials and methods

A Studies with unlabslled compound

1 Dog studler

Stodias on the kentification of metabolltes were performed on urine and faece
collected coparately from beagl dogs given & dally doso of § or 25 my/kg onfly for €
months. The samplcs were collected afler adminfstration periods of 24 hours, 1 month
and § months,

2 Rar stadler
Urloe and facce, colkectod sepamtety from roate Wistar rats (100-130 g) given an
ot doso of 50 mgfkg daily for 5 days, wero wed In blotrams{ormation stodies

3 Hionen thelles

Urioo and facces from four female patients under troatment with 60 or 90 mg of
Lu 5003 dafty wers used All of tho patfents had been mnder treatment for seversl
‘works. Two of the patients supplied 24-hour eollections.

4 Prepoation of extrecs

Extractions wers tnads oo urine (1640 mi) and faecos ({ 5 g homogenized tx J
volumes of water) with 3 portlons of & doubl vohmne of dchloroethans at pH 3

y lndwcdfotchrmnmgn;ty
After

Y way
dase (Sigma), or g-gt facyi-eallstace (C. P Bochringer & Sochas,
Thnumplumnphnu—nnduduwudud-nibd-bm
Al basic compormds (Ly 5-003 Lo $-054, Lo 5052, Lu 5-060, Ln $-106 and Lu 5-105
foc formulas see fig. 1 and ) wers completely cxtraciable at baske piL as wer acklle
compounds (La $-085 Lu $-086, Lu 6-107 and La 6-099 with salphouder for formmiag
sen fig 1 and ) a1 sadic pil. However keldic compounds, capscially La 5-085, were
parily extractablo at bask pIL Also, small amounts of bk componds could be
cxtracted a1 acidic pH. Therefors, 1ba procedurs of busic evtraction followed by scidic
atmcion gave a bux exiract ontakung afl the base metabolites and parts of the
ldd]umabdh-udn.cukcxmdmnhlu-dd-:mcubdmmh
), toa of etracts was d by gel filtration

-s:vbnduﬂﬁ:dmdmr\h?ﬂmdhnm:rl.’un).hrthhwvmﬁm
mh‘ extract above way ed to dryness, The reskdus
mdbdvdhlbmld&n‘ﬂdnrammmudw bout 1 mi and applicd to the
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CHy CHy CH:
S M
C"'z'c"’fc"'f”\w — w{cu,-cuz-w h:blmnd
w5 003 3 wsoss O3
Lu 6 052
CHyCty | CHy |
s H 50 H
oy cHyCH N T CHCHCH N (cis/trans)
Lu 5 060 Lu 5 105
Lu S IDB

CHjy CHy
O“;gm,-mz-coorl (%Cﬂrc”z‘wm
Lu 5 085 Lu 5 088

Fig 1| Biotoaformation of Lu 5003

colwmn. Eltlon way performed with 0.1 M sodtum phowpbate befler (pH 7.9) and &
fixed mmaber of fractions coataining a presct volume was collsctsd. The munber of
fractions exd the tanemission of the clnats st 54 mu were recorded sntomatically The

CHy CHa, CH3
S 0
CHy COOH CHy COOH

Lu 6 107 Lu 6 107 50
Hy CH CHy
0
COOH COOH
Lu 6-099 Lu 6 098 SO
C CHy

H
CHy Chp CHp N<gy

Lu 5 003 SOy
Fig. 2 Some referencs compounds.
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Iractions wers poalad fn groups of about ten 50 as to contain oaly ooe or two meta-
boliter. Gel filtratlon of avallable reference campounds kad proved It possible to partly
sepants all metabolites. The pooled fractions wero sxtracted twics with dichloroethase
at a basie or adidic pH. The cxtracts were treated a3 mentloned before. In ooe axpert-
ment gel flltration was perfarmed directly on ths untreated urine.

S Thin layer chromatograpky (TLC)

TLC was carried ont on gitse plates (20 X 20 cm) contod with a 230 x thick layer o
Slica Qel G. according to Stahl (Merek). Alter coating, the platos were actvated at
110° for 30 minntes and stored In & bov Boffered plates were prepared exactly The
ordimary plates but whth 0.1 M 1odium acetate buffer pH 54 instead of water The
fallowing solvent systems were mved (all nnmtomated). Sotvent systeens § and 6 were
vsed only for buffered plates.

1 Cydoheane: acttons: diethylamine 50S
2. Cycichexane: acctone sceic ackd 830:20-1
3 Benzens: athylmsthylketone: dicthylamine $0.30-5
4 Chloroform. acetone: dicthylamine 30701
5 Butancl. water 80:20
6. Cyclohwams acolono 5050

Reporal of many impurittes from dmpure extrmcts was carrled out uslng & two-

ch hic tech Afrer of the sumple and referoact
solution to one corner of the plate, development was carrled out whh a rinsng syRem
which did not eluts Lu 3003 or Hs metabolkew. Chloroform other (35 15) and benztoe:
ethylmathyTketane (30:30) wer uted at nming systemns. The plate was thoroughty dricd
aad then developed fn the second direction with ooe of tho sotrent systems mestoned
bova,

For the dotsction of spots the following spray reagents wero used (STAML 1967)

1 ~ sulphuric scld (all .

2. Ninhydrin (xmunes)

3 Dragendorfl’s reagent — Munler & Macheboon! modification (amines).
4 Bromeresol green (sods).

5 Foiln Cioalteau reagent (phenoh)

Spraying with eagemt nomber | gave while Hos or whit yellow fearocent spots
in UV-ight (36 nm). Plates nm 10 baslo systems peeded  ¢hort peniod of heating

Tho {ollowing reference substances w ere used

Lo 5003 Lu 5054 Lo 5052, Lu $-060, Lo %106, Lu 510 Lo S-0K5 Lo 508
Lu 6-107 and Ln 6-095 (Toc formuias see fry 1 and 7). The solvent system vsod are able
10 weparats the mamenc forms of Lho amunesulphotides, bot not of th  snd-sudpbothla
Sulphoudes of Lu 6-107 and Lu 6-099 were prepared by direct oudation on the plats
with a small quanthy of 10 X HsOssohnlon.

A scmiqmotintive determimation of the amounts of Lu 5003 and s mectabolies
was made by comparing the six of the spots with kacwa amounts of sandards. The

was bert sccompinhied m the rang of 1-6 pg.
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oty

« H
SoporcHeN HL
Cry

Flig. 3 Lo 5-003-14C. * pouftion of tabelling.

B. Studle with labslled compound

I Labelled compound.

La 5-003-14C was rynthetzed with the radoactivity i the methyles groop alpha to
amine nitrogen (g, ) Purkty of th subeance was controlled by TLC.

Specifio activity~ 7.7 wcl/mg
Radiochersdal pority > 94 X

2 Rat twdfles
o Dbtribution stmdy Mal Wistar mts (90-110g) fastwd for about 18 hours weee
stven . singlo infrevenom doss of § mg Lo 5003140 kg body weight in & tail yein

clotting Brain, lungs, liver kidneys, heart, spisem, epadidymal fat, gastro-trtestinal tract,
tall and carcass wars cxamined.

b. Swdiex on excretion bn aring and fesces 10 ooe stody 10male Wictar rats (P0-110 g}
[astad for ot 16 hours were given 5 mg Lo 3-003-HC/kg body weight by intravenons
fajection and placed in metsbolwm cages with food and water ad libtrm. Urine and
fasces wary collected sepanately for 7 days aftr administraton and examined with th
body In another stody 4 male Wietar ram (90-110 g) were glven an intravenons dove
of 5 mg Lw $-003.1C/kg body weight dafly for cight days. Urine and facces were
collacted untfl 24 hoars after th bast dose.

¢ Espiration study Threo male Wistar rats (103-115 g) were given an intravenows

were asmeribetized with urethans (073 g/kg fntraper
xyymmumumu.pammumwm-hmmmcmm
the bdo was collected. Th fowr anhmls wers given an mtravenous does of 53 mg In
3-003- ‘C/kg body weight, apd the bl was again collected from two of the animak.
After 130 minnies the animals were Xilled by etsmnguination acd th lmtestinmal tract

removed. The intestises »cre opened and th contents washed out fn 25 ml of distMled
water

d. Ble ellertion shady rmnuwwwmnmnhﬁndlwmlsbm
050y
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3 Preperstion of samples,
The scnt(liators wad were tol X-100 2.1) coatalnlng 6 gl PPO and 03 ¢
dimethryl-POPOP for blood samples and the di thanol-ol mix
ture (dlotol) described by Hoxserq (1960) modified by replacing POPOP with dimeihyt-
POPOP for all other samples.

a. Blood. To 0.1 ml of blood wers added 1 ml of conc. NHssotntlon and 0.1 tl of
3} X HyOrsohtton After gentlo shaking the smple waa left at room tempaaturo for
one hoor and heated for another hour in an oven at 60 After coollng 10 od of
wcimtitator wers added,

b Thswes Homogenstew contalnipg 1 part by weight in 4 volumes of water werd
mado of braln, kungy, iver kidoeys and spleen. A 02 ml aliquot was sdded to 10 ml
of sdmtiDator Heart, epididymal fat, gastro-brtestimal tract and tafl wero heated In 4
volumes of 05 N-NeOH solation in emled tubes on  wator bath at 90-95" for 30
minutes with oceasional shaking. Aliquots of 0.2 ml wers taken for counting kn 10 mi of
scintiTiator The carcass was refluxed for one hour In two yolunes of 0.5 M ethanolic
KOH-wiuton. After rifngation 02 ml of the was counted o 10 ml of
scintillator

o Bile wrins and factes 005 ml of b and 02 ml of wrine wero counted directly
In 10 ml of scintiltor Each sample of facces was ground n & mortar to give a hamo-
genons mixture, 500 my of each sampls were beated {n an oven at 7080 for £ hour
with 1 ml of 60 X HCIOrsctution and 2 m! of 30 X HyOysolution. Afrer cooling the
solution was noutralbzed with solid NeOH and mived with 40 ml of cellgsolve. 1 ml of
the mixture wes counted in 10 ml of scictillator

4 Extrsction and ch omerography
Extraction of tssue homogenates, bilo, urine and sater homogemtes of facces as well
13 ackd hydrolysh was parformed as described above —oder studies with tho unlaboled
compound except that the extracts wero concentrated to about 5 ml Thess solutrons
{02 ml) wers conated and 0.025-02 m! was chromatographed. Basic sxtrach were
chromatographed fn systeme 2, 3 and 4 Acid extracts wers chiromatographed n syt
)&qudtvﬂupmcmtholﬂbldmmpodcﬂmamthUyhtowpnummﬂﬂl
7 viah for esch ! centimeter beginning at the sianting point and the rediosctivty

determined in 10 mi of scintiTator

Rendts

Identification of metabolites

Dog studies Identification was based on Revalocs in different sotvent
systems, hp-valoes from gel filtration and colour resctions with speay reageats.
hp- and Revatues for the reference compounds are shown In mable 1 All
substances gave fluorescent spots with spray reagent no 1 In additlon, the
baslc metabolites gave colour reactions with spray reapents no. 2 and 3 The
acidic metabolites gave falnt colour reaction Wwith spray reagent no 4 Une
chmgcddmgundmmmctnboﬂlamidmdﬂcdlnuﬂnctmmdoﬁﬁn
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Table I
Kp and Ri-valoes of reference mbstancer
Revalues in sotvent system
Kpnlos

1 2 3 4 5 [

La 5003 . i 17 057 O 064 03 037 0

Lo 5084 e o, 091 0 0 030 017 @13 ¢

Ln 5012 —— 11 [V ] 024 010 018 o
Lo 5060 ... - 22 (1173 054 08 051 Qf1
Lz 5106 . - 1. o2 0 013 o2 03 008
Lu $105 ... . 14 [ L5 QT3 04 035 003
Lo 5085 .. ... -~ 28 [ oy o [ 050 081

Lo 5086 .. . .. 1416 o a3 0 o 041 [
Lo 6107 o e, 16 0 s o 0 o 05y

Lo 6107 e .. ... 011 o (15 (] [¢] ax o
Lu 6099 o o 11 4] oz o 0 o062 o021

Ln 6099 oz, 1 040611 0 (1. ] ] 036042 ©
o2 13 [} [k ) [} 050 069

slpboxides of Ln 5003 (the isamers Ln 5-052 and Lu 5-054) wers found
&5 well 23 tho primary amina, Lo 35-060 and its sulphoxides, Lu 5-106 and
La 5-105 Furtbermore, the proplonic acdd derdvative, Lu 5-085 and Hx sul-
phoxide, Lu 5-086, were identified a3 metabolltes.

In facces, Lo 5-003 and its sulphoxides were found as well as the deme
thylation product, Lu 5-060 Acidic metabolites were not formd.

Ro other metabolltes were observed after direct extractton or after hydrol-
ysta. Nono of tho speay reagents revealed other spots than ths abovo mentioned
nd phenolic metabolltes thercfors eppear to bo abeent. Hydrolysis did not
Ehcnmfnrﬂﬂlmounuufpamtcumpoundmmboﬂtu

mmmwmammmmmpmdpmlyby
sulphoxidation and partly by demethylation followed by instion in the
ddochaln.Tbemnnrdpmhw:y:mmcmnluﬁg,l

Tho semi-quantitative determination reveaked tome individual varistion In
LhemﬂemcmhﬂmdmmddmgmﬂmboﬂmApodhbmqﬂam
ton might be differences In the amount of urins and facces.

However the relative proportions of the metabolites seemed to be ratber
constent. Tables 2 and 3 chow the concentrations of unchanged drug and
metabolites in Iaeces and urine, respectively sfter § months of administration.

Inhcmlhohumerm}uhbmbdlﬂoﬂLnS-OOdethoprhnrymﬂnc,
Ln 5-060, dominated with cach sccountlng for about 40 / of the total, The
remainiag 20 / consisted mainly of Lo 5054 with emall amomts of Lo
5-052. The results were similar at both dose Jevels. The relatvel .4’

e

L4
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Table 2
Coocentration of Lu 5-003 and metabolltes in facces expremed a3 pg/g Dogy wer gha
ol doses dally for § months.

Dosz 5 ma/kg 25 my/ksy
Dog oo, .. I 336 352 364 4 MY 33 36
Lu 5009 . 10 24 24 " © 7 1 0B
Lu 5084 9 13 13 6 3 25 20 5
Lu 5052 .. <1 4 3 <t 10 10 <2 <2
Lu 3060 12 13 16 “ &4 13
Toal .. . 3 5 5 U | 142 m#s

amotnts of Lu 5-003 found in facces may be due to enterchepatic arculation
a3 well a3 to non absorbed drug.

In urine the more water soluble compounds dominated. Thus, with the high
doso only about 9 / and 7 / consisted of Lu 5-003 and Lu 5-060, respec
tively while the sulphoxides occupied aboat 60 / and the acidic metabofites
about 35 / of tho total. La 5-054 followed by Lu 5-085 and Lu 5-086 werc
ke main metabolltes with the higher dose. At the lower dose Jevel the acidic
metabolltes wers even more dominant, ln two cases amounting to 70 / of
total.

One of the two passible fsomers of the amine sulphoxides, i.¢ Lu 5-054
and Lo 5-106 seents to bo preferably produced.

Table 3

Concentration of Lu 5003 and metabolitew b urine cxpreased a1 gg/ml Dogs wero
) given daly oral dosss for § months.

Dase 3 mafkg 23 gy
Dog vo 126 336 b3vd 34 34 M9 s 3
Lo 5003 s 05 a3 10 15 2% 69 4
Lo 5054 16 13 1.3 15 1] n n 92
Lu 5051 03 <02 (%) o7 45 16 43 3
La 5060 <05 04 03 <03 7 20 T4 30
Lo 5-106 <1 os 0% 10 30 25 92 60
La 5108 10 w03 03 os al n 40 26
Lo 3085 30 13 13 37 13 ss H 1]
Lu 5086 .. .- 7% <) 3 <o) 10 st " (1]
Tod . 17 5 10 9 m b4 ”% -



BIOTRANSFORMATION OF LU 5-003 89

Comparison between collections of uripe at different times (24 hours and
1 manth) during administration of the higher doss revealed that the proportion
of Ln 5-003 dimintshed with timw while the proportion of Lu 5054 increased.
This was not observed with the lower dose. An Increesed capacity for salph-
oridation was thus indcated No other time dependent changes were ob-
served at edther dose Jovel.

Human studies Baied on the same criteria s for dog studics, & series of
metabalites hay been Identified in human urine. La 5-086 was found to be
the main metabolite followed by Ln 5-054 and Ln 5-106 The lsomers of the
l.m:rcnmpound:,LuS-OﬂmdLuSIOS were present in smaller amounts,
E 1 of unch d drug and of Lu 5-060 were
observed.

The sulphoxides of the secondary and primary amines were also Identified
in facces. Very small amounts of the parent substanco wero obscrved i some
cases. No acidic metabolites scemed to be present In the facces. The presence
of another ballte tn urine, p bly the sulphoxide of Lu 6-099 was
strongly indicated but ity identity conld oot be estahlished.

Enzyme hydrotysis did not liberate further amounts of drug or metaboliter.
After acld hydrolysis, however small amounts of Lu 5-003 were Hberated,
e1pecially from faeces. Also the unidentified metabollte was [Tberated by acdd
treatment. This binding ks most ikely of unspecific nature,

The semi-uantitive determmations thowed that individual varatoms in
metnbolits pattern were small or absent. In urine the main metsbalite, Lu
3-086 was present in concentrations ranging from 8 to 15 ug/ml, while Lu
5-054 and Lu 5-106 amounted to 2-10 ; g/ml and 0,5-3 yg/ml, respectively
The ratio between the Isomers La $-054/La 5-052 and Lu 5-106/La 5-105
wers about 51 In fasees sbout 10-20 ; g/g of Ln 5-054 was fomd with
Lu 5-106 wnounting to abont 5-10 ug/g. The smounts of Lu 5-003 in two
patients were less than $ ug/g and in two others 510 py/g. Thus, there seems
10 be no reason to doubt good intestinal absorption of the drog. The amounts
of drug and metabolites thus recorded in prine and facces represent ebout
25 / of tho daily dose.

Rananﬂa.BncdouRﬂn}nn,Kmhulndcnburrucﬁomwimm
reagent 80 1 a serles of metabolites was identified In the urine and freces.

Batic urine extracts coatatned Lu 5-054 as the maln metabolite with its
lsomer Lu 5-052, about 1/ s plentiful. Tho demethylated rulphoxids palr
Lu 5-106 a0d Lu 5-105 was also identified. Small amounts of Lu 5-003 and
Lz 5-060 seemed 10 be present. In achdic urine extracts consbderabls amounts
of Lu 5-086, but not Lu 5-085 were identified.

Thepa::nldm;l_ns-oosmkdmllﬁcdlnfmmgnhawhhmyrmﬂ
amounts of Ln 5054 Lu 5-060 was also present, bot no scidic metabolites
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were observed. The metabolite, supposed to be Lu 6-099-SO which wis
observed in human samples, could not be detected in rat samples.

A weak brownish coloured spot was observed between Lu 5-003 and Lu
5-054 on the chromatograms. Thls might be the sulphone of Lu 5-003 (for
formula see fig. 2) Further identification was mads very difficult by the
small amounts present and the impure extracts.

The identification of metabolltes was further supported by chromatography
of radiosctive extracts. Fig. 4 shows examples from chromatograms of basc

extracts of urine and facces, Peaks corresponding to all bolites identified
In studies on rats with vnlabelled compound could bo seen. Dus to the kew
amonnt of radioactivity on each ch not too much atteatlon should

bo peid to the relative amounts of the different metabolites. Also, more
A
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radicactivity remained at the starting point than could bo explained by the
presenco of the ecidic metabolites Lu 5-085 and Lu 5-086. This might be
explalned by disturbances in develop caused by Impurities In the ex
tracts. In acidic extracts from urine and facces the acidic metabolite Lu
mmmmmumammmeuﬁmmm

of radioactivity remained at the starting point. In
mdﬂﬂmmthsldenﬁﬁcdmcﬂboﬂmthcprwbmlymﬁmcdnnldmﬁﬂed
metabolite was scen in most extracty. From umme $-19 / of the rediosctivity
could be extracted at basic pH and 2-12 4 at acidic pH. Acld hydrofyds
mads enother 10-25 / cxtractablo at acidic and 6-10 / besic pH. From
facces 40-66 / of the radioactinty could be extracted at bsc pH sand
6-11 / ut acidic pH Followmg acid hydrolysis 4-12 / could be extracted
at acidlc s well &3 basio pH. Thn the total range of extrectable radicactivity
was 30-52 / ln urins and 58-88 / In faeces.

Quantitative aspects of the excretion in ratr

Single dose Excretion of radioacttvity following a single intravenous doss
of Lu 5003 ~ %C Is thown in fig. 5 Sixty / of the admintstered dose was
excreted in the faeces and 23 / in the urine in seven dayr. One 4 of the
doso remaleed fn the animal body The greatest part (72.6 /) of the radio-
activity was excreted dudng the first 24 hours,

R dase E of medicactivity in urire and fasces following a
d:ﬂydonn!Lu5—003 UC for cight days i given in table 4 The amount of
2 dally dose remaining in the animals 24 bours after the last dosc was 14.3 /
The low emount of radioactivity remalning in the animals following repested
doses as compared to single doso (sce table 5) does not indicat any accnmu
Intion following repeated administration. This sssumption i further supported
by the almost complete excretion of the daily dose.

-t
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Figs wmamammmxmmm
triration of Lo 5003 — BC.
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Table 4
Excretion of radfomctivity following repeated intravenom adminktration of Lu 5-003
expressed a3 X of th daily dose. (Pooled samples of 4 rats)

Urine Fasces Toal
01 day ns 614 5
12dp %0 68 3
3 days 213 1t 01
34 dry - - 214 787 1001
4.5 damr - 150 183 1073
56 days 00 T3 9313
67 days - 208 s 1093
78 days - 3 700 3
Excretion in bile
Bllo collection for 130 minutes from the common bile duct of two rats
yiclded 17 ml of bile ining 29 / of the admint d dose. The | 1

contents of these two enimals contalned radicaciivity corresponding to 1.3
and 1.2 / of the doss, while the Intestinal contents of the two animals from
which the bile had not been collected contalned 32 / and 22 / of the
administered dose.

Expiration shedy
Collection of expired CO; during the perlods 0-14 14-1 1-2,2-4 nd 46
bouts afier an intravenous dose of Lu 5-003 — HC showed the greatest rate of
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explration of radioactivity during the 44-1 hour penod. A total of 004 / o
the administered doss waa txacreied wa 1COy in 6 houn. This may indicate
that the radioactive carbon dloxide originated from degradation of & radio~
actre impurty rather than from degradation of Lu 5-003

Distribution srudy

The distributlon of redioactivity following jntravenous injection of labelled
Lu 5003 is shovn Ia table S snd fig. 6. The largest concentration is fouxd in
the lungs durlng the first hours following adminhtration. The kidneys, beart

20-
-3
16
12- 3 0
”
B-
\\N\
‘ s/
g W :
N /|\—"‘r— ] [ pem
2 L 8 8 10 12 W
/
-
0~
Ll L
7-

: /
o S yom
2 L & & w0 o2 u
Fig 7 Radioactivity from chromatograms of baike extracts from brain i syatem )
Upper- § min. afict adminbtration. Lower 4 hours after administration.
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and liver also contain great while the on In the brain iy
contiderably smaller and only a Ittie higher than the blood concentration.
The ¢oncentration of radioactivity in the blood and the brain decreased
rapidly with time glying & half-lifo of about 2 hours The decreaso of radio-
activity in the Iiver is considerably wlower with a haif-life of abont 4 bours.

About 70-100 / of the radioactivity In the bratn, the lungs and tbe kid-
nsys was extractsble st basic pH, while anly 0-20 / could be extracted at
ackdic pH. From the Illver the extractblo amounts were 33-50 / and 2-13 /
at bagde and scidic pH, respectively Chromatography of the basic extracts
from bratn showed that 85-90 / of the radoactlvity In the extracts occurred
in the two antines Lo 5-003 and Lu 5060 At the short times afier admini-
stration (5 roin. — 1 hour) Lo 5-003 was present in greater smooats than
Lo 5060 bat later Lo 5-060 dominated (seo fig. 7). Very small amounts of
tho sulphoxides of the amines wero abwo tcen. The amines abio dominsted in
the batle extracts from the lungs and the kidneys with Lu 5-003 predominat
ing at all times after administration. The miphaxides were also seen bot only
in very small amounn. In tho basic extracts from fiver greater amounts of
motabofites were seen than in extracts from other organs although the amines
Lu 5-003 and Lu 5-060 still constitated the greatest part. The metabolites
seen were the four sulphoxides Lu 5-052, Lu 5-054 Lu 5 105 and L 5~106
:mcmmummmwdmmd,

Dﬂvtotbebvlmumotndhwdvhylnﬂxuddmrmfmmﬂnorgmﬂ
theso could not be ch d with a 1o yield.

Disarmion

Sulphoxidation }s the most fmportant pathway In the bloransformation of
Lo 5-003 In addifion to slphoxidation, degradation of the elds chain glving
primary amines wnd propionic acid destvatives is ccen. Farther degradation of
the sldo chain & mrggested in homen studies fv oot sopported by the ex
Plration stndy with rats. However further degradation of tho eide chaln may
occhr 10 a negliglblo extent. The ide chaln degradstion ks ideutical to the
of the corresp Lane Lu 3-010 (Prym FoxsmEiL ef of
1988). No hydroxylated metabolites are formed which i in contrast to tho
formation of Largs amomntz of theso from tricyclic tymokeptics, o. g. nortrip-
tyline xnd desipramine.
No obvlous differences are sten between the three spockes investlgated. Tt s
Posubic that the tulphoxides dominate somewhat more in humens than in the
two animal species.
It s unexpected that elimination p ‘ﬁzlhohccalomdxllup
extent even though the sub fs t y formed to bighly hydro-

-
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philic metnbolites. The study of billary excretion indicates the presence of m
enterohepatic crculation. It is also shown that the substances excreted in the
facces originate from biliary excretion rather than from excretion from
glands or other sonrces.

The distribution of Lu 5-003 and its metabolites follows the well known
pattern of prychotropic drugs, e g portnptyline (McManox et ol 1963),
prothiadene (dosulepinum NFN) (Hogelovsky et ol 1967) and imipramine
(HmmraaNN & PuLver 1960) Rather large amounts of the primary amine are
found in all organs and this finding is similar to that made with Lu 3-010
(PLYM FORSHELL ef af. 1968). The amount of primary amine in the bral
increases with tims relative to pareat substance.

The baological half fite of Lu 5-003 and its metabolites in rats calenlated
from blood and brain concentrations Is ebout 2 bourx. This Is closs to that
of imipeamine (234 hours) (DINGILL et a! 1964) but considernbly thorter than
for Lu 3010 (7 bours) (PLyst FORSTELL e ol. 1968) and daaipramine (3
hours) (DINGELL et al 1964). The short half life of Lu 5-003 a3 compared ©
UmolLu3—010mjgh:boexpmnedbythcfmdonlochydmphﬂk
sulphoxide metabolites of Lu 5-003
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Stwdies on the Sohentaneons Absorption in Mice VIT
Absorption of 3H,0 and *#C-sucrese from Non-buffered
Solutions at Different pH Valnes

By

E Secher Hamsen
(Recaived Augost 7 1968)

Abstract The possible Infloence on the suibcThaneons absorption procosm of the
PH of the hjecied snbuffered solutiom was cxamined o normal and oestredial
protreated mice. Elghty pl of 09 X NaCL pH 450, 570, and 850, coutsining

Reports from this laboratory havo dealt with the slgnificance of the con-
nectivo tirspe ground substance in the subcutancous absorption of sohtions of
different toniclty snd of substances with different molecular weights (SBcHEX
Haresax, Lanoaiep & Scpou 1967b ¢ & 1968 Secrem Hansen 1968). The
Presenit study was designed to determine if small changes in the pH in the
tnjected ffered solutions might be of slgnifi to the absarption pro-

cone,

Method

In Bgiitly anessthetized (lnlothane (Tuothens ) mal afbino mice (Leo, Stritf) two
ymmottical ares wers marked oot on the deplated skim of the back (cf. Sacyex Hav-
SN, Lamoalap & Scwou 1967x). Elghty al of 09 X NaCl contatning about 03 scl of
THO (New England Nockar Corp. Boston, USA) or of HCsucross (The Redio-
chemical Center Amersham, Fegland) was infected subcatancooaly in the right mide ares.
1o hif of the ammals in sddhion 40 Lo of hyalmronkdsse (penctrase Leo #). The
lolulanmld}uﬂdbymolulN-HGndoulN-Nﬂﬂ.lﬂbopHmhu
460 570 and £90. Parslid experiments were caried out bn mico pretreated with

T Acs phermecsiegics, vl 22, few. 2
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ocstradiol monoberzoate 10 pg 1o 100 pl arachiy ofl given subcotancomly six and fosr
days before the experiment (cf. HviDmero, SzroaNy & Lanoalan 1963). The aatoahy

etpreswed In per cent of the Injected dase (“residual radicactivity per cent™).

Resalts

In the noa-pretreated mice the changes in the pH of the Injected sotutions
wero without influence on the disappearance rates of the radioactive water
and sucrose molecules (fig, 1) In the ocestradiol treated mice, in addition
an overall slower absorption (cf SecHER HANSEN 1968) sucrose- as well
waler motecules disappeared tignificantly faster at pH 8.90 than at pH 4 60
(Gg. 2). Tho differences were demonstrablo after 5 minutes only With by-
aluropidase added to the injected solution the two tracer substances disap-
peared at a rate independent of the pH valoes (tables 1 & 2)

Non pretreated Mice

Fig. 1 Rekdml nadioacthvity per ceot 5 and 135 mimses after subcutancom (njoctiont
of 80 plof 09 X NaCl solotions whth pH 460, 570 and 850 contalsing approvicuicly
Odeulmmulontrmpadmo(Non-prcuwudmh)Thmﬂdﬂmﬂmﬁ-
cats the standard error of the mean The figores n brackets indicats pumber of antma!



pH AND SUBCUTANEOUS ABSORPTION 99

Oestradiol treated Mice

00
T Momreae g8
3¢ [y, . "
8o R T
70-
Y g
- 60 w?
. A
3‘ 50 k) 210 a0
40

S min.
Flg 1. Rekiml ndicactivity per cant 5 and 15 mbmtes after mbcutansons Injections of
20 pl of 09X N (1 solutions with pH 460, 5.70 and 890 cootalning
03 pel of FHHO ax HCamcros por dose (Oestrediol trested mics).

Table 1
Rexidvel redicactivity per cent originating from fHzO end HC-ocrass § and 15 minutes
aftar the subcrtaneons njections of 80 al of 0.9 X NaCl containing approximately 0.3
pci of the Iracer substances pir 40 L . of Nyaberonidase (Non prvtrested mice, B =
mvober of anfmah).

5 min 15 min.
Lol YHO 14C-gncToRe IHO HC-yocroee
mun+SEM mentSEM mantiSEM maniSEM

.60 17113 LS 2103 9%11

{ =1 (n=11) {(n=11) (@=11)
70 pLESE o] 40t L6 1103 sta9

=18 (a=10) =4 (n=4)
290 17120 Wt24 2103 9X06

(m=11) ( =11) (a=11) (n=11)

)Th-mvﬂn-hnhmpuuhbdpnﬂadyhmnmmumml
Scou (1967b).

i
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Table 2
Reslduel rudloactivity per cent origlnating from SH-O and H4C-rucrose S and 13 mhwia
after the subcutancons tnjections of 80 ul of 0.9 NxQl contalning spprotimately 03
pel of the tracer substances plus 40 L x. f by alaromidase (Oetradsol treated mice, n =
mmber of ankmabs)

5 min. 15 min.

pH TH:O HC nxrose HO HC-sucromo
meant S EM | mantSEM meaniSEM maniSEM

450 Ht37 Hi1s $t12 2327

(a=16) (a=6) (n=6) (a=~6)

st0 “HE17 63143 718 1129

(ne=4) (n=4) (n=4) (a4

850 A3 tAs 2147 9t1s n+10

(n=16) (a=6) (=~ 6) (n~6)

Discrsion

Only fow investigations have been made on the influence of the pH of
b ly Injected solutions on the rate of the absorptlon process. Hvio-
BIRG (1958) found an } d spreading of sol in the skir of mic
when the pH was 5 or lower The investigntion was, however carried out o2
killed mice, using soluthons with comlderable buffer capaaty

Previous | Igations on the sub absorption of unbuffered so-
lutions with different pH-values have seldom been made LAURINT & ProTRus-
ZXTEWICS (1961) coukd not demoastrate any relation in vitro between the pH
and the scdimentation rate for larger molecules in a hysinronte acld mediom.
Map1son & CimriSTIAN (1950) found by investigation i vivo that the absotp-
tion of sodlum vras uninfiuenced by pH alterations between 2.5 and 10. How
ever below pH 2, a decreased and sbove pH 11 an increased rate of absorp-
tion was found. The results of the present study may be sxkd to be In 2ooor
dance with this, &1 a lower disappearance rate of water and sucross mok-
cules was observed at pH 4 60 than at pH 890 At theso mall degrees of
scudosts and alkaloshs, however the changes were demonstrable only In the
oestradiol pretreated animals, i e where the amounts of ground substance
fn the skin had been  antificially™ doubled and the degree of pofymerisation
of the hyaluronic aad greatly increased (HvIDRRG, SzPoRNY & LanociD
1963). This tn turn points to the ground substance as the medium capabic of
modifying the absorption process when slight pH changes takes place. Thiy
mtunbumb:unﬂamdby&nbaﬂnnhtcﬁﬂcremm-hu’pﬁonmﬂ
were abolished when hyaluronidase was added to the sotutions Infected.
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Studies on the Subentaneous Absorption In Mice VIIT
Influence of Connective Tissue Ground Substance on the
Absorption of Subcrtaneonsly Injected Depots
of Sodium and Chloride

By

E. Becher Hansen
(Reccived August 7 1969)

Absreer A standard volume of 80 u! of physiological salme or of pure water
wmt injected subcutaneoosty in mice. In both tuses the dlectrolyte compasition of
the depots was the sama 15 mimutes tater at which time the injected volumes had
not bewm significantty reduced. Tho sodium concentration in the depot cocre-
sponded to that of the plazma, whils the chloride concertration correrpoaded 10
approxhmately S0 per cent of that of the plasma. The miming anboms could
peobably be sccounted for by the non-Eff: of the ectie
thesuo gromnd subetance, Radioactive sodiim loes wors cleared significantly mors
dow(ythumﬂo-:ﬁnch}aﬁnhntha-lnmbdudpﬂﬁumlydwu\hn
water after the subs injection of h
mwmmmmmommmmwm

Key words: A Hon - Injection, sub - tre timoe.

Previous experiments have shown that the disappearance of & subculs-
nwm!yln}ccwdmlumclndlhecxchlnguofwntermﬂkculunndmlﬂbﬂi
)bctwcnﬁndepotandin dings are ind Whike ol
!J:nodgmﬂyln)ect:dntﬁmolccu!am:yhxvod}uppnmduﬂernlﬂ
minutes, the injected water-surplos at the same time may perslst
(Srcer HANSEN, LANGGARD & Saiou 1967b). The present study was under
taken to clandy the movements of sodium and chioride in and oot of a sub-
cutaneously injected “depot  of physiological saline and of almast purc water

Method
Two symmetrical arwes were marked out on th depilated skin of the back of afbino
mkmbu(d.knmlhmww&sumlmnh:hrypldmulﬂ”
{ollowlng solutions wero injected smboutancomsly within the borders of the right st

L.
1) Drstilled water containing pprodmately 1 sel of H¥NeCl per 80 sl
2) Distilled water contaming  ppraximately 05 peci of Na®Cl per 80 ol
The concatrations of sodium and chiovids [n thess solutions were below 10 meq pef

Litre.
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3) 09 X saling containing approximately 1 pcl of NNaCl per ED sl
4) 09 X mime containing spproxinmtely 0.5 mci of Na®NQ, spproximatcly 0.5 ucd of
FHO and sppeoximately 1 wel of #NaCl per 80 Al
Flve or 15 minutes Inter the animah were decapitated and bled. The two pleces of akin
(corimm and sxbemtie) were excised and weighed, The differences in weight between the
two mmuples wore cxpressed in per cent of the volume {nfected (“rexidm! volome per
cant”). Thelr mdioactivity coutents doe to (1 and IH;O wers determined by the
tingle or doubls tracer technkpne in  Packard TriCarb Liquld Scimfllxtlon Spectro-
mmmm-mmwhpumﬁummwwmy
Mwmnwmmmmmmm
& i well-counter ed with an LD L Scaler 1700 snd
ﬂ:d.tﬂ-mc- again wpremed fn per omt of the njected mdiosctivity Subsequent
chemicu] determinations of the codlum, potssizm and chionds contonts ware carried
umudmﬂ;dbylma]mm&Evmn(lm).mm
of the “depat™ wers on tho bash of the
ndd_lvdmulmﬂnmc-o{drﬁnm:hdnjuﬂ.oddda.

Reszits

Tt is evident from fig. 1 that sodium and chloride lons &re rapldly drewn
fto a enbenteneomly Infected dopot  of almost purs water Fificen mimmes

5=
"ﬂl-- LU IR (e 1a|

T LM 7 (L B

Fig. 1. 7/ hmmummmﬂaﬂohwhm

depots 5 and 15 minotes after the miection of 20 al of 09 X NaCl or of $0 af of

dotiled water The conomtration of nioes and catioos tn th pletra and the tisse

{ioid s show in colmmra. The vertical e Indicate the standard error of the mean.
The figwres in brackets indicate number of anbmah.
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afier the Injection the sodium concensration in the depot has reached that
of the plasma which is much higher than that of the normal tisyns fluid. At
this time the concentration of chloride in the depot has risen only to sp-

i y half af the lons of the plasma and tssus fluld. - After
mbwmnmln}ccﬂomofOB / NaQl (155 meq perﬂtraotsod]umlndlﬁ
meq per litre of chloride) the of sodtum & 2 10 120 meg.

per litro during the Initial 15 minutes of the absorption perbod. The chlorkke
concentration in the depot had decreased at the same ime to 45 meq per
litre (5g. 1).

Radioactive sodium disappeared at a slower rate than radicactive chioride,
which in turn dlaappeared at a siower rate than radioactive water molecules
from subcutancomly injected *depots  Independent of the mediom (fig. 2
& 3 valoes at 15 minmtes: P << 001 fig. 3 values st 5 minutes, P <0 001)

l

:E \\,ﬁ_
ORI

20 ,’?0\% \{"’

Residual "%

el road e d

mzwm:mmmmwmmwarmmm
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The injected volumes were onfy insignificantly reduced 15 minutes after the
injechons (fig. 2 & 3)

Discasaion

Since the structure of the connective tisue ground substance consisix of
a notwork of charged macromolecules the thauc possesses the capacity to
awell L e to taks up an excess of watcr as an integrate part of the thape, The
capacity for water hinding seems to depend in particular on the concentration
of hyaturonic ackd (HviDmmo 1962)

Duc to the pofyanionic properties of the macromolecules and at the pH
existing in the desue, the lecular network oned above carries
2 great negative net charge which ks counteracted by (small) cations, i. o

hydrogen, sodiwm and potasstum (LANGaARD 1965a). Thus the compective
thsroo containg an excess of amall cations.
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The results of the present study seem to indicate that the negatively charged
binding sltes of the ground sub: lecules are available for nen
tralization  of An excess of sodium abruptly introduced into the tissue (fig. 1-
Whether physiological saline or pure water is introduced subcutaneously the
electrolyts compomtion of the depot  in the courte of 15 minutes, becomes
the same* Thus concentration of sodinm approximates to that of the plasma
and the concentration of chioride to about 50 per cent of that of ths plaxma
This can hardly be a question of colncidence. Although bicarbonate toes may
sccount for soms of the missing anlons the greater part of these myt

& y bo d for by the poly of the tisste,

That the findings hitherto discussed are not doo to differences In the duffo-
slon rates of sodlum and chionds Is evident from fig. 2 and 3 Tho rdiosctive
chloride jons were actually cleared at a dgnificantly higher rate than the radio-
active sodiom 1ony. This discrepancy may be explained by differences in jone
size. As the sodium lon probably exhits in the thsne in hydrated forms, the
jon radius may be sufficiently incremed to inflnence the rate of trunsport
throagh the meshes of the ground substance (LanccArD 1965a)

The cxplanaticn of the slower disapp rate of chloride Jons than of
water molecules fs obscure. The explanation may however be found In the
possible existence of a slowly exchangeable fraction of the tissue chioride
(Lanoolan 1965b).
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Experimentally Induced Congh In Man by Citric Acld Aerosol.
An Evaluation of a Method

By

Fina O, Whather
(Recelved September 3 1969)

Abstrect. Tea healthy males underwent threo test petiods with an Isterval of oec
horr Esch test perfod comisted of flve inhalations of a cltric acld acrowl The
pumber of coughs after each inhalstion was registered. A placobo tablet wit
slven immediately after the fir test period. Statistical analysts of tho resalts
showed 2 gml! redoction in the mmber of coughs from the first to the secosd
test period, bot no significant reduction from the second to the third test perfod
The redoction might have been duo 10 a placebo reaction. It is coactuded that
tho method may bo nseful in evatuating an antitmsive agent provided the lnvest-
saton s carried out a3 & doable biind text with placabo.

Key words  Cough - antitusive agents - resplratory system.

For several years sn objective evaluation of antifnssive agents has been the
alm of scientists in various ficlds of medicine, Differcat methods have been
described, but afier & critica) evaloation most of them can be rejected (GRA

) VINSTIIN e1 ol 1954) Brxmmuanx ef ol (1956) has deacnibed a method
whereby a uniform cough response may be produced by inhalation of a ditri¢
2cid nc-msol. ln . reccnth:wxuyu}on, bowever SCVILIUS et al. (1965) found

to inbalations of cliric #cld serosol No explanation
!orlhnd.’lscrepanqmm

The purposc of this wvestigation was to see whether an adaptation t©
ditric acld acrosol inhalatlon is present when a subject is repeatedty stimulsted
with the same concentranon, and also whether & placebo may have any
{nfluence on the individaal reaction to the inhalations.

Material and methods
Ten men, between 20 and 50 years of age, wert tested. Noae of thee b awy drcast
of the roypinatory tract and nooe were heary smokers (ess thaa 10 cigarefics a dn)
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Tabls 1
The dhtribution of the test subjects according to the concentration of the citric acid
solution.
5% 0% X 0% 2%
Number of persocs 3 2 3 1 1

A black disgram of the apparatin oed for pebulizing the cltro ackl solution ba

been given in & previom paper (WiNTHER 1966), which also reports the results of an
of an anti agent D,

The chric acid solstion wam nebulired 1o an akr flow of 8 Umm. (“Atomdsor™ La

Diffwing Techniqoe, Saim-Etienne, Praoce. Parthele size according to the firm 1t §

micron).

Each subject bad a traloing period. During this period the coocentration of pebulired
chiric scid solution which conld produce between 3 and 6 conghs after ono tinglo Inhals-
tion was determined. The concentration ranged from 5 X to 25 X The distritrtion b

started the registrationt. Thero werw three test perfods with an inierval of one hour
Bach text pedod was precweded by about § {nhslations which were not taken fnto
accomt.

Placcbo tablets were administered immediately afler the firet test period. The sub-
Jects tested were {nformed that they would be given eltber an untitmlbvs tablet or &
Placebo tablet Each of the thres test periods consited of 5 Inhalations with at least
0 3 min, interval. After cach inhalatlon the umber of conghs was countad. As soom
= [he congh had stopped, the subject tested was givan a few sips of lukcwarm water
0 1 30 clear the mouth and the throst of cliric acld.

Table 2a.
Number of coughs after tnepiration of crtric acid serosol
1st teet peciod 2nd text period 3rd teat period
(o ma. 123 435 um 12 3 4 5 sgm 123 4 5 Som
Nuwmber of conghs
1 33 4 43 17 33343 16 4 4334 1
2 42322 13 41322 13 42232 1
3 43333 18 333235 4 33121271 12
i 4 33333 15 23228 12 323212 12
ES 343544 4 4323 16 4331312 15
& 4 4 4 3 4 19 4 3 4 43 18 33444 2
7 31122 10 4 4 333 17 42213 14
3 34 434 18 544 43 N 4 33172 1
* 43343 17 4 4232 15 43223 u
10 655 856 7 6 4 4 6 4 24 6 4 434
Sum MR MIH 174 PB4 410228 188
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Table 2b
Total nomber of coughs after tupin
tion of citric scid scroso] in thres test
perfods.
no.
1 2 3 4 5
Number of conghs

1 10 10 10 11 10

2 12 3 ] 7 6

3 10 14 ] 7 g

4 8 g 8 7 8

s 13 11 1 9 9

6 13 18 12 1 11

7 1 7 7 7 8

.8 12 11 11 9 4

9 2 10 7 9 L)

10. 3 13 13 16 14

Sam 19 9% 95 93 91
Table 3

Analyrhs of vartance end Foraleer

Degrees of Sum of
freedom aquarey

Among persons ..

Fhret test period versits second and third
Second test period versus third
Hrﬂlnrpinﬂonmmfowolbcrhnph’l—
Ramlnin;dcuvaofﬁmdomlmmah

spirations
lmrnctbulnsplnlkmxut}cth

First test period vermos second and third test perfod
Sccond test perod  ervus third test
Fint inspiration test verun the other foor texts

Amoeg the {our other npinations

7

172

Fe—g

Menn

kAd
28

gg2 € g2

<1

-458

<1
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Remlty

The resnlts aro thown in tables 20 and b

There s & moderate reduction in the oumber af coughs from one test
petiod to the next, sud a marked fall within each test period. The latter fall
s, however only seen between the first and the second Insplration,

Table 3 shows an analysis of varitnce,

The F-value for the first versus xecond and third test pedod is 2.9
comrespooding to PAs0 10 Le. the probabllity of getting a differencs as
great or greater purcly by chance is about 10 /

In contrast the differenco between the second and the third test penod is
clearly not-significant. The F value for first verns the four other insplrations
b 46.8, correspanding to P << 0.001 1 c. & differcnce of this magnitode 1s
extremnely unfikely to ocenr by chance. The differences among the other foar
{ospiratlons are not-significant,

Discomdon

In agresment with Bicxemmare (1956) wo found that after the nitlal
ldlpuﬂoudmingthctrlhﬂngpedod,funbuudapuﬂonmduttddnrmd
appeared to be umall taking Into account the whole test periods. The decrease
between the finst and the secand test period might be ascribed to a plactbo
rexction. Within each test pertod, however a cleady significant reduction
from the first inspiration to the folkywing four lnspirations occurred. We
rogard this reduction to be dus to sn adapiation similar to that seen in the
training penod.

Tbe&uepanzyhctwmuu:nbwrnﬂommdﬂnuﬂmndbym
et al. (1965) s difficnlt to explain, but may be due to & xmall differcnee in
the method. SEVELIUS (1965) nsed a concentration of citric acld solutlon that
mtdﬂmdyhdmedlhegru&dnmbadcouxh&Wotwndho!m
tmportance to flnd the weakest solation that prodeced betweea 3 wnd 6
coughs as carly a3 ponsible in the training period. We axsumed that If we
ued & stronger solution a grester nmmber of conghs would be induced

during the first inapiratiom, and that tho adaptation woukd be subsequently
mato marked than with a weaker sofution. Wo havo not carried oot any
experiments to Investigats this theory

We feel that the meihod nsed in our experiments, together with studics In
patkents with coogh from chronic broncho-pulmonary disesses, may bo
belpful In evatuating an entitessivo agent. It &5 however evsential that the
lavestigation shoukd be performed aa a double bilnd test with placcho,
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The Infivence of 2,4-Dhnitrophenol on Metabolic Changes
Csused by Ethanol in the Perfased Rat Liver

By

P B. Vendaborg and P Schambye®
(Received Joly 24 1969)

Abstract The ot In order to tnvest the
wmmmmwudﬂmmmnvmmmm
with htrman erythrocytes sotpended in an artificlal plasme  Ethanol was xdded
43 min. after the start of the In oo experl hiod
scdded after othanol. The O} comeumption a the perfused rat Hver was umltered
by (bo addition of cthanol 10 the medium, wherwas the COz production fell
conddenably resultieg fn dccrn:ulnth-RQﬂrmnDJwUATbc-idlﬂmd
othanol caneod sn Increase In both snd by Y
-::m-tmunuulnﬂnpaﬁdnnmuﬂmn.whmDNT'ﬂMlﬂlh'
perfmion medinm, ball an hour after the sdditlon of ethanol, both the Oy
uptake asd COy prodoction {ocressed. The RQ Increascd from 0.4 to 0.6 The
Tatic was Increased by the addition of DNP becams the amourt
of lactate liberated from the Tver was Increased, whils the pyruvats concemiration
was almost onchanged. Tho sddition of DNP cansed a fall i the bydraxybutyrate/

each other A between the rial NADH/NAD ratio snd
the trb ylc acid cyche way od.

Key-words: Akohol, ethyl  mtsbolism  hreba cycle  dinitrophenods.

Ethapol oxidation s known to cause considerable changes in the Over
metaboliem. Normally the Itver oxldizes fatty acids (Frrrz 1961) and only to
a minor degres carbohydnates (Maxcimowrzz & QuUASTEL 1963 Poscn &
Torrmx 1963) The CO; b therefore almont exclusbvely derved from the
tricarboxylic acid cycle.

Prosent addrewe: Departmend of Blochemistry Undversity of Odense, Denmark.

1 Acy permassiogics, vol 10, fas. 2
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‘When ethanol is oxidized by the liver this jovotves 75 / or more of its oxi-
dizing capecity (LUNDQUIST et af 1962, ForsanDrr 1966 Lriom & Muxoz
1938) Ethanol is oxidized to acetate and most of It is not degraded further
(LrLom er al. 1938 ForsanDex & RAniX 1960). This partial oxidatioa of
ethanol results in very low COrproduction and RQ-value for the ethano! od-
datlon by the liver a3 shown by Lunpsaasrp (1938) and Forsanprx, Rimk,
Saraspuro & MAENPAR (1965)

The constant Oruptake and low COpproduction Indicats that the normally
working TCA=cycle is blocked. Tho mechmism by which this block B
established bs not known.

The redox state of the liver changes towards a more redoced condition
when ethanol is oxidized (Sstrrit & NEwaan 1959 RXmHX & Ouma 1962)
It has been shown that the lactate/pyrovate ratio in the liver is an indication of
the extramitochondrial NADH/NAD ratio (Horze, Sz & Ly 1956
BUoirx & hLNGENRERG 1958). This is also reflected in the blood (Hocxase
1958) and the perfusion medium used in rat liver perfusions (SCIDAASSER
1963) by the same substrate pair In the same way the hydroxybatyrate/
acctoocetato rabo can be taken as a of the intramitochondrisl
NADH/NAD rato (hLvoEXEERG & vON HAFEN 1963 Bomst 1963 Wi
L1atsoN, Luno & heres 1967).

The shift towards a more reduced state of the NADH/NAD system whet
ethanol is oxidized has been suggested as the cawte of the TCA-cych [nhibi-
tion. Experiments have been carried out in order to correlate the redox state
intrm-and mitochoadrially with the function of the TCA-cycle. The
lactate/pyruvate and hydroxybutyrate/acetoacetate ratios were used as pan-
meters for the extra and intramitochondrisl NADH/NAD ratos respeciively
The functlon of the TCA~cycle was reglstered by means of the COrproduc
tion. DNP was given to alter selectively or at least pred ly the intr
mutochondrial redox state. A preliminary account of this work has been
published (VeNDSBORG & SQMMBYE 1968).

Materfals and methods

mchunhhmuldnmlythlmEmmﬂ!wmmdaumhldoﬂ
wers from b The substrate determinations on the
perfution mediom were performed by the following methods. Lactate (Tionomst 1963).
pyrovate (Blrawea, Czox, Lavrerar & Latreo 1962), hydrotybutyrate asd sceoece:
tate (Benourven & Brant 1965). The addition of DNP dd not infloencs the estanaliod
and recovery of cither the hydrotybutymate of scctoncetate. DNP did mot etiulste th
conversion of acctoactints 1o scctone m the perfruan mediam

The Oruptake and COz were d by of the total Og s8d
€O content in the modmm catering and leaving the perfused Liver The tota! O3
cootent waa cxumated sccording to the mcthod of LAVIR. Muardy SoToy & Ranroan
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(1965) and the total COy contant by the method of SCVERmNGELDS (1967). The mmples
wers taken mp In gl eyringes xvolding contsct with afr After miing the reagects
oeed for driving out the gases, the pCO; and pOy were measured with a Radiameter

Th opemtion and perfusion were perfc d to the of Hess
(Hrss, Roms, Braay & Kamns 1966) with minor alorations kale Wislar nts wwrs
ured waighing 250-300 g and fed #d libihum on laboratory chow

For the carsmistion af tho portal vein & nocdls coonactsd with an infedon apparatos
‘was used and an infurfon with cxygenated parfodon mediom (5 mUmin) was started at
ooce In arder to reducs the anaxic period to a few seconds. The inferdor caval yeln
was cut below the right remal veln in order to allow the Infossd blood to flow out
froely whils th thorax was opened and the cperation finithed. The caval and portal
cuthetars were provided wih threcwsy stopeocks st the entrance and cutflow point,
This allowed fox the cetimation of samphes for OOz and O3 t be taken without gas
wchangs with th  srroonding abr throogh the tubings The smmples for subsrate
estimations wers taken throogh the stopoock on the caval catheter As well as the fan
beater thers was & thermostate controlled plate heater under the resarvolr to keep th
pafosion madimn at & cometant teoperaturs of 3° Th  arculating pomp was

peristattio pump mode! 600-1200 froen Harward spparatm Co, Inc, Dover Mam., US AL
The composition of tho perfmdlon medium war 137 mM NaCl, 262 mM KC1, 1.0
mM CaCly, 049 mM MgCly, 10 mM phosphats, 26 X (w/v) bovios sermm albumin
powder, {raction V (Armoar Co. LTD Sotex) and 25 X

sl

) A
43 min. and DNP 2t 75 min. (6 cxperiments). The bar represent . EL R, ™
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{wlv) baemoglobin as human red cells washed twice with saline. Tho pH was adysted
07374

The pressure In the portal vein was $-13 e HzO and the flow around 230 mifmin
The caval catheter outlet was kepe 15 cm below the lver The Hvers weighed 10-12 ¢,
The medom (150 mI) was otrypgenated with 100 X ovygen.

After & 45 min. equilfbration, perfod wmples of the perfusion mediun were takes
and 3 ml cthanol (1 M) was added, 30 min later samples were again taken and t s
etbanol {1 M) and 4 ml DNP (25 mb) were added. Attor anather 30 min. the bt
nmpla was taken The perfision volomo was kept coosant by addilon of more
perfusion mdrm approciemately 5 ml after each sampling. In the control experimsats
with po othanol or DNP waline was added {n the samo amounts. Beforo the perfosios
was staried, hactate, pyruvate, hydrovybuty and wen
athrated in the perforion medium.

Results

Changes In lactate and pyruvate concentrations
During the perfusion perdod there was & steady rise in the lactate and
pyruvate concentrations In the comtrol petfusion which did not kevel off

Pyrche md

0200-

with cthandt sdded at 45 mm (7 apariments). A Lvpaments with cthanal added st
45 min. and DNP at 75 min (6 experiments). The bars reprosent S. LM (Mrmlng bars
100 gmal to be drawn)
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Table 1
Effect of ethanol and cthanal + DNP an {oyrovsts and hy Y o
toscetate ration fn the parfinlon medhrm. Expaimental defails sre given fn the taxt,
In the axperiments in which additfors ware mads etbancl was sdded sfter 45 min. and
DNP after 75 min.

Hydroxybotymate/acetoscetats
Lactate/pyrovate mtio atlo
Sampllog thoe Ethanol Ethanol 4 Ethapol Ethanal +
mis. Coutrll L i4ed DNP mdded Co%™l  2idmd DNP dded
43 10 12 10 081 132 0s7
7 1 126 ] 08t 291 217
108 12 1% 12 0 1M 05

dusing the perod (figs. 1 and 2) This b in contrast to the finding of Scm
MASSER (1963) who obtxined a conrtant level within 30 min. and of Fox
saxpEa, RImA, SaLasruro & MAENPAX (1965) who withlz 60 min, obtained
& maximal valoe which decreased in the following two hours.

Table 2
Effect of sthwnol and athancl + DNP cu the total concentmation of lactate + pyruvate
aod + acetoscetats in the perforion medium. Expenmental details are

memce = 5 B M. with the munber of determinations m brackets

Lactate + pyruvats concentrations kn mbd

tiee
S-mv::. Ethanol + DNP
0 033 0042 (14) 036 0077 (14) 054 +003 (17)
a5 149 +a14 (14) 190 024 (14) 147 tom (13
k] 189 +oas (14 279 +035 (14) 2 £011 (7
103 286 £036 () 8 1038 (149 451 012 (In
H + in mM
time +
Sl.rnpl::: Eibanal + DNP
[ 003810007 (1 oo + 0003 @) 0083 +0.01) (12)
a5

Q70 +0093 (12) 085 0072 B a3s +ows a2
k11 11 +£009 (1) aM 10075 W 072 +004 (ID)
103 140 +a1m (a2 103 +0103 ®) 060 +00% (1)
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The addition of ethanol caused a slight | in lactate
whereas the pyruvate concentration decreased approximately 10 times.

After the addition of DNP there was a sigmficant (P << 0 001) rise in lsc
tata concentration from 2.20 to 4.49 mM which was not seen tn the control
experiments with alcobol alone. The pyruvate concentration was unaffected
by DNP additton.

The ratio lactate/pyruvate (table 1) which remalned constant in the
control experiments without ethanol at a value around 10 increased with the
addition of ethanol by approximately 10 times in 30 min. In the control
with alcohol it continued to rise slowdy Io the next 30 miln, whereas the
addition of DNP seemed to canso & farther incresss in the lactate/pyruvate
ratlo which was dus to the more pronounced e in the lactate concentraton.

Compared to the normal values the total amount of lactate and pyruvate
(table 2) in the medium Increased only slightly more under the influence of
ethanol, wherems the addition of DNP gave & significant rise.

Hydroxybutyrate and acetoacetate concentrarion,

The concentration of hydroxybutyrats Increased throughout the control
experiments without addition of ethanol or DNP and there was no significant
difference betwreen tho experiments with or without ethanol The addition of

“WW. me

1 1 T

v 43 75 w5
Fig. 3 Hydrotybutyrate coocemtrations o th perfirion medium. Expertmestal detalv
arw ghven in the tat. O Control experamemts with saliae added (§ svpenencnts). @ L1
pertments with ethanol added at 43 min (4 experiments). A Lxperiments with edanal
added at 45 min asd DNP at 75 min (6 epcrimensy) The bars represent § LM
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Acstoceiots mM
090~

ks o

1 1
0 I3 7 %"
u4mmhmmmmmm;n
mmmmomlnmmm-m sdded (6 expertments). ® Ex
perments with ethanol added at 45 min (4 exporiments). A Expertrents with ethanol
Mn“mﬂn.mdDN?uUdn.(ém)TbcMW&BlL

DNP cansed & very steep decrease In the hydroxybutyrate concentratron and
?mushllttollavdwhldlmubwmthnbduruthuldcﬂlhnufcthml
fig. 3).
Themnemmﬂonofmtoaceulealiomwlmdﬂythmug!nmtbomtml
nP:ﬂmmtl('hhnullddldom),bmdnldd]ﬁmofdhlmlmmcdnhm
dccrmetntbeouuceutrﬂbn(ﬂ;ﬂlnthenrxtwminthzmwultﬂ;ht
but not significant rise in the acetoacetats concentration in the expsriments
with only ethanol added (P << 0 4), whereas the addition of DNP caused a
significant risz from 0.23 mM to 0.35 mM (P < 0.001).

Tn the normal perfustons withont any sdditions the hydroxy /
&cetate ratio (table 1) was nearly constant. Addidon of ethanol cyused
neariy 3 fold Increase which was abolished completely by the sub
addition of DNP
Intbcmrmnlperfnﬂonthmhnlmdyunpmdkmmbwiﬂ(nb!nz)
from the hver whereas the #ddliion of ethanol slows down this release. The
addition of DNP cruses & fall in total ketors body concentration which fs dus
1o an uptake of ketones from the medlum. The tota! uptake in the 30 minutes
perod I8 approximately 25 pmoles o nearly 25 / of the totsl smount
Ppresent,
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The addltion of ethanol caunsed a slight § in lactats i
whereas the pyruvate concentration decreased approximately 10 times.

After the addition of DNP there was a significant (P << 0 001} rise in lac
tate concentratlon from 2.20 to 4 49 mM which was not seen In the control
experiments with alcohol alone, The pyruvate concentraion was unaffected
by DNP additton.

The ratio lactate/pyruvate (1able 1) which remained constant In the
control experiments without ethanol at a value around 10 Increased with the
additlon of ethanol by approximately 10 times in 30 min. In the conto!
with alcobol it contlnued to rise slowly In the mext 30 min., whereas the
addition of DNP secmed 10 cause a further Increase In the lactate/pyruvats
ratlo which was due to the more pronounced rise in the Iactate concentration.

Compared to the normal values the total amount of Iactate and pyrovate
(table 2) in the medlom increased only slightly more under the influence of
ethanol whereas the additlon of DNP gave u significant rise.

Hydroxybutyrate and acetoacetate concentration
o fon of hydroxybutyrate d throughoat tho control

experiments without additlon of ethanol or DNP and there was no significant
difference between the experiments with or without ethanol. The sddition of

ogtytrmyDubyrote mie

1 [} I men
4 45 75 s
Flg.3 Hydrovybutymts concentrations in the perfution medium. Experimental dotaie
are given in th text. O Cootrol experiments with saline sdded (6 experinents). @1 EX
with ethanol added t 45 min, (4 cxpertments). A Experienents with sthanol
added at 45 min and DNP at 75 min (5 cxpeciments) Tha bars represent & B M.
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Iactats concentration, and as scen In table 2 thero is no change in total lactate
plus pyravate. This fodicates a shift n the extramitochondrial redox state and
ot an dfect on gycolysis or gleconcogenesls.
The addifen of DNP causes » significant fncresse In total lactate plus
pyruvats dus to a steep increase in lactate concentration. This could be
camed by an increased availabllity of ADP for the glycolyals, L e sn inhibi-
tion af the Pastenr effect.
DNP does not significantly Influencs the resnhing lactate/pyruvate ratio
indicating that it has no direct effect on the cxtramtochondral redax state,
The addltion of alcobol does not increase the amount of ketones Hberated
to the perfesion medium. It has previonsly been shown by others (WARMING-
LARSEN 1949 FomSaNDER ef al. 1965 LuNDQUIST ef of 1962) that alkcobol
has no ketogenle cffect. In the present cxperiments thers was a tendency to
decrease total ketone body formation, since the shift in bydroxybtyrate/
scctoscetats rxtio produced by alcohol is brought about by reducing the
lan with no corresponding Increase in hydroxybetyrate
concentration, resulting In a decreased ketone body level. Tho explanation
might be that the Incresss in NADH/NAD mtlo produced by ethanol st
mrolates lipogenesis or inhituts Hpolysis at & step prior to the formation of

When DNP 1s aded tho need for extre oxdlzablo substrates is pardy met
by hydroxyt the of which d bly The
of rises significantly but not to such an extent that
the hydroxybutyrats d Tho Ing total fall In ketons
bodies s of + y the same magnitude s reported by WEDIIOUSE &
MILrGTON (1951) In sHce experiments. It onc asrumes that the
tyrate is metabolired to CO; and HyO lts combustion represents around /g
of the total Oy uptake In the perod.

Oruptake was found to be very semitive 10 temperature and the tempera
ture of 36 used in tho experiments may posalbly explain the slightly lower
rate foond in our cxperimenty than in thoso reported by others (Forsantax
et al. 1965 S 1962) The & In RQ when ethanal i oxidired,
is seen very cleacty Lo table 3 The rise ln RQ crused by DNP indieates that
the inhibltion of the TCA-cycls fs relonsed.

After DNP i3 added, o shift s seen In the opposite direction of the lactate/
pyrovar ratlo and hydroxybotyrate/scctoacetate ratio which coofirm the

bebie! in two entucly d:.n!crmt adenine ids pools for
tho extra-and § 1 drlal dehydrope
The ethanol which fs axidized \tochonddally the extram!

tochondrial NADH/NAD matio which by some transport mechanbm jncreases
the intramitochondrial NADH/NAD ratio, and at the same time decreases the
COxproduction
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The possibility of achieving an extensive oxidation of the Intramitochos-
dria) NADH, with a relatively small increase in oxyﬂukm rnte mggun that
the transporting t for extramitochordrial red q
normally works at 2 maximal or nearly maximal rate.
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Uedvensity of O1lo Norway

Determimation of Factors of the kinin System In
Rat Plasma

By

Khell Britehd, Otav hjelt Dyrud s»d Sveln Ote
(Recelved September § 1969)

Absirecr, Methods were developed for determining the Linloogen fractiont,
Lininxse andd prelallikreln, The plesma prekafifireln wa activated by 20 X {v/)
scctone for aboat 17 hoars (20- 4 ). Urine katlikreln was prepared by diabysis
of urine againg runoing Wp water for about 24 bours. Kinnase acthity wos
eliminated In plasma, piasma Lallikrein and trine Laflikreln by Incubation at 37
with EDTA 2N (1.0 X 102 M) for sbout 24 howr Kicin amays were carried
ommthnholﬂtdn!mmldtwuﬂnmnklm:dnp;bndﬂhw
plams. The total kinl ‘whether d by
Q6% hfunmlmlhlnsboun)mdmhqocmhcnhlﬂonlhhpllmﬂm
Lrein, by Incubation with plasma Lsllikrein and then urine kallfiren, or by
incobation wih scetons (20 % vfv for 17 bouns) and subnequent evaporation of
the acttone, was found to be the same 2.0 pg/ml piasma a3 an average valoe of
7 plssma batches cormesponding to a total of 90 s (8 D = 0.09). The averags
values of kinln relexsed by mcubanos with plasma kallfkrein and by wrine kalli-
kreda were 13 pg/mi and L4 pyimi plasma revpectively with S. D value of 011
and 0.06 repectively The procedures for kinkmse sod for prefalllkrein deter
cor closaly 1o methods for o
of the same parameters in human plarma (Rmevik, Dvauo & Busrm 1966,
Briszm, Dvaun & AINTZTIN 1968),

Key ords Kmnim  kalibreln

Determinations of parameters of the kinin system in rat plasma have beent
complicated by the presenco of high kininass activity Inactivation of the
enzyme by heating at low pH will In addition inflvence other factors, and the
efficdency of the usual kiinase {nhibitors is disputed In the present work 2
ptmdumhdacﬂbedforcﬂecﬂwlnhfbnﬂmo{lhomtplnmnﬁnlnmb!
EDTA 2Ne. Tho ilzed plasma prep thus ined was med for
mﬁngkmmog:nmﬂomundplmmmbll!hdnknplmmﬂﬂnm
dct:nnlnntbmmlkomrﬂcdouLTbepmpwdmcthod:mEWOﬂd
fairty closcly to p ly publ thods for the 100 of parametess
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of the kinm system in human plasma (Rvvix, Dysup & Bristm 1966
Brresem, Dyaup & Rivix 1967 Brreemd, ARNTZEN & Dyrup 1968 Bisem,
Dyeup & ArNTzEN 1968)

Technlque

A Materials and essays.

Sowrce of rets. Malo Wiwtar albino rats (body wright 18040 g) ebtained from the
Natiorm! Iextitts of Public Health, Osla, were used for the preparation of 7 batches of
Plascss (corrwpoading to batches 1-7 tables 2 and J), and male rats (anknown strain,
body weight 350450 §) biained from tha Department of Pharmucclogy and Toxkco-
logy The Vetarinary Collegs { Norway Osa, were med for the preparaton of 2
batches of plasma (corresponding to batches 8-9 tablos 2 snd 3),

Rat plewns, From wals rafs amestbetized with ethor blood was collected from tho
txferior veua cava into sificontred syringes coatlning I ml of 31 X sodipm cifmate
dihydrats solation per § mi of blood. The pooled blood from 6 to 20 rats was used for
the preparation of batches of mt plasme. The ciirated blood wm tramferred to &lB-
contrnd centrifirge tubex, and centrifuged at L3 X 103 g for 30 minotes et 10 The
cltrated plasmm was siored 01 —20 s 1 mi samples or used at once for the preparation
of kinivass, kisinogen, or kalllkrein preparations.

Rat plarmg kininare Cirated plasma wes shaken with wlica powder (S0 mg/mi) for
30 minates ut room temperatars (20-24"). Tho sllics wes removed by centrifugation and
decantetion, #nd the exryoo prepunation was stored t —20 &3 1 ml moples.

Rat plevea Hainoges. 100 m) citrated Tat plasma wee focubuted for sbout 24 hours at

37" with 4.0 g EDTA INa disolved fn 0.04 ml waler The kininagen preparation was
stored &t —20

Rt placma bellikrein. For actrvation of peekalllirein 025 mi scetoos per ml chirated
pirama (20X viv of acetooe) was added, and the muxtnre keft at room temperatore
(20-24 ) for about 17 houme The kintuese activity wes then cltmsated by incobation
for about 34 bours &t 37 with 4 mg EDTA ZNa per ml of cltrated plasma

Ret wrine Udne samples collectsd from male rats wers poaled and centrl-
fuged ot 13 X 108 g for 10 mintes at 10 Tha preciplitate was removed by decantation
d the wrine was dlalysed sgalnet moning tp water for about 4 hoor. EDTA Na
(4 mg par ml e was eubseqoantly added and the pH adfusted 10 73 whh 1 A
sodion hydrotide After focubation for aboat 24 hours at 37° the kallilrel  preparstion
v stored at —~20

Retgenss. Brudylintn Sandor, A G Basel, Snitzertand. Evkylensdlawd  tefra-acetit
Odlﬁm&unhlBDTAdNn).Wnlﬂ,llm&A.G Dearrostadt,
3Mfca powder “Speed ploa  Great Lales, Carbon Comp, Low Angstes, U 5. AL

Asseyr. Tho Linia determisations wero carried oot on the bolated rat aleros as
ey with u standard dose rao 3.2, Aradykisin way wed s standard.
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B Methods.
Detennination | ret plosma Lininese, The meihod described by Rrovic, Dvavo &
Bristmo (1566) for human plawna Lininase was med,

Determination of the kialnogen { action activaicd by Incubation with plerms kallikren
(ambsyrat 1). To 1.00 m! kinlnogen preparation 1.00 ml of plasma kalfflreln preparation
w3 sdded, and the mizture lncubsted a1 37 for 10 minnter. From the lscubets 0.10
was withdrawn asd trapsferred to0 35 m! bolling saline, and the mixture beated for 3
minites o a bolllng waterbath, The misture was then dhated with saline to 3.00 ol
aod the kinin solution was syayed at ooce or kept at 4 for ot mors than 24 hown
before amay

Determination of the kixinogen fraction ctivaled by incubation witk wrine balikreie
To 1.00 ml kinlnogen preparation 100 m! of 2 urise Lafllkrein preparation was added.
The further p wx ns o d above for of substrate 1.

Datermination of satel Uninogen by incabstion with (1) scetone and (2) plerwa LelF-
Lrein. To 1.00 ) kininogen preparation 100 ml of & mivire of scctone axd nitm
was added to an acrione coocentration of 16.0 X ( jv). After incubation for mat kewt
than 5 fours 1137 1.00 ml of plasna kaflikreln preparation wes added and then 0.2 !
nline in arder to keep (he aecions concentration at 16 X (vh) and the lacubation w1
then continoed for 15 mimser The resction was gtopped a1 described above for
determination of subetrate 1 and the fortber procednre was abo the sams.

D, of toead by incud with (1) phetma kallikrein end (3) wrine
kalltkrein. The procedurs was a3 described above for the determination of sobsira 1
with tbe following sddition. after the 10 minutes fncubation with plasma kafilkreta 100
ml of urine kallikrein preparation was sdded and the incubaton continoed for saother
10 minutes,

D of toral kini &y (1) b with acerons and (1) craperstion
of the acetome To 1.00 ml kinlcogen prepamation 025 m! acriono way added to 40
scetona concentration of 20 X (v/v). After uscubation for 17 hours at room tempersiy
(20-24°) the acetone was cvaporated at about 10 mmHg 00 rotatieg evaporstor asd
the incubution contimued for all en hour The enaymo sctivity was climinated m
described above for tho detomizution of wubstrate 1 and the farther procedure
also the same.

Drtermination of rat phasma prekuililrein. To exch of 4 ooeml ramples of Koloogen
Preparation were added 0015, 0.025 (.04 and 0.06 ml of kalifkretn preparation resc
tively The kallikrein preparation had previovaly been diiuted with saltne 1+3 (1)
To cot samplo of Malnogen prepurstion 1.00 m) of Lallfkrels proparation wey sdded.
After Incubation at 37 for cxactly 10 minntes 010 m! samples wero withdrewn exd
the reaction sopped m deacribed above for the determimtion of substrat 1 The
forther amay procedure was aleo the same a3 described above. The Kuin vahees were
calcnleted o8 pg bradykininml plesma, sod tho amomts obisined with (he 4 w0t
oaximal kallikredn wero o aof tho smonnt obtateed
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Comments on th 1e knlg «

A, Meterialy,

Rer plesma, The chrated rut plasmia wes prepared from venous blond as proviomly
described for bmman plrcme (B, Drap & AxNTYeN 1968).

Rat plawng Lininate way propared as previomly doscribed for buman plesma kinfnase
(Reevix, Dyxoo & Barsrm 1966).

Ret placme kininogen. Optnions diler in the lheraioro s fo the efficency of EDTA
Na 3 inhibhtor of rat plame linbbese Foaarms & Roots & S1Lva (1962) Rocu £
MLvi, Remy & Proumea (1967) and Vogr (1967) fornd that this mbetance was not sath-

prepanition wms added, the losses of Linia after 24 hours varied from 20 to
30 X for EDTA-ZNa-concantrations of 6 to 12 mg per ml The cbecrred inactivation of

30

@20-— CURVE A INCUBATION PERIOD
QURVE 8 PREINQUBATION PERIGO HOURS

012 4 6 8 W R M 15 B 20 2 4
Fig. 1. Inactivation of bradylinka by rat plerns Lininste,
Carve A Sigwificance of the Incxbution period for lom of Kinim after
with 6 mg EDTA INa per ml chireiod plssema for 30 minmes at 37 Incwbutlon of 12 5g
beadykinin per mi cltrated EDTA-plssena 8237 for ditferent perlods of tene,

wmguaﬂmmdmmuunwww
citrated EDTA-plasma at 37° for 34 boure.
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Unln occurred catly In the incubation period, the kinkuase betng mther quickly inbikhat
by further contact with the EDTA present. Fig 1, amve A, shows that the low of
Linin was aboot the same after 1 hour and afier 4 botrs at the EDTA ZNa-comees-
tration used, Le. 6 mg per mi citrated plasma, Fig. 1 curve B, shows that sn EDTA
2N -concentration of 4 mg per ml ra1 plawna Lininese preparation was uffcient H the

lon perlod way pral d to 6 hours or more. Experiments with other batche
of Molrase preparatiom gave the same remits For practical ressons a preincointion
period of 24 hoors wms chowen for 1he preparation of rat plasma Miainogen, The pos-
slbdllty cannot be excluded bowever that some alteration in the Linknogen might take
place during the prolonged preincobation period.

Rat plasma Lallikrein was prepercd by aceions activation of cirated rat ploan
previomly described for human plasma Lallilreln (Batsan, Dyun & Anwtzen 1564),
bat the acetone concentration was incrensed from 167 to 20 X (vfy) to increase the

PER CENT KININ

00
S0~
80
0
60
50
40
A
30
MINUTES
5 10 15 20 25 30 60
Flg. 7. Inactivation of Linln by kuninase in rat eruse Lafhilreln.
Curro A @ ® Incubation of 1.2 ug bradykizin in 1 m1 0.1 M tris balfer of
pH 73 with 1 ml vrize kallilrein preparation.
Curve B @ ————— @ Iocubation of 1 ml rat phasma Aninogen with 1 ml uia

preparation. The highest kinin relesso value observed (st 10 mimetey) w™
sdopted s 100X valoe
Corre C @ @ Incubetion of 1 ml r plasma Limnopen whh 1 mi et
plesma kalifirein preparation for 10 ménotes (Ums: 0 rmevtea) 1 ml wrino
mﬂﬂmmmmddd(umﬂmdmdwﬂnlmudduﬂmﬂm
further incubated.
For corret B and C the kinkn valnes determined wers cakenlated a3 g bradybhebiol
plamna and converied O percentage.
Al fncubation were carried ot v 37
For further detaihs ses text.
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Yield of Hntnogerese activhy and the prefmmtation perdod with EDTA 2\a was In-
crexsad froce Ealf am bour to . Lours in order to fakibt the kinioase. To amcm the
optnem amoont of acetose, expermments were carded out with concestrations rurging
frem 13 t0 9% (v/v). 20 X acctoes was found © be most cffective, bot 183 X and
TEX acrtane yickied only alightly 1o active kallikredn preparationt. Whh .3 X ace-
ook the a:tvity was abort 40 X and whh 16.7 X actione about 20 X of that obtaloed
whh fhe gtandyrd scetons concentration, L e 20 % ( 'v). When the activation was car
red ot with 13 X or with 29 ~ ecetone, enzymo prepanationt of very low sctivite
T ottifred. As wat obsmved for the actiation of human plasma predallitrein
(Basem, Drerp & AxsTzen 196%), the activation period wat pot very critical. Act-
vatlon perods with 20 X (v/v) acetone ranging from 10 to 25 houns rexahted in almost
eqhictive kaifiirein peeparations

Rat wrine kallllrein. The kinkrese activitics of &fferent batches of rat urine laltfkrein
vrikd comiderably and i wus not atways possible to block the enzyma completely by
maary of the soprevied treatment with EDTA INa. Fig. ., comve A, shows the Jos of
tioin fo an experiment in which 1.2 pg bradykinkn k1 mi 0.1 M tris baffer of pH 7.3
w3 incotated with 1 ml of urine kallikrein preparstion whh sooe kioinse sctivity Thoe

12 4 6 8 16
MINUTES A

s B

PER CENT KININ RELEASED
5888 3F39

a0 L PLASMA KALU L SUBSTRATE

020 40 &0 180

Fig. 3 Rat plaama Lailfkrein concentratiom-effect curve and thme-effect curve.
preparation. Rat ctrated plasma sisbilized with EDTA ZNa, 4 mg/m! plasma.
KalBkrein preparation: Rat citraied plesma sctivitad with scetone, %0 X (v} for 17
hown at room temperaturs before addition of EDTA-INa
Carvs A. Incabation time: 10 minctes
Carry B, Amount of kalllkren m,d_m
relamed d s pg fml plarma asd d 10 of the
smownt obtained with an eccess amount of kalfikretn preparstion, 1 mUUml plesme.
For farther detafls ses text.

? Acw phermassbecie. vel 21 [sar 3
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Linln released by urdoo kallikredn In rat plasma kinloogen was alsa faactivated a the
rame rate by the urine kintoase (fig. 2, curve Bl Pretreatment of the dindnogen props-
ratlon with rat plasma kaltlireln, however clearly protected the released koin apbew
nactivation. Corve C i fig. 2 shows (hat a fall In Linln activity first took place abost
30 minates after the addition of urine kallfkreln when the kininogen had been pestrestad
for 10 minates with an excem amount of plasma kallikreln.

B Methods.

Determination of the kinimogem fraction activated by Incubstion with plecne kallilrcin
(substrate 1). When excess amounts of rat plasma kellikreln preparstion »ere added ®
batches of rat plasma khninogen, amounts of Ainln comresponding to sbout 74 X of the
total kinlnogen were released (table 2, cotumn 1) In homan plasma the comroposding
{ignre was about 30 X (Brismm, Dyrub & ARNTON 1968). Repeated incubation with
fresh emryms preparation did not Increase the yheld of kisin. In accordanco whh the
terms wsed for human plaxma the reacting Lininogen fracthon wet called substrate 1
(Barsern, DYRUD & ARNTZIN 1968 sow als0 JAcoseTN 1965 & b).

In fig. 3 a typical plasma hallireln concentravon-cifect curve & shawn (curve AL
About 100 p! of enryme preparation per mil sabstrate cansed a relesse very close to the
matimom valus obtained whth an excors wmount of erzymo preparation, i e cos ml
per ml sobstrate,

Fig. 3 alwo time-cfTect Curvo B shows that & maximom
releas effect was obtained after incubation for 6 minmies

Deterwination of the kininoten fraceion activated by incubstion with wrins Lellftreos.
Flg. 2, corvo B, thows that & madmom releass of hinin catsed by an excers amoast
olwhohrﬁhdnm&»wumhdnﬂ:rmlm:hﬁmpcrbddwnﬂnﬂﬂ-

Tho curve also ¢ that the 4 Kininse,
whlchlmp!.lu'.hnuu lm%nm'mhdmcmspmdinﬂymdamb
other urins o of tha kininese activity was obtxiscd

by tbo preincubation wlth EDTA.

Determination of tosal kininogen. The v of the term “total Lininogen [n the presest
paper scemed fostifiable glace methods of determination which were in principte dif
feront gave almost Identical resmits (table 2, Il and ¢ oa the ooa hasd, Ib on the
flhn‘),-ndha:nnndmﬂumﬂhod:mcdmhmnph-mawfnﬂuﬂnrdat
-(Brsen, Drwon & Rmvix 1967 Bamam, Amntrry & Dvwop 1968 Bxoan,
DYaup & ARNTZEN 1968).

Incubation of buman cltrated EDTA-plarma for 24 hoor with acetcns o the cos-
centration mege of 8-17 X (v/v) camed activation of il the kintnogin prevest (Basse®,
DYruD & Rpevic 1967 Baarin, AANTIEN & Draoo 1968 Barsen, Dyaun & ARNTDN
1968). Table 1 shows tho resalts of 24-boor expertments carrled oot with differsol
mmﬂmhmyhmpnﬂﬂnhrﬂmmnmmlwmd
the med, The amotmty of released kinin wero otserved fof
tho acttoos concentration range 1218 X (v/¥), and emowmted to about 70 X of the
tota] Linlnogen present. The fact thaet & mnimum Linin release was not obained i

activated afier incabation for half an hoor at 37° (table 2, colmmm iz} A co#
cuﬂiﬂydmummﬁmwt&:-dfurhﬂunhmbmuumm
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Table 1
of acetons for the rddeass of Hrin bt ret plarma.,
Ret plesma kininogan (EDTA 2ZNa, 4 mg/ml cltraiod plasma and about 24 howrs at 377)
was ditried with mivtore of scetons and saline to & final ditmtion of 34 ( /) snd then
incubated at 37° Aliquots were dilnted with boiling saline, hsated for § mirmtes at
100 and amayod oo the fxolated rat cteros. Kinn rwlessod was cakenlated as pg

bradykintn/m] plesma,
Kininogm tatch mmber 8, table 2, was used for the wxperiments. For forther detally
o text,
bt ] 20
X (v 1] 8 12 16 24
Kinn relessed X o X o X o X o XX o X
1 hoors imcnb. 02 604 13 06 19 02 6 01 3 02 6 <01 <3
2 tocub. 02 6 16 52 21 68 17 55 02 6 02 6 <1 <3
4 hours incub. 03 10 18 58 21 68 23 74 21 68 03 10 <01 <3
6 bours incoh, 04 13 12 58 21 68 23 74 21 6 04 13 Q1 3
24 hoan [nenb. 09 29 18 58 21 68 23 74 21 & 07 23 01 2

mmmmmnhmmw-mwmmwm—
fence tho raeslts i present fn differeat amoumn fn the “iest and the “stenderd™

Resalts
Rat plama Mninogen.
Tablo 2 shows the resuls of determinations of kininogen activated by rat
Plesma kaligreln and by rat urkne kallikreln nd also the results of determing
tioas of total Kiinogen obtalned by different methods.

»
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Table 2
Determination of kintnogen In ret plasma,
L Tho kinlnogen fraction activated by an excess amount of rat plama kalfireis

prepatation.
I Tho Linlnogen fraction sctivated by an cxcesy amoumt of rat urine kallioeia
bon. The enzymo mad did not contain any significamt smoost
of kinlnase,
L Total Mndnogen sctivatad by
2) acctons (16 X v/v) and then rat plasma Lallikreln.
b) rat plasoa halifkren and then rat urine kallikreln,
€) acctons (20 % v/v) und then evaporation of the acetone.
The firt 7 and the lest 2 batches of Lininogen wers prepared from phoma specd-
ens oblalned from rats of different origin.

Far detalls sco text.
Rat kinin released/ml plasma a3 bradylintn
Kinloogen o~ Welght 1 o M I Me
busch ber TSV
N i X o X [T
1 M 3030 14 B 15 T 18 19 .1
2 B 2100 15 80 14 73 15 18 1B
3 [ 18020 14 & - 19 10 22
4 ] 180210 L4 T3 14 73 19 20 19
H 2 35040 15 70 14 6 22 21 U
6 2 1%0-R8 14 O 13 6 20 1§ 21
7 20 3037 17 B 14 6 20 21 2
Moan 147 739 140 708 19 1% 204
) 15 0450 21 & - - 31 3 -
9 15 about 350 20 80 15 | 60 24 26 23
Mean 205 743 - - 215 280 -~

The different methods wed for dotermmation of foial kininogen fo et
plamms gave very similar figures, 2.0 pg/ml for the first 7 batches and 2.8
pg/ml for the last 2 batches. The kininogen sctivated by plasma kelifkrein
and by unne kallikrein correspouded to averago rekeases in the fint 7
kininogen batches of 1.5 and 14 pg/ml plasms respectively (74 and 71 4),
calculated as beadykinin The averags rekease value obtained by plasmz
Xallikrew In two Kintnogen batches of different origin (8 and 9) wero signlf-
cantly higher i e. 2.1 pgfml, but of the same order of magnitude when com-
pared with tho valuo for total kininogen, Le. 75 /  All percentages ghven
In table 2 are calculated from the average values for totl kmntnogen obtatnod
by methods IlIa, b, and c.
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Table 3
Deterasination of bixinare end yrekallilrein In rat plarma.

L Platma kininase preperation. Cltrated plawma treated with siliea powder for 30
minmes. Test sotutlon. Kininxss preperation + 1.2 pg bradykinin dimolved in 0.12 ml
ssline + 0.1 M tris boffer of pH 73 to 1 mlL Remalring bradykinin after 8 minmtes
at 37" wat detormined.

IL The indlvidoal batches of kslifireln prvperatiomm wers tested for Knin relossing
acthvity In compartson with  standard batch,

“The kintuase and the prekmiffkrein batch onmbers refer to the same pluma batcha a1

the Kinfnogen batch mmmbers In table 2,

For further detalle oce tuxt.

Kinineso ! plesma #l knflfkroin prepamation
amd Liniemss per ml plawns substrate caming
peeiallikrein prepantion 50 X kinin relase
tatch cazalng 50 % Reative/nctivity
nactivation Test  Standard T

1 7 - - -

2 7 38 40 L1

3 b2 18 21 2

4 pa3 17 17 10

3 1n n 24 10

6 26 23 25 10

7 e - - -
Mean 79 242 254 106

] - “ L 0s

9 37 3 3 (114
Mean - 410 %0 088

Tho experiments shown 1n table 4 were carried out In order to provide
cvﬂmdmcuthmﬂ:cmplmhﬂmelumﬁmdm
fmhnmmmmmu-mbeucwmmw

Rat plasma kininase,

Table 3 gives the recults of detorminations of the platma kinfnase sctivitics
in 8 batches of Hninese preparntions. Taking into sccomnt the 7 batches
from rats of tho same origin, an averagn amount of 27 1 kininase prepars-
tion was required o insctivate a standard amount of bradykinin under stan-
dard conditiont. Previouly it was found that 170 ul of humas plxsma kintase
preparation had the same effect (RNvIK, Dyaup & Brssmp 1966), which
mexns that rat platma I3 abont 6 tmes mors active.
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Rat plasma prekallikretn
Table 3 shows the results of determinatoms of 7 batches of acetone
activated rat plasma kallikroln It [s obvlow that the considerable day-to-day

varlations made it ytouse e dard enzyme preparaticn tested in
paraliel

Disconton
Rat plaxma kininogen.

Previous authors have reported significantly higher figures for tota! ko-
inogen in rat plasma than those obtalned in the present work, 2 pg/m! for
the first 7 betches and 2.8 pg/ml for the last 2 basches. Thus Dviz & Cax
VAL (1963) found 4 pg/ml plasma GRILTF SCIARNAGEL, Lilm & StrORNCH
(1966) abont 12 pg/ml DAwseN STARR & WrsT (1966) about 5 pg/ml and
Roci E Siva, Rrms & Forarma (1967) about § pg/ml In all the papen
roferred to, however the method of DNtz & CarvaLio (1963) wat wed (or
that method with minor modifications) In which the plawma substrate was
propared by heating at 100° and at a Jow pH and the kinkn then relemsed
by Incubation with trypsin. Rocia E Siva, Rrs & Fraerma (1967) alo
examined the relense of kinin in plasma specimens which were not heated or
scid-treated and found a releass of about 4 pg/ml for trypaln, about I pgfml
for activation with glem powder and a «tll Jower release yatoe when 10 /
acstope was used.

The releases of kinin observed by previoos anthors for plasma kallikreln
and for plandular kallikrein were considerably lower than the values reported
fn the present paper Thus JacoBsEN (1966¢) found kmin activity cocrespond-
ing to about 04 pg bradykinin/ml plasma when a human or a rat plama

preparation was used, and 02 pg bendykinin/ml plasma when rat
sallva or mt urine was used. Later GAUTVIK & Rucstap (1967) forrd kinin
corresponding to about 0 2 pg bradykinin/ml plasma when they uied & human
pseudogiobulln preparation and roughly the same amount of kinin when 13t
saliva was used a3 enzyme preparation. It should be mentioned that JACORSTN
(1966c)nddedthakinlnmlnh[bitormAlNljunhe!oreLhtnddlﬂmd
MMWMOAM&RW(IMMIW

period of and plasma substrate.

Thn[u.c:ﬁnl!henmountxofkinlurebuscdlzyplatmxkn]]{kr:hu'ﬁen
added to the amonnts released by urine kallikrein far exceeded the total
Kininogen present might indleate the presence of 3 different kininogen frae
tloms in rat plasma. The results of further experiments on this question are to
be published separately (Brisem, DTUD & ArNTZIN 1970)
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Two kallikrein fractions,

The term plasma knllfkrein has boen used in tho present paper to indicate
all plasma kininogenases activated by acetose. The inactive cozyme pre-
cursory were called prekallikrein. No distinction coukd be made between
enrymes acting indmrectly and enzymses acting directly on the kininogen by
using substrate heated at 60° for one bour to depatorats the prekallikrein.
Unpublithed experments showed that such a heating procedure abo altered
the kininogen to the extent that it reactsd neither with rat plasma kallikrein
nor with human plasma kalllkreln,

Tables 2 and 4 provide evidence of the presence of two different kallikreln
fractions in acetone activated rat plasma, When a plaxma kininogen prepars-
toa was fint incubated with a suffickently high concentration of acetons for
1 mfficently long perod of time (I table 2, column I, 16 / v/v for 5
hours) the subsequent addition of an excess amount of plasma kalfkrein
oapddly csused foll kinin releass. Mazimom release was also obtained from

Table 4

Lgrificence of the eltwination by ecetons of ki for a

relears f Linin in ret plevma
RPall. = Ret plerma kallikrein preparation.
RP kn. = Rat plaema kintoogen
Rat plamra kalliirein was added in an cxeam ymoant 1o the kininogen prrparation,
1 ml per ml (Exp. T and IT). When Lininogm preparation was added in the mcond patt
of the etperiesents, & voloms of 1 ml per mi of the kininogen preparation alresdy
Presnt was used (Exp. 1, 1T and 1),
Whils the acetone treatment took placs at Toom temperaturs (20-24%), all other in-
cubations wers carred out st 37°
Batch member 7 In tablo 2 wan ted far the experiownts.

For forter detalls pew text.
Kini relemed per ml plasms as eg
Expert Treatment of beadykinin sfier incubation time i bonry
ment rat plasme kninogen 1 2
preparation with H "

e x [T X [T3 b4
L20X M acetoos for
1 17 bours and evapor 21 100

of acetons
2 RP-An, 17 81 17 81
n L RP kall 17 1
2 RP kn. 17 .31
m 1 RPLalt 17 om

2 RP-kla, 14 67
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acetone activation of the prekallikrein in the plasma kininogen
with 20 / (v/v) scetone and subsequent evaporation of the acetons (table 2,
columa ITlc) However when fresh substrate was then added, oaly the
presence of Lininogenases capable of activating the main kininogen [raction
(substrate 1) coukd be demoastrated. Experiment 1 in table 4 shows that sa
amount of kinin corresponding only to that fraction was released.

The above results sugpest that a kallikreln fraction responsible for the

activation of the minor kini was rapidly | d, In the absence of
acetone, by inhibltors ptesmllnthentplumklninogm prepanation. These
Inhibitors were ir inated during a 17 hour contact period with

20/(v/v)ueton¢,whﬂc15bourmmnﬁpaiodmth16/mmm
reduced the inhibitor level comidernbly Experiments IT and I1I in table 4
make It unlikely that one single kallikrem fraction reacts oaly slowly with
the minor kininogen. The enzyme in plasma kallikrein acting on the main
kininogen was still capable of caming full kinin release from the major
kininogen fraction in {reshly added substrate afier contact for half an hoar
with tho inhibiters of tho rat plasma kninogen preparation. After a 2-hour
contact period the remalning enzymo actlvity still released kinin correspond-
Ing to about 80 / of the main kininogen fraction,
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Substrates for Kinin-Releasing Enzymes
In Rat Plasma
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Klell Brisedd, Olat hiell Dyrad nsd Fixa Cato Aratzen
(Rexcived September 5 1969)

Absiract Indirect evidence has been provided for the presence of 3 kininogen
fractions, Ths sverage amounts of kink refessed by rat plarma kaflikrein (15 p3/
ml plasma, S E. M. =0.03) and by mt urine kalllirein (L4 pg/ml plesm,
& E M. =003 ia 7 plarma batches coresponding to a total of 90 rats, when
wdded wp gignificantly cxeeeded the total Aninogen (20 py/ml plasma, 8. E M
=004) Methos and meterials wers o decribod by Basem, Dmevp & Ot
(1970). It i3 sugpested that plzsom Lalfkreln relomsed kinin from 2 Linhopes
fractions, SI' and §1  and that orine kalliirein relexsed Lain from 2 Lininogen
fractioms, S1 and 52 Repeated incubation with each of the Lininogpenase preps-
rationt used did not increaso the yield of kinln. Soybean trypain tnhibitor &d not
redoce the amount of kindn relessed by urine kaflilrein the plaxma kallfkreln,
bowever was sirengly tohibited. In coatrol experiments keucing sminopepiidast
transformed kallidin to bradylintn, tut did not focrense the Linin sctinty of the
orine kallikrein incubates.

Key worde hinums - kallikrew,

Two substrates for plasma kinin-forming enzymes were detected in mt
plaama by JaconsIN (1966¢) Ono of the kininogen fractions (substrats 1)
yiklded kinin on treatment with plasma kallikrein (a pserdoglobulm prepar>-
tion) a3 well a3 with glandular kallikretns, while oaly glandutar kallikreins
wero found to be active on the other kininogen fraction (substrate 2) In cas-
nection with our work on methods for determining the factors knvotred in
the kinin system In rat plasma (BRIStD, Dyrub & O 1970), the relesso o
Kinin by rat plasma kallfkrein ( ) and by glandular kallfirein
(rat urine kallikreln) was examived. The fact that the amounts of dabn
released by ane of the kinlnogenase preparations, when added to the amounfs
released by the other lgnificantly ded the total kininogen prosent, might
Indicate the prescnce in rat plasma of 3 different kininogen fractioas, 000 of
which reacted with both types of enzyme preparation. In the present work
such a possibility was further examined.
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Techuiqoe
Moxt of the matetials and methods Deed were st doscribed previowmly (Barmsmm,

bold, New Jersey U 8. AL

A pesndoglobafin preparation wes mads from human plagms by a procedure dexcaribed
bty Lrwrs (1955 and luter vsed by Jacoxsew (1966a & b) and GauTvik & RposTan
{1967,

Remlts

Table 1 shows the results of experiments carried out to provide, if possible,
indirect evidencs for the prescoce of 3 different kinfnogen fractions {n rat
plasma. Two batches of rat plasma kininogen preparation were tested in each
experiment.

In experiments T and I of table 1 the kinin releases obtained with rat
plama kalflfkreln and with rat urdne kalllkrein were determined, as well a3
the rcieass valoes obtalned by the combined use of the two kinknogenass

prep ons, and correspondmg to the total kink (BrsE, Dyeup &
bis 1970)

Table 1
Determination of the amounts of Lixin relsared (a ret plasma by incubetion
with differers kixinogensss praparesions.
Baickes of ret plarma tixlnogen preperesion.
A. Prepared from 20 rata, welght range 310-370 5.
B. Prepared from 11 rata, welght rango 295275 5.
C. Preparcd from 8§ rats, welghx rangpe 180-225 &

preparations:
RP-Lall. Acttone sctivated rat plesme Lalffkrein.
RU-Lall. Rat urine tafilkrein.

P3-glob. Himen preadoglobulin.

The preparatiom wero waed In croem amonnts, 1 ml per mi Lininogen
Preperation for RP-kall. and RU-RalL, 2 m! per ml kintnogen preparation for PA-gioh.
Sellne. 09 X sodlum chloride solntion wes sdded to  dllation of the kintogen prepe-
retion of 1+ 4 (rfv).

LAP Leocine sminopepticase was med fn an amoust which rapidly converted 2 xg
ul&:hhzmxo.lnuubuﬂn(mn4m.mn—zn per ml) nto brady

$3T1 S0y bean trypain Inhfbitor 0.5 my per m! Kisinogen preparation was wsed.
Al bacobations wers carried oot at 37°

Releasad kinka was tested oa the leobated rat nterm.
For (ariher detalls seq taxt, snd Barsem, Dvavo & Om (1970).
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Rat plaxm Kinin relessed/m! plasoa as bradyidain
Experh Lindnogen preparation after incob. time in minces
Ratch Treatment 1 o ®
X s X o X
A 1 RPIall. 19 »
2. RU-alL 24 100
B 13 21 10
A 1. RU-all, 14 s
2. RP lalL 24 100
B 12 8 21 am
A 1 RPlall 13
2. RP4all 2 B
B e "% 15 "
A 1 RO 4 s
2 RU-LalL 15 6
P,
B 52 Tga 57
B L RU-kall L s
2 LAP u =
) 1378 15 »
B L RP lail 14 778
2. LAP 17 0
C 13 73 14 70
A SBTI+RPlall 03 13 03 B
B 03 14 03 M
-
C SBTI+ RU-kall. 14 70
-
B 12 5
A Sallne 0s 21 o W
P
A SBTI + Salino or 8 o0
A 1 PSglob v B
2 RU-kall. 23 10
B 4 7 20 100
A 1 RUL 4 e
2. PS-glob. 1 9 .
12 & 18 %0 [

15 miuntes incubation.
60 minmes incabation

n jment III ez additional § o
plasma kalliizein did not increaso the ylekd of kinin, This result shows that

with
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the observed cemation of kinin release at a level of 70 to 80 / of the total
kininogen was not dos to the effect of kininogenase inhibitors preseat, but
muost be ascribed to the presence of at lesst 2 different kininogen fractions.
The resuls with rat unne kafiikrem in experiment IV alwo demonstrate the
lack of homogeneity of the rat plasma kintnogen.

According to WerSTER & Prexce (1963) human urinary kallikrein will sct
free the decapeptide kallldin in human plagma, while plasma kallikrein
(acetone activated) reloases bradykinin only Aminopeptidases present in
human plasma, and also in human urne, will, however rapldly comvert
kllidin to bradykinin. As tho rat uterus method was used in the present
work for the ansays of relessed amounts of kinin, tho considerable difference
In utermo activity possemsed by the two polypeptides mentioned above made
experiments V and VI of table 1 nccessary The results show that LAP
(eucine aminopeptidesc), which has previously been found to tracaform
Tallklin to bradykinn (Brusep, Dyrun & RINVIK 1966) did not incroass the
actlvity of the kinin released In mt platma by a rat urine kallikrein prepars-
thon or by # rat plesma kalllkroin preparation.

It bs peoerally sccepted that SBTT (soy bean trypsin inhibitor) will inhibit
plasma kallikrein, bot not glandular kallikrelns, Tho results of experiments
VII and VOI in table 1 when compared with the results of experiments I
and T, thow in agresment with this, that SBTT mhitited the rat plasms
Inllkreln preparation mied, bt not the rat urins keflikrein preparation.

Experiments IX and X of table 1 show that a considerable kmin releasc
took place o dilution of the rat plasma kininogen preparation with salme
(1 + 4) and subsequent icubation at 37 for 20 minutes. In tho presence
ulSBTIﬂmmmuhdmmmlﬂcdlyr:dnmd.

In experiments X1 and XII of tabls I the kinin releasos obtained with &
human platma precdoglobalin preparation and with mat urine kallikreln were
determined, a well s the releaso valoes obteined by the combined n1o of the
two prepanations. When comparing the resuls af cxperiments XT and
XTI with the resalts of expernnents I and 11, it b evident that no distincticn
could be mxdo botween the effect of the humen pecndogiobalin preparation
and the rat plasma kalflikreln preparation.

Table 2 thows the results of detcrminations of the #mounts of kinln

111 have been previoutly published (Brrsem, Dyrun & 1 1970) and the
kainogen batch pumbers in tabis 2 correspoad o the mumbers given in that
paper In table 2, the total kinogen has been divided Into 3 dufferent frac
toas oa the sssumption that rut plasma knllikrein relesses kinin from 2
inkogen fractions, S1 and $1  and rat urine kallikrein from 2 fractioos,
52 and 51 It can be secn that the kininogen fraction specific for plasma,



142 K. BRISEID O.K.DYRUD AND F C, ARNTZEN

Table 2
Determination o) Uninogen fractions in rat plaoma.
1 The kinlnogen fractlon sctivated by an excess amount of mt plagnn kallkrdy
peepanaton.
Il Tho Hrinogen fraction activated by am exctss amoust of mat brise kalikrels
tlon,

prepam
1L Total Linfoogen activated by rat plesma Lallikrein and rat urine kallikrein.
The hypothetical kininogen fractiom 51 and 52 wers cakeulated x3 the differences
betwwen the data in colomas I and If and in TIL and 1 repectively The remabuing
tin{nogen fraction was this §1

Kinln relemed/ml plerma, us bradykinin

Kistoogen 1 noowm 51 st =

o o om| X | 2 om]X
1 14 15 19 04 |2 10 | B 05
2 13 14 15 o3 0% 10| ™ as o
3 14 - 20 -] « - - 05 ®
4 14 14 20 06 | 0 08 | 40 08 X
s 15 14 21 07 | B o8 | 0 06 B
6 14 13 19 06 | | o | 42 o5 8
7 17 14 21 07 | B 10 |48 o4 B
Men 147 | 140 | 199 0S8 | 2 090 46 |05t

kaltikreln, S1  contributed 29 / to the total kininogen the fraction specific
foc the glandular kallikrein, S2, wns 26 / while the common substrate, 51
amounizd to 46 / of the total kininogen.

Discmston

The combined amounts of kinin releascd in rat playma by rat pleem
Jollikretn and by rat urine kallikrein, significantly exceeded the kinin reteased
by the combined we of the enzyme proparations (table 1 experiments I and
ID Thbis meam that the two cTuds Xinknogenmo preperations wsed, whethet
they acted directly on the bminogen of by an indirect mechanitm, must have
parily d different kiniogen fractions, but also partly sctivated the
samo {mction. The hypothesls can be put forwand that 3 different kininogen
fractions were present.

With regard to this sesumption, it can be objected that one or both of e
Kininogenase peeparations psed might have contained enzymes capablo of
exhaviting ol the kinlnogen present, the release procoas, however being
hrmghtmmcadbymhn)lwnprmntlnﬂnmhm[lthhmﬂﬂ‘
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presence of two kinogen fractions oaly would suffice to explain the results

mentoned above The fact, bowever that rep d incut of the sub:
with each of the kininogenase preparations wsed did not increase the yheld
of kinln (table 1 experiments ITI and IV) & ated that the kinin

Inhibitors present were not responsible for tho observed cesazton In kintn
rejexse. This conclnion does not contradict the previously poblished sogses-
tion that inhibltors present in the substrate will {nsctivate one kininogenaso
{raction fn tho acetonc-activated plasma kalllrein so rapidly that one
kintnogen fraction present in the substrate will not bo activated at all (BRISEm,
Dyrop & Ore 1970)

The ponibdlity that the crode uripe kallikren proparation msed was elthar
coataminated with plagma kalllkrein, or scted through activation of plasma
kallikrein, was excloded by experiments in which it was shown that SBTI
did not reduce the amount of kinin released by the glandnlar kallikrein
preparation. The plasma kallikrein preparstion, on the othcr hand, was
almost completely inhibited (table 1 experiments VI and VIID)

Undudncundlﬂmsnwdlnthcprmtwurk(negﬂ;l‘bbdﬂuﬁou.:ﬂkou
fzed ghaa, and relattvely short Incobation periods) the “spontaneous  sctiva-
thunfkhﬂno:muumlndgniﬂannlnlddmon,thebddntSBH
matkedly Inhiblied tho kinin releass observed on incubation of rat plaxma

Preparatioa diluted with saline 1 + 4 (v)v) (experiments IX and X
in table 1) demomsirated that & paraliel runming dilution effect dud not con-
tributo to the cxtent of release obtained with rat urino kallikrein.

It has peevioosly been demonstrated (Buse Dyrup & Om 1970) that
the kinmogenases

pauma fohibitors of the actual kininogenaso fraction have been eliminated.
As the plasma kininogensse fraction silll sctivo in the presoace of the in-
hibitors proved 1o be capable of full Kinin releass from the other 2 kininogen
{ractiont, we decided 10 keep the term  S1 for both fractions, but marked
for the fraction specific for plasma kallikreln and double marked for the
fraction which aiso relessed kinin on incubation with urine kalllkrein.
According to Jacoeser (1966¢) both kininogen fractions identified by him
In rat plasma (substrates 1 and 2) released kinin on incubation with rat
uliva or rat urine kallikrein. The plasma kallkrein preparatfon mainly
wed by him, a pseudoglobalin preparation made from homan plams,
released kinin only from his substrate 1

From our resales It scemed possibio that the proposed kininogen fraction
5! which was activated by both types of kallkreims, might be identical with
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Jacobsen s sub 1 A pscudoglobulin preparation was dmgly prep-
ared by the procedure used by Jacobsen to ine if this enzyme prepars-
tion might rekeass kimn from substrate 1 only Experiments X1 and X1I of
table 1 however demoastrate that under the coaditions used the preparation
behaved like our acet tvated plasma kallikrein (experiments T and IT),
rekeasing kinin from the entire subsirate 1

Conclusion The present experiments provide indirect evidence in support
of the theory that the mat plaama kallikrein preparation used, relensed kini
from a kinlnogen fraction not activated by rat urine kaflikrein (substrate 1)
as well as from another fraction which was also activated by urine kallikrein
{(substrats 1 ) The unne kallikreln preparation on the other hand, released
kinin from a kininogen fraction (substrate 2) pot activated by the plasma
kanlllkrein preparation (under the conditions used) but alio from a kininogen
feaction activated by plasma kallllrem (subsrate 1 /) The powiblity casset
be entlrely cxcluded that the glanduler kallikreln acted indirectly ca the
last: joned sub throagh jon of & plasma kininogenase. If
this was 30 the hypothetical kininog: wat pot inhibited by SBTL To
our knowiedge the presence of plasma kalllkreims not Inhibled by SBTI
has not been demonstrated, and a direct effect by urine kallikrein on tho
common substrate S1 18 the more probabls explanation.
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Prevention of Mephenesin Intoxication by
Catatoxic Sterolds

By

Haxt ety
(Recotved Norember 17 1969)

Abstract Tho purposs of thess expertmamts was to determine whether pretroat
ment with certaln sterokis coeld protect againet pwpbenesin potsoning. In mty,
the mmcolar panlysis (puged In terms of an arbitrary scale) and the marmality
tndoced by mephescnn (0-60 mz/100 § body weight gives sabotanconly) are
fnizdbited by variom catasric sterokds mch a3 ethyloestrmol, 6C 11977 piro-
olactocs and Bocbolethane (10 mg/100 g body weight twico dally by stomach
tabe) begianing four days befors treatment with the meclo refatant. Comversely
moder dr shown to powen Lttlo of Do

storolds
t_’fmfkw-tylnothu-cmrym

cxhibited no effect
undar the mme coadh: A the pe effect of varions icrakde
against mephenadn fnivication parallels thelr catataxic potency a otber tests.

Key-wonds: mephenesin — staroide.

Mephenesin 13 one of the most cxtemtvely stodied contrally acting muscle
rdnmbundhcumﬂqedmbeﬂ:cpmmtypeddndmphﬂoummthh
clatx. The liver i the major sito of mephenesin degradation and ity pharma-
cologic effects paraliel the concentration of tho free drug in the plasma
(MORRISON e ol 1948 WYNGAARDEN ef al. 1949) In view of thess facts, It

weemed of necest to establish whetber mephestsin leatioa could be
combated by catatoxic sterokds whose protective effect depends, at lesat to &
lrge extent, on thetr ablllty to the hepatic detoxication of drugs
(SELTE 1969)

Materials und Methody

145 female Holtrman ran whth  mean [nitla] body welght of 100 5 (range $0-110 g)
“hich wers malnuain on Puriza L Y Chow and tap water wars
Svided o 11 groope and treated s omftoed i tabl L In ordes to obtain the best
prophylactic effect, it b dmportaat to allow & few days of pretreatment with cxtatoxio

B Atte Macmasiegics, vol, 23, tae 1 -

B -
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sterokds hience, all anlmah received mepheneala (Squibb) beginalng only on the 4k dey
afier the (nitation of the sterold treatment. On that day 30 mg and oo the followkes
day 60 mg of mephenexin were admisistered per 100 g body weight mbentancousty
always [n 02 m! of propylens glycol

The following sterolds were tested. cthylocstrenol (Organon) 5C 11577 [that b,
potamsium  3-(3-ovo-Sa-fluorc-11f, 17f-dihydrod-androstenc 17ayl (Searle) lp&m
tactans (Searle) borbol (Wym.h) & (Searke)” predatsok
(Ronsael) ett A NFN)(Luda'k);
Nrm(can)mdmmdhuwam
Wmmw-mmmumamdmmmmd
water twice dally by etomach tobe- oaly in the east of trlamcinolooe did we bave 0
reduce the dose to 2 mg, aloco fatal Inercirrent infections tend to develop with hrger
amounts of this highly polent glococorticold The coatrols recehved 1 ml of water twice
dally by stomach tube.

‘The severity of the revohting paralysh was recorded 150 min. after the second mephe
ncdnh:}enlnnlula-mo(m-rblmry-ahlnwhkho—nolahn,l-fmdm
able, 2 = mod 3 = most " described (SeLvE o &l 1969
However for k bred oaly two degrees: minor and some-
umudnblomdqrmolp-nlyd:(bdvrm“ﬁ'md + in our scak) were eied
negathve, all others as poitive. Theso data, a3 well &3 the mortallty rates, were thay
arraaged fo & 2 X 2 contingency table and the statistical slynificance compoled by the
“Exact Probability Teet of Frsira & YATrs (Fooecy 1348 Sieom. 1956). The cxpert
ment way Lerminated on the 2nd day of mephesain treatment and the mortallty rates
in tatds 1 ere based oo the nomber of animahs that died by that time.

Regults and Discamion

As shown in table 1 with the high dose nsed here, mephenesln produced
extremely severe mmecular paralysis In nine oat of ten control anhmals bat in
none of thoss d with ethy tnol, SC-11927 spir or
norbolcthom,Ontheothﬂhand. predaisol proge
triameinol acetate and hydroxydioas exhibited Iitfe,
1If any protective cffect Since in this acute experiment, the mortallfy ram

)ras only 30 / In the controls, the protectlve oction of the strrokds
was not significant. Yet, it i perhaps worthy of noto that thao was 0o
mortality In any of the groups treated with the four compounds that proved
10 be most potent in preveating paralyshs

Perhaps the most striking result of thesa frvestigations was to thow that the
sterolds proviomly found (o protect against many other types of intoxfeation
(SELYE 1969 SELYE er af 1960 1965 & 1969) aro also most potent in In-
hibiting mephenesin-induced paralysit. Here, a3 in our peeviows work, the

catatoxic action was Independent of the other phar mepa'tbn(
the sterolds examined Some of the active i comp
(ctiyloestrenol, norbolethone) whﬂomhmmlnﬂmlmnhnrﬁoddl(sc

11927 spironoisctone), virtually devotd of other propertes. On the othet
hmd,notmhmnmmbammmdwlmhlghmhnn}mﬂuiﬂ
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Table 1
Effect of catatonic steroids om mephoncsin ftoxlextion.

Groap ‘Treatmamt!) Paralyds?) Mortallty®
x)
1 Nooe .. .. - - 9110 30
1 Ethyloestreool . ... - Oy10* 0Ns
3 BCLBIT .. . - - /15 0 NS
4 Sphooolactoos .. . [P oo oONS
5§  Noabolgboos .. . - w10* o NS
6 Quandroloes ..., . _— 515 N3 7 NS
7  Predabolons acetate - ms o NS
8 Progeteronn - 1S Ny 7 Ng
9 Troamcinolona 2 mg .. 15115 N3 40 NS
10 Dmotycorticoicons acetate 7/18# 13 NS
U Hydroxgydoos ... .. .. — B/15 N3 13 N8
llln-aﬂﬂmlome-mﬂﬂ.cdlnmnmlumn,m-nndnﬂwmum
mepheasln a3 incicated hn the bt The resdings wers mede on the wecond dey

administration.
D" =P8 =P <005 NS~ ot dgniicant

(desoxycorticosiorons), glococorticofd (triameinclone) o ansesthetic (hy-
droxydione) poxncy

The most ectrvo catatotic sterolds, ¢ g spirotolactone (Kovics ¢t af
1969) and norbolethone (GARDELL ot of 1969), stimulate the proliferation

of the smooth opl reticntum 0 hep tes, & featnre allegedly
chancteristic of inducers of mi drug baliring o gen-
oral (REMi: & Mraxer 1963) Furthermore, it bas been shown that
P notb ad cth 1, in doses at which they in
hibit barbitorate hesls, increase the di of harbiturate-metab-

olizing enzyres, o3 sbown by incubation of the hepatic microsoml fraction
with this substrate (SoLvmoas et af 1969) There i po proof that all cata
toxic actions depend on the Induction of drug-metabolizing in
the hepatic microomes but, at Joast in eeveral casey, this mechanitm appesrs
to ba ehlefly responsibio for their protective effect
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From the Department of Pharmacalogy Queen's
Untrersity Kingrton, Ontarjo, Caneds

Maximal Tolerated Dafly Doses
of Dicophane

By

F. AL Boyd sad F AL Lin
(Recatved November 18, 1969)

Abstrect: Dicophune way given by intregastric canmla to yoeng maje albino
i3 in dafly doses of from 43 to 290 mp/ky for 100 days or wntil 90 % of the
animals had died. The LDO (100 days) or maximal doss which kKiled no anlmak
when ghven dafly for 100 duys wws 428+ 1.6 mg/kyfday the LD30 (100 days)
wad §42:+ 14 myfkgiday and the minimal LD100 (100 days) was 971328
mp/kgiday The 100-day 1050 index, or the LD30 (100 days) cxprossed a3 o
pereentagn of the ecute, oral LDS0 (1 doss) was 17.6 £ 0.4 During the firg 21
dxn of admisistration, the clinical signy of Intaxicathon wern stmiler to those

water content) of many body orgame. The 100-cey mmitiposal (snbacute, chronic)
toucly of dicophane was similer (o that of noo-ercotic amlpeks woch a1
aspletn, phenacrtin and paracetamal,

Key-wonds Toddelty ~ pesticides - DDT

Tho study repocted in this commnnication was undertaken at the reqaest of
the Workd Health Organization In eftler to obtain information relative to the
we of pestiades in countries in which the dict fs ow in proteln. The injtial
pproach o thhy problem was to determine the acute oral taxiclty of a serfes
of pesticides It albino ruts fed for a suitable period of time on selected protein-
deficient diets ay compared with controls fed dicts adequate in protein content.
The results of these stdies have been summxrtzed by Bovp (1969}, The

Csubacute  chronkc™) toxiclty of pestickdes under simflar dietary conditions.
Mulﬂpmdmidxymdcmmcdbvmhodx'bidnhﬂ'ﬂbccndadopcdm
this laboratory and revicwed by Boyp (1968s) The technique coasists of
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glving the agent by tmpastric cannula ooce daily for 100 days and deter
mining the syndrome of toxiclty In the range of the LDSO (100 day) o
dally dose which kills 50 / of animals over a period of 100 days of sd-
ministratlon. An example of the application of this technlque to a study of
the multiposal toxicity of sucrose has been recently published by Cosestasto-
PouLOS & BovD (1968)

The clinico-pathologreal syndrome of toxkity to dicophane or DDT at the
range of the oral LD50O (100 days) in afbino rats will be described In this
report as a reference standard for further similar studics on other pesticades
and on rats fed proteln-deficient dicts Dxcophane fs the B P (1968) name
for chlorophenothane (U S.P XVID or DDT In an inital stody on d-
cophane Boyp & Dr CasTro (1968) reported that the acute oral LDSO0 and
associated clinko-pathologic syndrome of toxkcity were essentially the same
in albino rats fed for 28 days from weaning oa & commercialty-avallable diet
contalnlng 8 / of protein as casein a5 In antmabs fed 27 / dietary proteln s
caseln and as in controls fed a standand laboratory chow The commercial
production of the casein diets wsed by Bovp & De Casteo (1968) was
discontinued shortly after their work was picted. The pew lally
available low and pormal protein diets contalned different percentages of
caseln Boyp & De Castro (1969) therefore undertook a study of the effects
of feeding weanling rats diets contalning from 0 to 81 / of casein. Dicophane
was given Intragastrically in a dose of 350 mg/kg body weight at the end of
4 weeks of dieting and killed 100 / of animals fed diets contatning 0 and
3 / casein, 35 / of those fed 9 / caseln, 12 / fed 27 / casein end 87 /
of thoss fed 81 / casein. BoyD & KRONEN (1969) subscquently reported that
the acuts, oral LD50 of dicophane In rats fed 0 / caseln for 28 days from
weaning was 17 / of that In animals fed 27 / casein, when fed 3 / casein
34 / ofthatinratfed 27 / 9 / casein 68 / and fed 81 / casein 27 /
Relevant on dicopt Is d in these several communications
£nd in & recent review by Dr Casteo (1968)

Methods

The experiments wers parformed on 120 young mate albino rany of & Wistr siratn
obxained from Woodlyn Farmm, Limited, of Guelph, Qutario. The mean 3 wandard
deviation lnttial body weight of tho animak wae 194 + 12 5. They wees bogwed in groops
of 6 to 10 In boarding cages except daring periody of clinkeal mesrmements when they
wero homsed in metsboliem cager, oo rat per cagn. The diet consisted of Roclland Rat
Dict Complets cbtained from Tekiad, Incorporated, of Monmonth, Ilinak, which wa
siven od Ubitom. This s 2 standard laboratory chow containing 24 X of proteie, 56 %
of carbobrydrates, 8% of mh, 4 X of fat, 5X of hibre end edequate viteoim and
ralnerals obtalned by compomnding foods such &1 soybean meal, fish meal, booe meal
mmkmmwmmmmmnpmdm
groand barley alfalfa mes! and anbmal fat with added vitaring and minerals.
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Dicophane was purchased from the Organke Chemicals Divison of Eastman Kodak

A pilot stady wm made t determine tho diffarenco between doting the snimals
dally for 5 days a week s againet 7 days a week at the same total weekly dose. A
total dows of 450 myg/ky wes sclocted. One group recelved, tharefors, 50 my/ky/day
for 5 days  wrok (except Satnrday and Somdsy) and the second groop recelred
643 my/ky/day for 7 days a woesk. This pilot study was contimmed for 3 weoks at the
end of which tims the tovic reaction was found to be the mame in both groupe-— for

The doses of dicopbane ghren daffy for 5 duys & week were 0 {cottonsord oll alonc)
60, 64, 90, 125 and 250 my/kg. When given for 0ne week oc jonger tho dally dose
shren 5 days 2 woek was mltiplied by 5/7 to obtain the average dally doss used in
calenlating the LDSO (100 dayr). Iy was wntll 90 X
of tha rata had dlad ox for 100 dxys, whichever occurred first.

At weelly fntermals, or at shorter perioch 1f inchcated, clinics! mosetrenyents were
recorded on each rut placad singly in & motabollm cage for 24 hours. These mosrurs-
menty Incleded body welght patn (oc lom) per week In g food Intake In gfig body
weight per 24 honrr, waier ntake tu mifkg!™4 bours, colonk tempenninre b *F urimary
volme b ml/y/24 houmy, urtrary blood In uahwky/24 hoom, mrnary glecoeo and
proteist output In mg/kg/24 hours, vrinary pH on 24 bour smple, and clnical sigm
waiguantitated In eliaical zulte of 1 to 4.

APy was performed 0a all rats which died and tho groms patbology recorded.
The hhtopatbology was recorded of any theus which appearsd aboormal by gross
casmivation and of oll the timoes Bited b table 2 tn represcatative astmahy of each
domgs grovn, The freah wet weight of organs Listed in table 3 was recorded In g on all
mﬂmmm&nlwmmmmmhmmwﬂmm
oeamzed (o g water per 100 g dry weight of tasoo on the ongans Hsted fn table 4 below

The reslty wers amafyzed stathtically by appixation of 1 tosts to differvnces bo-
tween maats and by of on dowe of or interval after
sdmizismation of dcophane, The LDSD was extimated af bntervabs of 7 days plotted
sgaioet can of dosing, sed the LDS0 (100 days) calcnlated from snabyais of the re-
gremion by the method of least squares

Detalls of method and of statistical analyrs have been reported by CONSTANTOPODLOS
4 Bovd (1960 and revlewed by Bovo (19681

Resalts

The regrestion, o days of administration of dicophane, of values for the
LD50 calculated at weekly intervals, was best fited by the equation Y =
((113-11 log X) X 0.71) + 1 4 and from the cquation the LD30 (100 days)
+ 8. E. was calculated to bo 64 8 + 14 ma/kg/day Buimr ef al. (1969)
reported that n dafly dose of 64 my/ky body weight incorporated Into the dict
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Table 1

A sommary of clinkal signs of totkity to dally adminktration of dicophune folloxing
the Initial fortalght resctions)

Dally dose of dicophano
Sign Range of Rangs of Raage of
LDO (100 days)  LDSO (100 days) |LD100 (100 darys)
Weally gain [n body wia g -9 -1 -
Food intake* gflg/24 hount + 2 + 6 +16
Water intake: mifkg/24 bours +10* +12 +1
Colonde tempenature. °F - 01 = 04 + 0f
Utlnary volume: ml/kg/24 hoars + 19 +2 ~ 8
Urloary pH: 24 hour samples -1n -9 ~15

1) The results are expressed as mean percent changs from conlrols, given oaly cotton-
sced ofl, during days 21 to 100, Ono asterisk ndicates that the mean differcoce wa
significant at P = 0 05 to 0.02 and two asterisks at P = 0.01 or lem

of cobo salmon kified 50 / of the fith in 90 days. The acute oral LDSO
(1 dosw) + S.E. of dicophanc in overnight-starved male ras has been
recently found in this Iaboratory to be 368 + 28 mg/kg (Boyp & Dr Casmeo,
1968) TlnonlLDSO(lOOd.lyl),lhudure.ml76104/o{ﬂrm=

oral LD50 (1 dose) Corresponds of the LDO (100
days) were 428 £ 16 and of the minimal LD10O (100 day) 971 + 2.8
mg/kg/dsy

Ths clinkcal signs of toxicity to dicophane wers most marked during the
first two weeks and particularly during the first week of administration at oll
dow levcls, Tho LDSQ after 1 week was 79 mgfkgiday after 2 weeks 70
mg/kg/dey and from 28 1o 100 dxys it remained at 65 mg/kg/day 1 e. there
wero no further deaths after the 4th week. The results will be described &
thoss seen during thoe Initlal fortmight reaction and thos recorded from 21 o
100 days

In doscs at the range of the maximal LDO (100 dxys) the only clinical sign
of taxicity during the initial fortight reaction was dixrrhea of mild intensity
There war a mid snorexia (average decrease In food Intaks was 11 4)
accompanied by hypothermla, a doubling of urinary volume, protelmurst,
glycosnria, aclduria, polydipsia and some Joss of body weight. These s,
apart from hypothermia and sciduria, were found to bo part of the syndromo
of acuts toxiclty to dicophane by Boyp & DE Casteo (1968) Signs remain-
ingnftarudxylmmnmmndlnuhhluﬂznmulmmemb
mads from 21 to 100 dsys since there was no comistent change in these
messurements with & tng duration of dicoph d ation. Slgnific
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A0t signs remajning after the fing fortnight were polydipsla, dmresls and
‘scidurla st the LDO (100 days)

An Increase in the dally dose to the rangs of the LDS0 (100 dxys) pro-
doced an Initial formight reaction consisting of diarrhea, tremors, convultions,
atane, hyperkineais, dalorrhea, bemodacryorrhea, and epistaxis asociated
with marked anorexta, loss of body welght, cligodipala, hypothermia, glyco-
surfa, peoteinorr end aciduna, These initial xigns were identlcal to thoso of
acate toxicity reparted by Bovp & Dy Castro (1968), except that fever and
alkalinuria occurred in the acmis studies. The cnly signs scen in survivors after
the inithel fortnight resction were potydipsia, hypotbermis, divress and
aciduria (table 1)

At the range of the mimmal LD100 (100 days), the initial fortnight reaction
was aimilar o that st the mngs of tho LD50 (100 days) but each sign was
mare intenss. In the few survivors of the Initial fortnight reaction, there was a
significant lost of body weight with an increased food and water Intake, a
slight tut significant fever and an acidura (table 1)

Table 2

Histopsthologial changes obsarved st ntopsy oo albino mats given dicophan dafly
for 100 daye

Orpan | Hhtopathology

Adrens] glands Lipoid droplets prominent in the rom fescicalan.

Brafn Ocemalomally minor capuflary congestion of the
‘meminges.

Gustrolmtertiasl tract.,

Cardise stomuch Noarmal sppearance

Pyloric stomach - Norma! sppearance

Sonll bowsl . VIIH hypertrophled.

Coecom —_ Norma! appaanacce.

Colon Normal eppoarance.

Heart . Oceasionally mid capillry congesion of the
myocurdiom

Kidneys Minor capillary compustion of the loop region,
occasionally minor claudy swelling of the tubale

Liver - Sisrsolu] congestion sod varying degrves of fatty
depererution.

Logy Minoc capillary congrstion.

Muscle (ventral sbdominal wall) Normal appearance.

Saftrary (sabrariTlary) glesds Ducta of serows glands dilased with secretion.

S - Normal appearance.

Bpdeen . Rad pulp cootracted.

Testes Inhibition of spermatogenetis varylag froes mild
a1 64 mp/lgiday to complete at 89 rg/kg,

i
|
:
|
|
!
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Fig L A pbotomicrograph of the tests of a rat after ara! adminirration of 89 my of
dicophane per kg body weight per day for 100 days ahowing atrophy of
Uapire and of the {

titlal tiwmre (stalo-
adfron, magnification X 100).

ohlarine-
-phiaxine:

A sammary of the pathological lesions observed at antopry s presented in
table 2. In contrast to the acute gratroenteritis reported from slnglo aral kethal
doses by Boyp & DE Casto (1968), the gastrolntestinal tract appeared 0

adapt to the dally p of largs of dicopbane and, if anythiog,
the mucosa appeared to be hypertrophied. There was mild vascalar conges-
tion of severul body organs ding the diom, Iver kid-

neys and lungs, There was @ stren reaction in the adrenal thymmm gland and
mmmmmmtmmmmmm
Spermatogenic tissue was almost completely absent In rats given 89 mg of
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dicophans per kg body weight per duy for 100 days as shown In fig. 1
Inhibitlon of spermatogeneus may be relsted to the sugpestion of WercH,
Leviv 8. Coreney (1969) that appreciahle of & boll
may be formed from targe doses of dicophane in rats,

Table 3
Changes In the wet welgit of body orgtts of afbino mat after 100 days of dally
admintsration of dicophane. )
Averago dally doss of dicophane (mg/ky)
Organ 4 6 L]
N=19plus (N=13pemt  (N=2 plu
10 controh) 10 controld) 10 contruly)
Adreal glands . L +166 + 30.9% + 260
Bah w e - 03 + o8 -1
Gastrofntestimal tract,
Curdiac stomach _,..... . + 158+ +102 —102
Pylode soamach . .. + 37 + 28 + 22
Saall bowel .. .. + 1657 + 38 +182
Cascum S + 2530 + a2 +363
Cololl o + 112 - 13 — 120
Hoan ... — o1 - a7 —~201
Kidoeps oo e ~ 28 — 106 — 129
Liver L e + 158% +227 +377
Leg L + 38 + 61 + 60
Muacty (veatral abdominal wall) —140% — 122 —163
Salieary (submasillary) glandy + az - 31 - 19
Skin - — 208 — 2140 - 287
_f_ﬂ“—'" — — 108° — o7 —142
hsinisl + 62 +122 - %2
Thymeos ghasd — — 32 —nm - 867
Retdml careemy ., — 12.5¢ —152 — 264
Astopey body welght . ~ 1260 — 14300 —-257

Y Wet welght was mossared fn grems The rehts are expromed 3 ihe mean pervsit
change from cootroty given cottomsed ofl, specifically 11 (Ra - X /X0 X 100 whern
Ry 1s the mean bn dicophanc.reated antmaty and X, 18 controls. Ons asterisk indicates
that Ry - X, was dpaificart st P o~ 005 to 0.02 and fwo aserishs at P = 001 of less.
*1 Sutistical calcnlations of probabillty omitted becemss of low valve of N

Shifts in the fresh wet weight of body organs of rats surviving o 100 days
Are summarized in table 3 Increasing daily doses of dicophane produced in-
crenslng lom of body welpht malnly due to Joss of weight in skeletal muscle
nd skin. There were 0o significant changes in the welight of the bealn, pylorkc
ttomach, and salivary glands while the welght of the sdremal glands, liver
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parts of the gastrolntestinal tract and Iy lungs was } d. In-
crense In the weight of the Itver may Indicats Increased ability of the survivors
to detoxify dicophane the Increase was greater the higher the daily doso of
dicophane. The only other change which was consistently refated to the dafly
dose of dicophans was increasing loss of weight In organs such as kiineys,
skin and residual carcass. Tho weight of the testes was decreased by the
highest daily dose of dicophane but was unaffected by the lowest dally dose,
thus confirming the results of Otromont (1969) who reported no effect on
reproduction from daily doses of the order of 1020 mg/kg added to the diet
of rats,

Table 4
Changes In the water content of body orgam of albino raty after 100 dany of dally
sdmichiration of dcophane. )
Averags dally dose of dicophane (mefkp)
Organ 43 84 "
Ne=19pmn | (N=13 plus (N=2 plm
10 controh) 10 controk) 10 coatrodt)
Adrenal ghands - - 91 — 150 — %9
Braln - - - 02 - 32 - 02
Gasrointestinal tract:
Cardlsc stomach - - 07 + 1658 — %00
Pylock stomsch .. .. . - 12 + 79% - 237
Small bowel -~ + 32 + 8o0* - 02
Caecum — 63 + 352 —193
Coloa — 1B + 153 - a7
Heart - + 17 + 54 - 02
Kidoeys I - os + 42* -39
Liver - 52 — 68* - o1
Lungs — 09 + 81 —153
Muyche (ventral abdominal wall) + 34 + 44 - o1
Salivary (subcnaxiTlary) glands — 39 + 32 - 133
Sxin +102* + 283 — a6
Spleen - o8 - o8 — o8
Testes 00 — 04 — 40
Thymus gland + 33 + 188 — 88
Residnal carcass + 28 + 83 - 02

) Water content was messured a3 grams water per 100 grama dry welght of thne, The
romilt are expremed a3 mesn percent changs from controls ghven cottomeed ofl, spech
Beally a3 ((Xg - X2 / Re) X 100 where R bs the mean fn dicopbmno-treatsd rats xod
xmmmmmmmm&—&mwur-mmom

and two ssterisks at P = 0.01 or lees.
) I’ of {lity omitted bocats of low valoe of N
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Dnﬂydmuo{dbogh.moh:thormmofﬂlemu}mn]lmﬂoodm)
pndxmdkwdgn;ﬁantchuplnmnn&rrmtmﬂu]nd}amdby
results prescated In table 4 Thero was somo tendency to dehydration in the
adremal glands and to lydration in the skin.

As tho dally dose resched the LD50 (100 days) hydmation appearcd in
many orgam of the survivort. As poted In table 4 thrs was particnlarly troe
af most parts of the gastrodntostmal tract, the skin and thyaros gland. The
adrenal glands and liver d t exhiblt dehydration and water levels
were inugnificantly altered in certaln organs such et the braln, moscle salivary
ghinds, epleon and testes.

In two survivors of a dally dosc of 89 mg/kg, the mean water levels at 100
days wers lowered in all organs, particularly in the sdremal glands, most
parts of the gastrointratinal tract, the lungs, salfvary glands, and testes, a3
shown in table 4

Discaxdon

Tbo results of this stody demoostraied that albmo rats rapidly develop
tolerance to the lethal cffects of orally sdministered dicophane, During the
first three weeks of administration of daily doses ranging from 43 to 250
mg/kg or from 12 to 68 / of the acute oral LD50 the syndrome of toxicity
was similar o that recorded in acute or singlo lethal dose studics by Bovp &
Dt CasTr0 (1968). Doses over 43 mg/kg/day prodoced deaths during bat not
after the initial thres weeks, Survivors of this Initlal 3 weck-reaction lived 10
100 days with ing daily ad of dicophane During the perod
of 21 to 100 days they had somo Jots of body weight, polydipsia, drurests,
ackduria and minor changes in body temperatmre. Autopsy at 100 days
revealed more or Jews dose-depencient degenerative changes n the kidneys,
Tiver aod testes, n stress reaction, hypertrophy of the liver and gastrointestina)
tract and varylng degrees of capillary conpestion and loss of weight (in spite
of an vnshered or angmented food intake) of many body organs.

Msny clinico-pathalogical features of the reaction of rats to 100 days of
ol adminhitration of dicophane were the same &3 those reported in similar
100 day-studies with other chemical agents. A di hing feature In cach
caso is the dafly dose which prodoces the toxkaty syndrome. A review of
available data dbclosed that while the LD50 (100 days) varies widely (over
four hundred fold) It s pioch Jess variabie when expeessed a3 & percentage of
the acute LDSO (1 dose) The quotient is termed the 100-day LDSO index
and availablo values for this index aro ssacmbled in table S Tho 100-day
LD30 index b an eatimate of 100-day chronle taxkity in one single figure.
The higher the index tho grester b the propoction of an ecute LDSO (1 dosc)
which ean be tolerated by dafly sdministration for 100 dsys and therefore the
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Table 5
The 100-day LD30 fndex of eleven agents caleulated from svallable evidence.

Agent Specles Routs of 100-day Referece
Admisluntion  LDSO index
IS E
Pheacetin Gainea pig ont 123t43 DODACLM
Atroplne Rabblt  Intnmescolr 132108 ?gg;)‘*m
Aspirin Rat Onl 164 05 Born (19680)
Pitocarpine Rat Ont 174422 Em”‘*“'m"
Dicophane Rat Onl 176+04  Thh paper
Paracetamol Rat Onl 206105 (1953)&
Borp & Horrew-
Phenacetin Rat Onl 71108 »OTH (1968
Boro & SeLsr
Bexrylpenicillin
Rat Onl 618130 942)
Baowo, Am &
Sodinmn chloride Rat Omt 732 RoaoHT (1966
Botn, Dotaux,
Caffeine Rat Oral 782116 ot &
Surpravo (1965
QorerTANTO~
SucTote Rat Onl 806137 rouLos & Bom
(19¢9)

greater is tho relative safety of the agent under atmdy Courersely the lower
ths valos of the 100-day LD50 index the relathvely more toxic is the agent
for repeated dally administration. Further information on the 100-day LD50
index and on other Indices of chronic taxicity has been recently reviewed by
Borp & Cuamrt (1969)

It will be noted from data In table S that the 100-day LDS50 index js Jow
for agents such a3 atropine, pilocarpine and dicophans which might well bo
expected to be relatively toxic when given daily in large amounts For agents
such a3 sodiom chionde, caffeine and sucrose, which ars part of the dally diet
of most people the 100-dsy LDS50 tdex b high, indicating relative safety o
chranic mse =3 again might be anticipated. The widely med analgesic drogs
aspirin, phenacetin, and par 1 have a rel Jow 100-dsy LDS0
tndex. By referring to discossions on theso analgesics in references clted fn
table 5 it may be conclded that f they are wed in doses not excecding those
{n government-approved labels (L 6. one of two tablots three or four times &
d:yfurlﬂmltedpurbdddm)mﬂnurmmxurym]dbcmddp-wﬂ
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from these studics on rats, If these snalgesics wro abosed 2nd taken in
amounts of the order of 25 to 100 tablets dally for a perfod approximating
one tenth of the expocted lifespen (correspopding to 100 days in ran), the
data on mats suggest they would produce toxic effects a1 have been reported
in min Abws of thess analgesics is possible when they can be obiained
without a physiclans presctiption and “over-bocomter” o OTC™ The
incidence of abuse of OTC analgestes has been catimated by Boyp (1968b) to
be of abont the same order in Canada xs the incidence of narcotlc sddretion.
Tho results summarized in table § diffar from thoso in recent studles by
WEIL et ol (1969) who found & rather coastant relatianship between minimal
cffect Jovels of soms 20 matedaly xdded o the diet of rats for pedods of 7
and 90 deys. The main eriterion of a minimal effect was Joss of body woight
food Intake wet not reported. In our studies the materal was grven dally by
Intragastric cannula and the food intake was usually not significantly affected
until the dafly dose exceeded the LDS0 (100 dayy) though growth rats wm
usnally depreseed. On the other hand, the resulty in tabls 5 aro somewhat
simflar to those of HAYES (1967) who added drugs to the dict of rats apd
then divided the LD50 (1 dowe) by the dally doso which kilied 50 / of rats
2t 90 days in onder to obfaln & chronklty factor® which fs basically a reck
procal of the 100-day LDS0 todex.
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Emetic and Gastric Secretory Stimulating Action
by Esters of some Amino Ackds

By

Cart-¥ris Elwin
(Recaived October 13, 1965

Absiract. Esters of mmino acids reduce gesiric ackifty

pimamic scld, of phenylalanine and hsobutyl-cster of valine. Oral
administration or infection of the exters by means of  gaatrls cannula with free
pamago to the duodeonm omenit i 17 of 23 experiments (74 %) on 6
dogy In ap everape tiow of 1] nimutes. Occlusion of the duoderom with a Foley
cathoter distal to the /xwvented an cmetic resporse during gaytric wd-

migistration. Emetls was / mced bn 47/57 sdmishtatom (82 X) on 10 dog
0-10 cm distal t0 the pYY o by emetic threshold doses within an average time
of § minutes. Eretic #ffect declined with distance from the pyforos and below 50
cm po ermatic reponss ocrut ed. The ematic threshold dose in geocral was 24 ml
of the estery cxcept for dethyl-cater of glntammic acid, the threshold dose of which
was (02-03 ml. A refractory period of 1 134 boars daration to an cmetio dose
was obsorved. Hydrochloride of estery tested showed o simllar amotic patters.
T control experinents, copper saiphate Induced vomiting from both the stomach
and the doodenn fa amomnts indicating  more potent emetlc action (0025~
025 ). Disthylester of ghtamic acid was abso administered intravenously bt
amowsty 2-6 tmes larger than the doodema| emetic dose did not evoke emesis.
Blockads of (be emetic effect was demonstrated by 0.4-20 X Lidocains (ID—JOm!)
and by 0.3-2.0 m3 atropine scministered locally in the duodenom, wherms
mmawmd:hmw
mwamwmmuum—ww
of 12 nﬂolcuunhcdth-pﬂn‘m—nmuﬂudy nd thh hated for
5

otal

dmmuwwmmm cammd an increase of total

xeld outpat of undlc pouch, indicating a reicass of the antral stimulstory
nstrl.-.

Key-werdr Acirml - A - copper enlptate/
e Krag elfects —

mmmmmmmwwhh.

11 Ara pharmacsingics, wel. 11, fae. )
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Tho emetic actlon produced by many agents, can be initlated from per-
pheral as well as central sites and for some strong emetlc agents a sioulis-
ncous peripheral and central mechanism of action has been demonstrated
(Bosuson & Wang 1953) A peripheral emetic action may be induced from
almost any site in the body Agents causing gastrolntestmal frritation very
often induce emesis and the deodenal mucasa hes been shown to be mare
semsitive to such stimall than the gastric mucosa. The nervous impalses to
the emetlc center may pass by way of alferent fibres in elther the vagal oc
the sympathetic nerves (Boxzson & Wana 1953).

It has been reported that some aliphatic alcohols stimulate gastnc acld

lon following administration into the stomach. The mechanism of schon
seems to be solely dependent on an antral humoral factor — gestrin — and a
relationship has been shown between the stmulating sctivity and molecul
configuration (ELwiN 1969) Some mono amino acids abso stimulate gmtric
acxd secretion on adminlstration Into the antram (ELwiN unpublsbed).

Since they are amphoteric compounds, the esters of amino acids redoce
gmatric acidity In n previous study of this question it was obacrved that some
of the compounds exerted a marked emetlc effect (ANDERSSON & ELwin
1957) Prellminary data then indicated that the ksopropyl-ester of phenylal
nh:,LbehobmyLumufvnﬂnenndﬂndlhopmpﬁ-cnernfﬂummic-dd
induced vomiting daring istration Into the I part of the duoo-
drntmThucmcUccmaotmacutenmmnﬂmdmthnprmmﬂ‘udy
and two additional esters, cthylester of glycine and diethyl-ester of glutamc
scid were t igated. As some aliphatic alcohols (e, g. ethanol) and sowms
mono amino acids (e g. glycine) stimulate gastric acld secretlon it was ahwo
thought to be of interest to includa in this study the effect of the esters oo
gastric function. Experiments were performed In order to localize within the
gastrointestinal tract the area sentitive to the emetic effect of the agents, and
also to study the influence of some of the esters on gastric ecid secretion
With one of the esters some experiments were done to find cut whether ths
’cmcdcr.ﬂmmolbculorccntrnlorlgin.

Methods

Sargical procedsre
nummumpdmmdmumpmlwqunmdmﬁul

approaches wers used In order to localire the arca within the

scoaitive to tho emetic action( table 1) Dnodmlunmlumnmmﬂ‘l—jmdkul
10 the pylorm end gestric cannmlse were [nserted into the corpus region of the starmrch
well off the antrom-carpns boundary to avold mechanicul stimmlanon of tho antrod.
In order to reghter tn sddition the effect o gastrio acld secretion 9 dogs with
npﬂydmtuipombaofunﬂddmhhmmmnywwhud
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Table 1

Surgery performed in dogs 10 allow administration of the variom estery In afferent
party of th stomach and the duodennmt.

Fundlc pouch
Dog Na. Cannulay Asptrum pooch H=
Gagtrie Doodenal Heldenhan typo
P = Pavigv typs
3% x n P
¥ x n ) J
56 x P
m x x P
<} x nx P
87 x Bx
a8 x x
"
0 x »
95 z
141 x x P
1% x H
180 x H
1) Antrectomtred

D MaxaBallman fistula

the Pavlov typs wers tsad Two dogy were provided with & Mann-Bollman flstula
between the doodenon (dog 43) or the molated antrum (dog 87) and the body murface.
The fstuls, a intretioal retroperisaitic anestomos was prepared sargically from the
distal part of dewm and the endHo-side anestomous Jocated about 10 cm from the
pyiorms (dog 83).
dogy had sn haolated inwervated antrum pooch a3 descnibed by Uviis o)
three of these doga the prioric end of the antrum was brought through tho
wall &1 2 Qrtsneons fitule and fa the fourth dog the bolsted antram ponch
whh the airface by & Megn-Boll fistola. Text sgents
coukd be administered directly into the anmal poaches. In two doge with fomdic pouches
ond duodem cannles, e antrom bad béea removed becasss these dogr & well e
o8t of (he others wars aho wied fn other cxpearimental sarter.

Four
1956 1
)

Test procedwrer,

The azimaly were farted for bomt 18 bours before (he stperiments wers sarted
In dogs provided with fundic pouche, the bl acid socTetion was recorded for at
ket 008 hour befocs the sdminstraton of the test solntiomy Gastric &cid oatpet was
coftected in 15 portioos. The volnme was Basured and the amount of free and
toral acid determined. Each portion was trirated with 0.01 N-NaOH, oeing 2 mixtars

contents throogh the mouth. Retching i defloed 1 a labored rhythnale scthlty of the
rewpiratory mosculature precediag vomiling.

n -

-
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02 16 ml of the esters were administered a1 slngle doses in saling corrasponding to
2mlu(ﬂptrlelNlG.ﬂufoUMumo(ldmlnmﬂonmncd.uﬂ(ﬂ
via pastric fhtuls), antral and
Inmvmmn.Thelmnﬂnllummmwdudedbylhelm-odna}ono{-Fo&ym
through the doodem! canpula and inflating 10-20 ml of air Jato the ballooa. The
volume of alr used In the individusl dog Wit to a certaln extent related to the strs of
the otestine and was determined in control weperimenty In the following way The
Foley catheter was placed in the duodenum and the balloon laflated with 10, 20, 30 ml
«tc. of wir until the presmure of the balloon againet tho Iatestioal wall evoked an emeic
raponse. Durlng the experiments, the balloon was fllled with a volums of alr below
th threshold voleme for an emetic responss, This volume of alr pever cawsed vomitieg
In the control experiments. The esters could be given into the stomach or st different
fevels within tho duodeoum I front of or bekind the balloon. A Milkr-Abbott tmbe
was e for sdmintstration further down the duodemmim,

The wthylcsier of giycine and tho disthylester of giwtamic acki were alo ad-

ficlently sofnbl o water to be given intraveoowly whereas the other esters had 3
fow water and fat sofubllity To overcome this, the solution of cthylester of ghycioe
in mlime was emaksified n a small manoe] homogenator before admintgtration.

1 control experimants, 10-20 m! of sallne only the corresponding akobol or wmiso
acld, or the enter b ch were tested

The effect of ethyl-ester of scais wcld and of dicthyl-ester of glutarkc sckd was sl
Investigated

Copper sulphete (0.5 X s—mmbmdmhiﬁzdhmumhnmnuud
known to havo & peripheral emetic action, probsbly by cansing gastrolntestinal frrits-
thoa

Blockade of the emetle action wias attempted by the o of stropine given locally
(DJ l.Dlnd’-Om;)clnbcmntmn!y(\'L‘! 1,0 and 20 mg), and by the me of 8
NFN) Astra (0.4 or 05 X 10-0
ml} F«wwmmmhmmmmmm
In sia messurements of pH of the somech comtent during administration of the
:ﬂmmpcﬂncm:dhlnomeupuimABcchnnn;hndccuude.4mh
diamster specially deslgned for tract wes med
mhmmm:damdmndcm-pmdmchhuam—nncdmdwd
mmhmﬂﬁwlmmmmmmﬂm
lmlndmmmdm.pﬂmaumxﬁmma,nmrummtbd
tho reference clettrode and the glam clectrods were ted together tn such & way &3 10
Allow location 2 3 cm spart in mte. The PH slectrode was standardized befors aod
after cach tost apuiret standard buffers.

Results

Emstic action during administration in the stomach and in the dsodemsm.
A. Gastric administraton (tablo 2)

The emesis producing effect of dimopropyl-ester of gl i acid, isopropyk
ester of phenylalanine and tsobutyl-ester of vallae doring stomach application
wmrmdkd{nﬁdopwhhtrcepanapto!hedmdmmlnudlnpedmmf

cmaﬂcthmtnlddmoohhetul-armwmadmmm:ndnumlupms
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Table 2

Emeshs by esters of smino ackds doring application In the stomach with free and oc
wmmmmmmmmmmmm

Flgures In brackets Indicate
o Pree doodomal pamage Isotated
antral
Na. Onlly Onall cun-l: pouch
Expti. Em.  Bxpin F_m. Expts. Em. Exphs Em. Eqpts. Em
% 0
n 1 1 2 0
n 1 1
L1 3 0
s 1(1) &) 3 0
L] 1 1 3 0
20 3 2
11 @
1™

X 1o

times, No difference In cffect was observed whether the agents were ad-
In d orally or by i through the gastric canmuls Emesis was
obtained In 17 of 23 experiments (74 /) The occumence of the cmetic
response ranged from 5 to 30 minutes, the averags being 11 minutes,
mmmwummwmmmmmm
ments where the g ] [ paasage was occioded distal to the pylorus
bytbﬁuhﬂ]cdbaﬂomu(nl"olcycnthﬂar In 4 dop with am isolated,
fonervated antram pooch, 2-16 mi of the exter or the hydrochloride were
dither instilled tto ar perfused through the antrum. The hydrochlordde was
tried since the esters aro transformed to that compound when they come fnto
contact with tho ackd gastric content during sdministration into the main
stomzch. Edtylester of giycine, difsopropyhester of gltamic ackd and ho-
propyl-ester of p were igated. Emesls occurred once In
nmulo(&npedmnm(il.s/)ﬂlhthcacunlmmdoncntuﬁe'rpm—
ments with the correspoading hydrochlorides (16.6 /).

B Duodenal administration (table 3 and 4).

In 70 experiments on 10 dogy the esters were ghven directly Into the praxtmal
part of the duodenum (0-10 cm from the pylorus) through a short rubber
tube entering via the duodenal cannula. The number of administrations varied
between 1 and 3 lo esch experiment. Administrations were done with the
ethyl-cster of glycine, obutyi-ester of valine, opropyl-ester of phenyialanice
and dilsopropy] — or diethyl-ester of glutamic actd. In table 3 have been lhted
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Table 3
Emexis by estens of amino acids during application into the dpoderm 0-10 em from
tho pylorus. Figures in brackets Incicate adm! of ester hy
Em. = emesis.
Adm. = number of edministratioes.
Duodennm
Dog ©-10 ecm Isopropyl Dikopropyl
No. from the [obetylvaline oo iteelne  glatemic sk
priorm)
Exptr.  dosaml Em{sdm dosoml Em fadm dossm! Em fadm
36 2 1 o1 5 [}
3 2 2 n 5 1
n 2 2 1
57 2 2 02
= 8 b 2 oz 4 n
4 pla3
g %3 2 44 2 XU 2 D
% 3 2 212 2 11
93 7 2 o 2 m
' 4 n ] ‘4 mm)l l
141 1 36 os 1 on (%] mn
7 1n o7 o2
Lo n
120 1Bm 2 o1 12 o 02 h1<]
3 212 3 mn as n
4 004
5 124
6 o3
7

1

semetic effects which occorred after various doses in relation to the numbet
jdldminhmdmlmrﬂngmthcbmmmﬂnlndmmbﬁlmﬂ
of the day in the doodenum of the ester under study was afways Included as
well a3 tho repeated administration 2 to 3 hours later of a larger doss of the
1ms ester or the admintstration of another ester Careful choles of the time
Interval was regarded as Important to prevent Inteeference of the refractory
penod (sco below) with the resuls. No admmistrations In connection with the
e of blocking agents wers included except when the ester was gven before
the blocking agent. Varions doses were given to find ot the emetic threshold
dose of cach agent. A dose of 3 ml of ethyl-ester of giycine initiated vomitieg
in one of two dogs tested but as much 3 7 m! was roquired in tho other dog-
2 ml of lobutyl-ester of vallne regularly provoked cmsels in three of 4 dog-
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Iu(befounhdog(%)zmlcauscdmchm;nnly whereas 4 ml way the
emetic dose, 1 m! of sopropyl-ester of phenylalanine was ineffective in 3 of
doymtcdbmmmjdngocmnadin50!7d033whh2m1.2mldﬁbo-
gmpyd-mdm er of glutamic acld was found to be the effective emetic dose ln 2 of

0.2 or 0.5 ml of diethyl-eater of glutamic acid caused vomiting In one dog
anvcrycxpedmmtmdinanmhudogﬂ.s—wmldumum-ppumly
fep d the emetic threshold dose. The emetlc sction of this ester seems
tubcdlghuymorepmnouncedwhmeompamdwlmdmuorodx:m
Unfortanately the ester was not avallable for experimental wae at the sme
time as the dihopropyl-ester of glutamic acid and a comparison of tho effect
of these two esters on the same dogs could therefore not be done.

Table 4 shows the emetic actlon of the eaters when administered at various
distances from the pylorms. Actually the distance was messured from the
opening of the cannula or the Mann-Bollman fhstala but can be approximated
to correspond to the pylorus, Emeshs s most regularly induced from the
upper part of the deodenum 0-10 cm from the pylorm. The mocosa at
10-50 cm distance from the pylorus wes slightly less sensitive and below
50 em from the pylorns po emetic response occurred. Application aof esters
at that distance or forther down the doodenum tended to canse defaccation
and blood-stained diarrhoea in one dog as well a3 retching, indicating local
mucosal Irdtation.

After dpodenal administrath itng occurred within an average of
8 minutes with a range of from 2 to 30 minutes. An emetic response revulisd
in refractory conditon to a second dose. In 22 experiments oa three dogs
(88 B9 95) mnother administration within 3060 min. with the ssme amommt
of the ester caused emeshs only twice in 10 expariments on dog 89 and twice
in 9 experiments on dog 95 After 80-100 minates vomiting occruered more
frequently (3/6 cxpenments and 1/2 cxperiments respectively). In dog 89
administrations after 130-150 minutes initiated e second emetic responss i
2 of 3 experiments. Thus, there secms to be 2 refractory pedod of 1-1%
hoars duration.

The esters undergo tramformation to hydrochlorides In the stomach and
these pounds might be responsible for the emetic effect after tranyport
into the upper part of the duodenum. 2 m! of the hydrochlodds of kopropyk
ester of phenylalanino adminfrtered directly Into the stomach of dog 36
caused emesis in 2/2 experiments within the same Iatent period x the estes
itself. 4 or 5 ml of the hydrochloride of sthyl-ester of glycine showed the
wame pattern az the ester itself in § experiments on dog 180 A few expert-
ments of this typs were undertaken on dogs 89 and 95 and conflrmed the
above findings (ece table 3).

A mumber of contral experiments nalng corresponding amotmts of saline,
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fsopropyl alcobal, gl acid and pb Ianine were performed in four
ofdndop.Anamﬂcmponmmoccmmdwhhthactmumh]ﬁ:c
amounts naed.

Copper mlphate is known to canss vomiting when it comes into contact
with the upper part of the gastrointestinal tract. In three dogs (87 89 95)
the emetle potency of this sgeat was compared with that of the esters. Emesis
was already Idoced from the stomach with copper sulphate. Vomiting oc
curred daring antrom perfusion (dog 87 1 cxperiment) and after oral ad-
ministration (dogs 89 95 2 experiments) with the duoderrum passage oc-
cluded dbtal to the pylotus by a balloon. Perfusion of the isolated antram
pouch for 10 min. with 50 m! of a 0.5 / CuSO; solution (= 0.25 g CuS0,)
camed repeated emetic responses starting afier 5 min. Five ml 0.5 / CaSO;
gven onlly produced emeths in dog 89 but smonnts vp to 20 ml &4d not
came an emetie effect in dog 95 Administrations were also dooe directly
throogh the cannula in the upper part of the duodenum on these dogs amd
emesls was provoked by 5 ml of the copper solution (= 0025 g) In dog 89
and by 20 ml of the solution (= 01 g) in dog 95 5 10 and 12 ml showed no
cffect in this dog bt with 15 m! retching occurred frequently

Comparison of emetic action after duodenal and intravencus administrations
and of effects of esters of amino aclds and the corresponding carborylic oclds
Some experiments were performed with Intravenons administration of the
ethyl-ester of glycme and the diethyl-estor of glutamic acld (dogs 141 and
180) to indicate whether the emetic effect also included a central trigger
mechanitm. Just & fow experiments were done with the ester of giycine
becanse shortly after the start of the intravenows edminbstration the dogs
became tnxious and scemed to suffer from ltching, oral oedema, 2 copions
saltvary socretion, Increased respiratory rato and retching. Doses varfed be
tween 0.3 and 6.0 ml Bmesis occurred in doses similar to those which exert
an emetic action when given locally into the duoderum However doubts
sbout the pure emetic nature of the responss made it hard to draw any
conchulons about a central emetic action, Diethyl-ester of ghutamic acld was
cdmh:hluedhtnvm]ylndogl&ﬂm}y In 10 adminkstrations darng 7
experiments with doses increasing from Q.1 to 1.2 ml emeashs or signs of
retching did not ocour

Emetlc responses from the duodenum by these esters wern slto compared
with the effect of eaters of the corresponding carbaxyflic acids, acetic acld and
ghutaric acld. Ethyl acetate was administered throogh the duodenal fistula of
dog 141 6 times In 6 experiments in doses of 1, 2, and S g (== 11 2.2 angd
55 mi respectively) and 14 tumes kn 11 experiments on dog 180 in doses
varylng between 1 and 7 g Vomiting already occurred at the 1 g dose level
in dog 141 (1/2 experiments) and regularty with larger amounts. The fime

~
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Interval before emesis ranged from 4 to 6 minutex. Dog 180 showed retching
«t all doss kevels but vomiting only twice with the 5 g dose (2/4 experiments)
Smm.uﬁaudminhmtim.DMhyl—utcrofghuﬂtnddwglmmdog
180 anly in 9 intraduodenal ations of 5 rk with doses
varylng between 0.2 and 7 g Retching was frequent at all dose Jevels but
vormiting was induced only once by the 7 g doss 8 min. after sdministration.

Blockode of emetic response
All experiments performed with lidocaine and stropine to block tho emetic
action of the various esters aro shown in table 5 Gustric or dpodenal ad-
tnistration of 0 4-2.0 / lidocaine (10-30 ml) caused a marked redoction of
trequency of emeals In 7 experiments on 2 dogs vomlilng occurred only twice
(29 /) whereas in the control experiments with the same amowmnt of ester
vomiting was provoked In 7 of 8 experiments (88 % ). However In the 2
upuinm:wbmdwancﬁccﬂaammtbbck:d,lhepabdmroc
anrence of cmetic whp d considerably In cxperiments with
gnuttdminlmﬁm,thcmwufrupmz:mlhzdmdmmoﬂyﬁm
time sdminbstrations of an experiment arc Included in the controls in order
to prevent nterference with the revulis of the refractory period. Administra
ﬁono(0.5 10 snd 2.0 mg atropiee in 10-20 m! saline Jocally in the stomach
duod ishibited the emetic responss to the samo extent as the local
mmhrﬁc.ThmemeﬂcmulnlBldminkmﬁam(B/)deogl
occrred with stropine and 2 or 4 ml of the various esters but without
atropine the frequency of emcsis was 25 out of 29 sdministrathons (85 /).
Subcutincows admintstration of 0.5 10 and 2.0 mg atropine was moch less
effective In inhibiting the emetic effect of locally sdministcred esters, Vomit
ing was initlated in 6/11 sdministrations (55 /) on 4 dogs with atropine and
in 14/17 sdmintstrations (62 /) tn contro! experiments on those dogs.

Influence on acidity and gastric acld secretion.

A. Influence on pastric pH

The pH of gastric coutent Is ratsed markedly during gastric administration.
Indog56,tbepﬂmmcuurcdludmdm{n;4ldminhn10mnoflor2
ml (3 and 1 experdments respectively) of boprop ter of phen

(tablo 6) Aﬂplddmnxotnddhymnot:dwhhthap}{mdnln;u
7.0-76 for 5-15 min. However the effect was rather short lasting and the
PH returmed to pre-adminkstration levels within 2045 minotes No difference
In the sise of pH was observed with the two amounts tested. Administration
of & local ansesthetic did not have any influence on the nse of the pH.

B Stmulation of pastric acld secretior.
Gastric secretory outpat (volume) wes studied In 5 dogs provided with™
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Table 6

lnﬂnmceonpm‘cld‘ﬂtylndcmed:aﬂmbybopmpﬂ-euzrolmhhnh
(1 ml + 10 ml saling) with and withort simmltancous adminfrtration of  loca! enges

thetic (dog 56).
Pxriov-
Stoamch ponck
Time min. Stomnzch Admlalstration pH
voturse (mf)
0 28 07
15 Isopropy! -pbenylalaning 24 °
ke Emens » 74
» L 13
3 3s
% Ls
45 12 [
0 L5 [
s 25 a7
%0 23 0
108 Lidocaine, 2 % 10 ml 22 0s
120 bopropylphemlafanine. — — "> 231 11
> 62 0
13s 71
145 23
150 24 LE]
160 22
25 ot

Paviov pouches (36, 39 56 71 90) during admmisiration of the varons
esters in the stomach (dog 36) or the duodenum (dogs 36, 39 71 90) An
mmothﬂlmmrymtpmmub:amdonlymm(dogww
ester of phenylalanine, 2 ml) of 26 applications of the esters (4 /). 2 mi of
1sobatyl-ester of valine, 2-5 ml of ditsopropyk-ester of glutamle add and 1 5
m! of izopropyl-ester of phenylalanine were used in theso experiments.

The total sad output from the fundie pouch was determined during 37
edministrations into the duodenum of two dogs with a Paviov (dog 141) or 2
Heidenhain pouch (dog 180) A slight incresss of free acld outpot
tn only 3 of theso applications (8 /) and was of short duration (30 min)
3-7 ml of ethylester of glycine, 2-3 ml of hopropyl-cater of phenylalanto®
and 0.5-1 0 ml of diethyl-ester of glutamic ecid wers wsed.

To investigate ths influence of the esters on releass of gastrm the olated,
innervated antram pouch of two dogs (141 179) was perfinsed for one hodr
with 8 16 / solution of ethyl-ester of glycins or kopropyl-ester of phenylals-
nine and totl ackl output of the totally Innervated (dog 141) or vaplly
denervated fandic pouch (dog 179) determined. Stinrulation of acld secretory
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mEgHCI

{ DOG 179
25 3 39 3 EXP
oso MZ2 33
ozo. 20 2! 21
olo-
[ 4
i 2 3 4 HOURS

Flg. L Sthmolation of gestric ackd secretion in o Heldenhain pooch dog during perfuson

of the isalated atrum posch with the efyl-estes of ghycine Perfosion rato = 100 mi/hr

Vertical bany fncicats rangs of total acid ogtput. pH befare start of perfusion indicsten
PH of test solution.

output occurred in all 4 experiments with the ester of glycine oa dog 141 and
in 3 experiments with the ester of glycine snd 2 experiments with the ester of
phenylalanine on dog 179 (fg. 1). The low pH Is cxplained by use of the
hydrochlotide of the ester The stinmiating effect on gastne ackd secretion
of the esters during these cond] is much less p d than the effect
of the corresponding alcohol in that concentration at a ximilar pH (sec ELwm
1969)

Discussion

Esters of amino acids are amphoieric componnds and have the ability to
reduce gastrio acidity by binding HCT to the molecule when they enter into
the stomach. The ester hydrochloride is then transported into the duodemam
where & dissoclation of the compound takes place and free HQI molecula
will occur again. The cstors have a high capacity to combine with HCI
molecules cxempiified by the fact that 2 ml of bopropyl-ester of phenylals-
nine can bind abont 100 ml of 0.1 N-HCL An carifer unknown fact became
obrious durlng & study on the capacity of various mch esters to rednce gastric
acidity - emeshs way often inltiated a3 & side effect. Flve csters were Investh-
gated - eftylester of plycne, diethylester of glummic acid, disopropy!
ester of glutamic acld, bopropyl-ester of phenylalanine, tsobutyl-ester of
nlmc—andthuowm-ntoundwbepmmtmh.muppumpm
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of the doodenum (0-10 cm below the pylorus) was found to be the most
sentitlve with a declining emetic effect during administrations further down
the duodenum (table 4) Below 50 cm from the pyloric sphincter vomiting
was never elicited. The stomach proved to be almost insensitive during ad-
ministrations vnth occlusion of passage to the doodenum and during perfuion
of the isolated, innervated antrum.

Gastric irritants lke salicylates (Biiaraava & al. 1963), digitalis (GoLp
et al 1950), copper sulphate (Wana & Bomison 1951) end ipecac (WoLr &
WOoLFF 1946) often cmse emesis. The Iatter anthors werc able to show
that the gastric mocosa it very resistant to the action of local {rritants
(digitalis) whereas the duodenal mucosa it not. In a later report (WoLr
1949) it was demonstrated that Ipecac did not camse retching or womb-
ing beforo having reached the duodenum. The emetic action of local
{rritants fs belicved to be due to local irritation as such but a more specific
mechanism by effect on receptom in the upper gastrointestinal tract cannot
yet be excluded. The esters of amino acids may very well sct a3 tho Jocal
Irritants. The appearance of blood-stained diarthoea after administration far
down the duodenum in one dog (95), favours this interpretation, Copper
sulphate, a well known local emctic and pastric irritant, was used In some
comparative experiments and was found to provoke vomiting from the stom-
ach a3 well &3 from the duodenum. Actmally in ono dog (89) e htra-
duadenal dose of the emetic agent was less than the oral threshold doss of
40 mg given by Wana & Borrson (1952) Copper sufphato thuy seems to have
a more pronounced local emetic action than the esters.

Is the cmetic action shown by estery of amino acids of local or central
origln? According to Wana & Borison (1952) a central emctic achon of i
agent on the chemoreceptar trigger zone ar the vomiting cemter cannot bo
excluded unless ablation of thess structures hat been undertaken. Dicthyl
cster of glutamic acld was the only compound investigated, that coald be
administered intravenomly The local, dnodenal emetic dose of that agent
was 02 ml tn ono dog (180) whereas increasing the intravenous daso to 1.2
ml (X 6) did not produce any sign of retching or emests, This strongly
supports the interpretation of a Jocal emetic action in the duodermm of s
group of agents but does not excludo the posdbility of an additlonal central
emetic action. A Jocal, emetic action s also favoured by the finding that the
cffoct i blocked by local anacsthesia (table 6) and by atropine locally wherces
parcnteral atroplne has mnch less blocking effect.

Only tmall differences of the threshold doss of the varfons esters caosing
emexs were observed. Dicthyl-ester of glutamic acid wne the only ester bav-
lnglcunﬁdﬂ'nblybﬂﬂnuholdthm—ﬂ-l—OJml—lgﬂnﬂZJmlbﬂhﬂ
other esters.

“Thers was oo obviom differencs of the emetlc effect of the estery and of
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the comrespooding hydrochlorides. This docs not mean, bowever that the
latter compound may be the causative agent as e rapid diwoclatian of the
molecnle also occurs after application of the hydrochlonds directly in the
doodentm,

A local emetic action ls apparcntly not umique for esters of amino scids
since enters of some corrasponding carboxylke acids did show the same
In sltu meamrements of stomach pH revealed that the esters cause a mpid
decrease of gastric acidity and could be regerded a5 potent antacids, but the
emetic side effect prevents their usc for peactical purposes. Besides this the
neutralizing effect did not Last more than 20-45 mirutes.

Gastric acid secretion was not stimulated daring stomsch or doodenal
sdministration of the esters tn amounts caming emesis. On the other hand,
perfusion of the Isolated, inuervated amtrum pouch in two dogs cleary
stimulated scid output from the Innervated or denervated fundic pouch. The
latter finding may Indicato an action through release of the antral stimmulatory
hormoge, gastiin. To mimic physological conditions these perfuvions were
performed at & rather Jow pH. In other series of experiments It has been
shown that some alcohols (WooDwarD ¢f af 1957 ELwiN 1969) e well &
some amino ackds (Erwin & Uvds 1966) stimalate gastric acld secretton
through sctivation of the antral gastrin mechenttm. According to the present
findings the effect on the sntral mechanism of esters of amino acidy iy nuch
less pronounced than the effect of & corresponding stimulating akeobal and

about equal to the effect of a corresponding stimulating amino acld st the pH
used.

Acknowledgement

This research was supported by grants from the Swedish Medical Research
Council (No. B 67 14x-98-03) and from Karolinska Institutet.

REFERENCES

Andermon, 8. & CE. Elwta: Tbo emetke sction { exters of sone amino ackis. Acse
physiol scend. 1957 42, Sappl. 148,

Burgav, K. P O Chandrs & D. R Verms: The mechasbam of the emetic action of

Efwin. C-E. & B. Uvmds: Distribation and bocal rekease of gatrin. UCLA Forusy Med.
Scl. 1964, 5 582

Efwin, C. E. Stinmulstion of gustric scid
allphatic

secretion by ot the aotren with some
Akcohols. Acts physiol, scand. 1963 13 1-11

P



176 CARL-ERIC ELWIN

Gold, H Mch. Cattell, W Modell, T Greiner & R. Guovare. Local emctic activiy
of glycouides of the digltalls serics, J Pharmecol. 1950, 98, 337345

Urcds, B, S. Andermon, C. E. Elwin & A. Malm: The influence of exchmlon of te
antra~duodenum pasdage 0o HCO seeretion tn Pavloy pouch dogs. Gotromarsd
oy 1956, W 790-804.

Wang, S. C. & H L Borison Copper sulphate croesty stndy of sfferent pathways from
pastrointestingl tract. Am, J Physol. 1951, 164 520-526

Wang, 8 C. & H. L. Borkon. A new concept of organtmtion of the ceatral emetic
mechanism. recent Rodies on the sltes of action of apomarphine, copper wifats
and cardiac glycoskles. Gast oemterology 1952, 22, 1-12.

Wolf, S. & H. G Wolff Action of drugs asd varfous chemfcal syests on tho pstrkc
mocose and gastric function In man. N ¥ Sate J Med 1946, 46, 2509-2512
Woll 8- Studies oo namses, effects of ipecac and otber cmetics on human stmech

and doodenum. Gestroenterology 1949 11, 212-218.
¥ 4, E R, C. Rob HR &R Alcobol a3 8 gk
sccretory stimolant. Gastroemserviogy 1957 32, T21-737




Acta pharmacol. ¢t toxicol. 1970, 28 177-183

From the [ndostrial Taxicology Resoarch Ceatry, Lucknow Indla

Experimental Prodoction of Early Braln Leslons in
Rats by Parenteral Administration of Manganese Chloride

By

Satyn V Chunirs sad 8. P Srivastavy
(Recotred Angost 18, 1965)

AwAmm&mmmmnﬂymlmhmwh
duty

Pﬂ'hdu“wﬂlnwatthnhdul:nmIm&npu{wmduvmlmmh
showed scatiorsd neurooal degeneration fn the tercheal and cervbellar corfer &t

tion fu tho bralu ahwo thowsd  significant tecressc. The extant of the brafn
leslony was directly relatsd to the amount of mangaocss in tho brain thme
which Incrossed with time.

Key-words Brain - teain lofury acete - mangariess.

Excentyo manganess in the human body Is known to caunse degeneration
of the basal ganglla of the beain (CANAVAN e1 al. 1934) It has also been
extablished that manganese coters the body mainly vis the pulmonary routs
sod produces Jetiony in the extrapyramidal system, the bass of the brain
and the upper part of the spinal coed (WHITLOCK et af. 1966) The davelopment
of braln lesions snd the h P for their production b not
andenstood. This experiment was undertaken {n the rat bn order to study
cardy brain lesions prodoced by manganese and the relation betwsen the

and the & P and severity of the pathojog-
kel lesiom.

Materialy and Methods

Ninety male albino rats of LT R C. colony (srerags weight 150) wers reared under
nonmal laborilory conditions and fed u stock dht which contaboed only emall traces of
Tamganese. The kaimls were divided into two groom. Group 1 comisted of 30 control
animaly into which 0.5 m! distlted water wes tnjected and group 1T comsied of sixty
safrmaly (oto which mungapee chiords in squeoms solotion (8 mg/ly) was [nfected
latrapertioneally dally for 180 daye Sc anlmbs from prowp I and 24 snimall from
¥roup I died diting the course of the axperiment; the cames of their dexth bowwer
0 Ach phermassloyion, vl I3, bree. 3
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rosults of dead animals up 10 120 and 180 dayd have been pooled whh the ressi of
animals oxcrificed at 120 and 180 days respectively

To determine the mumber of deperated neurom in the braln cortex, nervs cell
coumts wers performed by the following method.

A paper dlaphragm with a circular cot about 4 oon fn Esmeter b the centre was
Inacrted in & pumber 10 eys plece. Sectiont were put under magnification X 40, aod
1000 degeneruted and porma) neurom were commted from oes to the other xido of te
cortex, In the sams way s in differential white cell counts. Tha sverage nombers of
deguntratod nemron were calenlated from esch groap, Counts wers performed ot
differoat periods of the experhnent 10 both groups.

Results

Pathologicat findings
Macroscopic. The meninges were smooth and shining besal vessels aod

cranisl nerves were normal in ail the animals i groups I and L. No gros
pathologleal change was observed in the brain and spmal cord of growp [
antmab In group IT no grom pathological changes wers seen in the brain and
spinal cord up to 120 days at 150 and 180 days, the brain appearsd pakr
than pormal,

Microscopic Sections of the braln from group I antmals did not roweal
any pathological change {fig. 1) In group IT (manganess chloride injection)
sections of beain did not reveal any pathological changs up to 90 days. At
120 days scattered neurnnal degeneration ln the cerebellar and cerchrl
cortex was scen. Nisl gramules were abaent in these cells. A fow oligodes-
droglia appeared to be swollen. The blood vessels did not show any aboor
mality except a mild congestion in ope mt. The ventricular ependyma and
chorold plexm were pormal n sppearasce whils the white matter was found
o bo normal and the myelin stain revealed normal structure. Sectioos from
the brain at 150 days showed vecoolatod narve cells In the cersbral and
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cerebellar cortex, and degenerative changes in the form of chromatodyths, the
Backy worn ghnimken and in soms cases pyknotic. No myelin sheath degener
ion was obaerved. Thers was swelling of the oligodendroglia. The menloges,
ventricular ependyma, choroid plexus and biood vesscls did not reveal any

Sectlons from the brain at 180 days showed a fairly large num-
ber of degenerated neurony seattered in the cortex. In some of thess cells
Nl granules wore abeent and the cytoplasm was palo and vacoolated, the
Totlens fn degenerated nenrons was shnumken and pyknotic and in some
Sases had completely disappeared. There was marked swelling of the ollgo-
dendroglin (fig. 2) The basal ganglia did not reveal any pathological change,
No myrlin sbeath degeneration was noted. The meninges, ventricnlar cpend-
yma, chorodd plexos and blood vessels appeared to be pormal.

The nerve cell count at varjoos intervals thowed that the percentage of
degenerated neurons In the animals of group I was 54 and In group 1T this
w1 almost the same &3 in group I up to 90 days thereafter it Increased (o
173 at 120 days, 319 at 150 deys and 43 3 at 180 days (table 1) This
lndhnmlhndemmhkdommdnbrulndmmmmmm(
at 120 days and tho scverity increases with time thos confirming the micro-
scopie findmpgs of maximom Jesions i the brain at 180 days.

-
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Manganese concentration In brain (mg|g dry welght of brain tistue)
Tho reyults on the manganess cantent In the braims of both the groaps are
shown in tabjo 2. The sverage manganese contemt wn bralns of ankmal o

Table 1
Averags number of degenerated necrons lu the cortax of brain o comtrol and
manganess mjectsd rats

l Coatrol ( Mangansss Infected rars
Dayx
Nearons — _—
[\ k] -] %0 120 10 180
Degenerated 5 54 n 50 17 s M
Normal 6 M§ M7 90 s e 57
1q “@ @ O] “ ) @
Percent 34 54 53 s 173 s 42
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Table 2
Munganem content fn brain of cootrol xod manganeso infocted At
Countrol Mangsneso hnjocted rats
Muasganers mgfy
dry weight of
braln these ] 60 days 120 days 180 days
Mean valo +
SEM — 2253402190 3784102445 4863101378 6849101502
m ©} © )]
Statetical slgni-
Oeance of the
difference -
1. from control - Significant Highly Highly
P<ons significant significant
P<o001 P <001
2. from 60 days - - Not Highty
significant dgoificant
P00
3. from 120 damy - - Significant
P<LO0S

Figures ha brackots imdicate oumber of andmal

group [ was 2.2530 in thc animals of groop IT up to 60 days this was 3 7844
up to 120 days 4 B636 and up to 180 days 6.849 Statistical analysis showed
that the difference fn manganeso content between the control and the ex
perimental group up to 120 and 180 days Is highly stynificant while it bs jost
aigmificant st 60 days.

On comparing the number of degenerated neurons and the amount of
mangancie content it appears that the severity of letlons is doectly related
whmmmmmmthn\n:h.&l%dapwbmmhmpb
leslons are seen In the brain, the amoust of mangancse is 4 86 which ks highty

6.84 my/g dry welght of braln thsoe.

Dhscassion

early histological changes in the human brain due to menganess
e not known. The reports avallable are only of advanced
casxcs where the cond! fes Parkinsonim (CAMAVAN er ol 1934

P
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PARNTTZKE & PRIFFIR 1954) KiRcmEr ef ol (1960) studied the electrocace
phalographic pattern in patients with mangancse poltoning and obsarved
that the lestons were more numerous in the frontal lobes than in the basal
ganglia or the cerebellum. Further it has alto been observed that in maop-
nese toxicity (RODIER1955) there i a perfod of mental excitement in human
sublects before the sctual manifestations of lesiont in the extrapyramidal
system How far these changes are related to carly lesioas is not koown. In
the present experiment it has been possible to produce Jestons in the cerebral
and the cerebellar cortex due to manganese toxiclty in which the extra
pyramidal system seems to escape injury

The lesions of the basal ganglla in experimental animaky prodoced by
MEuA(1924)nndescrEwuaL(l%B)mdtheclieﬁmpmdnmd
by SaxanA (1967) In our y did not & ato sy rck
between the amount of manganess present and the severity of lesons bn the
brain. The present experiments however have demonstrated that the maxd-
mum number of degenerated nourons are present when the amount of mangs-
nese (n the bral 13 at a maximum, thus indicating that the extent of damage
to the braln cells Is directly related to the amount of manganess peesent in
the brain. The pefod up to 120 days appears to be a threshold for the
appearance of micToscopic Jesions. It Is possibie that very early pathological
chmpmnybepruemwh}chcanmtbcdcmdbyu;mmhmmpya
that initlalty mang P hemical disturbances rather than visibie
stroctural cheoges.

The present expermment supports the hypotbesh that in experimental sot-
mah damage to the brain cells can be caused directly by solubls manganese.
It remains to be determined whether manganese has a direct toxic effect an
the brain tsne or whether excess manganese In the blood conjugates with
protein molecules to form a toxie compound which s responalble for cansing
damage to brain cells, This requires further tnvestigation. In a case of hepato-
lenticnlar degeneratlon, however an abnormal protein in the liver was de
monstrated which had an abpormally high copper binding property (Cusmas
1959) The posaiblity of a vascular pathogenens (STADLER 1936) b abo
ruikd out as the blood vetsels in our cxperiment did not show any aboor

mality
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The Blood Pressare Response Following Anglotensin in
Nephrectomlzed, Urethantred Rats
By

Annette Skinks]
(Recwived October 21, 1969)

£

Abstract. The iocresse {n blood prewsurs b short lasting fn normal by
supramaximal repeated doses of anglotersin and long lasting in
nty araesthetized with orethane. Twenty minute after tho admintstration
1575 pg per iy byperteoein® Intravenowaly durieg 73 min. the incresse

i

blood presrure in 4 antmah 4-7 hoary peevk was 7% 1mmHg
and fn 6 wnimaly 18-24 hours viowsty was 1312 mmHg
No proloaged cffect on the blood preesre was sotn i enimels nephrectomired
30-45 min ot ln a1sobar

premre and the prodoction of & prolocgoed rise ia blood premure.
Key-wonds, Anglotonsin — blood presuro - pephrectomy — mrsthana.

Many investigators have observed different blood presmure curves following
jyreun injections into norma! and nephrectomired animals. In the latler &
higher peak peessure and a more profonged doration of the rise in blood
pressure is seen (TIGERSTEDT & BERGMAN 1898) This cffect it found in
different specres and seen both In consciots and anacsthetired animals.

In contrast to the general agrecment about the effect of renin njectiom,
thers 1t some disagrecment in the literature aboat the effect of pephrectomy
on changes In blood pressure after angs in Ijecth Some vesth
have found an increased peak pressurc following a singla infection of angic-
wnﬂnhmmphrmhedmhnnk(?m&HmlMMml
PAGE 1954 Gross& Sursex 1956) On the other hand Braguirz ef o, (1962)
and Brvo & Maarr (1963) failed to find such an jncrease.

In xddition o tho effect on the peak pressre GABELMAR & RoNDELL (1966)
dmﬂxdn;xnlmgadﬂsnlnb{oodpmmbﬂowhgm;lmmﬂnin)wduﬂ
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in neph d mts hetired with wreth The prolongation was
lbamthdnmopemfrdmimnhbutnﬂlfoundmwmbbbchdc-
The effect was showm not 0 bo doe to a delayed elimination of angiotensin
from the clrculating Bood.

The purpase of the present work was to fnvestigate the mechanbsm of this
long lasting effect of angiotensin.

Mathods

Whito uk and female rats weighing 170-250 g from different commerchal sources
were psed at andom, The ruts ware ansesthetired with urcthans 175 g per ky saben-
tancously or with an initia] dose of 125 mg per kg amobarbital

poted. The sumih waro allowed fres access to food and water In experiments started
ke than 45 min. after the pephrectonry the apimals were opwrated wpon wnder
urethane or smobarbital smacytbesla.

Genglk Slocede. b NFN) bitartrate 10 mg per kg (an-
wiysen®) wir mpected Entramscnlarly 3945 min befors the etperiment.
Adrenerpeg-blockeds NFN) 1 mg pir kg (bloca-

If the effect ou the blood presswrs of tntravenons injection af 50 ng noradresaling wes
not aimost sboliched 60 min. after the second dose, & 1hird dose was ghven.

. In injections, . NEN) dimalved 1o 09 %
NaQQ solirtwon in concestrations ranging from 1 kg per m! to 5 pg per ml was infected
wih 0.3 ol taberculin wyri e a2 follows: 10 X 10 pl Infected at 10 sec. intervals plos
10X 10 ! Wjected at 15 sev. intervals plos 10 % 10 i fojected at 20 scc. Intervals, the
total period of iajections thus lastieg 440 sec.

Noredremaline ix,

joctions. bitartrale dimolved ln 09 X NeQl solution
cottainng 10 pg porsdremaline bese per m! wam Infectsd a3 follows 10X 10 ul at

3 scv. briervals plos 30 X 10 pl dwjected at 10 sec. intervahs, the total period of tsfoc
tona Lasitng 350 sec.

Resalts

Unoperated rats injected with anglotensin fn a total amount of 075 to
1.5 pg during 7.3 min. showed a rapid rise in blood pressure followed by 2
slow decremse 23 the injection rate was diminished. Less than 5 min. after
the last Injecon the blood pressure had returned to the pre-infection level
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160-
140
120
100

H;LTMHoodmcwnM;Mnﬁondthnbbodmdﬂ

The mt & 18 howrs before the et
mmwmmmmmmmmmm
injection of angiotemin in a concentration of 5 pg per ml.

Table 1
Blood presore effects of angl in urethane s,
B.P Incresse
Number of Intttal B. P Max. B.P ~0 mio. after let
Treatment anbmaly mmHg, incresss mmHg, angiotenstn i)
mesnt S E M. moant S E M mmHg
mesn 28 E M.
Untrested controls 3 1009 .o 4.7 0o
Comtrols, gungliomc
l blockade 2 L) 51 5 —6 4
23043 min. pephrect. 4 L 14 L4 —4%2
4-7 hrs nephrect. 3 10118 ss5t4 T%1
18-24 brs nephrect. 6 92411 D6 JLE ]
18-24 hrs pephract. -+
sanglionko blockade 2 55 64 s M 16 16
18-24 hrs pephrect. +
ndr -a-blockeds 5 a8t 40t 4 0o
18-24 by pephrect. +
adrenalect. 5 (L) +1 6815 00

If only two animals are uacd the data for oach singl animal are ghven
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Table 2
Blood prewrmre effects of angioterin {n amobarbital snaesthetlred rats.

B.P Incressa
Nomberor  [=itll B.P Max. BLP 20 minafier last

Treatment wntmaly mmHg, Incresss mmHg, angotensin in}
mean t 8 B3 meaniS. E ML mmHg,

meant 8 B RL

Untreated cootrol 2 14 130 o M - -2
18-24 bry nephrect. 5 sets 516 -21£2

If omly two animals are oeed the data for cach animsl sre given

(table 1) Supramaximal doses wers med, and the peak pressure dunng the
injections was independent of the infected dose. Ganglionic blockwde did not
alter the tims coune of the blood pressure curve, and no difference was ob-
served between antmals sneesthetized with amobarbital or nrothans (table
1&2).

Rats bllaterally nephrectomized 3045 min. before the adminbtration of
angiotendin thowed the came pattern as normal rats.

160
140

s

FbLTyﬁn]meth;dehﬂmdm

Incresse atrer 1n this with

vehene sod Iy l!h’lbdmthﬂm

mnihmhﬂnmhﬂmmdﬂnhﬂh]rﬂimo{mﬁamdnh.m
centratlon of 5 pg per ml.
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Inttial Blood Pressure mm Hg
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Animah Injected with anglotenain 4-7 bours after the nephrectomy and
snaesthetized with urcthape showed a small incresse in the blood pressure

Ievel after the angx Injectit had been d inoed, and in s
nephrectomized 18-24 houn previomly and ansesthetizred with urcthane, the
Hood td distinetly | 4 throughout the observation

period L ¢, 20 min. after the last injection (fig. 1)

The prolongaton wis mdependent of the time of exposure to urethane
which vaned between 1 and 4 hourn If the total amount of angiotentln in-
fected was less than 0.3 pg no significant prolongation was scen, but after
larger doses o carrelation between the infected dose and the blood pressare
Jevel 20 min. after discontinoation of the Injections conld be observed

Treatment with ganglon Bocking agents did not prevent the prolongation.

1f the adrenabs were removed with the kidneys the prokanged blood pres-
suro increass wus complotely provented (fig. 2) The samo effect was ob-
fained with adrenergic-a-blocking agents (tabie 1)

When nocadrenaline was injected in doses giving the same peak pressure
2 the anpokasin injections, no prolonged effect fn bood pressure was seen
{n nephrectomized mu

Rats nephrectomuzed 18-.4 hours previowly and ansssthetized with
lmoburblulm]cdmlhvwmypu‘rbu:nbbodpmmtlnﬂtuewbcnb-
Jected with angiotenan in the same doags as nsed above (table 2)

No correlation could bo seon between the inttlal blood pressure and the

presence of a projonged Incremse In blood ure after anglotemsin tn-
fectiom (Ag. 3) e

Disconston

uTTprd;npdlnumohbbodptmofmphmtnmmdnumr
) {n, & by GaseanaN & Rovoeii (1966) s
mamnmmmmmmmwmmm&mm
peniist when angiotemin could no longer be detected In the blood, 1o that
t}ndiﬁermcahetmnomnlmdnq:hmaumhdmimghmulduotbc
duo (o a deluyed disapp of ok in from the ciregl!
Inummhmmphdthnbhodmmh
umtndwdmmmghmmorm}wadmmm
o-Tepiot sites. The present results from tho experiments with animals

mmwlmpnﬁmbhckhgwmmnumumewmxu&
RowbeLs, and show that the prolonged effect of is Independ

mmwmzmmudmwmm
nephncmmn:dmwuﬂdhmnundlngo{mh}mtdlﬂziﬁmmm
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the receptor sites and thereby protect it from destruction cannot be Ignared,
but & direct vascular action of angiotemsin i unlikely since the profonged
rhe in blood preysure bs abolished by adrenergic a blocking ageaty, suggesting
that the catecholamines are imvolved. An action wia the catecholamines ro-
Ieased from the adrenal medulla s quite lkely »s animals both nephrectom-
mdandldrvm}eatommdd.omtlhwmypmlnnpﬁm.Angmmdnh
known to cause an output of hol line from the
adrenals In animals InnnCrmm&Cmsm:—Fm(l%S),nﬂngpu
taslon of isolated adrenals, found an increased catecholamine level in the
outflow after addition of angiotemin to the perfusion fluid, In vivo the effect
on the adrenal medolla has been shown in cats (FELDerRG & LEwms 1964
LEWIS & REIT 1966 STASZEWSKA BARCYAX & VANE 1967) in dogs (STAszZEW
SKA BARCYAK & VANE 1967 PeacH et al. 1966), and in guinea pigx (Pree &
VANE 1967) In cats and dogs the increased blood level of cacholamines
could only be scen during the first 520 min. of a continuous infosion of
anglotensin (STASZEWSKA Bancyax & VANE 1967 PEACH ef ol. 1966) and v
similar release was found after a renin Injection lnto a nephrectomized cat by
Feroerwa & Lewrs (1965). As the catecholamine releass was etill found
after hexamethonlum treatment, Friperg & Lewrs (1965) sscrbed the
effect to a direct action of angiotemsin, not invoiving scetylcholine. In the
present work the prolonged rise in blood pressure after angiotensin injectiom
fs secn oaly in urcthane ansesthetized rats. It could be expected that the
effect would also be present in the animals anaesthetired with amobarbital,
a3 n barbitnrate (pentobarbital) (mebumatum NFN) was msed as ansesthetic
in some of tho experiments cited above. On the other hand, a quantitative
comparison between the release after the different anacsthetics has not been
performed.
Sericas (1965) showed in rats that urethans affects the catecholamioe
mmhmmﬂmmmmdmmmmmhuh,bmmtmﬂ
barbital o p barbrtal ( tam NEN), be foand a decresss i
ﬂnmntcntof:uechdlmtnulnlhcldmkmdmmmdnhwt
1t the prolonged anglotenain jnduced blood pressure riss n nephrectomized

rats i comsed by h ines from the ad ls, it must be doe to M
altered releass since no projongation of the blood pressure rise has bt
scen after infections of adrenaline or porad ine (GABLLMAN & RompeLL

1966 and the present work) into nephrectomired rats. Hence the disappes-
rence rate af catecholamines from the circulating blood b not altered by

nephrectomy

Acknowledgement
1 would like to thank Alfred Benron A/S for kindly supplying blocadren®



ANGIOTENSIN EFFECT ON BLOOD PRESSURE 191

REFERENCES

Bixg, J & F Maglll. Potesthation of semdtivity to renin in bormal rats by cross circuls
thon with Actx path. blol reand, 1963 59 485400,

Blaquler P 8 W Hoobler ] Schrocder A Gomez & T hreulem. Effect of bilateral

00 pressor responss to rentn. dmter J Physol 1962, 203 339-M3.

Cralon, G. & A. Crawon-Fosdoe Action el de I chez 1o
it C. R. Soc. Blol, 1963 157 1830-1332

Feldberg, W & G. P Lewir: The action of peptides on tho sdrenal medalla. Releass
of sdrenafine by bradylint and aegiotemsin. J Physol (Lood) 1964 171, 98-108.

Feidbarg, W & G. P Lewhx: Furtber sodics on the effscts of pepiides on the saprx
renal mwednlla of cate. J Phyriol. (Lond.) 1965, 178, 239-251

Gubalman, . H. & P A. Rondell. Protracted premoc response to angiotensin after
bilateral peplrectomy in ratx. Clrew! Rex. 1966, 18 705713

Grom, F & F Saber Wirkungyverstiromg von Ramln und Nierenextrakt an der nieren-
losen Ratte. Naarrpn-Schndedebergs Arch. exp Patk. Pharmacol. 1956, 119 338~
M7

Lewis, 0. P & E Rt Prrthar sisilcs on the actions of peptidss on the superior
cervical panglion and the eeprarcoal medulla. Brir, 7 PAarmecol. 1966, 26 444-460.

McCobbia, ] W & L H. Pager Ramal [nhibition of pressor respanses to druge Clrewd
Rez 1954 2, 3340,

Page, L H. & O. M. Helmer A ctlvator rentn and inhibltor and
the of ch In noroml, and nephres
$omized animly. 7 erp. Med. 1940, 71, 455-519

Peach, M.J W H.Clloe & D T Watts. Relewss of adremal catecholamines by anglo-
teaudn 2. Clrenl. Res. 1966, 19 571 575

Piper P I & T R Vanc: The amay of catecholamines rebeased Into the cireulation of
the primcsplg by axgiotensin. 7 Physiol. (Load) 1967 183 20-21.

Spriges, T L B The effects of sneesthesia {nduced by trethans or phenobarbitone
®pon distribution of periphwral Catecholamines tn ibe rat Briz. 7 Pharmecol. 1965
3 7578

Sagewila-Barcyal, ] & ] R. Vanc: The releass of catecholamines froa the adrenal
medalla by peptides. Brir J PAsrmacol 1967 3 655667

Tigerstedt, R. & P G Bergman, Niero und Kreltunf Skand Arch Phydel. 1898, 3
2L




190 ANNETTE SKINH2J

the receptor aites and thereby protect it from destruction cannot be Ignared,
but a direct vascular action of angiotensin is unbikely since the prolonged
riss in blood pressurs bs abolished by adrenergic o-blocking agents, xuggpesting
that the catecholamines are imvolved. An action via the catecholammes re-
leased from the adrenal medulla is quits likely as animals both nephrectam-
lmdnndadmnnlcctomlzeddomt:hovmypnﬂonpﬁou.Angbtmdnh
known to cause an output of hol drenaline from the
adrenals n animals mmCm~&Cm+Fm(l963)mw
fuston of isolated adrenals, found an incressed catecholamine kovel in the
outflow after addition of anglotensin to the perfusion flukd. In vivo the effect
on the adrenal medalla has been shown in cats (FELpeeRa & Lewrs 1964
LEwiS& REIT 1966 STASZEWSXA BARCYAK & VANE 1967) in dogs (STaszEW-
SKA-BARCYAK & VANE 1967 PracH ef al. 1966) and in guinea pp (Prrem &
VANE 1967) In cats and dogs the increased blood level of catecholaminet
could only be scen durlng the fint 520 min. of a contimons infusion of
angiotenyln (STASZEWSKA-BARCYAK & VAME 1967 Prach ef ol 1966) and &
amilar release was found after 2 reain injection into a nephrectomized cat by
FeLpserg & LEwrs (1965) As tho catecholaming relesse was still found
mmmmmmgm&mmmmﬂhddr
effect to a direct action of anglotensh holine. In the
prmtmrkthcptdongedmnlnuoodmm:rmﬂocmdnw
is scen only in urethane ansesthetieed ruts. It could be cxpected that the
effect would also be present in the animals anaesthetized with amobarbital,
as & barbiturate (pentobarbital) (mebumalum NFN) was used a3 ansesthetic
in some of the experiments clited above. On the other hand, & quantimtive
comperiton between the release afier the different anaesthetics has not been
performed,
Serioas (1965) showed In mis that urethane affects the catecholemine
tmmb\nmgﬂrﬂ:nmmhom‘dmthmmmb&,bmmlﬂﬂ
bital or phenobarbital (ph fam NFN) he found e decres in
mccmtmtdmdn{mlmmmoldmh-ndmhnmmth:m
If the prolonged angiotensin induced blood presyaro rise in nephrectomized

rats is caused by h incs from tho adrenals, it must bo doe © &2
llhedrdmulhnompmbupﬂmddnbbodmrhehﬂb@
seen after infectl of Hine or normd Tine (GARPLMAN & RONDELL
1966 and the preseat work) Into nephrectomized rats. Heoco the disappet
renco rate of holamines from the eirculating blood Is not alsered by
nephrectonry
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tubolar mechankms I the mouse. The significant uptake of decametho-
niumlnthoﬂvumdﬂdnnydmhoalmrdsedunqmﬁmwhclhﬂr
these organs would take up d i by qual 1
processes.

The object of the present study* was to examine more dosely the in vitro
pake of WC-decamethonium in the mouse Kdncy with particular reference
to the Influence of the duration of Incubation and the external decamethonfum
concentration on the uptake. Experiments were cartled out under varous
metabolic conditions to decide whether the uptaks required encrgy It was
funhcrinvesﬁ;a:ed.whemuthcuptnkcwuinﬂummdbylh:ptmnof
other bl and q nary {dered a3 poten
ﬁallnhfﬁianbepnxdbiﬂtyufmmboﬂcmﬂmmlthnut“C—dommc
thoniom was Investigated by the method of paper chromatography (Braex
CisTeresEn & Hotwr 1969) For the sake of compamson with 1C-deca-
methonrum, the renal uptake of HC-hexametbontum was sl studied.

Y

{(specific acthty 209 mci/mM) and HCocrose (specific sctlvity 309 pel/mg) wers
obtained from the Rudsochemical Centre, Amersham, England. 14C-methyl-berams-
hoatum dichlorkde (specific acthvity 135 mei/mM) was provided by the New England
Noclesr Corp, Boston, U £ AL
The following wers 4 h eide (ryo-
WU)MWWWWMWWM&&.
Hevumethonism dibromide was received from Mry & Baker Lid. Tetreethylammondnm
bromids way spplled by Bie & Berntsen, Denmark and Nimethylolcotmemids by
Sizme. S Louts, U 5. A In additlon 2.4 (u)-dinttrophenc] and lodoucetic ackd (both
i;-;)auudm Garmary) s well 23 ombain (Injectabils gtropbanthini, Ph. Nord.
were owed.

Preperetion of dices.

Two hundred aod sixty-two mals albimo mke (NMRI), rangl § In welght from
23-X2 g were decapitated and Mbd. The kideeys ware quickly remeved, decapralated
wod placed on fifter paper held firmly betwesa two pleces of frosed glam. Two or

of freshly prepared sll @ placed oa“fler paper The combined afice and paper wes
timmed ¢ square shipe and ¢ dghed The pecific gravity of the Lidosy tmis wes
coesldered to be omity asd 1-bu-cﬂo-dlha'd;htau.bcmw’}:_pgm
1
o
mammmw‘ummmm
Gltsborg 1964

13 Acs phrmmestagive, vel. 73, tae 3
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thickness coald be calculated from the ares and the volume. The cakulated thicknem
damm&mwm(mammhmﬂ:ﬂ:wdﬂu
tisno to retract indicates that these values are probably too high.

Incubaiton procedur

Slices from the mme animal, generally 10~12 weighing about 200 myg, were placed
in » test tubs and stored for po more than ooe hour Each test tubs coatained 20 ml
fcerold Krebs-Ringer bicarboeate solution, In which the slices wers allowed to circalste
freety The mlt solution, which had the following composition, meq/l. Na 14 K*
47, Cat 30 Mg 24 (T 130 HCO3~ 25 HpPO;— 12, contained gincoss (2 g/
Incubations were carried out by shaking (60 oscillationi/min) the test tubes at 37° and
babbling & 595 mictors of either carbon dioxide-ovygen or carbon diovide-nitrogen
throagh the medinm.

The pH of the salt solntion serated with efther mixtare was 74 2t determined (5 o3
poriments) by u pH meter (model 27 Radlomater Copenhagen). The alices were pre-
Ipcobated for 10 mbmetes previous 1o the addition of 14C-decamctbontm or 14C

Analytical methods.

smmpler The ratio between countimg rates recorded from each palr of mmphs wst
1004001 (the mean+ S E. M. of values from 41 evperiments) incicating that the
two types of eamples were cotinted with the same efficiency The recovery of kaown
 shnounts of HC-decamethonmm sdded to blenk medium and tame epocimens, »hich
were then sabjectod to the standard procedure, coastitnted 1028 + 1.7 X in the medom
ramples and 1084 £17 X in the tsenp samples (mean 8. E M of valpes from 6
experiments).

The results were exproased a3 & dico-to-medinm (S/M) concentration ratio of #C
calculated ax radiosctivity per g alice (wet weight)/rdloactivity per ml medhan. In
soms cxperimants the optake of HC-decamethonim by the kidnay alices (umol per I
tisenc) wae calculated from the S/M ratio and tbe HC-decamotbonnum concentration o
the mefizm (umol per | medium). Ax the volnme of the medimm was sbout bundred
timea larger than that af the slices the external HCconcentratfon could be conedered
o practically coostant durng the {ncubation period.

mummﬂmmmwdmﬂummmm
swalled or lost solid matter choring iocubation. The tofel content of thwoe water which
was determined by drying the tioe a1 105 for 24 hours, was cxpromed oy por o6t
dmmmmmmormymmummnuuz wheress
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that of sfices incubated werobically for oo hour was 0.0 Q.7 X (rean vatnes + 8 E M.
from 6 experiments) The difsrence betwesn the two mean valses bs significant
(P <003

(8.:1.3). B, pyridine, n-butanol, water (3.2.3).

Results

Devamethorium wptake and duration of incubation.

Flg. 1 shows the relationship between the uptake (S/M coacentration
ratio} of 1C-decamethantum (1 8 wM) by mowse kidney slices and the dura-
tion of incubatlon. The upper carve represents the uptake {n an atmosphere

=3
=
2
H
-
[ ]
» © 0w m w %
tne i rmanutes
gl uc-d:c-mham:nmk.b,mmudnqmcummym(@uwu(o)
mdmmcmmmmwmumm..
1.8 pM b all experfments. The circles represost mean vdnu‘ﬂhs.l’_ll.(nrﬂa]
bers) and figperes In brackets Indicate pamber of cxperiments,

w

-~ TR
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10-
(5)
£
4 oS
F 5) 18
80 120
time In mimates
I-‘l..zlic-htumnhom‘um nwhbymmkﬂn:yn&culnux’m(o)um‘m(.)
The bs plotted agalost
duration of 1 th of the medhum was

Mpl{mmupcrlmunedrdﬂmtmmnlwvﬂhlﬁ.ﬂ.(vﬂﬂnl
bar) and fignres in brackets {odicats number of experiments.

of oxygen and shows that the S/M ratlo which approximates 9 after ane
hour continues to increase almost lincarly dormg three hours of Incubation.
The lower curve representing the uptake 1n an atmosphere of nitrogen shows
that the S/M ratio reaches & constant vatus of about one, within half an hour
The sizo of the extracellular space of the slices was estimated by determmm-
tng the S/M concentration ratio (one boar of Incubation) of “C-sucroso
1.2 uM), which was 052 + 001 in oxygen and 0.59 + 001 in an atmo-
sphers of nltrogen (mean valnes + S. E.M. from aix experiments). The
difference between the two mean values s significant (P << 0 01).

Hexamethonlurm uptake and duration of incubation.
The curvo {n fig. 2 shows the relatonship between S/M coocentration
ratio and duration of incubation. Kidncy slices were fmcubated with 2.0 iM

tC-hexamethonfum in sn atmosphero of oxypem It is scen from the coune
of the curve that the S/M ratio which attained a value of 0.7-0.8 after ont

hour of incubation, fncressed slowly with ime appraximating to ity afier
twoh)umlummmrpbcmuiniu-opndnsmnﬁomo.smmhwr
of incubation.
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Decamethonturn uptake and external concentration.

Fig. 3 sthows the relatiomhip between the decamethoniom uptaks (wmol/kg
thrsus) ) after ane hour of incubetion and the of 14C-d
thontum in the medinm. The upper curve represents the uptake In an atmo-
sphere of oxygen, while the uptake In nitrogen fs represented by the lower
curve It Is seen that the uptaks under b ditions s practically
directly proporthonal to the external concentration, whereas this ks not the
case under aerobic conditions. Thus, the acrobic uptake seems to consist of
at least two components, Le. ons that becomes saturated with incressing
decamethonium concentration in the medinm and oae that is Hoear with the
cxternal concentration,

§

(e bg el
§

EgE:ﬁETPmlJéLPTNG

Co] oo o

DECAHETHOMUM CONC B4 HEDIM (184
Fig. 3. Relatonship between the wptake of HC-decamethosium (umolky tewse) by
mouso kidaey efices (incubation perfod one hour) and the concentrutioa of decame-
thonkurs ta medium, The Tptake was determined tn both otygen (O) and chtrowen (@)
stmoapbera. Each polnt b the mean of valoes from $-12 experimests. The

bers judicats 5. B ML

The uptale wis cakcnlated from the &/M ratio and the concenfration (kM) of
WC-decamethontrm in the wedirm,
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The infl of bolk ditlons on the uptake of decamethonhum.

The S/M concentration ratio (Incubetion period one hour) of #C-decame-
thonium (1 8 uM) was determined fn an atmosphere of oxygen under varios
metabolic conditions.

Trble 1 shows that the S/M ratio of decamethonium Is depressed by about
85 / in the presencs of 500 M 2,4-dinftrophenal or 1000 uM jod
whereas 1t is not affected by ouabam (10 uM) The S/M ratio was redrced by
82 / when incubations were carrled out at 24

The Infls of q y I npoiinds on the uptake of decame
thonfum

The S/M concentration ratio (Incubation period one hour) of HC-decame-
thonium (1 8 M or 18 pM) was determined in an atmosphere of oxygen In
the presence of variows quaternary ammonium compounds.

It is seen in table 2 that the /M ratio of decamethontum (1.8 pM) was de-
pressed by 36 / In the presence of 1000 M hexamethonium, wheress this
vwas not the case with a tenfold Jower concentraton of hexamethomum. The
inhibltory actton of 1000 ;oM hexamethontum was reduced from 36 / ©
12 / following a tenfold increase in decamethontum concentration. The
addition of 1000 uM tetrasthylammoniom to the medium caused a reduction
in the S/M ratlo of decamethontum (18 pM) of 22 / but & similar effect
was not observed with 2000 pM Ni-methylnlcotinamide,

Paper chromatographic results

Protein free extracts from kidney slices, Incubated for one hour hn an
atmosphere of oxygen with 14C-decamethontem (1 8 M) wers subjected to
paper chromatography 'I‘lwnd.loucﬂvhyocflhbchrmmmmuld not bo

distinguihed from that of authentic 14C-d
J Table 1
The uptale fmedin natlo) of & in the presence of

metabolic (nhibitors and at 24 Mouse kidnry slices were incabated for ono boor i
oxygen atmospbers with 18 pM 14C-decamethonlum. Figures in brackets Indfesto
pmolar concentration f inhibitor Resalts sro given o the mean + 8. K. M. of vahes

from 6 expertmemts*).
Treatment 8/ atlo
Nooe asTto1s
Nnb:lﬂ.nl.ll 134 tom
Ombain (10) 874 + 015
2.4-dinltrophenol (500) 130 + 002
Todoscetats (1000} - L3 +0m

) 48 control evperiments
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Table 2
The lnfleence of gueteroary fom 43 oc the uptake fmedlum con-
centration ratio) of $3C-decamethoninm (1.8 pM or 18 D) by monse kiduey alices
incobxted for ono bour in oxygen stmophere. Figures in trackets indicats ymoler coa-
eatration of varioms agents Remits are given as the mesn = & E M. of valoes from

6 experiments”).
8/ ratio
Trestmeot 18 eM otbootum 18 M 1
Nooo et - - 857L1S T40£025
Hewmethontum (1000) ... sa7tom 648022
Heumetboaiarn (100) e e e LECEL R
Tetreethylammontum (1000) ... 668100
Nimctirylaicotinamids (2000) 9.02 1051
) 48 control with 1.8 WM atom
Discwsslon

The prescnt experiments show a significant sccumulation of decamne
thonjem by mowse kidaey slices, whereas the concentratlon of hexame-
thomium in the shees do pot cxceod that of the mediom. Thers s also a
considerable differencs between thess two methonium compounds regarding
thd.rrmnlnptlknlnothermxmmxk.liq)uﬂmmnwhhmunduthdncy
slices (Mclaanc 1969) sbow that HC-ck h d in the
m!lddncyﬂmwthhhnmlhcmcwldl“c—beumahmmm.ﬁavcm
In contrast to the conditions in mice and ratx, there is a considerable ac
lation of HC-b honi and no don of 1C-decame
thonttm in the cat kidoey
Under acroble conditions and at a Jow external concentration, decame-
thontum bs taken Op by mouse kidaey slces at a practically constant rate
and agalmt an jncreming thre-to-medinm concentration gradient, po equt
Hbrium between uptake and joss being attained within 3 hours of Incubation.
Tids uptako Kaetics might be duc to » bmnding of decamethonlum to tissue
compooents, & the latter process would maintain & concontration gradient
between unbound decamethonium {n tame and mediom. The very high renal
“C-concentrations even four hours after the fntravenous injection of 14C
decamethoniom into mice (Brorn CiusTINSER & Howu 1969) are consisteat
with & firm binding of decamethonlom i the kidney tusue. A gmilar uptake
inetics was obeerved by Mclsasc (1965 & 1969) whoss experiments showed
that kidoey slices from cats and rats continued to sccomulate HC-hexa-
honlum amd 1C-d fnm respectively for several honrs, without
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attaining of equilibrium between uptake and loss. Furthermore, in vivo
remlts (McIsaac 1962) showing particulardy high and Incresslng concentra-
tions of 1C hexamethonium in the kidneys for several hours following o
tingle intravenous infection into cats, are indicative of a rather firm binding
of hexnmethonium in the cat Kdney Autoradiographle studies showed that
Lh:ndbamlmympﬂmmﬂy}ocaﬂmdinthcmbulec:ﬂsnfthamm

Although UC h was d in the kidneys of intact cxts
1nupm40—70ﬂmcstheplumnum:mtnﬂan,Md3Mc(1962)dldmtﬁnd
any evidence for a tubnlar secretion of this compound, as the h !
creatinine clearance ratio was 0 92

The accumulation by kidney slices of the monoquaternary compomnds
Nt-methylnicotinamide and tetracthy fum exhibits kinetics essentially

different from those described above for the accomulation of blsquaternary
compounds. Thus, stedies with Nimecthylnlcotinamide In cats (Mclsuc
1965) and tetracthylammonium in rats (McIsaac 1968) showed that equk-
Ibrlum between wptake and loss was already reached within two hoon of
incubation. We have no informetion about the renal eliminapon of N-
methyloleotinamide and tetraethyl i in cats and mts. However
Nlmethylnicotinamide (BEYEr e of 1950) and tetracthylammontum (REN-
NICK et al. 1954) are rapidly secreted by kidney tubules in dogs, Furthermore,
the accumulation of Nl-methyinlcotinamide by dog Hdncy slices (Faman
&t al 1959) exhibits kinetics compietely stmllar to those fust described for the
sccunmilation of Nt-methylnicotinamide by cat kidney dices

To an attempt to explain these difY between bis- and ql Y
compounds McISAAc (1565 & 1965) d that bisq nary hm
compounds penetrato into the tubular cells bound to a carner involved in
thermﬂmbuluwalormcbuu but in contrast to the repidly
secreted q nary they are subsequently strooply bownd
vonompcdﬂchnmcr.ﬂuh:dus,whid]mmﬂmtmnvﬂhbhlorﬂlﬂd
secretion into the twbuler lumen. This hypotbesis s supported by in 1o
J risults showing that both tetracthyl and inhibit
the renal scoummulation of hexamethontum in cats (McIsaac 1965) Further
more, the renal uptake of decamethontom in rats (McIsaac 1969) as well
uth.u:u{h:nnmhmjumtunurequlmma;y as both processes are
markedly deprested by metaboll

Hence, it is possible that tubular transport processes similar to those
suggested by Mclsaac (1965 & 1969) perticipate in the renal accumulation
of decamethontum in mice. Within the concentration range studied the
acrobic uptake consists of at least two components, L ¢. ane that Is saturable
ad ono that 1s lmear with the decamethontum concentration in the medinm
These kinetics aro most smply cxplained by ing the p of two
distinct mechanims for the uptake of decametbanium, one medlated by #
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cnm:rt.boathm’by p@vcd:ﬂuﬁnnintulheceﬂ:r_hmughpmm.’l’he
almost

Inhibltion of the o h ton under an-
u:mb{cmudhhm,ltﬂ and in the presence of 2,4-dinrtrophenol and
indi the tavol of encrgy requiring processes in the

uptake. Tho snzerobic uptake which was directly propartional to the decaare
Lhonlumwncmmﬂonoldrmd]mnmdedtbndmuhhuum‘wﬂulu

space. This tupports the that & {nto the
c:lhpmlybypuﬂve don. Both b honit mdtﬁ.rncv.hyum—
monlum depressed the dcuml:umiumupukz,wh}d]nwtn.h:tbb—md
nary P bme In part at least, with a
carder Nt-metirylni ide at a very high concentration did not

Inhi'bittbsnpmknmdcoanumﬂylhtntﬂnltyonlﬂawmtm-pombh
carrier should be very low as compared to that of decamethonfum. The ex
perimental datx do not allow any conclusions to bo drawn concerning the
typo of Inhibitlon exhibited by thess sgents, but the {act that the inhiblory
action of bexamethonium 1 considerably decreased by a tenfold fncrease of
the decamethonlum concentration is consistent with competition for a com-
nmcnrrlcr The weak Inhibitlon of the decamethonium uptake seen with

b and the + uptake of the latter suggests that
hcxnmeﬂnnlmnhnllcvlﬁinirymlhapolmlu:dmmwnryﬂcmlum
published whole-body Sographic study of the distrfbutfon of LC

decamethonium we attempted to determine whethar the cortical or mednilary

Following the intravenous jon of 14C-k honium to A mouse,
the highest concentration of radloactivity was fournd I the kidney partic
ularly b the corfex.

In vitro studics (BroEN CIRISTINSEN 1967), showing that the accumula-
tlon of 4C-decamethonrum by mouse liver sHees was an energy dependent
process Inhibited by hexamethonfum, support the amsmmption that qualite-
tively identical mechanisms are important for the renal a3 well as for the
hepalklccnmuhﬂonuldecamcthonlnmlnm}cc.Fuﬂhqmom.tbavtryh}gh
hepatic “C-concentratioms four hours affer the intravenous infection of
HC-deramethonium into mice (BrOEN CHRISTENSIN & Hotat 1969) are In-
dicative of & firm binding of decamethonlum I the mouse Hver
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The Protective Action of Different Barbituric Acid
Derfvatives against Anoxia in Mice

By

Bosdt I, Wildelm xwd K. Jacohowm
(Receivred November 3, 1969)

Absracr The protective sction of elght different berbitunc scid derivatiyes
apiret anotls was investipated n miee The increase io swrvivel tdms ranged
betwesn 0% smd 160X Thive drogs wis given In both equimolsr wnd equl-
potext dowey; for thoss drugs the [ocrease In crvival time ranged betwesn 50 X
and 180 X indxcuting rhat the n ctivy action depends o diffe-
rences between the mjecel acwd derty

Key-wardr Aooda — barbiturates.

Previous studies havo shown that the survival of hypoxic mics previously

hetired with thjomobumatum (NFN) (= thiopental (WHO USP) =
thiopentone (BP) = pentothal®) b kanger than that of unansesthetired mice
exposed to the same Jow oxygen concentrution (ARNFRED & Spcurk 1962,
WILIELL & ARNFRED 1565).

Halothanum (NFN BP) (= fluothanc®), cyclopropanum (NFN BP),
urethan, hydroxydion (WHO NFN) (= viaddl®) and 2-methoxy-allylphen-
oxyacetic acld-N N-diethyl-#mide (= detrovcl®) havo been shown o have
-dmﬂupmtwdvumion(Wmmu&Aanml%s WiLDEM 1965)

Crlorol o (NFN)) trichloroethykene (<= tri-
Chlmcthylemnnndm:mdn(‘NFN) trilene®) and methoxyflurane (=
methaxyfluranum (NFN, WHO) = pentranc®) had less protective effects and
aeither ether (acther ad parcosin (NFN)) nor nltrous oxide (nitrogen! mon-
oxidum (NFN)) coakd be shown to have any effect (WILITTLAt & ARNTRED
1965).

Some anacsthetic apents canse & reduction tn the oxygen optake by cerebral
thsoe (QUASTIL & WHEATLEY 193Z). This Jeads to the hypothesis, supported
by the results of Aranrp & Secrre (1962) and WiDED (1965), that the

effect of tt b fum on cerebral oxygen conxumption canies
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BENDT J WILHJELM AND E. JACORSEN

Table 1
The b ric scld d In the text.
WHO name and Regivtered Chemical
NFN bame othor names trademark consiltrtion
Brevital Sally 1methyls-
NN U§) (L-methylpentyn-2)-
Methobexttons (BF) Brieml  yD-barbitaric ackd
Diemalem Bazbitalom (INN US)  Medinal 5.5-dbethyl-barbituric
Basbitone (BF) Veroml acid
Diemal
Phenamalum Phenobarbitalom Adanal 5-cthyl-S-phonyl-
(INN US) Bardiphen  barbitrrio acld
Phenobarbitons (BF) Qardenal
Fenemal Lominal
Moltmal
Starifen
Pentymatum Amobarbitalom Amydorm  S-ethyl S-hoamyl-
NN U9 Amytal barbitoro xoid
A (BF) rbarmyl
Dornrytal
Eunoctal
Tsornyt
Ally A Alarato S-allyl-5-hopcopyh
(INN US) Iscmal barbitoric add
Altypropymal Numal
He Citodon Scyciohaen-(1)-y-
(INN, US) Cyclomal 15-dimethyk-barbhoric
Hexobarbitons (BF) Evipan nchd
Entbexyml Noctivane
Estrmal Privenal
Tobinal
Enfbomatnm Enlbomal Eoparcon  5-(2-bromaltyD)-5-eo-
Narcoml  propy! 1 methryhbarbi-
Narcodorm  turis ackd
F shiyral  S-ethyl-S<(1-metbyt
NN US) Nembetal  batyl-barbitaric scld
Pemobarbitons (BF) Sombatal
Metmmal
Thiomebumalum  Thiopentalom Leopental  S-ethyl-5-{1-methyh
NN, US) Peatothal  batyl)}-2-
Thiopentous (BF) Tho- acid
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a greater resistance to hypoxia in animals hetized with thiomsbumal
than in non-anacsthetized animals,
In previous studics (AmRID & SecHre 1962 WiuDeLM & ARNFRED
1965) thiomebmmatum was tho only barbituric acid dedvative used. As a
muation of thexe nvestigath the properties (related to anoxia) of &
serics of reially ilable Infectable barbrturc acid derivatives wero
imesﬂytad.'ﬂ)cb-ﬂimﬂcadddcﬂv‘ﬁvuunduwmldenﬂonmﬁﬂcd
in tabde 1 by thelr NFN WHO and other namew, together with some of
thesr registered trad: rks and chemical structure,

Methods

The experimesial aninmls wee ooie white mice of & single eraln (Leo Sttt}
welghing from 25 to 40 g.

The axperiments! procedurs has been described previomly (WRioris & Arsrarn
196%).

The e od dert ot Iy b
cooceatrations { &mnﬂu-ﬂmmmdhlﬂcwwm)hdmacw
repondlng to 55 mg thtomebaralem per kg mke

When mleep, or it least 20 munutes after the injection, the animals wers pleced in
botiles ined In & bot. A mixture of 20 per camt oxyyen
and A0 per cent nitrogen waa perfosed through the bottley for five to ten mimtes after
the mico had been placed [n them, The coocestragons were then altered 10 § per tent
otygen and $3 per et nitrogen. The percentagss arv fr

bofths was checked with & Radiometer® oxypen electrode. No difference lo oxygsn
percenisge was obeerved.

Tha srvival tme, L e, the Interval between tho reductian of the cxypen coaceotration

0 3 per ceut and the comation of rerplnation war mesmured for each mooss in both
oot

Resuity

The sarvival time of mice anaesthetized with the variom barbitorates and
thmhﬁmmnmﬂumudmmﬂﬁedhmb]olThnw
proloagation of the murvival fime varkes between 5.5 end 0 0 minutes, and the
average percentage prolangation varies between + 188.4 per cent and — 14
pamuLAnxﬂxdmlmumdmmawpmmdpﬂﬂmmmbnp
tion of the survival ime for enall of diemalum. A signifk pro-
lougnﬂonofmrﬂvllhemdcmumm:d(orpemymﬂm@<ows)
and for Y and
mbmnnlum(l’<0001).
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Table 2

Averngs rurvival tima in minntes for cootrol mice and snsesthstired mice,
with percentago prolongation In sarvival thme.

Avcrage Average 1
survival of Anscsthetic survival of
SEM. M of mrrin
control mlee NEN ramen)  maesthetzea © M % i
(min) mico (min)
43 a2 Eraltynymalom 1 42 03 —14
50 04 Emilynymalem I 50 04 16
45 03 Dieculom 4s 03 43
44 02 Phenemalum 64 04 71
48 03 Peotymalum 75 os 364
49 02 Allypropymahum 100 as 1062
52 04 Esbexymatum 125 13 1416
45 0z Enfbomalum 114 12 1478
50 03 Mebamalum 144 19 1884
Discrmion

Wo have allotted the barbiturc acld derivatives investigated In thrt seres
mmouflhmpcupncmrd]ngwﬂ:d:pmmcdvoudbnnphmhyp:ﬂl
in mice. Mebumatum 1 fum and allypropymalum ex
tend the survival time between 100 and 200 per cent. Thiomebarmalum, which
extended the survival time to 154 per cent, belongy to the same group
(WIIDELM & ARNFRED 1965) Phencmalum and pentymalum sdd sbost
50 per cent to the survival time, while diemalum and enallynymalum give
fittle or no protection. The hypnotic action of cnallynymatum b of short
duration. Presumably lts effect cemses before severe hypoxia develops.

There is a consderable protective action by mebumalum against
and no protective achon by dh 1n agi with the igath
Zczn et al. (1939) These anthors examined the mhibition of varlons ber
tnric acid derivatives on the oxypen uptake of rat liver slices. Diernafom &
amounts from 0001 to 01 g per 100 g of liver tiszue did not redues the
oxygen uptake. Otber barbituric acld derivatives cansed nhibition of Iiver

had only tlight effects. This latter finding b contrary to our own observations,
but may be explained by dots vardation,

The animals in our control groups died In convulsioms, as &d the &
aesthetized animaly, but in most cases the onset was later in the
group. The later appearance of convalsions may explain the small extention
dth:nkﬂvﬂﬁtn:zmlftupmrymﬂummdpbﬂrmﬂmw‘m‘ﬂ”
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comlderable increase In sorvical lmo produced by mebumatum, enfbomalum
and enhexymalum. According to the results of previous stodies (WiLrmiu &
ARNFRED 1965) the prolongation of survival time that is doo to the preven-
thom of desth in convaltions of anscsthetized mico not In anoxia is considered
to range between 8 and 12 / Tho mice hettred with enibomah

twitched throughout the mnoxic period pevertheless the survival time in-
creased by 148 per et
Some

physico-chemical properties of the droga under consideration are
compiled in table 3 in an attempt to correlate the survival time with one or
more of these propertics.

High pKa-valoes give a higher concentratlon of tho active undissoclated
acld st body pH, but there was no relation betwoen high pRa-values and long
survival time. In similar experfments with anoxic mice, WiLHELmM & Lanc-
alrp (unpoblished) foond a change in pH from 7.33 to 713 A decresss in
PH of thh sixe however wil add Htile to the actlvity of the barbituric acid
derivatives,

Tabls 3
Physico-chernical proportien of barbituric acd derivattres,

Tacream of | Barbituric acid Amexthetlc
bl tme|  dedtrativns M oK Lk g0-  (ADSD) dose

!

%) (NPNcamey ~ "WiSHE lebllty* b mice
ko mg

-14 emllynymalum

“w 2423 1] 1000 L

n

43 dlematom e B 7 1 260 L
417 phesemalom 2 78 3 134 Lp
564 pearymaleos 263 74 2 &Lp
063 afypropymulom 2103 20 - -
116 esberymatam 2363 2 250 s
1478 entlbormm ey 32 2 - ~
14 mebumabe 283 5o » 6 Lp
140  tkoebumahm 2423 74 10

Partition cocffickent at app. 25° of the wolonized form between methylens chiorkle
a3 water (Buan 1963),

** Buxves & LLTHIRINGTON (1966).
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The lipid solubility of barbiturc scld derfvatives determmes the time which
elapses before maximum brain concentrations are reached. Lipid solobifity I
dependent on the side chain at carbon atom § — a longer s{de chain fn-
cremses the solubility of the drug m non-polar solvents. The hypnotle effect
of a gven drug i3 alto related to the kngth of the side chamn. Our fovesigs-
tion secms to indicate that there bs ro relationship between tho lipid solability
of the different barbituric acid derivatives and their protective action against
anona.

We administered onr barbiturdo acid derivatives in equimolar doses o the
equivakent of 55 mg thiomebumalun per ko mome, It would appear
(table 3) that the mean ansesthetic doss (ADSO) varies considerably for
most of the barkitndc scid derivatives nsed in our expenments.

The animals given phenemalum and dlemalum wers awake durng the
anoxic exporure, which may be one of the reasams for the modest incremso
In survival time observed after the adminbstration of thess drogs.

The ADS0 of p Jum and and mebumalum are almost
identical, and the amimals treated with these drogs not only recebved m
equimolar dose, but also at the same time an equipotent dose. The increxse
in survival time for thess barbituric wad derivatives varied from 564~
1884 / Itis posibic that this is due to the fact that the different barbituric
acid derivatives possess different protective actions against anoxia,
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The Plasma Protein Binding of Amphetamine, Catecholaml
and Related Compommds
By

Gushil Fraakeoo aad Exik Angyird
Recetred December 3 1969)

Awmplmawmdnundu fnmphdmnlm.pbnmm-nhz,m
naline, way snctied
mmwmmmmwawm
pheamstrazine at 5 X 10TM to 5 X 10¥M was aboat 20 X No difference In the
binciing of ampbetamine wn found betwesn drug pon dependent and tolerant
wmbjects At physologh (<107 sdrenalion was
bound 10 about 20 ¥ woradrenaline sad dopamine to about 13 X The bioding
of pwtapephtine and Dormetanephrine wis of l-vvu'ctdurLu.nbamsX
The rowts are of vatoe for the ding of tha oversll
stoation tn smpbetaming dependence.

Kep-words: Amphetacing ~ - - blood protsim,

‘The intravenous self-admintstration of central lants Is mapanied by
lhuruplddcwbpmmcltd:nm:mthndmguweﬂnbypsychoﬂc

festations such as p id end stereotyped bebaviour (Core-
NELL 1958 I\Aum-1966 S0qvisT & Torme 1969 GamaTrma & Costa
1969). The lncreased tolerance could be duo to alterstions in the distribution,
metabolism and ellmination of the drug a3 well as to induced biochemical
changes at the receptor level in the sdrencrgic nearons. The present report
dulin;wilhlhcplnmxpmtdnbl.ndingo[uwduofrympnmmrﬂc

-uﬂnu,hmno(l:mdyuuthu‘ dyn and ph ki)
of In chronically dependent human subjects.
Material avd Methods

The tereling experimants wers comdoctsd o0 8 1ood of plaama drawn from blood
domors at the Blood Bank st harolimka shukimmet Clirats G013 M or beparin were

M Arts phermassiogica, vel. 2. trm. 3
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used &9 anth In y experd Do diff, was observed betwees
the binding properties of clirate and heparin plasma.

For comparison of the binding of empbetamine fn dependent and non drog dependent
subjects, 10 ml of plasma was collected uoder sterile conditions fn heparimired tuber
Tho 6 abutors had previously been sdmitied In a state of amphetamine psychoss md
had histories of > ooe year) o of in high doscs
Tho subjects were between 16 and 25 years of age. The mmples were taken whea »o
amphetamine was detectable n the urine and plasme. Generally this occmred oa the
3rd to Sth day after admissfon. The 6 non dependent comtrol sabjects were sedected
from the labaratory personnc] of the same ago

JH labelled sulphate and pb truch by \[: NFN) bydro-
chloride were prepared by aclkd catalytke exchungs (New England Nuclear Corp
Boston, Mam.). The specilic activity of tho amphetamine miphats was 9 ci/mmaole and
that of the ine h 120 meifmmole, Radioperity was ded
by thin lsyer chromatography ansd found to bo > 98 X Whh both compounds e
change of trittum for protony n the medium oceorred at  rate of a few percent per
month. Prior (o thess experiments tho JHzO was removed by freeze drylag.

DL-adr - 7iH, 68 o/ K 99X DL rie — T,
abont 3 ci/mmote, DL. 10 el doparity 99 X and dopamins
1 (generally labelled), 10 ci/mmole wers supplied by the New Engtand Nuclear Corp.
DL - TH ide, 3.6 ci/mmole, radiopurity 95 X was obtaloed

from the Radiochamical Cantre, Amersham, Bucks, England. Dilaton to the desired
specific activity wers achioved by the sddition of the correspanding unlabefled druge
The plasra protein bindieg of the smines was wudied by meam of equilbriom
dhalyshs (SCHaCR voN WITTEMAU & Yraxy 1963). Ultrafitration ming Amdcon UM-2
and PM 10 fllters (Boarx 1568) was found to bo umathfactory for binding stodics
sinco considerable amounts of the amines became botnd to the membne. The drugs
were dinoived 10 water and added ¢ the plasma in a yolume not exceedivg U1 mb
The plasma wolume wes 10 ml. The tnbing (Unioo Carbide no. 376 flat & 24 mm)
was cnt into 20 cm pieces and secured with knots placed 9 cm from each other The
excen tnbing was cut off. The bags were pot fnto 110 X 24 mm test tnbes containing
11 ml of 0.1 M potsxsmm phosphats buffer pH 74 With this smount of buffer equal
volumcs on both ddes of the dislytls membrane wers found et equilltadum. The tmbe
were put 1o & rack and rocked gently at room temperatwro for  perlod of 16 hours

-plets equillbriom bad occurred. To prevemt microbiological growth mertidolato ® wat
added 1o tbe plasms in s finel coacentration of 0.5 mM. This sddltion had so effect
oa the protein binding of the drop onder siody

At the start of tho experiment esch drug was exammed in tripiicats fn concentrations
{n the plasma af 1096, 2 X 10M 1058, 2 X 10¥M and 10-1M. At cquilibiam U
outride volome was messred and three 100 pl aliquots from cach side wers pipeticd
hiquuldIdnﬁ]llethaLbclmlyﬂ:ullhumupoh:-mhﬂiOpldiN
sodium hydroxide was added together with 10 ml of toloene scintillation solution.
With the pbesolic aminer 10 ml of commting sotution bared on cellosotrs was wed.
Tb-protunmlnlh'-uqmtfmmtbelnddctndmcﬂmmlbcmmdu
efliclency The amount of bound drug was cakulsted fram the fommmbs.

coants mnds — connts omtslde

biodng X = X 100,
x coonts tradde
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Results
Binding of anphetamine and ph ]
The resulis on the Hoding of hetamine and ph wrine to the
plasma proteins are summarized in table 1 Both amphetemine and phen-

Table 1
Bloding of sympathomimetic amines to plarms protelm.

Drugs Cooc. (107TM) l(m?z end rengs
Ampbetamine 52 21
104 n
2 n
104 24

520 1
Phermetrazing 53 21
1058 0
2 16

108

0
Adresatine 53
103

9

se

490
Noradrensling 51
102

43

96

£0

Dopsmine 51
102

0

100

S0
Metanaphrine 8
98

»

L]

430
Normetaoephrine 59
95

48

L

480

88 888838

_.
5
s

Wemouw uaurw amablE rwnEE yuaBB R
EEEREREE)

88558 33395 33338 38
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Table 2

Comparison between tho plsyma protein binding of ampbetamine b dependent amd
drog mtre smbjects. The concentration of amphetamine wes 109AL

Depen- Xbound oy g g g

Sablect A Sex dent  amphotamine
|3 24 Q 23
B.E - 21 Q - 25
KE e n & - n
Lo . - 3 9 - b
BR e P2) Q - 19
LT e e 7 K - 25 nxX L1l
L . 16 3 + 2
M.L - 19 Q + 28
BH e 15 Q + 0
GN o .o 5 a + 2%
HW . . n K} + 24
as n Q + n wXEL0
P> 005

metrazme were bound to about 20 / No significant differencs was noted In
the concentration rangs studied. Marcover no difference in the binding af
amphetamine was found between the plasma from tolerant amphetaming
dependent subjects and fram drug non dependent subjects (tabie 2)

Binding of phenolic amines

The plasma protcin binding was studied for sdrenaline, norwdrenaline,
dopamune, metancphrine and pormetancphrine. The results aro shown in
table 1 In physiological joas adrenallne was bound to 23 /
noradrensfine to 12 / and dopemine fo 14 / With higher concentrations
Yof these amines, the binding decreased to a few percont. Metanephrine and
normetanephrine were not significantly bound even in the lowest concentre-
thor

Discaseion

N H

Our results show that b ine and ph m
likely to be found in plasma after doses of 002 to 0.2 g given Intravenoesly
(Amuxmad.unpublkbcd)mno(-pprcdlbfyboundmrbcplmm
pmt:lmMuhdrpcdudHI:rmuuindndcgrceo!phnm;m(dandﬁﬂs
of basle drugs have been described (Bomal er al. 1968). In splie of thi, our
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data agree well with AXELX0D 5 (1954) early finding that in the dog 15 / of
tholmphetmﬂnuhbounduthnzwpg/mlmmﬁon.mhwdeyee
of binding of amphetamine and p zin cfore makes It unfikely
thnlthmdmﬁ:wouldethbhmylntcnc&mwhhmhﬂdrwbyldh—
plaaing effect.
No difference in binding of amphetsmine was noted between the playma
from tolerant dependent subjects and from nom dependent subjects. Theso
data then ruls out the possibility thet part of the tolerancs seen in amphet
amine dependence could be doe to an increased binding capecity of the
plasma proteins.
Few studics have been made on the plasma protein binding of basic drogr.
In this connection it might be notad that another group of nonpolar amines,
the tricyelic antidepressants show a binding of more than 90 / (Boad «f ol
1969). It Is possible that tha presencs of the large tricyclic ring system may
Interact more cloacly with the protein by short rangs secondary molccatar
forces, and that the amino group in the basic drugs thereforo plays & minor
role in the bindlng.
To our knowledge no data are avallable on the plasma protein binding of
the catecholamines and thelr O-methylated metabolites. Our results show
that the binding i of & Jow order Le, 14 to 23 / In physological con-
centratton. This scems rationsl gdnce adrensline at least fs released into the
booditream and acty on the penpheral organs, The low binding of the
catecholamines also rnles ot the possihility that pant of the circulatory
to intr ly injected b ine could be doo to the div-
placement of endogenous amlines from a plasma protein pool
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Uctvenlty of Copenhagen, Denmark

In Vitro Studies on the Uptake of 14C Labelled
D honiam and Hi hontum in Mouse Liver

Several publications have appeared In recent years reporting the scoummla-
thon of methontum compounds in Bolated tissus. Thus Mclsaac (1965) found
that bexamethontom i concentrated in alices of ot kidney incobated in &
mcd]umconuinhg"C-hnnmmbmﬂum.Udngldmlh:mhodhhube:n

d that ¢ d in the jwlated rat dia
phnpn('nnmudl%s)mdlnd}cuﬁmd-embnlmmdthem
(TavLom et of 1968).

We have demonstrated In our Jaboratory that decamcthontum ki concen

trated in slices from the mouse liver by a process which & partly energy
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dependent, and that d-tubocorarine can inhibit the uptake to & considerable
cnm!(BmmC:nml%h&lDﬁTh) In addition we have presented
bk ik of the lation of d hanfum & the
unchanged compound in monse liver (BroeN CrmsTERSEN & Horar 1969),
The obfect of the present work has been to study the uptake procens of
decamethontum in fver tissue more thoroughly and to attempt to describe
this quantitatively with the intention of comparing it with the uptaks In otber
tissues and in other animal species. In addition we have compared the uptake
of decamethontum and hexamethonium In the Hver

Materialy and methods

Tbltblb'ﬁxhxopchbdhimpmd:htnbtmud.lcdmm
1 Cartre, A ham, England) with a specific sctivity of 209
mﬁJmM.NC—hmnnr:hmimndﬂmich{wEnﬂandNndmmp,US.A.)ﬂlhl
specific acthvity of 155 mel/mM and 14C-socroes (Radiochembea! Centre, Amersham,
England) with a pecific activity of 10.6 mc!/mM
Ths following noc-labelled coarpounds bave been osed. decamethontmm diwoamde
(“Syncurine  Burrooghy Welkcoms & Cn.), d-tubocurarine chiorddo (Abbotf), y-sro-
phantin (Ph. Nord. 1963) and 24 (a) dinftrophenol, lodoscetlc acid and potsmirm
cyanide (Merck)l

Preparation of Dver slices and tncubation procedure.

Albino male mice of between 25 and 27 g have bern eed tmlems otherwie stxted
Tho animals were decaphiated and bled, after which the liver was rpidly remowed
and prepared. A portion of fher was remored and aficed by band with & razor blade.
Four slices from each Liver of betwemn 0.3 and 0.5 mm i thicknens were placed b e
tube containing 20 ml of Krebs-Ringer bicarbonats mediom.

Th medirm had tho following composition (meq/r N 144 K 47 Ca™ 30
Mg 24 CF 130 HCOy 25 HPOy 12 md In sddition it also contaleed 2 £l of
slocose.

The shices were preincubated for 10 mimetes at 37° During this preincubation aod

10 minntes before tho decametboofum, but in the In which ¢
was meed this was added 1o the mediom just befors the decamethontum. At the end
of the incubation pariod the slicos wero separated from the medium by filtration 00
cotton. The wet welght of the slicea from cach Iiver was 200-300 g,

mution of redioactivity in tirme and medli
Esimaton of reoesity b ome wd medem, o toe s 1Ce
Wmhmmnmmmndfwmmmdmm
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o the sices and the medium. The method b besed om hydrolysts of the tese with
N20H and protela peecipitation with Zo(OH)y. The meamrements were carrled oat on

Packard Tri-carb fio}d scintillation specirometer moded 314 BX. Coutrol with internal
standard showed (hat 14C-activity wis regisicred with the same efficiency in the there
samples &5 In the samples of the mediom.

Caleulation f the slice-to-mediam (STM) concentration relo.
Slice to-medium cocentration ratho wr calculated ag T P mmDiciy Moy

G(Wmiﬂdlml
humn:hutbiv"dﬁmmcdnrdmddumd the tecubation pedod.
Tho drp-matter comtent of the slices waa determined by drylng at 103 for 24 hoom.
After ncubation for 1 bour the dry-matter perceniage was 20.4 1 0.4 (Mean £ S E M,
N =€) Belore on the dry-matter was 310408 (Mesn £ S EM
N=6)
The S/M ratio expresses the votume of medlum (), which contalne the samo amount
of decamothoolum ws found fn 1 g of twie As tho balk of tho tne b small i
rolation 1o the yoloms of the mediem, the decamethontum concentration fr the medium
will be practically conatagt within the sxperitwntsl period (30120 minates).

Resaits

Dmahoﬂmupla.kea:a[wrcﬁono/tbm

A napld of d hontum In the tissue occurs when shees
ofllvcrmh)u:haicdinnmed}ummnmlningdccumﬂbonimnapm)m
contcentration {n the slices is slready app y twico the in
the medinom after 30 minutes (fig. 1) and the ratio ncremses continuously
within sn incubation period of 2 bours. With incubation under anserobic
conditions the uptake of decamethontom i considerably less sand does not
iocrease to any great extent on fecubation for more than 1 hour

In an attempt to estimate the cize of the extrecclular space in the liver
slices we have determined the slice-to-medium concentration ratlo of 1C
sucrose. After Incubation for 1 hour the ratio Is 0.54 40 02 (Mean+ 8 E M,
N = 6). However the ratio Increases with longer incubation and after 2 bours
reaches a value of 0.731+0 04 (Mean S E. M, N = 6).

Decamethontum uptake in adult femals and tmmatire male mice.

mnbuvcruumh:vcbecnobulncdhomlhtrlucatmmmbmkc
weighing 2527 ¢ For i ion mtlo for d h
n}umlntﬁusﬁumkmkuﬂoco(\honmwﬂghxmmymmh
table 1 It can be scen that there s no significant sex difference with regard
to the decamethontum uptake. In addition it can abo be seen from the table
that the age of the male animals has no Infizence on the uptake, Ingsomuch as
the eame concentration ratio i found with shices from 3 weeks old male mice
a3 1n the control group
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dependent, end that d-tub ine can {nhibit the uptake to & considerabls
extent (BROEN CIRISTENSEN 19672 & 1967b) In addition we have presented
chromatographic cvid of the latlon of d& hontum a3 the

unchanged compound in mouse Liver (Broex CrmisTreEN & Hood 1969)

Tho object of the present work has been to study the uptaks process of
decametbontom in Hver tissus mare thoroughly and to attempt to descrbe
this quantitatively with the 1 ion of comparing it with the uptake i other
tisynes and in other animal species. In addition we have compared the uptake
of decamethonium and bexamethonium {n the liver

Matertaly and reethods

The following !sotopo labelled compounds have been wmed. HC-decametboolem
® Centre, Amorhum, England) whh a specific acthvity of 209

(Syncurins
phantin (Ph. Nord 1963) and 2.4 (a) dinitrophenol, hodoscetic ackd and poteshm
cyunkds (Merck)

Preparation of liver siices and Incubation procedure
Altino male mico of between 25 and 77 g have becn used unlem otherwho sistod.
The aninmls wero decapitated and bled, after which the Lver wes rapidly removad
and prepared. A portion of liver was removed and aliced by band with a razor blade.
Four dices from esch Itver of between 03 and 0.5 mm in thickress wors placed a2
tnbo contalring 20 m! of Krebe-Ringer bicarbonato modhmm.

The medlum hed the following compositton (meq/T N 144 K 47 Ca* 50
Mz* 24 O 130- HCO; 25 HyPO; 12 and in sddhion it alwo contained 2 g1 of
glocose.

The slices werp proincubated for 10 minmtes at 37 During thiv preincubation and
also Iater the medinm wes gamed with 3 mictaro af cxygwc-carbon diotide 933
vivX) and the pH of the medlum becamo 74 o the experiments orlng anserobic
condittoms nim—arboudhﬂdcmm@ﬁ!va!)mmdpm@dmlrﬂ
of a similer valos pamely 74 A mixing of the medtum wes ensared by shaking the
tmbes (60 cscillations/min). The same amount of 1C-decamethontzm was sdded ©
cach tube together with varying amounts of pon-labdled decamethoohmm. In the
ctpertments tn whith « metabolic Inhfbltor was med this was added t the mediom
10 minutes befors the decamethonium, but in the cxperiments In which d-tubocaradne
was msed this was added to the mediom Just beforo tho decamethoaiom. At the end
of the incabation perfod the alices were sepurated from the medinm by flltration &
cotton. The wot welght of the dices from each Lver was 200-300 mg

Entlmation of redicectiviry o tittes and medinm.
A method proviously described (Broex Crousterazn 196%) for messuring 1C-do-
camethontom Ln tissse samphes and plamma was usad for the enalyss of the radicectivky
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Table 2.
Wmumdmmmwmmmmmm
optals b sxpressed s lieo-to-mediom (/M) ton rato. The
concyntration In the mediom was 2 phL Results ere given a3 the mewn of vafees in

6 rperiments + 8. B M
Incubation period (min) oo o 60 120
M e s e 083+ 008 099 £ 0.04

By comparing the results shown in table 1 and fig. 1 it can be seen that dver
tissue from this antmal species acrumulates decamethonlum to a slight extent
only inasumch as the slice-to-medium ratio does not become greater than 1
after incubation for 2 hours. Albino male raty of 150-180 g were used for the

The thickness of tbe alices and thelr weight were as described
In the experiments with momss Liver

Hexamethonium uptake ax a function of itme.

Flg. 2 shows the results of mcubation experiments with mouse lver slices
in & medlum contalning hexamethonlom (2 M), The S/M ratio caly reaches
1 after fncubatfon for 1 hour whichwuupnndam%otlbedeameﬂnnim
uptake under identical condith In the b } experiments an
almost steady-state was obtalned with incubation for 2 hours, which iy far
{rom the case with decamethontum.
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Table 3

Effect of yarloas inhfbitors 0o the nptake of deramathontnm In liver slices from mice.
mwhﬂmudmmmmﬂmnﬂnlhulhm
tncubation. The i In mediom was 2 pA. Results aro ghea
=1 man of values from 6 experiments £ & B M. (In coatrol group 36 apehmuobl

Inhibitor Conceatration (M) /M ntio
2,4-dinitrophenal 108 118 +00
104 226+ 004
Todoscetc acid 104 13700
10+ 2561018
Potanlum cynnide 108 1511015
Ouzlbain 10+ 2901012
Nano 296 1007
The effect of metabollc inhibitors on d honlum uptake.
Various metabolic intdbitors redoce the uptake of decamethoaium ({table
3). The greatest effect is obtalned with dinitrophenol, which in &

tion of 1 uM fnhibits the uptake to the sams extent #s under anserobk
conditions, Iodoscetic acdd 1 yM and potassiom cysnlde 1 yM tmiedy
mhiblt the optake significantly wheroas cuabain 10 M has no definits
cffect.
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Decamethonium uptake as a function of the decamethontum concentration in
the medhon,

The results in fig. 3 were obtmincd by varylng the coocentration of
decamethoninm In the medium. During scrobic conditions the slce-to-
medium concentratfon ratio Is seen to fall with increating decamethonium
concentration towards a comstant valus around 1.5 This yahue i sigolficantly
bigher than the concentration ratio under anacrobic condiions, which re-
mainy constant around 1 with all concentrations of decametbontum.

Bated on the course of the curve one would assume that the decametho-
nlem uptake under seroble conditions copaists of two processes, 1. e. 2 passive
process with a constant S/M ratlo around 1.5 and a saturable procers. The
coacentration ratio for the saturable process (S8/M) can be calenlated as the
differcnica between the concentration rapo for the whale process snd the
concentration ratio for the patsive process. A valoe af 1.53 has been used for
this which s the mean figure for S/M ratio at 540 and 2060 pM. In fig. 4 the
reciprocal value of Sa/M has been plotted against the decamethoniom con-
cmtnbanh:thnmcdium(M)lnthnmewnyuinDum«&Wmﬂ(w&)
method for the q ¥ of il As the relation,
ntlrucunbumbﬂnw it is possible to calculate the maximom
capecity of the process as the reciprocal vatue of the slope of tho [ine and to
read the half saturation concentratton as the negative value of the point at
which the line itorsects the abscista. Thus calcnlated the maxinrm capecity
is found to be 81 pM kg! h? and the balf saturation concentration to be
S4uM.

-
a-:—-nn—(fm
Fig 4 Relalon brtween the rechy uptake (M/Sa
nk)mmﬂwmdmmmnmm
refied for pamive diffwson (SafM{ = &/M - L53 for detalls, s Jepond
and wt).

flg. 3 cor
of fig. 3
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[ 0 Ll L] &0
eHubocurarie ( xd )
Flg. 5 The inhibitory effect of d-tnb ino on the d. hoakrm uptake (S/M
o) after 1 boar k The hum in the medinm waa

2 L Polots in open circles rypresent mcan valvm of expesiments in an atmoepbers
of oxygen Points In closed eircles represent mean values of experiments in an stmo-
wphors of nitrogen. Figures {n brackets imticate nomber of expsrimonts and the vertioa!
bars 8. E. M. Tho 8/M ratio in the presence of & 204 M b significently
lower than the &/M matlo in & stmosphere of pitropen. (0.02 > P > 0.01).

The effects of d+ubocuraring on decamethordum uptake

In fig. 5 the decamethontum S/M ratio hax been drawn a4 the function of
ths d-tnbocurarine concentration. It can be scen that a part of the uptaks ¥
very dtive to low wtions of d-tub rine. With 50 pM d-tubo-
curnrine the total uptake is reduced by somewhat more than 50 / With
higher concentrations the uptake is hibited even more, but the sensitvity
of the process to the Inhibitor becomes conniderably lower It should be noted
that with a d-tubocurarine concentration of 204 yM an uptake s found that
is significantly lower than in the cxperiments under anaerobic conditdons
without the prescoce of inhibitors. Some resulty are also shown in fig 3
where the S/M mtio Is depicted i3 a funchon of the decamethontum conces
tration of incubation In the presence of 22 uM d-tubocurarine in the mediwm
It can be scen that the fnhibltory effect of d-tub rine decreases with
incremsing decamethontum concentrations and that at 540 uM thers Is no
significant difference in the results either with or without the inhibitor

Discuzalon

The time conrse of decamethontum uptake in Hver slices from mice cof
rupondshlﬂywnﬂwi!hthewumo(dcumnhou}umupmknlnlﬂcﬂdm
cerebral cortex (TAYLOR er of. 1968). In these stodles whero the externd!
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decamethonfum coacentration was L kM, a steady state was obtalned In the
distribution of decamethonfum after Incabatfon for 7 hours with a S/M ratlo
around 11, This high ratio together with the very siow approach to the steady
state orust mean that the releaso of decamethontum from the tissue does not
play sy tmportant roke m short ipcubation experiments. A steady stats was
already obtained In our experuments under anserobic conditions after in
cubatlon for approximately 1 hour with a $/M ratio of slightly more than 1
(fig.1) Even though this ratio is low a3 compared with the S/M ratio under
nerobic conditlons, It s however greater than the S/M mtio for sucrose, which
muggests thet a part of the decamethontum tsken up is bound to tssuc
structures.

As thown the uptake of decamethantum can bo divided into 2 components:
ons that is directly proportional to the concegtration in the medlum and
mother component, which follows saturation kinetics. A similar kinetics havo
been daseribed for the sccumnlation of #C-challne (SCHUBIRTH ef al. 1966)
and UC-acetylcholing (SCRUBEXTH & SUNDWALL 1967) In slices of mice cere-

bral cortox. Ths capadty of the bl s however {derably
ywnkxdnﬁnemdmstyldnﬂnulnmﬁmathmfmdcumnhonhm
In liver theoe Studles In our 1. y on the Lation of dk h

niom in kidoey thisne from mice (Hoat & Brory CHRISTENSEN 1969) abo
mppcnlhnmumnhnthnumbmqmﬂu&wdiﬂermlntbeupuh
of depolarizing In excll and dtable cells. The pos-
sibillity should be mentioned that hoatim uses a physiclogical trans-
part system for choline The presence of such a system {n hmman
hay recontly been demonstrated by Martov (1968). hum(lm)latcr
thowed that honfum and other Lar blocking comp
are potent inhibitors of chaline transpart. However his experiments showed
that decamethonium does not penctrate Into humsn erythrocytes.
Our study on the effoct of d-mubocurarine sogpests that the hhibltlon s of
& competitive nature and that {t Iy the waturable component of the uptake that
Is sengltive to the curare, but our dam do not aliow of concluions being
draen on these potnts,
In studles on the uptake of carbachollne in slices from the cercbral cortex
of rats Caress & Taviow (1967) were suecessful in fdentifylng tho curare
sensltive component of the uptake as the satumable component.
The low uptake of hexamethonjom In Hver tissue b in agreement with our
in vivo studles on mice (Buoen criresTesty & Houst 1969), which dernon
strated a considerable difference between the distribution of hexametboalum
and decametboniom. Thero Is abso a considerable difference in the fate of
thero two methoelom compounds In the cst, but in contrat to the condiiam
hlhemnmc,ln(hemﬂdnqth:mhlmmldmbhmnhdmolbew
and po o & tum (McISarc 1569).
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The great difference between the uptaks of decamethonium and bexs-
methonrum in mouse liver possibly reflects different affinities for a common
camer  Expernuments with subeellular structures of hver cells are in progress
in an atterpt to localize the binding sites for methonium componnds.
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An Assay Method for Trasylol® Based on the In Vitro
Inhibition of Human Plasma Kalllkrefn

By

Gudram Brisehd
(Recetved November 28, 1969)

Abstrsct. Pixany, kallikrein prepared by activation of citrated plasms with ace-
tooe (16.7 X v/v} for 17 hours At room temperatmre (20-24°) was preincubated
with masylol for 10 minetes (37°). Kiudn relesse was obtained by incobation for
30 mioates (37°) with crtrated bummam plagma In which tho kinisese had been
ciiminated with EDTA-INa (4 g por ml) for 30 ménates (377), and in which
the scetone-soxcepible knlbkreln bad been o d B dlated
befors by ths sddition of scetone (125 X v/v). The reacthn was stopped by
beating for 30 mimutes (100°) after which the relessed kinin wes asayed on the
bolated it st Ten dfferent trasylol samples were estimatsd agalost &
sundurd trugylol in (3 + 2) smays with a doso ratio 1105 and with 6 series of
4 doscr The veraps deparitre from the trwe trasylol comtsnt wa 54 X (mangs
—~ 88 © +1L1X) and the mean systamtical deviation w04 X The
Nductal ity racged from 95105 X 1o 89-112 X (P = 0.05), and b wa 0033
(range 0024 to 0O53),

Kry-words Xalllireisdrypeln tnsctivator — Xallhrelo.

Substances with inhibitory effects on vadous proteolytic enrymes have
been bsolated from bovine orgam Krautr Fary & WesLr (1930) detected &
kalllirein Inhibior [n the parotid gland, the splecn, the Iiver and ths lymph
todes. KUNTTZ & Nowmimor (1936) reported the isolation of a trypun in-
hibitor from the pencress, and Astaor (1952) discovered an inhibitor for
plamin in tung extracts. Several timflarities ln the properties of the tnhitxtors
soggested that they were identical (WRtr, Mamx & Rmvoriausy 1952,
Manx, CLEMINTT, WrRLL & Arrer 1959 TrauTscowd & Wine 1961
WIRLE 1964 KRAUT Brargava, SOnLTz & Zoommans 1963 khraut &
Biuaraava 1963 hmaut & Binrcava 1964) According to Voorr, Taaur
cTLD & WraLe (1968) all the polyvalent bovino proteinaso inhibitars are
fdentical.

U Acte phurmassbepics, Yol 20, faa 3
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The commercial prepanation trasylol® contaims 2 polypeptide obtained
from bovine lung tissue and also from bovine parotid gland, which produces
Inhibltory effects on trypatn, plasmin, chymotrypaln and varous kallfkrelns,

A number of methods have been suggested for the quantitative determination
of trasylol. The preparation was originally assayed by Ity Inhibitory effect on
the fall in blood pressure produced by kallikreins In the dog (Frey Kraor
& WemLe 1950) The potency was expressed in kallikrein iohibitor units
(KIU) (WERLE & KAUFPMANN-BOETSCH 1960) Assay methods based om the
inhibltion of plasmin have been described by MARx, CLEMENTE, WERLE &
APPIL (1959) Karime (1963) Aumaqen (1964) Brirer, Epsten & Kav
LER (1966). TRAUTSCROLD & WERLE (1961) developed a photometric method
in which trasylol inhibited the hydrolysis of benroylarglnine ethyl ester
caused by kallikrein. The method wes modified in order to incresse fts
sensitivity (WERLE & TRAUTSCHOLD 1961)

In connection with the discussion on tho possiblo effects of trasylol In
thexapy considerable interest has been focused on the significance of the
inhibition of the plasma kinin system. Acxordingly it should be appropdate
to base an assay method on the lnhibitory effect on human plasms kallkreln.
The term “plasma kalllkretn  includes all kininog ctivated by sectone.
The method described In the present paper was based on the Inhition by
trasylol of the release of kinin in human cltrated plasma caosed by plaama
kallikrein (Brrsemn, ARNTZEN & Dyrup 1968 Brisem, DYrub & ARNTZIN
1968)

Tecimique
L Human plasma kinimogen prepersiion was prepared and stored as described by
Barem, DYaup & ARNTZEN (1968). In the present work the pooled plasms obiakacd
from 4 men in the axo rango of 25 (o 31 years was Used for the preparation.

2 A rroncsctivated hwman plesma kallfikrein was prepared and siored according ©
} Brasrin, DTXUD & AWNTZEN (1968)

3. Stendard and test kallikrein inkibitor Trasylol® in ampoules of 100,000 Laffikrein
ioactivator units (KIU) in 10 m! sterlle, fsotonic solotion, Bayer A. G Leverkmen,
Gormany

4 Ra wrerns The kinln determinations wers cartied out oa the folated rat pterm &
proviously described (BIELTVEDT & Barsem 1967).

5. Mcthod. To 2 maumples of acrions-activated Miman plesma Kallfiren wes edded
aandard trasybol In  dose ratio of 1 0.5 (30 #nd 40 bahibitor naki per D043 =
mrymcpfrpanﬂouLTDZomcr-myIuwttrnyblm-ddcdmmmn‘
toa Y amxy jed to the xtandard dosts. Esch of 18
rmples was difuted with ealing to 0.19 m! per G045 ml caryme preparstion sad pre-
incubated for 10 mimtes mt 37° This was folkowed by incubation foc kinis reless
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i 1 ml preparation of homan plesms kinogen. Jest beforo the addition of trasylol-
inhibited plescom kallkredn, scctooo-aoceptiblo fnbibitar o the plesma Hninogen prep-
arstion wers deprmeed by the sddltion of acetono tocresponding to s final concoatra-
tion of 125 X { /v) In the samples to be incubstod (BansIn, AANTZEN & DYxuD 1968}
After incobatioa at 57° for 30 mimotes 0.6 mi samples were withdrawn end the reac
thon wtopped by diution whh 5 ml of boiling salino and heating far 30 minates fa 0
bolllog, water bath The cooled smples were dlluted to 10 ml with salire and kept at
4 for exay within 24 bours.

Tho mmtay was carried out s (2 +2) saay with 6 soris of 4 rasdombred doses,
hmmmmmm&ndmmmmmmﬂymm
with s Jalon's solmtion. The indbvidual to the Dearest mm
-ndlh-mmhlpwadmdm-ﬂ»dhchmﬂka-cdlurd.
calcalstion of the romits,

&mBMMMhmudlmnpﬂmLMA.G

Bam], & ecid disodtum sult (EDTA 2N )

Tlripler HT Merck, A G Darmwtadt, Gormuny Aceoas p «, Merck, A, G Dam-
Germeny

stadt,

Commrents on the Techolgee
L Human plevws tintnogem prepareiion. According to Manootrs & Bmice (1963) the

o foond that phaara kellferein approchmately 3 of the total Hulnogen and
be wat able to holsto 1 cormespanding to this fructios and in additkon
b0 & kininogen 2. Acrording to Basmn, Dyaun & ARNTZEN (1965) the rate of relewso
of kinin from the resmaining fraction, which reacts with pleans kafliorein

preseot work (30 miomies). Thes, the bashs for the proposed method i the trasylol-
iaduced bibiion of kinin reesss from the rainor Kninogoa fraction.

L Acetons-acitratod human plasma balllkrein. The cctyme preparstion teed scemt
1o contain mors than ons kininogensse, In the sbeoncs of cetons only a minor fraction

in the plasma kalilren preparstion we imactirated durlag the 17-hoar Incubwtion
period with 16.7 X ( M) acviome.

3 AMethed Plarma Lollirein comcentradion ¢ffect curver Flg. 1 cauve A shows s
typical kmn relesse curve. For the plamna Linimoges preparstion uwed, th  kinin

1967) was 4 6 pr. Curves establithed with other erryme Prvparations and other piasma
Unisogen preparations drrwed gimllar costves.

[t
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12 KININ RELEASE)/?/HL PLA

a5

04

15 30 45 60 75
/d PLASMA KALLIKREIN/ML PLASMA SUBSTRATE

Fig. 1. Human plama kallkrein dose offect aarver.
Plesma subetraze: Homan citratod plasma, sabilized with EDTA ZNw, 4 mg/ml posms

mbstrate.
Playme kalllizein. Human cittated plagme, activated with acetooe, 167 % ( /v), for
17 bours at room temperatare before addition of EDTA-ZN.
Incubation pericd. 15 mipates
Cuwrre A No trasylol added
Curve B Traxylol 57 KIU/dose of plstrm kallikrein and ml plsxma subetrate.
Kinin relewsed calcalated a3 pg beadykmin/mt plasma.

Fig. 1, corv B shows & concentration effect curvo obixined with plasma balfiirch
inhibed by trasylol (57 KIU per 0.030 to 0.075 ml enzyme per ml plaana Liniooges
prepantion). The experiment wn carried oot mmultancomsly with the cxpbriment
shown In fig. 1, curve A, and tho sama extyms and the samo substrate wers wsed. The
curves were almost parafiel and the inhibition about 50 X

The sctmal of plarma per 100 ml do Jakoas
soluion mnged from 8.02 to O 11 ml (xversgs 0.06 mi)

Trasrl | Hext curve dykinin wea osed w3 the standard sobeance
durtog the dereopment of the method, for etamphe fn tho criablishment of dose et
corves with plarms kalffkreln (fg 1) with tresylolintabited plasma kallfkseln (6 B
asd for the thme effcet carve with trasylol-inhibited plesma kafflirets (fig 3
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70 % INHIBITION

60
50
40

20 & 75
TRASYLOL KIU/ML PLASMA SUBSTRATE

Fig. 2. Traxyiol dose [rkibition cutve
Plasma substrato and plasna knflikrein, ses fig. 1.
Plawna kalllkrein: 0045 miftrasylo! dosefml plaama sobstrate.
Incubation period. 15 minmes,
Kinin retymsed by 0.045 m! pesma alllkrein/ml pleans subsirate: 11 pg calcolated as

bradykink.
Flg. 2 showa the siralgii corve for tresyiol Inhibitlon In the range 30 to 73 KIU per
0045 ml kallfirein per m] plarma preparation. The ame enxyme the

calculated = bradylinin per mi! plosma kinfoogen preparation, or 63 X of the maxh
from reiesse valoe.

A pomsitle effect of trasylol on the bradylinin stimlated rut wterns wes examined for

amays shown (o table 1 wure considered.

Th Inkibition by ecetons of kalllkrein ixhibirors in the plasrss Hrinogen prepers-

Pretncubation perjod. Experiments wore curhed oot 10 estimats the preinenbetion
time mecesary for entyme asd trarylol to cbtain matinwem ihibition with the evperi-
mettal conditions chosen, Le. 30 and 75 KU per 0045 ml eazyma. At the fowest
inlabitor concemtration cwed the luhibilion was compiets after 5 mixmtes at 37° while
10 primics were required for the highest smownt of fahibilor weed
10-mlusts preincubation period wae chosm for the method, Tig. 3 thows of
convcs for kinip relee with trasylol-nbibiicd plasms kafikrein.

-

o~
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Table I
Accurncy and procision of the method.
Differeat trasylod solutioms ssayed on wterl from dHferent ratx,
/b Ratlo of standard deviation to the alops of the regreslon line.

Trasylol anlta/ml Actmal orror Fldochl
Asay Obwerved uXof b it X
Theorethcal

02+ ey tros potency @ =00

1 740 800 + 81 009 $4-106

2 860 910 + 38 (Y] $3-107

3 1150 1150 - 17 0043 91 110

4 650 680 + 18 ams §3-107

5 20 850 - 33 0.024 §3-108

6 1200 1160 — 33 oms 92 109

7 950 1100 +1L1 o5 »-112

s &30 620 — 88 oms 94-106

9 a7 0 - an o 53-107

(] 70 210 + 28 o.a32 94107
Incub period. In Y opert 15-minmts petiod wa1

used. This procednrs caused a relatively low per ceat kiohn relesse which resabted fa s
relatively hugh concentrations of plarma in de Jalon's solmlon. With plesma cooces-
tations ranging from 0.2 to 0.4 ml per 100 m) test solotion, tregularitios of the cterine
peeparatiom wers observed rather often and several had 1o be refected. Whoa the jo-
cubation period was incrossed to 30 mumumey, the concentration of plesma decressed
correspondingly and the swxy difficnlties ware larpely ellorinated,

Retalts

To test tho accuracy and precision of the mggested method 10 ddfareat
trasylol solutions were assayed. ‘The strengths of the solutions were unknown
to the observer Uterine prepanations from different rats were used. The
results aro thown m table 1 The statistical procedure described In the Nordie
Pharmacopocta was used in deafing with the resaltx. Table 1 shows that tbe

was satisfectory The rangs of fiducial limits (P = 0 05) varked from
95105 / to 89-112 / and the values for the ratio of standard deviatioa o
the slope of the regression lins (z/b) were from 0 024 o 0 053 (mean valoe
0035) The standard and test curves wers parallel except in 2 experiments
which wers 0.05> P> 001 The sccnracy of the method wes satisfactory
The averags departurs from the theoretical content of trasylol wes 54 %
(nngc—SBm+11J/)ltdthomunrymaﬂuldeﬂlﬂcum+04%
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11 KININ RELEASED /;?/ML PLASMA
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Bt 3. Time cffect curvag for traxylol inkibited plazmea kelllkrein.
Pleama mhatrats and plama kalllkredn, see fig. 1.
Cuorve A Trasylol 30 KTU/0043 m! plascms kallikrein{ml plasma sobstrate.
Cmn&TnmmHKmMNSmWhmnhEhddehﬂnmhmu
Kinln refeased cakmisted aa pg bradykinin/m] plesms.
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Lethal Brain Concentrations of Nicotine in Mice
of DifTerent Ages
By

Torbfien Sulladrie ond Premysl Stanise
(Recatved February 27 1570)

Ago-dependent changes In drug susceptibility have been demonstrated in
mmdmhqmmmﬁmtpedaqumﬂyxhspmmhMm
nconatal antmal is to drug doses d on & welght bash which
anbotoknmdbyﬂx-dulnlncrutdumidvkyhubeeumpomdtor-

variety of P CNS icholnergic com-
pound:lndlndﬂoﬁu(hrrﬂﬁew-uummlm)
The ccatral pervous system offer an ting contrast to

this pattern of increased semitvity In the young® geperally young animah
are less semiltive to the toxic cffects of CNS stimmisnts than are adults
(YrART ef of 1966).
This ph

has been & d for strychmine, pentetrazole and
niethamido (SETNIKAR & MaosTarTT 1964 Pyixdd & Woooeury 1961
FErNGRIN 1965). A similar phenomenon bas also been found in the case of
micotine. STALUNDSKE ¢f of (1969) reported that mice aged 3 days coakd



234 TORBJORN STALHANDSKE AND PREMYSL SLANINA

tolerate doses of nicotine as high as adults. However In contrast they sbhowed
that mice aged 12 dayx had developed a very high sensinvity to the toxc
effects of nicotine. The tams anthors smggested that the subsequent decrease
in sensitivity observed in older mice varied directly with the development
of enrymatic detoxication in the Hver However in mke aged 3 days
other factors must be involved as these mice tolerated doses a3 high m in
adults despite a much lower capactty of detoxicstion.

The central nervous system In which nicotine a largely taken up (Scrames
0w et al. 1967) Is prominently involved in the overall pharmacology of
nicotine (far review ses SILVETTE o al. 1962) so that the lethal effects of
nicotine in mice ars very likely due to its central effects (AcETO er al. 1969).

The aim of the present study was to investigate whether the differences In
susceptibllity to mcotine wre related to a change in the senstivity of the
CNS with age, 1. e. if different brain concentrations of nicotine are required
to cause death.

Material and meethods

Experimental aximals,

White mice of the NMRI strafn aged 3 12 and 35 dayx wero oeed. ‘The ap-wodknatt
ages of tho experimontal sntmals parchased oo & weight basls werp determined eccord-
ing to an age and welght curve Previomly constrocted In the group of 35 days old
mice, the wexcs were cqually represented. In eech xgs group 12-17 molmalks wero med
Mico aged 3 and 12 duys were kept together with thelr mothers until they wero msed.

Nicotno-methyl-14C win synthesized according to the method of McKoees o ol
(1962) &3 described by Haramow & Scmutnonlyv (1962) The purity was checked by
tbin-layer chromatography (STALRANDAXE 1970) and ths specific sctivity was 28 pcd/ms

\P&cdmumumntduumdmhhcﬂrdnwnqlgmwwﬁum
0329 g of the pure bese.

Antmal rperiments.

Mice wero Injected intrapertoneslly with 1C.picotme dowolved in distilled water
In octer to Gbtakn the necesary amount of nicotine fa the Infected sotution
ohoting  bitartrete was sdded to the radiosctive base. The amommt of nicotioe kajected
wm calcnlated ot the pore bese.

Thus different solotiocs wero made np ooc with & specifio activity of 2.6 pdhog
which was ted for urics aged 3 and 35 day, and another with & specifle activity of
11.3 pelimyg, which was ored for 12 dayz ol mice.

Tho mico aged 3 and 35 days werp given 23 mgfky and the 12 days okd mke
5.4 mg/kg of mcotive. The doses corrgponded to the 3-f 1 LDS0 dars sccording 0
STALHAMEKT. ot al. (1969) The total volume Injectod for 20 5 mica wis 0.1 mf aad
thls was redoced according to the weight of the animal. Foe lojoction Mo e
wmh-wmtmmmmmmmwdw
s pinched 10 kvokd leakage. In 12 and 35 deys oid oo death was sheays prewded
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by convoldoor The patiem of the couvultioss correrponded to that described fn the
previony investipatiom (mxcitation, tromor Jerking movements, clocic and tonk coo-
vohions and death) (YAMAMOTO of al 1966}, Mico apsd 12 and 35 days wero con-
ddered ¢ bo desd when tho body relaxed sfier the tonic convuldons. In control ex
periments 50 breathing occurred apd 5o salmals ervived after the ocrarrence of toake
convubslons.

The character of tho seimra differed in the 3 days old amimah, Trembling wnd
hyperkineds occurred and this was followed by loss of body posture and fimally by
tlow and intemto paddilng movements of the begr. The resplratocy mte became slow
with periode of apooes and the anlroab progressvely becamo moro cyanotio and pale.

blood

To 3 dayr oid animaly the blood collected from 2 to 3 snbmaks was pocled Tho braina
were removed aod welghed, The blood and bratn thwwss were mmodlately frozea
and Lept et — 20 untll the nicoting was extmcted.

Dasermination of rhcotine.
The brates were homogentred tn 02 M phosphats buffer pH 7 4, From the howmo-

e per Eaple, based on The specific activity of nicotine msed and on the absolut
comating efficloncles determined with standards of HC-totuone.
Ssatictical eralnerion fdase.

Stedenty *t  distribwtion wes used =3 & tept of tho mufl hypothesis. The leve! of
shgnificance med way P < than 0.05

Resalts

The highest average lethal srain concentration of nlcotine (8.35 pg/g) was
observed in 35 days old mice. In the 12 days old mice the brain conceatration
on-nnmp'nupcrumtmdhaday:o!dmhcnpncmtbwn
than in 35 days old mice (table 1). The diff in brain
betwreen the different ages were significant.

However the highest average lethal nicotme concentration in the blood
(8.75 Rg/g) was obscrved In 3 days old mice. In 12 days oid mice the
concentration in the blood was on an averago 76 per cent and in 35 days old

mice 49 per cent Jower than in 3 duys oid mics. The diffcrences were sig-
nificant.
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471 35 Deys
12 Deye
3 Duye

WMCTTINL 1N RRAIM

! ! i l
sSEconNDs wo 200 am 400 800
TIMR POR  DLATH
Flg. 1. Correiations between lctha! concantrstions of pkotine in the bratn and thme
of death in 3 12 and 35 days ofd mice. The corrclation wes significant for 35 daya

(P < 0.001) and 3 daya (P < 0.03) old mice. The slopes b= 0.084, and b =001 dif
fered sigaicantly (P < 0.05).

Significant dfferences between the brain o Slood ratkos of nicotine con-
centrabons wero abso obsorved. The highest ratio 191 was observed in the
oldest mice and decreased with age 1o 108 (12 days) and 0.57 (3 days)

On an average the tme of survived after the niecotine injection alwo differed
significantly with sgo and was longest in the youngest mice (375 scconds) sud
shartest In 12 days old mice (98 seconds) (table 1).

A sgnificant correlation between the lethal nicotine concentrations in the
brain and thoe time of survival was found in 3 and 35 days old mice. However
0o such correlation was found in 12 days okd mice.

The dopes of the two rogression lines (fig. 1) wers also found to be
aygnificantly different,

Dhcwrion

On the axsnmption thet In mice the causs of death with nicotine [s of
central origin (ACTTo #f al. 1969) the coacentration of nicotine I the bain
at death may be considered a3 & measnre of the sensitivity of the brain to the
tethal effects of nleotine, The significant differences between lethal brain
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concentrations of nicotine obtained with the doses used in mice of different
ages, thus Indicate the p of an age dependent change in the sensitivi
aof the brain to micotine.

The changes In the kthal bralr concentrations with age correlate falrly well
with the change In the LD50 values,

It woald be attractive, particnlarly m the case of 12 and 35 days old mks
where matios between LD50 values and lethal brain concentrations were
similar to attribute the differences in LD50 values to a change in brain
semitivity to nicotine However other mechaniams must also be taken inio
comdderaton.

In sddition to the fact that LD50 determinations are inexsct and crude
cdterda for the determination of toxicity the LD50 value s the resutt of 8
number af possible age dependent vardable conditions. Each of thess condi-
tions may change with age causing an increaso or decrease of the doss
necessary for a lethal effect.

Some of probable sge depend hangeabl Jitkns are
absorptian, metabolism (detoxication), distrfbution to and affinlty for phar
macologically active and silent receptors. Age dependent changes of drg
distribution within the CNS are known to occur (for review sec Romi &
BARLOW 1965) and It Is known that the nlcotine detoxicating capadity of the
Tiver gradually incresses with age (STALIANDSXE ef al. 1969) When analyzing
known ago dependent changes of nicotine metabalism and distribution the
following discusston may be relevant.

From the ago of 12 to 35 days there is an increass In the average lethal
nicotine concentration In the brain and an Increass in the detoxicating
capacity of tho liver Theso changes acting synerghtically progressively -
cremso the lethal dose of nicotine, However they are antagonized by an I
cressing capatity of the brain to accumulate nicotine, as Is indicated by the
tncreated bran/blood mto seen {n 35 days old mice.

Nevertheless the result Is an increase ln the 1LDS0 from 2.7 to 115 mg/kp
{ndicating that conditions which produco an incresse In LD50 outweigh the

Jit} vlo for a d of the Jethal dose

From the age of 3 days to 12 days thers is a decrease in the average bethal
nicotine concentration in the brain and sn increased capacity of the beain (0

nicotine a3 mdicated by the © d brain/blood rato

These conditions change synergistically leading to a & of the lethal
dose of nicotine. However the capadity of the liver to detaxify nicotine fo-
creases progressively with age (STALRANDSXE e1 al. 1969) and thus gradually
Increses the lethal dose of nicotine. In these circumstances In which the
LD50 is deereased from 11.2 to 2.7 mg/kg the factors which operato toward
2 decreass of the kethal dosc outweigh the factor producing an lotrema of
the kethal dose.
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Although the LDS0 values are similar In 3 and 35 days old mice the
average lethal nleotine concentration in the brains was lower fn 3 days ofd
mice. However according to the brain/blood ratios the affimty of nicotlne for
braln txsoe was Jower in 3 days old mice. The uptake was also definitely
slower in 3 days than fn 35 days ald mice, since the thopes of the regresdon
Enaﬂlmmﬂulheupukeafnlmﬂneh:brﬂnwhhﬂns,diﬂmddmiﬂ-
cantly The sow uptake at this age may be ono of the causes of the long
latent period before death occurs.

Albongh a central comporent i3 thought to be of primary importance in
causing nicotine death in adult mice this may be socondary in the newborm.
PYLxd) & Woopsuy (1961) who found a dmilar sensitivity trend with ago
for strychnine and brucine in raty attribated the high tolerance to a lack of
functionsal synapses In CNS of newborn animals.

This may also be the reason for the Jow sensitivity of nicotine and the less
dramatic toxic syndrame scen in newbom mice (STALANDSKE er al. 1969).
In contrast to young mice the primary cause of death in the newbom may be
a progressively increasing peripheral curare-llke peralysis of the respiratory
mmcles (for review sec SIVITTE ef ol 1962). This and the high redstance
of newbomn for hypoxic states (for review sce JILEK ¢f al. 1964) may also be
the caplanation for the increass In the latent period before death occurx.
The high sensitivity of the brain for nlcotine at the age of 12 days may be
attributed to the fact that the develop of the brain proceeds rostrally
with phylogenetically primitrve hindbrain structures matnring earGer than the
younger forebraln systems (RxItTrx 1967) Neocatal antmels are befleved to
pass throogh & phese when the major excitory system in the hindbrain
reticulsr formation i functional but in which the foretaain inhibitory mecha-
nisms gre ot fully developed (CAMPRIIL et f. 1969). During this phess the
life preserving functions of the central pervons system may be mors casily
damaped by nicotine.
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Further Pharmacological Studies of
Bicyclic Thymoleptics
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Abstract: The rwerpine jatic and Hno (NA) tiating activhics
of 19 ph and 18 have bean with thows
of 7 known tricyclle thymoleptica. Thirty miwates afier an Intraperitoneal Injec

curve. It was foand that 3,3-cimathyl-1-(-amk dithal
and thiophrhalancs with & pbenyl group or certain other electro-negative, nos-

and (NA) Ivities of varkows bicyclic compounds
mmmparcd-ﬂhthmedbmukyd]cthymkpdultmmmn!
4 phenyH-{3-aminopropyt)-3,3-dimettyl hihalano  derivatrves

Following this further derivatives were synthesized In order to study tho
structuro activity relationship with regard to thymoleptic propertier. In this
study {(3-aminopropy!)-phithalanes with variows substituents in the ring
W At phossmeriegion. Yol 21, fo. 4
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R3 R3

CHa ~CHy -CHy -NC!!
: 2
|

Flg. 1 General vroctoro of the bicyellc compounds examined.

structare were examined end compared with La 3-010 (3,3-dimethyl-H3-

inopropyl)}--pheayl-phthal and the clinleally known ticyclic
thymoleptica. In addition a mumber of analogous thiophthalme dervatives
wero {ncluded In the study The general structurs of the componnds studled

is given in fig, 1.

Table 1
Structure of phthalanes
Sertal | Meftig
< Codono X B B R on on s MeSw
1 Lo 3010 O Cgy CH; iy CHy H HQ 19091
2 Lo4004 O Cefy CHy CHy H H  oulto 1949
3 Lo 311 O pRCHy CHy CHy CHy, CH; HQ 1502
4 Lo 3073 O pRGH; CHy CHy CHy; H HQ 20506
5 Lu31z O COCH CHy CHy CHy CHy HQ 1555
6 Lo 4003 O OCOCH; CHs CHy CHs H HQ 1560
7 Lo 3058 O COGyH, CHy CH; CHy CH; HQ 1919
8 Lasws O coan(GPem om oy an wa 1w
: ]
9 Lu 3-105 O COCeH; CHy CH; CHy; CHy HQ 18485
10 Ln 4002 O COOH CHs CHy CHy CHy HQ 1888
11 Lo 4006 O COOCHs CHy CHy CH, CHy HA 18N8
12 Lo 4001 O COOCH;s CHy CH; CH; CHy HA 15453
13 Lu 3109 O CONH: CHy CHy CH; CHy HQ 837
14 La 4073 O CONHC4Hs CHy CH; CH; CH; caisto 13624
15 1m3092 O CN CH; CHy CHy CH; HO 16567
16 I1u4012 O CN CH; CHy CH; H  HCQ 108
17 In400 O N CH; CHs H H  HQ MM
18 lu4010 O OR H H G CGf ocale 10405
19 lo6oil O CeHy s Com Gy cHy HO 168



Table 2
Stroctore of thlophthatants.

Seafall cogene. X Ry R Ry 1,7
o {
20 Iua4g4 B CyHy cHy CHy CH;jcs
i L3003 8 Gy CHy CH; CHy|H
2 Lus00 8 Oy CHy CHy H ¥
3 Ins4gll 8 GiHs CHy R CHy;CF
M Lasool 3 CHy Gy B CHF
2% lo4ted 8 Gl H H Ohjcr
%  lo4om0 8 [oh: H H oFls
277 Ilosow S Gty CHy CHy GHifcy
2 Lososs 8§ COCHy cHy CHy oH; ¥
» laospds 8§ COOH cHy CHy CHylor
X Losos 3 COOCHy CHy CHy Chlon
31 laso §  COOGH; CHy CHy CHyjer
32 Lnsoio 8§ CONHy CHy CHy CHp|lon
3 Inso4 8  CONHGHy CHy CHy iy CH
3 Lo 3a52% S=0 CiFy CH; CHy CHy X
35 Lu30M S=0 GiHy CHy CHy CHy{H
3 In3071 80y CeHs oy an oo
37 lu3o®® 307 Gy CH: CH; CHrin
The two Bomers were

!
i
:
E
1

Materials and Methods
Chemicel.

Tho compounds stoxffed ars ghven in table 1 (phthalents) s »
The compounds were prepared o¢ the most coavenkent wade.
Io mbles 1 and 2. Rests gives fn the following tabie
weighed
Pharmaroiogicel.

Actle todchy was determimed by tatraveous

injr.
weighing 18-22 g, kepe fn single cages &2 about 23 Thel

e Levels with S mice per group wers determined by fi -
(1540,

Reserpine ansepontmr
”Am"mhmﬂmufwmhm

compousd fotraperioneally at the doso levels o -
u:hdsmmhmmummm

Obw of the o
of abesncs of the typical rescrpine symdross wa el
ontrested coutral groups were bocloded o cach ™

reverpine after the firt bour The degres of smug -
w
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was roughly estimated oo a scale ranging from 0 to -+ Tho oloerver wis orarwacs
of the Identity of the experimental groupes untll after the cxperiment. This test was oxed
oaly ay a quick guide to the compounds that might be most saftable for the more
detalled study
2) Prevention of reserpioe-induced ptosts. Unfasted male mico (NMRD) I the weight
rangs of 18-25 g were grouped 5 10 a cage and treated with the test drog. An wetrested
group served as comtrol. The infections of test compounds were doce by an fovestigstor
different from the observer the Hatter not being informed about the ldethy of the
groops ontll after scoting. After half an hour had elxpscd, all the animals wers ghren
reserpine (sorpaddl® 2.0 mg/ky) and retmned to their odiginal cages. All Infections  ere
siven imtruparitoceally in a yolume of 0.1 mif10 g of bodywelght. One hour after the
sdmicistratlon of the challenging dose of reserpine the cages were tiited tp and down
« few times, and 30 scconds Iater the animals were scored for the degres of ptosi.
The acoring system adopted by Ruste ef . (1957) was med 4 = complete, 3= X
1=13{ 1m1{ clomro of the cyelids. Normal opening was scored rero. If diffaret
degrees of ptosis In the two oyes of an animal wero observed, the aversge Kor wat
used. Tho sctivity of oach test drug was cxpressed as the dose (mg/ky) that redoced the
piotic score to half that of the coutrol mice (FDY%0). Far some of the more poiest
compounds higher doses (32 and 64 mp/kp) wars given to sco whethar tho degree of
antagonirm againt the resapine syndroms wonld decresso (revernl),

Table 3
Acthvity of phttalanes.
Reserpine Antagoolm
LD S NA Potent.
P - v R

L myhgl reafigly
1 La 3010 4+ o4 >64 10
2 Ln 4-004 97 +H+) [ 10
3 Lu 3021 M+ 06 ol
4 Ln 3073 103+t ~15 40
5 Lo 312 47 +++ ~t >> 100
6 Lu 400 o +++ 6 780
7 Lo 3098 L R I > 1000
s La 5006 ++ >8 > 1000
9 La 3108 R ~ L5 500

10 Lo 402  >200 + >t
1n La 4006 8 D 2 0
12 La 4001 6+t 2 >64 160
It La %109 110 +HH  >8 ~ 1008
1 Ln 4073 25 4+ 2 >64 ~ 1000
13 Lo 305" “ o+ Al >64 0
16 La 4012 L I 025 >64 bt
7 La 4050 noo+ 73 > 1000

18 Ln 4010 + >8
19 Lo 6031 o+ 20 > 1000
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Table 4
Acitvity of thiophthalanes and referencs mbstances
Reserpine Antagoobm

LD %0 Prosis NA Potent.
e Wh e | B0 0 Tl
Ly me/kylp wegflgly

20 Ln 4074 © +++ 1 > 64 150
21 Lu S0m 67 +++ ~ 1 > 64 ]
n Lo 5060 [} +(+) 16 > 1000
ks Lo 4071 a8 +++ 8 > 1000
24 La 5001 60 A+ 3 150
24 Lo 4064 48 ++ 12 > 1000
26 Lo 40% 60 e ¢ 400
27 Lo 3099 M {+) >> 8 >> 1000
22 Ln 3035 17 - >> >> 1000
2% Lo 3048 > 200 0 >> 8 >> 1000
0 Lu 5046 21 - ~12 800
i Lo 5042 ki) ~ 2 700
n Lu 5040 o8 ++4 33 >64 > 1000
» Ln 304 M4 ++ 6 > 64 900
L1 Lu 5052 106 “h > 8
3 Lu 5044 123 +) >> 8 > 1000
3% La $071 €0 o > 2
37 Ln 5.069 128 +(H) a
RTJ Amitiptyline » +H+) 14 2 ~ 4000
32 Nortriptytine » H+H) € 2 2100
40 Imipramine 0 + 3 &4 350
41 Desipramina L4 ++H+) 1 2 70
41 Melltracen 52 +H+) 4 >64 2500
43 Litacen 38 +4+ 2 >64 ™
4“4 Protriptyline © +++ a7 23 pii

20 mgfig L p. bethal,

centage of the Inhisl valoe, When 1 ma/kg of the test drug yickded lew than 50X
potentistion and the snii-teserpine cffect was found to be weak, mwally oo further
doses were texded, and the reult (lables 3 and 4) wat given a3 > 1000 (weak effect) or
« 1000 (sutremely seak effect). In other experiments at least 3 dose leres ( = 2)
woro tested, and & dowe-effect curve was drawa on semi-ogarithmic peper trom which
the ED30 was resd. A few drups wers teted st dose of 8 mgfky to sed whither 2
marximal potertistion wia etfll present or whether  revental had ocrirred.
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Resalts snd Discrssion

In tables 1 to 4 the compounds aro identified by codo mumber or generk
name for the reference mbstances. In order to facilitate reference to any ooe
compound they have also been essigned a sedlal number {(coturm 1)
Among the phthalanes (tables 1 and 3) the most active compounds wore
Ln 3-010 and Lu 4-012 (serlal Nos. 1 and 16) This mesns that the most
favourable substitution in position 1 is efther a phenyl- or 2 CN-growp,
Substitution in position 1 by para-F-CeH; (Lu 3-021 and Lu 3-073 srlal
Nos. 3 end 4), COOCH, and COOCeH; (Lu 4-006 and Lu 4-001 serlal Nos.
11 and 12) still retsined comslderabls mctivity while other substitutions
resulted in marked rednction of sctivity

From our previous work with this type of compound It was known that
dimethyl substitntion in position 3 was essential for patent reserpine antago-
nism and NA potentiation.

Replacement of the methy!l groups with CFs (Lo 6-041 No 19) resulted
in contiderablo loss of actvity It is of Interest that the prmary amine Lo
4-004 (No 2) which has been found to be a metabolite of L 3-010 (PL1m
ForsuELL ef of 1968) still has some anti-rescrpine effect and is quite active
in potentiating NA. Lz 4-050 (No 17) which may be assumed to be a metab-
ollte of La 4-012 (No 16) docs not seem to have retained mmch of the &
tivity of the parent compound.

Lo 4012 (No 16) besides being a very potent reserplns antagonist £
NA poteatiator also seemed to possess a certain central stinmlating effect
caming hyperactivity end a tendency to stareotype head movements at a dose
Ievel of 50 mg/ky. This has never been observed with Lu 3-010 (No 1)
In the thiophthalane series (tables 2 and 4) the most active compound wat
Lu 5-003 (No.21) the direct analogus to Lu 3-010 (No. 1) which hod #2
activity very clote to that of desipramino (No. 41).
\’Thopdmuymﬂnol,us-om(NoZZ)mdLbcmmlphaﬂduLuWﬂ
y,nndLn5-054(Nm34md35)mmdudcdmumymmbm}dmﬂﬁcd
s metabolites of Lu 5-003 (Frenmrcaon OVERO et ol 1970) They all appest
10 bo weak P {sts. It it fnteresting that Lo 5-052 (No 34) stll
retained some NA potenfiating effect.

The present rexults seem to indieats that the stroctural characteristics,
shown to be essential for the powerful reserpine antagonism sad NA poten~
tiation of tho phthalanes (PETERSEN cf &l. 1966), alio seem to be essentt]
for tho effect of the thiophthalenss. 1) substitotion by a phenyl group
certaln other electro-negative, non—cyclic groups In potition 1 2) substitution
by two CHrgroups in pesition 3 3) a thres earbon tide chaln 4) & secondsTy
amine group in the ide chain. The thiophthalanes, bowever appear to B
slightly less active than the corresponding phthalane derdvatives.
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Some of the ipounds Included have been investigated for revenal of
reserpune antagonism, and it may bo seen from tables 3 and 4 that noso of
the bicycllc compounds showed reversal of antagonism. In the pithed rat
preparation intrevenous doscs as high as 8 mg/kg of Lu 3-010 agd Lo 5-003
still showed marimal potentiation of the NA pressor response. With the same
doses of protrptyline and desipramine the potentiation was markedly reduced.
The previomly described bicyellc compounds were found to possess a very
weak anticholmergic activity while the known tricyclic thymoleptics are quits
stroag snticholmergics (PETERSEN et al. 1966) On the conventional guincs-
pig ilcum preparation Lu 5-003 was also very weak, being about 630 times
less actlvo than atropine. Lu 4-012 was completely devoid of anticholinergic
actlvity

CaRLEBON ¢f of, (1969) bave studied the effects of some of the bicyclic

pounds on the 1 pump t of central and peripheral
monoamine nenrones. Lu 3-010 was fourd to bo extremely potent In jnhibi
ting the amins uptake at the ccll membrane af peripheral NA netroges. Ly
5-003 was somcwhat weaker On central NA peurones, bowever the relative
potencies tended to be the reverse. Thus, the abillty of Lu 5-003 to block
amino uptake centrally was distinetly superior to that of Lu 3-010 and even
desipaming. In view of these results Lu 5-003 seems to bo one of the most

potent inhibi of the b pamp mechanhum of the central NA
neurones
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effect on £3-quiphate incorporation into calf rib cartilags in ritro slicyi

scid was yuperior to the other compounds o it had an ihibétory effect of 70 X
umr‘i'ithlbouiﬁxfwntyhﬂcyﬂﬂ-cﬂlninbuﬁijfwnﬂcﬁ-
askie The ncaipeskc activity was d Daing the phen:
mmmhmsummmummmmhmm
the other palcylatrr. Gustric Imtation wes stadeed oo the gustrc mrocosa of

ngnlxamty increased rate of gastric brritatjon fn the gulnse-pigs.
Key-wonde Salicylutes - anth-nflammatory agents — analgrela.

Thelnﬂ-h:ﬂn.mmnmryandmnly:h:prqxn}amthcmnmhmnwhhh
determine the valee of antirh Ifcyl. In order to mom-
ing stiffness, Joag binlogical half lives of the compounds in the body arc also
deslrable, Furthermore it #5 obvious that the compounds must not give risc
to side-eflects which might limit the use of the drug In sdequate doses.
Acttyisalicylic acid has been tsed a3 an nthinflammatory and mnalgesic drug
since the beginning of this century However the blological kalf-ife of acetyl-
alicylic scid after oral Administration to man fs short (4 7 hours according to
NORDQVIST et af 1965) And it damages the gastric mucosa (Warss ef of. 1961).

In a search for othet compounds that woukd fulflll the requirements for
an antirhcumatic salicylate beiter than acctylsalicylic acid, we have studied
many salicylate derivatives during the last few yearn. In this investigation
scetytsalicylic acid (ASA), eyl -dd(SSA),nhcy‘lmnldc(SA)nnd
todlum sallcylats (N2SA) have been parcd In some y i
tions.

tiga

T Acs pharmmmiegios, vl X, fos 4
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Material and Methods

1 fluence on carregrenin-induced ordema.

Female Spragoe-Dawlcy rets weighing 7085 g were msed in these experiments, The
animals wers carofully sciected and only rats with a nocmal hind-paw volume of
050 ml were osed,

The left hind-paw was infocted subcutaneonsly with 0.1 ml of a 1.0 per cont solntion
of cammagesnin 5 min. after the orul sdmiuistration of 2 ml/100 g body welght of ke
test compounds In a1 per cent sotution of sodlum carbotymethyl celtuloss (CRMC-Na)
Th volumes of the paws were measared 96, 150 270 and 330 min. after the injection
of carageemin A waterfilked gradusiod cylinder the wpper oogradoated part of
which had been cut off, was used for measmring the yolumes of the paws which were
{mmersed to a mark on the skin over the latera] malleotns (Wovima 1965)

Inflaence on OS-salphate incorporation In vitro

Costal cariitage from recently Hiled new-born calves was ¢cleaned of perichoodrimn
and siced In & modificd meat-lkcing maching (BosTabu & Mireson 1935). The slicet
measuring 0.4-05 mm in thicknesm, were collectsd fn cold Tyrode s solution contalning
0.01 per cent glocose at pH 74 A safnlens steel cork borer was veed to punch o
circles 24 mm in dlameter from the sices.

Six circular pisces of cartllags wers incubated In & single flask containing $ mi of
ﬁmhwh-ﬁm-olmlume‘:haqummithmmlOcmuﬂﬂuh,ﬂlﬂx

Tyrode solution oaly and 20 wrh 1 flasky the test
1o the medtom.
The tosted wero acld, acld and ik

in » final concentration of 6 mM at pH 7~7.5 As sodrum hydrotide and hydrochloco
ackd wero added to the Tyrods solntion fre disalying salicytmlioylic ackd, thiy Iacube-
tiow medhom was rim a3 a special control groop.

Incubation was carried out in a chaker water-bath st 37 During incubation e
flasks wers scrated with & michos of S1.5 por cent oxygen and &5 per cemt carbod
dioxdde. The curtiligs tirches were Incobated for oo hour before the addition of i
Iabelled slphnr end then for two boun theraafier Each flask received 50 el of
cartier-freo %8 labelled soctiom sulphate!) la 50 pi of distlled water

At the wod of the fncobstion period the rvaction was sngped by the addition of
1o of & 2 per cant solution of manolodoaceile acid. Ten nrinmte later this mixtme

drawn off and replaced with & ssturated solution of sodium solphate. Followiot
overnight storage In sodizm miphate, the curtliags was washed twics whh water
~(f Bour each wisd) und deydrated ix alobN. 70 por cent, 2 hours; §F per il
2 boors; 100 per cemt, overnight, The cartilage was sohecquently dried fn an oven asd
welghed on & Catm electrobalance. Two ploces of weighed cartflage wers phaced 12
-au-mr«wmmmmmmwﬁmw“
70 per cent perchloric acd followed by 02 ml of 30 per cent solution of hydrose®
peroxide (MaHDY & Lormeno 1966). The vials wers then capped and placed ja a8 ovet
st 60 for 1 hour Following digestion the viah wers allowed to cool to room Lmper
atare after which 10 m! of scisillation counting flakd (1000 mi tovene, 1000 md
2 by md4g was addad.

1) Tho Radiochemical Ceatre, Amenham, Bogland.
1) New England Noclear Co., Bosion, Mew, U S, A
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The semples wers counted In & Packard To-Carb Bquid sciutiation spectrometer
‘Three vials were countad for each Incubation fluk, Tho solotions weed in this procedurs
resubied In a comnting afficdency of approxhmately 93 per cemt, as determined by
interpal standsrdimtion.

An-}'t*a'dn‘ry

ding to & Fomgarry (1959) were performed
mrtmanlflIthdshln'nH;.Th:unmmmmdsmmmdcdln-
1 per cemt solution of (ryt celhujose am! orally (025 ml/10 g

body weight) 30 min, befors the tutrapcritonsal injection of the phenylquinone sobution
(0.01 ml/g body welght of 1 2 per cent solution)

The tota] momber of “writhiogs™ {n groups of 6 animals was counted cumalatvely
for 20 min and the analgesic activity was cxpremed ns the percental inhibithn of
“wrtiblog

Gartric kritetfon.
Thh method hay been described in detall fn an eartier report (Asero 1966) bn which

thres bours after the drug hed been sdmintstered. Tho stamachs wero axchsed, opened
aloog tho greater curvature and o & “WEnd™ bash (o pember of
was counted undar fow msgnification with a hinocalar microscope.

Resits

Influence on carrageenin-induced oedema.

As seen from table 1 there was no difference in the anti-{nflammatory
effect against carrageenin-dnduced oedema between ASA, SSA and NaSA in
the doscs tested. Tho oedema redocing effects for all theso substances were
clearly alresdy demonstrated within 90 minutes and Lasted during the whole
test perfod. The antinflamnatory effect of SA was significantly less than
that of the other compounds,

Influence on ¥S-nilphate incorporation in vitro

The results of the /n vitro ®Salphate uptake In calf rib cartilage from six
difterent experiments show cleardy that SSA is the most potent inkibitor of
the salicylates used (tabio 2). In all the experiments but mumber 3 thero were
stathtreally significant differcnces between SSA and ASA (P < 0.01) The
inhibiton for SSA and ASA way 70 por cent and 45 per cent, respectively
The tntdttory effect of SA was about half that of SSA.
m
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Table 2
The Inhibitory slfects of salicylates on ®S-alphets Incorporetion in calf rib cartilage.
Experiment Pec cont ublbition of ¥ incorporstion + & E. AL
po. ASA (©) SSA () A ()
1 410142 &) 62108 ()] M3t18 (03]
2 00157 “ 662118 [} P33 o)
3 @at42 @ TLE £07 L)) 3115 ®
4 447123 [s)] 731102 [w)] 416133 *
5 P84S &) 688+ 11 [+2] Mat14 ()]
6 04193 (53] MiT14 o) 71415 ®
mﬂni!l?:;l.- “47t32 2N 7;-0103 @ _354113 [v.4]

The Inbdbitory effects of ASA, 5SA and SA at § mM Concentration xpremed & par
cont of eun vatoos for the control groaps.

Table 3
Inhibdtory acticn of salicylates aguinet pherryiquinone induced “writhings™
Treatment
Boso . Number of testy Inbibition of
Sobetance my/ke (6 culcw b each test) Wmt.mis.ﬂl{.
ASA ] u w9t 61
100 n TASt 23
A 100 12 M6t 37
200 4 3601130
A 100 4 2681102
200 4 4351 60
Nata 100 6 35t 12
Analyesic acitvity

The inhibitory action on phenylquinone-induced “writhings s seen from
tablo 3 is most effectively exerted by ASA. An oral dosc of 100 mg/kg ASA
b two (o three times more effective than SSA, SA and NaSA. Even a dose
of 50 mg/kg of ASA iy more efficient than a 100 mg/kg doso of SSA, SA and
NaSA respectively
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Table 4
Effect of salicylates on the putric mocoss of goines-pige.
Trestoent Numberof  Number of Number of eroslom la
sul Dosep. o anlmals  wrmals with stomschs with Jesioos
betarce mgfkg tested erorions Mesn S EM.

Vehiclo - a5 2 Two In esch animal

AsA 100 25 25 N9t .7
(Hyperacmic eveco)

Cu-ASA 100 25 2 l04110
(Hypereemic omcos)

STA 100 25 7 24109

8A 100 25 24103

Naga 00 3bx03
b » (Hyperacmic mucoa)

Mean nomber of erosions in stomachs of guitenpigs 3 hre after administration of the
drugs.

Gartric irritation.

After oral administration to fasting gmnes-pigs ASA induced a hyperaemic
gastnc mucosa and numerous erostye lesions in the atomachs (table 4) Afier
NaSA tho stomachs were also hypersemic, but the number of erosions wi3
much less than after ASA. Nelther SSA nor SA cansed mny significant
macroscoplc untoward effects on the gastric mucosa of the guinea-pigs. The
solohle Ce-ASA, scrording to this test, gave somewhat less gastric irritations
than ASA, but the compotund was nevertheless very brritating.

Discunton

For the screening of antl y drugs many experl 1t methods
have been described (WINTER 1965). None of the methods alono bs sufficlent
to detect the actions of & drug cn all Inflammatory resctions and indeed 0o
single drug is capable of depressing all thess reactions. The type of anth-b*
fl y drogs dealgned s y dependent on the tests wed i
Iaboratory screening.

The carrageenin ocdema test was chosen in the present Investigation since
mnymﬂrhcmﬂcd:ugcﬁidmﬂymduccdﬂ:typoo(mdn:cdotdﬂﬂ'
(\Vnml%ﬁThenbahongoodcomhﬂoubmwmlhoruﬂBfm
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carrageenin oedema tests and the clinical effectiveness in chroalc rheumatic
dbesss (SPECTOR & WILLOUGHSY 1968). According to this test ASA, SSA
and NaSA were all found to be more effective than SA.
Sallcylates are among the different antitheumatio and antl-infl
dmuwhlchhncbemfoundtotnhfbhmnmpulywmbxﬂdclynmad:mwﬂ—
Inge, and heart valves In vitro s messured by the incocporation of 1C
scetate and glucose and of Inorgankc ®S-sulphats (see review by WinTsoose
1965)
It Iy Interesting to note that in the preseat study SSA i the mast effective
in mhibiting the S-gulphats incorporation in the in vitro system.
anm&mmsm(miuoxpﬂ'hnmnwﬂh4ml{mnmﬂmd
salicylic acid and itz analogues demonstrated that ASA js » more potent
inhibrtor than SA.
It hes been suggested that the Inbiblory effect on 1 charide
is by sall is doe t0 tho Interf: bythedmpwlthoddlﬂw
phospborylation (BosTeOsr ef al. 1964). Recent studies on the faflure of
salicylate to reduce the ATP-level in rat paw oedema seetn to contradict this
hypothcd:('KAmm&Dmmoozlm Ad]mctlnhﬂitmycﬂtdby
ulicylats on the enzyme L-gh -D-frusct, phosp
ferase, which catalyzes the synthesis of gt 6-phosphate, has been
obtained In studies by Jaconsow et ol. (1964). Further support for the view
ﬂmghmmhx—&xﬂnphm mmﬂmhnmtmcmx—&plmpham and
Inc is fnhibited by salicylate fs obtained from tho fact that the stim-
ulatory effect of glutamine in this reaction is abalished by sodinm salicylate
{Larssow et of. 1968 BEAUDOIN ef al. 1969).
SITGMUND of al. (1957) have d ated that intraperi Injectk
of phenylquinone prodice “writhings inmicamdthcylholhowedlm
amlgesics blocked the “writhings Later Hexoewsnor & Forsarrn (1959)
deslgned the "phenylquinonc test which has been nniversally used for the
wreening of analgesics. In an attempt to correlate “writhings with “psin
CAM.L&IJ)((I?SS’)ImmdlnrmthntLha'wrh.hlup were abolisbed by
sentory perve section and by intraperd Infecttons. Lot &
Gw(m)mm!udadmntbomapmnmrwdﬂdnp-wmbc
situated in the gastrolntestinal tract end that the afferemt impalses pam
m:wghtkmrmmmnocdomlntbnpmmrbrbbeofun
cercbeflum.
Although the phenylquinone test is pot & simple pain test - the “writhings
mblockzdbymmydmpwhjd:mmumlm(}{mmnr&mn
1955) - good dose/ o obtalned for salylates and
many other anal, Ludn,,‘ i tests reported hers ASA was
superior 0 the other salicylates. This b In good agreement with the cllntcal
tmpression (NorpQvrsT 1969 personal communication) that ASA h the best
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1gesi late agalnst headache and other acute pain. The pain-mitigat.
lngeﬁectohaﬂcydnmindxum.midmhﬂmhhommup\nnml;d:
effect. B of therr antirh kc actrvities the compounds decreass the

canscs of the pain seosation and through this mechansm another end more
desirable typo of analgesia is achieved.

Tho gastric offects of ASA and SSA  have recently been studied In mea
(Emsar 1970) From thiy Investigation it was evident that the gastric effects
in man were very similar to thoso in gulneapigs. As pointed out before
(Anzro 1966) we belisve that the subjective feeling of discomfort after the
intake of ASA is correlated to the effects on the gastric mucosa, This does
not mean, however that all patlents with gastnic erosions and bleeding
necessarily have subjective symptoms of gastric irritation.
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From the Tnatitite of Aviation Medicine, Roval Norwegian Alr Force,
Oalo, Norway
ECG-Changes Induced by Phenothiaxine Drugs In the
Anaesthetized Rat
BY

Ashjors Langeist
(Recaived December 22, 1%69)

Abstrect The ECG huy been recorded In barbitorate anaesthetized rats dorieg
intuxion of I and
perphenazine. AR the drugy fmpulee. and tion b the
heart. The magnttods of the changes i heart rate, PQ- QRS- and QT-time wat
dose dependent, and the ralstivo order of potency of the drogs was a3 followsr
1. h and 2 Ine and 3. |
rine. Perpbemuzine, prochlorperaxine, and Tine in
2.5 X 104 M concentrathon Increnscd the PQtime to aboat 130 X 128X 122 %
and 117 X repectively of the PQ-ime befors infuslon. The magnitode of the
chacges in mte, QT and QRS-intervals was In the same rangs. At higher con-
centratiom, all the drogs camed AV-block of variable degree Qualitativrly these
changes are simflar to thase induced by the drogs fn the holated perfimed nit
beart quantitatteely bhowever these & vivo findings do not correspond to the
I viiro fiadings recently described by the present author Lsvomepromazine
which {x vitre was unique In changing the ECG-pattern at much lower coo-

than the other 4 lexs potent than perphens-
e, and chior, 7ine in vivo Pomdble axplanations for
this discrepancy are discrmed.

Key wonds. Phenothlarines — heart,

The ECG-changes produced in experimental anlmals and in uman subjects
given tranqullizing phenothlazine (phentizzinum NFN) derivatives are wel
known. (REMEXT & HERMANM 1960 TETELRAUM 1963 WiLsow & RICSE
1964 HowusTer & Kosex 1965 BAN & ST Jrax 1965 Poursen 1963
Lrearxoe 1967) The most common changes are prolongations of the PQ-
QRS-QT-Intervals, reduced sinus rhythm precoded by tachycardia, partal
AV-block, total AV-block, and arrhythmlss malnly of ventricalar oright,
which in some cascs have proved fatal,

Rcomuyuxmnad.(lm)mdhmn(lm)mowdlhllhe
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tranquilizing phenothisrine derivatives produced similer ECG-changes In the
feolated pesfrsed rat heart. Following the sddition of drfforent phenothlazine
dettvatives to the perfusion medinm they fornd a dose dependent decreass in
rato and Impuhe copduction veloclty and in higher doses, abo varlous
dogrees of AV-block, It was concluded that these drugs had a direct action
oa the heart poniibly by changing the properties of the cardiac cell membrane.
The cardisc effect of these drogs in vivo bowever might difer from that
obscrved i viro In two respectr. Firstly tho drugs might affect the heart
Indirectly by scting on the nervous system, ms well as acting direetly on the
cardiso musclo cells. Secondly differences in distribution and metabolsm may
change the relative order of potency In tho followlng report the cardiac
effects of a series of phepothiarine dervatives given i vivo aro described
and compared with the &1 vitro studies proviously performed. It is shown that
cven in the mmo species, the relative order of potency In wio differs from
that observed In vitro

Matertal and Methods

lmamAanu'cbhhlnbumsw'murdh-ﬂbnpﬂimnTbo
acinwh were NFN) 20 mgfig body
vﬂﬂnhtnvcttnnnﬂy Tmnﬂn_mu-mh}ocﬁmm-mlmhmnl«pmd
ECG dos were then placed a3 described
byPusnﬂ:LmetlbdmmLh:nopcmdmdlhelnf:ﬂctunlvdn
wposed. A sialaless stee! cansole was placed in this vein. At this time the ECG was
coatrolled and oaly animele with a nocmel HCQ (Prasex of al. 1967} wero incladed la
Lhn-edcl.

The drugs, and chlor
dimotred in jmotonic NaCl in equimolar concemtrations wero bnfused coationomty st
comtant sow rate (02 mimin) uot] death of the antmal ECQ tracimgs were coo-
tirsoualy made during the experimental period oa a 14 recorder Isotonle
NoCl solotion wis med In the control etperiments and nfused 1n volumes equivalent
10 the largast volumas of drug soletions weed aod 3t o similar tlow rate. Thres seres {
mmwmmuﬁmmmmmmmm
k a3 If the drogs were dhstriboied

Tho molar were
wqually {n the total body {loid of the e

Resnlts

In the control experiments no change In ECG could be observed, and the
respination was not altered doring saline [nfosjon. During tho continuous
hfudon of the drugs, no increase In cardlac ratc was observed, bot all the
drugs caused a dose dependent decreass In rate with sinos rthythm (able 1)
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hxdrnlnu‘tordcrofmlcncyl.uthhmpm cakulated on & molar bass,
was. 1 2. perp ine 3 chlomp ine 4 levome-
promazine Alllbcd:ugscnm:dndoscdcpcndcmpmlongaﬁononbcm
QRS-QT interval (table 2) Thelr relanve order of potency In this respect,
calculated on a molar basls, was 1 perphenazine, 2. prochlorperazing, 3
chlorp 4 levomey ine In higher doses all the drugs cawsed
partial AV block which tumed into total block on increasing the doscs. The
relatlve ocdcro{;n(cncyofthc dmphamlngAV-bbct, akn!at:duul
molar basls, was 1 perph ine, 3 chlor

4 levomepromazine, ]nmmcoflhcexpcrhnmuecwpknmﬂpmkm
without tachycardia or fibrillation were observed. In none of the experiments
were supraventricular or ventricular tachycardia or fibrillation indpeed, and
none of the experimental animals dled from ventricular arrest. The bethal
doscs of all the drugs tested caused severe respiratory distress terminating in
respiratory fallure Their relative order of potency in this respect, calculated
on a molar basfs, was. 1 perphenarine, 2. prochlorperazine 3. chlorproma-

2inc, 4 levomepromazine (table 3).

Table 3
The table shown the doses of chlor perphs and
ine that cawso y aredt in 11 ap asimals. The drags
wanmndmm!yldwdlmwyummqndmnmdmm
3 experiments were carrhed out with each of the drugy. The molar concentrations of the
drugs were cakculated ws Uf they bad been distribated equally i the ota! boudy fuld of

S8 X104 M

ibe animah.
Ex o Dy Dosc that cawses regpirmary
sttt

1 L4 104 M

2 Levomepromazine 1.6 X 104 Mt

3 17X 104 M

4 LS X 108N

3 Chlocpromazine 95X 108 M

6 1 X 1M

7 32X 109 M

] Perphesazine 29X 109 M

9 34X 108)M _
10 1A% 104 M

1u Prochlorerazing 49X 104 M

12
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Discaeddon

In a recent paper LaNGSLET (1969) has described a dose dependent de-
cresso In cardiac Impubse generation and coeductioa velocity In the isolated
perfused rat heart {nduced by difforent phenothiazine dertvatives.

During thess in vitro condltions, the relative order of potency of the drugs
hmdnd.n;mydlmnmmdouududhnvdodty calculated on & molar basks
w11 ne, 2. perph 3 prochlorperuzine, 4 chlor
pmm:zlm.lnthcmh:mﬂpﬂonxhnﬂudmudcpmduuchmeuln
ECG-pattem were found in the Hving sthetized rat glven ph
denvatives. However the relatlve order of potency of the drugs in changing
the BCG-paticrn, cakculsicd on & molar bash, was differcnt durdeg in vivo

ith namr.}y-l zine, 2. prochlorperazine 3. chlorpromazine,

41 P Le zine which {n vifro wes oniqus in chang-
ing the ECG &t much kower concentrations than the other phenothiazine
dorivatives, was less potent than perphensrine, prochlarperarice and chlor
promazine in this respect in vivo As far &3 perpbenazine, prochlorperazine
and chlorpromarine are concerned, their relative order of potency o slmiler
in vitro and in vivo

Ilismmblemlmlg!nednldndmcdepu)dmtchmpinm

duced by the p hinzine derivatives investigated {n vivo which are

mmﬁaﬂydmﬂutothmopmduwdbytbcdmpinvlw must be doe to a
direct action of the drugs on the beart. Furthermoro it is possible that i vivo
thess direct cardisc effects of ths drugs are modified, sod that the magnitode
of this modification depends on the chomical structure of the phenothiazine
derivatives. The naturs of tho modifylng factors, cannot however be elucidated
by our experiments. But, differences between the drugs plarma binding, -
tissue binding — and disttibution, as well a3 different effects of the drugs on
the hormonal and nervous control of the heart, nmust be invalved and warnmt
further Investigation.

In splte of the fact that phenothlazing derivatives can produce cardisc
complicatioas, all the drugs tested caused death of the animals by arresting
respiratioa. This finding is in sceordance with the obeervations of Coox
vomstER et af (1953) in the case of chlorpromazine. In our experiments the
mnimals wers anaestbetired with pentoberbital which might have altered the
cardiac action of the phenothiszine derivatives. Furthermore the pherothia-
rige derivatives may potentate the effect of pentobarbial on respination.
Species differences ot abso be taken into account.
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V Fughang-Frederiizen and C Munk Plem)

The Influence of Folic Acld on Phenytoin (DPH) Metabolism
and the 24-Hours Fluctuation In Urinary Outpat of
5(p-hydroxyphenyl)-5 phenyl-hydantoln (HPPH)

By

O Vesdelts Ol and O, Nypeard Jensen
(Received Septomber 3, 1969)

Absirect Flve patisnts with pherytoin (DPH) indueed subnormal serum £ casd
(olat actlvity wers trested for a period of 5 monthy with 20 myg of folic ackd
dalty n order to fmvestigute the effect of Lhde ireatment om the qoantitative
4hours otput of S(p-hydroxypbeayf)- 5 phenyHrydantoin (HPPH) and on the
serom pheaytoin levels. During the perfod of folic acld treatment an average
decréass of 12 X in the mean HPPH output was found, and four oat of the five
patemy showsd  comuponding full fn the serum phenytoin lovsly, In cach
patiend o largs vanstion ku the 24-bours octput of HPPH was found, and at least
seven comsecutlve 24-hours nrine smples duriog each of two ghven periods are
necemary b order to demonstruts any chango in the HPPH output It B
suggested that treatment with msssive doses of follc acid alters the metabothm
of pberrytain towards an toloewn metabolic route,

Key words Diphenylhydantoln - pheaytoloom — folic acid ~ buman evperi-
mentation — urinary clesrance.

In recent years scveral {ndependent Investigations have shown that patlents
treated with phenytom (DPH) have a subnormal sermm folate concentration
(RUPSTEIN 1964 IznoTSON ¢ al 1967 Rrymorps 1968 Jensow & OLESEN
1969) In all cases the follc acld concentratbon was measared by means of a
microblological method using ! (lactobacillus) casén as a test organbsm. Since,
however many folic acld derivatives are growth factors and have varylng
ctfects, the terma folate or folic ackd ton should be replaced by !
casel activity

An unsclected groap of in-patients treated with phenytoln showed u signif
kantly lower 1 casei actlvity In the serom and whole blood than a contro!
group (rom the same hospial given the same diet (JENSEN & Orpsen
1970). Homever coatrolled studies have shown that the phenyton in-
doced subnormal [ casei activity Is of no clinkeal significance a5 the patients
axidbit no other signs of folae defidency (Horwrrz er of 1968 Jiasry &
B Asts phrmanchegi. vel. 23, fas. 4
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Ou1SIN 1969) On the other hand, this phenomenon is of comsiderable theo-
retical Interest. Patients with phenytowrinduced subnormal { casel activity
show & significantly lower excretion of formiminoglutambc acld after hsthfne
load 03 compared with a matched control group (Jrvsmv & OLesTy 19%69).
This observation suggests an effect on the metabolic processes which require
folle acid a3 a coenzyme

It folkc acid is necessary for the action of the oxidizing Gver enzymes, the
mcubolhm of phcn)tom may cause an increased demand for the vitamin snd

ible a d d, serum [ casef activity

Tlleulmo(t}mpmcnumd—, has been 1o {nvestigate the effect of masshve
dally doscs of folic acld on the serum levels of phenytoin and on the excre
tion of its main metabolite 5~(p-hydroxyphenyl)-§ phenyl hydantoln (HPPH),
(BuTLra 1957 MAYNTKT 1960) in patients with a phenytoin-induced sub-
normat { casei activity

Materlal and Methods

Five patients were sclected, all bospitalired and treated with phemytoln fot at heast
10 yeary. They wers well known 1o the #taff foe their readiness Lo cooperale.
Paticat A. 31 year old male, weight 63 kg, $-hours pheryton dose 150 + 200 8.

Table 1

Dally 5{(p- N-3-phenyl excretion. In the fint period tho remdts

(mbmh!l-hounnndnh,blmtm 1 by meam of o) are showil
The dlfferences In the ottputs befoce and after treatment for § manths  sth 20 mg of
folic acid per day are indscated.

Percentage of 24-hoars phenytoln dose exereted ss HPPH

Beforereamment st folleacid ol i
Patiem Vhoun Cakulated (rom treatment piluiiton e
rine the night urise poily

Mean SEM Mo SEM. d.f Men SEALd.f Mean SEM At
A s0S +167 BO1 1271 14 804 £436 15 T2 $100 15 &2
B B89 TAL 1418 14 T09 1459 13 67 468 1 2
C  B72 162 B44 1303 14 £23 tag9 15 741 p3ss 13 1M
D 795 t218 810 37 14 K26 £200 15 789 2281 15 36
E T2 1241 805 285 14 615 619 14 €5 t797 1 107
"‘": 815 +231 T8 £319 768 1439 BT 407 s

8. E. M. = Standard error of the mean.
&1 = Degrees of {reedom.
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werem £ casel sctivity 1.2 pgfl. B, 24 your oid female, 62 ky, pbeaytoln dose LSO + 200
g, serum [ casel activity 0.9 pgfl C: 28 year old mals, 78 kg, phemytoln doss 150 -+
150 mg, serum L cusel activity 2.0 pg/lL D 36 year old male, 76 kg, phenytoin doso
100 + 200 myg, serum L casel scthdty 11 gg/], and pathent E- 38 yeur old femle, 52 kg,
Thenytola doso 100 -+ 100 mg scnm L cxsel sctivity 1.7 pg/l

The patlents wers giren 20 mg of folkc acld par day orally for 5 monthe,

24-houy urines wero collected dafly for throe peclods each of 14-16 days, namsly
before, at the etart af folic ackd treatment and after troatment for § moedbs.
Colflection of nrine from patiests may involvo difficulties The most retable b the
wrine volded in the morning and thms excreted during the nlght. In ocder to check
the rellshility of the urlme sampling, the nrine axereted during the day and the urine
oxcretod during the might wery collected and amalyred for HPPH separstely If the
bourty cutput during the nlght carresponded to the hourly oatput during the day bt was
sccepted that no urine had bem Jout. No sach Iom could be detected (tabls 1),

All blood smples for determination of sermm DPH hrvels wire drawn froem fasting
paticnts &l bout 7 & m. every second week

‘The urinary comtent of HPPH aod saum DPH leysis were detsrmined (In dupbceate)
by the methods previcmaly described (CLran 19672, 1967 & 1963).

‘The serum L cuse! folate activity was detormined by Profasor Hoff Jyrpeown, Blo-
chectical Depariment, Royal Dental College, Copmbagen. The porms! rangs was
2 10 p/l serm calculated o fodke schd.

EFFECT OF FOLIC ACID ON SERUM PHENYTOIN
Patlent
A

maam
: my

= pheoytei

HtL&ampbﬂytdn(DPH)lﬂd:dﬂﬁuM:lddl&mnhuﬂhmlﬂnup«dny
sarted Wt zero, The hovimaral Boes indicate the periods duriog which unriss war
collected.

w
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Resoits

From table 1 it Is seen that follc acd adminkstration induced 2 slght
decrease [n the urinary output of HPPH. An average decrease of 12 per cent
s found in the mean HPPH excretion.

In spite of the large daily variations the differences between the meams
before and after treatment for 5§ months with follc acid were found o be
siatistieally significant for patfent A B and C. In the last o patents only
a tendency was found in this direction.

Fig. 1 shows a trend to a decrease in the serum phenytoin levels dunmg
the experimental petiod kn four of the five patients.

In fig. 2 the { casel activity of the packed red cells of patient A, B and C
during the period of folie acid treatment is shown. From the fgure it is seen
that maximum activity was achieved In the course of 80-90 dayx.

Discosston

During the perfod of follc acid treatment a decrease in the 24-bours ex
erction of HPPH was found. Four out of the five patients abso showed a
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decremse In the serum phenytoin Isvel. Monthly determinations of 180-305
amples of serum phenytoln from patients in this hosptal dunng the year
In which this investlgation was carried out showed no seasonal variation. It
is thus unlikely that the changes observed were doe to such a varlation.

In view of the large yarlation In the 24-bours cutput of the metabolrte no
conclusion can be reached sboat the quantitative changes i the output of
HPPH when this Is based oz singls 24-hours urinary outputs. The variation
Is not doe to errors in the determination of HPPH ar to incomplete urme
collectron.

The resolts indicats that treatment with massive doses of folic add in-
fluences the metabolin of pherytoun, As the unnary excretton of HPPH b
found to decrease and gromly follows the scrnm phenytoin level the resolts
suggest that folre scld administration to some cxicnt at least alters the
phenytoin metabolism from hydroxylaton to an unkpown metaballc pathway
which normally sccounms for 040 / of tho ingested dosc,
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Absimct  Administration of guanethidine (20 mg/kg for 8-14 days) to s o
docrd a propounced rrduction In the activity of specific and non-specific cholls-
externm accompanded by an Increase of protein comient of the superior cenial
pnglion. Thews effects were oot changed by pre- or postqanglioce perve divk
son G a direct 1 effect of dine 1 sysumed Iso-
prenaling and propranclol had no effects on the parameters messured, and these
drogs did not Hnfluewce the action of goancthidine. Hence the gamglionic changes
Induced by gumnetbidine do not acem to be due to a bete-stimmlating activity

A few other drugy wero Iy atropine, phextol-
nenine, and aipha: bat bone of there cawsed amy signill-
cant changes In the ganglionke choll and protein, & eatmlly

Indoced chollnesterase changes slnllar to thoss of guaneibidime, but further
siodics are needed.

Key-words. G hidine - gaugfla, - choll - proteloer

Prolonged administration of hidloe to rats causes a marked redoc
tion In the sctivitles of specific (AChE) and pon-specific (ChE) chofinester
atet In sympathetlc ganglia (Jrnsen-Hotat 1967) An incremse in the sk
and protein coatent of the ganglia was also found. In a prefiminary report
(JsowHowt & Juut, 1968) these changes were studied by means of cholin-
esteruss histochemistry and histology nd it was found that the koss of ACRE
and ChE was due 1o disapp of the enzymatic activity from the
ganglioaic nerve fibres as well as from the cytoplesm of the perve cel The
inereaso I the &ize of the ganglla wes due to infiltration of small cells. Theso
findings are described In detall in a following paper (Joesex How & Jutt
1

qﬂummmwrpmufuxmnndymmmmdbaﬂﬂ
theeﬂecﬂol;umd]ﬂd]nundaa’lbcdabovnbydmu]mwmunﬂlﬂl]
preganglionic nerve division or postgs Honk sincs
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gumahldimhubemrepoﬂcdwpmncerulnbeuid:muﬁnldm-
ulating actrvity (BRARGAVA ¢f al. 1966 BRUNNER ot al. 1965), the comblned
cffects of hidine and a beta-stimulating or a beta-blocking agent have
beea stodied. Finally the posrible gangliontc effects of soms other drugs have
also been irvestigated.

Material snd Methods
Mulo Widar raty wightng 180-240 g st the beginning of tho apeziment (averags
postgangliontc axotoamy

Guancthidios
minfstered fotraperitoneally in fixod vofumer: 25 100, 250 and 500 ul pe. rat. The doses
in the tbles ure presented fn mp/ly (mean of weights at the iaftiation and at the end
almﬂpafmmnmh}ecdnmmmedz—7w-nzth-ovmmm

animak were under ether hesls and the seperior cervical pangta
nz:hcdmurdha:ﬁanmdtq-t-: -~ 20 umtl the snalypes wers carried out.
Chohnestereres.

The gurglla wers In & glam b ber at Scecold fs!

onnnﬂhﬂm—ﬁm;lafnﬂm'uudcd.hmodcmmhﬂmdmetdmyo{

by Uneare
HotM 1965) at pH 74 28d 30 axd the lgures refer 1o the actlvity cbtalned whth
1 mM of acetykcholine lodide. Tho fixal reaction wolome wat 13 ml comisting of
mm1mpdmhw.mmnmdmnAmﬂchoﬂm
was added stepwiso to fiual concentrations of 1 and 10 mAL and the activithes obtalmed
with these two substrate corrected for spokianeom ahatrate
mdbhutnh-mmed!amouhhmnmmaﬂdmﬂlnlmﬁuu
1965). In superior cervical gangfa from control rxts about 75 X of the corrected
ectlvily was dus 10 ACKE amd 25 X doe to ChE when exprested t 1 mbd of scetyl
choltwe. If the valney wers ghven at 10 mM of scetylchollne, tho total sctivity berw

would be of the wmme magnitade, bot ACHE and ()E'W’dﬂfhmm
sbout 30 %

Protein determination.
The protein content wes detarmined sccording to the method of Lowny #f oL (1931)

1 750 om. The resofts were caknbated from  standard corvo sioveltneomly obtaled.
Drwgs weed.

Guancthadine monosainiate (nctn®) 10 my/ml dnolred in milne.

Tsoprevaline (Boproterenol) saiphate 50 mgim]

Propranclol (proprasylytem NFN) chloride (ndera!®) 1 mg/ml

Pentolfaima hydrogen tartrate (amolywn®) 5 mg/ml

Torouwmide (ladx®) 10 myfml

Atropine aiphate 10 my/ml
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Phentolamine methanesulpbomate 10 mg/m!

Alpha-methyldopa 10 mg/ml

Dedpramioe (desmethyllmipramine chioride, pertofran®) 118 mg/m!

Bethaoktioe sulphate (regulin®) 20 me/ml.

The lajections wcre carried out once dally uod fn a few fostances 1 ks dally Most
of the solutions wers injected ntraperioncally (Lp), acd In a few casey swbentancondy
(1.} (see text to the Ubled, The watiukal cakulstions 3re based on Sowkent Hex

Results

L. Guanethidine pre and postganglionlc nerve division.

In table 1 the results of administration of guanethidine at dases of approxi-
mately 20 mg/kg dally for one or two weeks on the AChE, ChE, and protein
contents arc presented. On the sido indicated it can be seen whether pre-
gangllonic nerve division or postganglionic axotomy has been carried ont.
Control rats were given saline Thero wero na differences between the right
and left ganglia with regard to ACHE, ChE, snd protein content fn uo-
treated, unoperated mats.

14 days after postganglionic axotomy only AChHE was redueced by 30 /
us compared 1o the unoperated side, and the ChE was reduced by 50 /-
When pmllddlntlmldmlnmcmddur[ngdn:hnsdmo{l}tupcﬂ-
ment, AChE on the unoperated side was reduced by 40 / On the operated
sido ACHE was reduced by 60 / (P << 0.05) as compared to results from the
operated ontreated side. Similar results were obtalned for ChE. In & single
cate & rat was killed 4 weeks after & postganglionic axotomy had been pef
formed. Here AChE was 20 / and ChE 73 / of the values of the unoperated
side.
12 days after pregunglionic nerve division ACKE and ChE were reduced
by approximatcly 30 / (P < 0.05). Aficr 24 days tho ACHE and ChE wert
reduced by approximately 40 / (P < 0.005). When guanethidine was sd-

L d si ly a3 indicated, the activities were further reduced:
After treatment for 14 days ACHE per ganglion on the operated side wat
o small as 12 / G(Dml)nwmwrdwvﬂuaﬁummemp:fﬂd
coatro! sids, while the ChE was 25 / (P << 0001)

I Variation in the doses of gusnethidine

In table 2 the ACHE and ChE, and the protein content after guanethidiod
adurtuistration for 14 days at different doss kevels aro preseated. The uppc!
pnn(A)hmocem:dwﬂhnu.ianchlnlddlﬁonnp;cm;[m}cncm
djviﬁonmpcdurmcdonlhnldldd&ﬂnmlulnd}mxethntlmd
4mg/kgdaﬂyofguanclhkﬁ.neamcdno:hmguh!hemtmmlA(lElﬂﬂ
ChE.Aﬁ.crndanktnﬂonloelﬂﬂleﬂdom(lngjkg)lnurbdrrdm
ﬁonlnAGﬁElndChE(P<D,01)wmfoundlu1\ovedbymimmhle
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protein content. In the Yower part (B) the results from smother expenment
are shovwn. Four diflferent dose levels were msed for the same perod of time,
The anlmalt were pot operated upon. The results obtained seem to indicate
a dose-dependent response although a significant depression of both ACRE
and ChE (sbowt 50 /) ws found coly in animals treated with 21 mpfkg of
guancthidine (P < 0 05) In this experiment no Increase In the protein content
following guanethidine was found. The ganglia from the left nds were used
for histology and cholinesterase histochemistry and the results are published
ehsewhere (Jewnstn Hotm & Juue 1970).

By the method used for protetn determination the amount of guancthidine
peesent in the ganglion following administrmion of 20 me/kg for 14 days was
found too small 1o give a measurable additional colour reaction. This amomt
of guancthidine did not infleence the activity of cholinesterases as determined
under the conditions described.

1T Recovery phase

Guanetbidine 20 mp/kg was administered for 10 days and the controbs
were given the same volume of safine (table 3). Alter discontinuation of the
drug for 26 days the rats were killed The ACHE and ChE sctivities art
expressed both per panglion and per mg of protein. The activitkes of the tho
enzymes per ganglion were then found to be only 22 / lower than those of
the cormesponding controls. However when calculated per mg of proteln they
were 44 / lower (P << 0001} The content of protein was above that of the
control level (P << 002).

IV Guanethidine lsoprenaline and propranolol

In table 4 the results are shown of experiments with guancthidine in com-
bination with tsoprenaline and propranobol. A prepanglionlc nerve division
was cartted out on the left side. In the upper part (A) of the tabis the reslts
of drug administeation for 7 days are presented. Guanethidine reduced the
actlvity of AChE and ChE on both sides (P << 001 except for ChE on the
operated side, which was not significantly reduced) These reductions were

not affected by the doses used of simatt y P o

propranofol. The admb ton of the two latter drups separately at different

dose levels (A and B) and for a longer period, or med togeiber in the 2ame

doses s In the combination with g hidine (A) prodaced no effects.

V Other drugs -
In n few experiments other drugs were istered in order to

whnhcr(heywuldinﬂmmerympalheﬂcgmgﬁlwhhmrdmﬂ”'
livesterase achvity and protein content. The resalis are prescuted bn table 5
Noneo[lhcd:upuuwd-l;uiﬂcmﬂchmgud!hcrlnuuymcwdﬂtyufh
proteln content.
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Table S

ACbE_ChE,ndpm(dnlnlbcmmraiactMnlpn;lhma-dmhhnhﬂ
lbod]!{mmdmnlmeThnn}mmﬂpmudnlbompofﬁlm
sponding controlt No statiically significant changes wers found,

Route “":{““ Percentage of cootrol valo

Dadly of
Drug dose a0l adminl a per panglic
myfkg untion
fraton ACEE  CLE  protein
atropine ... .. 2 Ip 1n 3 837 1109 913
atropine ... L 'S 1 3 950 1212 190
wmecthyldom . . 20 tc 10 3 1ns2 T0.4 10208
a-mabyldom .. 50 e 10 3 109.1 82 1000
peatollalum .. H Lp 10 4 1613 1114 11t
furosemide . n tp 1 4 1033 1048 1085
phentolaming 15 Lp. 10 4 918 570 83
deslprameine .. 5 Lo 10 3 956 g0 ™y
Dhscwsslon

One of the main purposes of the first part of the present investigation bas
been to show whether the marked redoction In the activity of AChE and ChE
in the superior cervical ganglia found in rats treated with guanethidine couid
be & consequence of its blocking action on the postgangHonle sympathetic
neurones, a direct ganglionic action, or an unknown action exerted centrally
to the gangiia.

Postpanglionic axotorry alone causes & completo hoss of AChE and ChE
from the ganglion cells within two days according %o Hirkowen (1964) end
also from the preganglionic fibrrs as based on hustochemical methods. This
has also been shown by Brown (1958) Using a similar method the enzymabe
loss has been confirmed by Joxsty How & Juut (1970). By means of the
7 titrimetric determination of choll sctivity used in the
present Investigation, however a different resuht has been obtalned. From
table 1 it is obvious that AChE and ChE 2 weeks after postganglionic sxo-
tomy still show quito high activitles (for AChE sbout 70 / and for ChE
50 / of the activity still pensists), while histochemical investigations oa
ganglia from & parallel groap of animal showed hardly any cholmesterase
activity Independent of variations n the histochemical procedure, Therefore
It omust bo emp that the operath wcmcﬂucﬁ\t.nndthilhlg
supported by the ptoms observed in the mts. This discrepancy
mmgmaﬁmmmmuwmum«mh
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& following paper (JexsEn-HouM & Jutt, 1970). The blochemical rexults agree
well with those obtained by McLEreian (1954) who found that ACHE was
reduced by between 23 and 76 / (on an average about 50 /) 3 weeks
following axotomy In disagreement with our results MclEMAN stated that
this reduction oaly concerned ACHE since “pscudo-ChE” did not appear to
be present in this tigue. ChE bowever has been shown to be present in the
at superior cervical gangtion, as described both in the prescat and in the
following peper ~ as well in the perve flbres as in the cytoplstm of the
ganglon cells. Other fnvestipstors have alio shown the presence of ChE In
the rat superior cervical ganglion (DHAR 1958 KLmvapax of al. 1968) Dras
(1958) found & decresso in AChE 3 weeky after postganglionic axotomy of
T ly 50 / and & & in ChE of only 15 / indicating that
regencrative processes may have occurred,
Preganglionic nerve division leads 10 a aimilar loss of sctivity of the two
enxymes a3 found after postganglionic axotomy s determined by the titri-
metric method used Tho average decreaso n activity of AChE and ChE
preganglionic dencrvation of 30-40 / compares well with the
results of DrAr (1958), who found & reduction of the enxymatic eetiyity of
43 / and 25 / respectively 2 weeks after denervation. BeowN (1958) and
HinxOeen (1964) found that AChE disappeared complctely from the nerve
fibres within two days, but not from the ganglion cells, This i3 confirmed in a
(oﬂuwingpupa(lnm—ﬂom&lun.lwu)

As pr y shown (Jensme-Ho 1967
me—Hax&Jmml%S)gmnuﬂﬂnalnndmeofmodmmdyzﬂ
mg/kg dally for ono or two weeky causes a proooanced loss of both AChE
and ChE. From tablo 1 it appears that postganglionic arotomy snd pre-
proglionic nerve dividon do not prevent the effects of guanethidine, aloce the
drug after both types of operations sill reduces the corymatic acivity This
scems to Indicate that tho drug hes a direct ganghionlc effect, altbough it
not possible 10 exclude the posaibility that additional central or peripheral
actions are involved in the remilts obtained, when guanethidine only & nsed.

One problem to be salved fs whether the decrease in enzymatic sctivity
dus to a & d rate of production o aa L d rate of disappearance
or both. MALMOOT & OATTs (1968) have shown that guancthidine inhibits
Lhcoﬂduﬂwp*upbofyhtbnhmlhwnﬂmdnnd:hlnrb‘m Hhx&m
{1964) has shown that ng p of
AChEbohwﬂcdlanod.bulpano(lhaptminnlmmpwodlplﬂcrmc
operation. Another problem s the L in ths
function of the ganglin

In table 2 the ACHE and ChE activitles In the saperior cervical ganglin
after different doses of guanethidine are shown. Doses below 10 mgkg xre
not effective, whertas higher doses reduced the chofinesterase
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the majority of the experiments the protein content of the ganglla is elevated

following g hidine corresponding to the 1 J size of the gangha
Tho difference between part A snd B in table 2 fo this respect cannot be
explained.

Guancthidine administered at the highest dose levels indicated, cansed o
slight deerease in weight gain of the mit After Jower doses a pormal growth
rate was found (Zanirs 1966}

Table 3 indicates the results altered at discontimuation of treatment. It
appears from the figures that the activities of ACKE and ChE after disconti-
nuatlon of treatment for almost 4 weeks are still below the controf valnes,
cspeaally when expressed per mg of proteln, the content of which i
significantly above the control value Therefore it must be assumed that the
recovery following the doses and period of administration used is a very slow
process amd/or that partly irrevenaible changes may have ocenrred.

Baunvth ef ol {1965) have shown that pronethato! antagonizes the anti-
hypertenuve effect of guanciludine in Goldblatt hypertemive rate. On the
basis of these cxpenments the second part of the present investigation was
planned In order to stody the possible Interference of isopremafine and
propranolol with the effect of guanethidine on the superior cervical ganghion.
The results are presented in table 4 Isoprenaline and propranciol given
scparately or together did pot stem to mfluence the actinty of AChE and
ChE, and the effect of guancthidine was not affected by the slomultancom
administration of these drugs. On the basis of the above mentioned findings
It may be concluded that the ganglionic changes due to guanethidine cannot
be a q of & beta-sti ing effect. With regard to propranolol
this could be duc to insufficient doses. The doses of boprenaline used are
highly clfective in the rat Potro (1966) found that even lower doses of this
drug were cffective in lodocing a p d of the seron
salivary glands. In the present expenment an enlargement to several tmes the
control welght of the salivary glands was found. Propranclol slightly redveed
the total welght of the salivary glands, but did pot decrease the effect of
fsoprenaline. The AChE and ChE findings will be published separately

The third part of the present investigation deals with the possible effect of
other drugs on the ganglionkc cholloesterases. Tho results aro presented fn
table 5 JrnsIN Howa (1967) has shown that dally Injections of saline (2
mlfkg for 6-14 days) caused a slight reduction In the content of protein and &
small increass tn AChE and ChE. lavestigations wero thus performed
determine whether o diuretic agent (furosemide) might have the opposite
effect, but this was pot found to be the case, The drug was certalaly given it
an effective dase, as the mts Jost about 20 g In welght within the first fow
hours of each 1njection. Pentolinium as a blocking agent of gangfloaic
transmision and stropine which blocks the atropine-sensitive cholinoceptive
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ﬂwldthelmmum:cgmgﬂldidmtlﬂnctAalElndChEthmLmﬂno
which blocks the penpheral al ptors, and dexipramine which blocks
m:tnﬂmrequzdldnmlnﬂnmmthovﬂwtuthempcﬂormal
panglion por did ipha-metiyidopa. A fow exrperiments with bethanidine in
the very largs doses of 60-110 mg/kg dally for 10 days scem to indicate &n
action simllar to that of gnanethidine, 1. e. & redoction n the chollnesterase
ctivites, but p bly without affecting the protein content. These ex
pertments will therefore be Tepeated togeiber with an investigation of other
drogs possemsing a postganghionic nearooe blocking activity particularly
P with a cherrcal composition cloto to that of goanethidine.
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the majority of the experiments the protein content of the gangfia fs ckevated
following guancthidine corresponding to the i d size of the gaogiis.
The difference between part A and B in table 2 In thn respect cannot be
explained.

Guanethidino administered at the highest dose levels Indicated, cansed 2
slight decrease in welpht galn of the mts. After lower doses a normat growth
rate was found (Zanns 1966)

Table 3 indrcates the rewults altered at discontinuation of treatment. It
sppears from the figures that the activities of AChE and ChE after discont-
nuation of treatment for almost 4 weeks are atill below the control values,
cspecially when expressed per mg of protein the content of which b
significantly above the control value. Therefore it most be assumed that the
recovery foltowing the doses and period of administration used s & very show
process and/or that partly irrcversible changes may have occurred.

Baunwtr et al. (1965) have shown that pronethalol antagonires the sat-
hypertensive effect of guancthidine in Goldblatt-hypertensive rats. On the
basis of these experiments the second part of the present investigation was
planned in order to study the pousible interference of hoprenaline and
propranotol with the effect of guancthidine on the superlor cervical ganghion.
The results are presented in table 4 Tsoprenaline and propranciol givea
scparately or together did not scem 1o fafloence the acthvity of ACHE and
ChE, and the effect of guancthidine was not zffected by the simultancous
administration of these drugs. On the basts of the above mentloned findings
it may be concluded that the ganglionic changes due to granethidine camnot
be a q of & beta-stimul effect. Whh regard to propeanciol
thiy could be due to insufficlent doses. The doses of lsoprenaline vsed are
bighly effectivo in the rat. Pourro (1966) found that even lower doscs of this
drug were effective in inducing a pronounced enlargement of the serom
salivary glands. In the present experiment an enlargement to sereral times the
control weight of the salivary glands was found. Propranolol slightly reduced
the total weight of the salivary glands, but did not decremse the effect of
isoprenaline, The ACKE and ChE findings will be publshed separately

The third part of the present investigation deals with the possible effest of
other drugs on the ganglionic cholinesternscs. The results are presented Bt
wble 5 Jonarn-Howt (1967) has shown that dafly Injections of sline (2
mifkg for 6-14 days) caused a stight reduction in the content of protch and &
small increass fn AChE and ChE. Investigations were thus pecformed ©
determine whether a dloretic agent (furoseride) might have the opposit®
cffect, but this was not foand to be the case, The drug was certainly given 2
an effective dose, as the rats lost about 20 g In weight within the fint fo™
hours of esch injection. Pentolinlum & a blockd apent of ganglioak

trangmission and atropine which the atropine-sensitive cholnoceprire
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The Effects of Goanethidine, Pre- and Postganglionic Nerve
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Abstract: G I i "lnldondzﬂmﬂhfur
5 to 14 days lodoced a Teductson of

apetific and moo-specific cholimssterayer The lows infiafly iovolred the cytopleown
of the ganglion cells, bwt following prolonped sdminstragon there was &
commplets lom which akwo fovolved the porve flbret Aficr goenethidine 1-25
mp/kg an degres of H of the sanghion culb
was observed acconypanled by flitration of mmall ceils. The fncressed nember of
wmum»mhwmdwmmymxw
dine 20 mg/kg for 14 dayx). The incressed anmber of small cells makly consisted

of somll lympbocyte ~ ke cells, somo of which showed pyroalnophilh, end of
mlﬂmmmmmmmﬁdwc&h
appeared d. The p of xn hm ogical process s checnsed,
Thﬁdnnnlppnndbhtpod!k,nmlymﬂnﬂcpn.ﬂmumm
wmdnnpmmmw:mbcdmﬂm
colls had ond:
muydmuwmmmmmwbymw
mbummmmum bullhqdwdnptd

nhmmdmm}ﬂuh-&moﬂmﬂmmwb-cﬂh

Raywerdre G ~ gangtia, - h - y — bistology

Previous b i d the ecute jent ganglonic
bbchngwdﬂlyof;nmhidhnrhﬂnnolmpdmto{mgﬂnnhfmo-
tion could be d d following prok ld.mluhu-nﬁnno!tdgbdmm
(Boy 1960 among others). F on of guan-

ethidine Jensen-Hotas (1967) and Inme-Ha)l & JuuL (1968 & 1970)
bowever demoastrated an increass in the size and a decresse in the speafic
(AChE)mdnan—cpedﬁu(G:E}choﬂnmu-uancdvhyufummmpabr
cervical I sction of puanethidin
bemshornlo\ndudﬂlhempcrmwrﬁm]pn;ﬂou(w&VoaTwﬁz)
b
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The purpose of the present investigatron has been to localire the enzymatic
foss at the celfular level and 1o examine the structoral plterstions of the rat
supenor cervical ganghion followang g hidine administration. The changes
mmmrcdmthouinduccdbypmglmﬁcmrdl\houmdpw
y and the combined effects of g hidine admink
and of previously pcrformcd pre or poslgnnﬂb'nlc nerve diviston. A pre-
fiminary report of these findings has been published previousty (Jrvso-HotM
& JuuL 1968) A piot bistochemical study of tho catecholamines is Inctoded
ia the present paper

Matertal and Methods

A wial of 140 make Wistar rats, gged 7 13 weels, welghing 170-340 g at the start of
e experiment (wswally 200-250 g, averape 232 g) were wsed. 34 raty were satrented or
mmmlwlhmwdmumrammwddu
43 rars were given daily intraperft Ln]: of
mgfly disotved in waline (rally 10 mgimi) for :um:mwbyw
of treatment for 1 56 days, In 44 s unlalersl propanglionic nerre dhiskos 20
wﬂmmwm«mmmxymwmmpumm "

G hidlne or mlioe wny i a3 dewcrived sbore,
The cffectivencss of the operationy was cheched by the presence of rarrowing of the
palpebral flure and comstriction of the popil. The snimaly were killed by —xsangeine
tion nnder ether amaesthoaia and the superior cervical ganglla quchly crcised ahier
diectfon.

Oudhrmcanum If i a4 and gaogla froo
T7 s were 477 &p for ch Gangha
from 6 mts were incd for 2 In énch
experiment specimens from coolrol pwmals were alw ncloded. In the case of pre- of
postganglionic nerve diviskon 8 comparison was Ao Made with the contraateral
ganglion.

o Weight
Oanglia freeze-dned for 24 hotn were weighed on an efectro-balance. Sutistical

caklntions ars based on Student 8 et

b, Cell countr.

Cell counting and on and fo
mmm‘cm-whmnmuudwmmmmnﬁodm‘ﬂ
cetls/ganglion colls was chosen a8 an Indication of the degres of punglionic charges fa
order to svold errors couctming absolute figures, doo to changes In panglionic Hre,
wenall ifT n g due to {oation.
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fibees by meam of the silva proteinats techrique of Boows (1936). With regard to the

where the aperture diaphragm wi forther reduced t {ncresse the contrast,

d Cholimesterase histochemistry
Tho ganglls wers ehther sectoned fresh frozen (43 rah) or fived (M4 reta) In 35 X
neutral phosphate buffered formaldehyds at 4 for 4 howry, followed by soraps fn 10 X

socTose at 4 overmight. Cryostat sectiom were cot longlindmally t 10 microns and
attached t m%fwwﬂmllmlmmnmm‘dmh
of ch thlochol e method myodified from the technique

muwmnudrmwbwwmeuﬁmmdma
RooTs (1964) was used. Preincubation was carried ont for 15 minutes at room tem-
penature In  molsture sturated chamber fn 35 mM tris(bydroxymethyl) wmino-
methane butfer at pH 6.1 ing 05 mM rrk acd 3 mM lead
wcetate. Incubation wis carrbed out for 20 minutes ¢ room temperaturs fn an dentical
solmtion after addition of substrate. Both solutions wars {THored throagh Munktel] filter
paper 0o, OOH As iine fodide and betyryl Todids
(Flaka) 18 32 X 104 I weze e From cech gaaglion three spectmem wers perpared.
1) for sialnleg of both ACHE and ChE (acetyltinocholimo &1 sabwtrate without fuhibitoc),
) for vammg of ACRE (acetyhihiocholine a3 subsrate, addhion t  the preincubation
-:lnﬂonolllfpum]D—‘M(Hmmmrl?ﬂ),md!)forlh}nin'olchﬁfbﬂfml-
thiocholine = substrate without inhfbior). fog the ware

18 DRY WEIGHT /GANGLION

400~
200~

F
s

TREATMOAYS 0 78 M 14 "
DISCONT DAYS 112 17 a3 =14 ©-4 DAYS

Flg. L. Welght of freere-dried superior cervical ganglia from muy trested with grane-
thidine mosceutphate st 20-25 my/kg for varkous perfods and following cesation of

BRI
§
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washed 3 times o distilled water for 5 mimuter, immersed In L6 % ammomiom salphide,
riesed In distilled water alr-dried for ot Jeast 2 boon, sod afier xylol, mosated b
D P X. In some cases countentalning was performed with 0.1 X toluidine bhur. §et
oot treated whh acetylthlocholine fa the prestoce of both Mipafot at 104 M aad
ambenonlum st 107% M showed no cholloerterase activily and this wes alwo the s
when butyrylthbocholine was tsed together with Mipafot at 104 M

©. Catheeholamine Mstockemistry
Tor the of catecholamines the formaldetyde 1 fond
destribed by Falox & Owaian (1965) was weed.

Resalts

1 Control ganglla.

a) 1 elght The weight of the frecze-dried superior cervical gangfla of un-
treated rats was on an averago 413 pg (fig. 1) The solids constituted appeox
mately 20 / of the wet weight.

b) Cell counts Calculated per mm? the number of ganglion cells was oa
an average 640 and the number of small cells 3240 The ratio of small cefls/
ganglion cells 1s shown In flg. 2.

SMALL CELLS /GANGUON CELLS

8

=

of grancthidine and Hhonk wxotomy (F). Mean vafues ead 8. E. M-

ber
imicated. fixm'ulbﬂ'mlbehd]ﬂdmlpdnﬁlndm}mnmhﬂmlbm
= dwm:mdmnmmwmmmunuhwhm
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<) Histology The di of the multipolar ganglion cells varied between
20 and 45 microns. Cells with two puclel were very rarely observed. The
number of nucieoll vaned between ope and three. The granular Nisml sub-
stance wes evenly distributed thronghout the cytoplasm (fig. 3A) By the
Bodian stalning two types of ganglion cells could bo distinguished. one type
with a heavily stained xnd anotber with a lightly stained nuclens (fig. 4A)
The ganglion cells were surrounded by capsular cells, Schwann cells, endo-
neural coapectivo thsue and endothellal celly, and a number of unidentified
small cells. A varying number of nerve fibres ranging from lees than 05 to
more than two microns in dlametcr was observed, the majority nmning
longitudinally in the ganglion (fig. 4A).

d) Chollnesterase histochemistry AChHE snd ChE were locallzed in both
the ganglion cells and the nerve fibres, In the ganglion calls the staining was
confimed to the cytoplasm. The stalning of the nerve fibres was probably
mainly due to stalning of pregengtionic nerves (fig. 6A-C) The ganglion cells
could be divided Into three groups sccording to the intenaity of the cholin-
ettcnxacﬂvltyohm—vcd_Appmﬂmatdymulhkdollhcndblhowudm
Intense b ica! staining, ap half of the cells an intermedi-
lu.lndomtmthlmkmcdmoﬂy a few cells showed no visfble
cholinesterase activity In most of the gangilon cells the cytopiasm stained
more intensely for AChE than for ChE, whereas the nerve fibres showed a
relatively stroager staining for ChE than for ACRE. Apert from this relative
difference, the staining for ACHE and ChE was of the same overall intenslty
under the ditions chosen. The & cefls showed only a very faint
or no staining. No essontlal differences wers observed between fixed and m-
fixed specimens, except that the enzymatic localization was sharper In the
formrer

¢} Catecholamine histocherstry Tbe green fluorescence due to nor
adrenaline was present in the cytopdasm of the gangilon colls and in the
nerve fibres (lig. 7A). Only a few small cells showed floorescence.

IL Preganglionic denervation (deceniralimion).

a) P eight, There was no sgniffcant difference betoreen the average welght
of deaervated ganglia and the control ganglia (fig. 1)

b) Cell counts The number of ganglion cells and sl cclls was un-
affected by denervation (fg. 4B). In fig. 2B the ecll ratio Is shown.

) Histology There were no vhible changes of the Nissl substance (fig.
3B). A number of thick nerve fibres had disappeared, whereas the thin perve
fibres acemed unaffected (fig. 4B).

d) Cholinesterase hisockerninry Afcwdaplfumm;ﬂmicdcnavl
tion characteristic changes were obscrved. Tho stalning for both choll

. N
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G

Tig. 6, Rat swpericy cervcal gasglion.
Magnification X 400

A. Coomrel, ACRE B. Coatrol, ChE. C-HL ACKE + GhE. € Coutrol D. 8 days

following porgpurglionic depervasion. E. 4 duys following posp gllook axstomy

F Goamethkboe 25 mpig for 8 days. O Guanethidine 23 myp/kg for 14 duyx HL

Gmnethidioe 23 mg/lg for 14 days followed by ceamlion of frewtoeent for 23 dayr,
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- f

Fig. 7 Rat superiof cervical ganglion. Catechok Magnification X Z50.

A Conirol. B. 10 days followlng pregangliome nerve divolon. C. 10 dayr follovieg
axotomy D. Gi Idne 20 my/lg for 10 days. B Combisation of

gmnethiding and pregimglionlc depervation F Combinalion of granethidino e
postganglionkc  totomy

ummnownlmmlexdmlwlycunﬁnedmthccymphmonboslﬂsﬂm
cells, whereas the activity of the nerve fTbres hed virtually disappeared (By-
6D) The staining Intemalty of tho cytoplasm seemed alightly Incressed in
some of the cells and had probably disappeared from others.

¢) Catecholamine histochemisiry The green was lncreased {
the majority of the ganglion cells (fig. 7B).
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1. Postgunglionic axotomy

a) Weipht Tho weight of the vnired ganglis was spproximately 50 /
greater than that of the contro] gangiia {fig. I). This difference was statbtl
cully significant (P < 0 001).

b) Cell cownts The number of prnghion celly counted a3 described above
was reduced by approximately one third as compared to the control ganglla
(P<002) When correction was made for the increased volume of the
gpnglion bowever the total mumber of ganglion cells per ganglion was un
changed. The number of small cells was increased by approximately 50 /
(P <001). When corrected for the increased volume of the ganglion, the
incTesse was moro than 100 / of the total number per ganglion The cell
ratio & shown in fig. 2C.
©) Histology 5-14 days following p llont y & iderab
number of pangllon cofls thowed ch dstic retrograde d
changrs a peripheral dislocation of the nuclens and a pertial Joss of the
Nissl sabstancs, often wth only a perintclear chromatolysis (fig. 3C) Dif
ferential counting of the armall cells showed that only the number of small
round cells (4-7 microns) with dark nuclel and of larger roand eells (7-12
microms) with lightly stained nuclel was increased. Both types of cells were
#Sﬁmmmnmmusinumomlmdgmgihthmhwnmlmyh,
whereas the number af capsular cells and Schrwann cells appeared
Pmolthormvﬂyrmhxdnmﬂb;uhtdpmbablydﬁnppcamd.w(ﬂﬂ:
lows was difficult to evaluate, #3 only the mein postganglionic trunk was
divided In order to avold the Bschaemic necrous which almost invariably
results from ! ] of all p ic nerves. This fact mog
also be taken into comideration wiren the weight ncrease xnd the cell counts
ars evalusted,

d) Choli histochemistry A cousiderablo loss of activity of both
cholinerierases was observed. Inltially the loss was malaly confined to the
qwmﬂﬂ:oyngbnnm(ﬁgﬁﬂbmmbucqmuytbcmﬂbrn
wero aho {avolved. In certain cases — probabl i
mfﬁnzdﬂtepm!pngbnicnmu noncdvitycouldboobun'cd.
©) Catecholami) 7 A ble reduction in the fluore-
lctnuhtmdtymnbsavtdwday:folbwtugnmttmy A few cells with
PP Y normal cholamine content were seen (fig. 7C)

IV Gwanethidine ndndd.rfrnrian.

¥) Welght Followi hidine 20-25 mglkg for
lO—Hdap(hewd;honLbnpn;&oubadlucrcuedmlppmxlmudyleo/
(fig. 1) of the pormal valua (P < 0.05)
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Flg 7 Rat superior cervical punglion. Catechalamine fl ificiion X 230
A Control. B. 10 dayx following pregamglionic merve division. C. 10 daye followis
lionk & otomy D. G 20 me/kg for 10 days E. ol

susnethidne and peeganglionts denenation. F Combumtion of guanetiidioe ed
Pompagionic  SOOMmy

15y wat now almost exclialvely conflned to the cytoplasm of the ganglion
cells, wherezs the ectlvity of the perve fibres had virtually disappeared (0g-
6D) The stainmg intemalty of the cytoplasm scemed alightly Incressed i8
some of the cells and had probably disappeared from others.

¢) Catecholamine histochemistry The green {luorescence was Incressed B2
the majority of the ganglion cells (fig. 7B)
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changes of cell counts, histology chok and holamins histo-
chemlstry were dmlilar to those Induced by guancthidine administeation slone
(6. 2 and TE-F )

VL. Repeneration phase.

Followlng disconthruation of guanethidine administration for up to 56 days
2 partial regeneration occarred. The cell connts, histology and cholinesterase
histochemistry were parity normatized (fig. 2, 3H, 4H, 6H). Complete re-
peneration Wis not observed. Nobo of the ganglla in this group were weighed,
ad catecholamine histochemmistry was not performed.

Discmssion

Thnhcmueddznofgmg]hlolbwlngpoapnglkmlcnmmmyhln
agreement with the findings of Nacata & TSURADA (1968) Thit incresse s
mnly doe to the Increased mumber of small cells. The nature of these mmall
cells Is obacure. Soms of the larger cells (7-12 microns) probably represeat
macrophages b the process of neuronophagia, A number of these cells show
2 metaflophilic reaction (fig. SH). The small lymphocyte like cells (5-7
mictos) are often Jocated subcapsulardy and In small clusters, probably
Perlvasculadly (g, 5C D). The morpbology of these cells s similar to that
I &xotommized gangiia und In ganglia of rats treated with guanethidine. The
infltrating enall colls show o fho in the formaldehydo treated
and are thereforo mot identical with the small floorescent cells
Wh&m&mum (1965b) NaaaTa & Tsuxapa (1968)
fomnd frequent mitotio figures and comsidered most of the proliferated emall
cells observed following Hont 10 bo Schwasn cells. They
fund, bowever tha it was difficult to detorming the definite morphology of
u"""ﬂ’(wmd:mﬂurmmdcmalod;h).lntboprmmlnmﬂp:bn
mhotic figures wers not encoentered #nd the anmber of Schwann cells was
B0t found 0 be incressed either n axotomized ganglia or in gangils of rats
tronted with goanethidine, The small lymphocyte-iks cells are quite differeat
from the spindl shaped cells described by NaoaA & TSuxaDs (1968) Sowme
o theso celly showed pronounced pyroztnophitia (fig. 5G)- Larrar (1945)
has described an sccammlation of small cells in the central ncrvons system of
s with experimental allorgle encephalomyelitis. He observed perirascular
of monomiciear cells spreading diffoscly nto the sdjacent
parenchyms, Thess cells wero di hed from lympbocyies by thelr
lbnndmcymphmnndtmmp!mmcuﬂ;by-mhﬂvnpangtylnfp}nnhx

-
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doplasmi feul 1n addith phages were present. Our findings
bmrwmmblnncelothmerepoﬂbdlbovcmdmmmdwﬁbuldn
not prove a possible immunological actiokogical orgin.

The chromatolytic changes in the ganglion cells followlng guancthidine are
very marked presenting a picture of foam or ghoat cells when gallocyanine
staining fs used. MALMQUIST & OATLS (1968) have demonstrated & guane
thidine induced inbibition of oxidative phosphorylation in fsolated rat fiver
mitochondria and therefore eitvtmnu'\lcmscupic studies arc being under
taken to k igate further the histological chanpes described above. Prelimi-
nary results have shown marked dilatation of the mitochondria of ganglion
cells (rom rats treated with guancthidine

The histology and choli histochemistry of the superfor cervical
ganglion described in the present paper do not differ from the picturs de
scnibed by other Investigators except that the statning for ChE seems to be
more intense both in ganglion cells and nerve fibres, and the staining of the
glial clements Is Jess intemse than wually described (l-cc Hlum 1964).
These differences may be due to the use of diff
ﬂeeﬂccuotpregnn\g,lbnkdcntmdnn mdpostpnglhnlclmmmyonﬂt
histology choll and chemistry are similar to the
chanpes described by others (HARKANEN 1964 ERRNKO & HARkONTN 19658,
NaaaTa & Tsuxapa 1968 Taxt 1961) Naam\&.‘rsunm (1968) found an
almost complete disapp of the ganghion cells tganghonic
axotomy Thhhno!lnl;memm!wilhthupru:mruulumdlbmﬂc
scribed by ExAnkd & HXRKONIN (1965a). The latter lnvestigators found a
regeneration of the nerve cells 3 months after axotomy This difference may
bo explained as the result of a more complets stripping of the postganglionic
nerves in the study of NAGATA & TSURADA (1968). It seems possible that the
differences in the types of small cells between the findings of these Investgr
tors and the present study is due to hcheemic changes following compicte
stripping of the postganglionkc nerves. In the present study there was no ks
of ganglion cells.

Th:chmgulndnccdby:unndhicﬁnbmmywnytmembleumarunh
ing from postgangl i e. morphologically
catecholamines a3 observed by histochemistry time of easet :imenquimd
for a maximal cffect, and lastly the partial reversibility of the changes. Tho
basic change 1y d to be the ch 4, the other findings bedng

activi
Mhnmﬂmndha’eplmyhemthemlnmzym:ﬂc u;)'
ctcmbllmlwhWbermmahhtmbcmlmﬂycvﬂmtudhnhllmm
total 30-60 / of the control activity can still be measured by means of 2
ﬁu-hncﬂicpmcedum(]nm—ﬂmu&]mlﬂO).Thhmbonp!M
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&5 the rewult of = quantitatively inadequats histochemical tecimique, fvalving
the joss of soluble extersses during staining of mfired specimens, a partial
mnhingon of cholinestersses when using formaldehyde as a fxuttre and a
poxdble diffusion of the end product lesd-ferrocyanide. Furthermore a com
parison between the histochemical and blochemical analyses fs difficult, doce
among other things the procedures differ with regard to substrate, substrate
pH, re, and posdtion of the tncubation solution.
The observed disapp of catechol following postganghonic
xxotomy Is in accordance with the findings of HARKbNEN (1964) and ExRnkd
& FAxSoex (19658). HARKONEN (1964) however dud pot find the Increased
fivor following preganghonic denervation. The histochemnically
d d depk of inc by gnancthidine cotrespoods well
with the blochernical findings of Saxu & VogT (1962).
The changes described In the supedor cervical ganglion foliowing guans—
thidine seem tn be specific, as preliminary histological Lavestigation of ganglh
cells In the nodose gangiion and In the small testine do pot indicate any
Ugms of chromatolysls. Furthermore sections of the spinal cord revesl no

phologh after adminstration of g hidino (enpublithed
resulis). The latter finding may be dug to the low concentrations of
lhkﬂmlnﬂlcmtmlncrmulryrtem.

Although the shterations induced by guansthldine in many ways rcsemble
‘-hﬂ'tnmlﬂnghmnpongnnglnnic.mmy there seem to b functional
lﬁﬂm:u_?ﬁupn;ﬁmlcuummywbcmmnmb]o&m
trantmison (Brown & Pascos 1954 and otbers) wheress no impelrment
o prngliome functing could bo detected foliowing proonged administration
NF‘RMM(BDNI%O Downvg, JuoL & Quitiam unpublished).
Furthermore the present fnvestigaton hias shown that the chunges develop

of previonsty pesformed pre ar postganghionic nerve divisjon.
Theso findings tndicate a posaible direct ganghonle action of ;
the mature of which ¢l remaing wnknown.
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From the Dy and ihe togical Diviston of
lthq:lﬂmanabeum Unlrmitynlﬂdd.nﬂ.l’hhnd

A Possible Mecianism of Taxicity of Trifluoroetimnal
and Other Halothane Metaboiltes
By

Mewmo M. Alruksinga, Per H. Rescaberg smd Tapan! Teammlsie
(Recetrod Janmary §, 1970)

Abstrect Soversl drupy modify the jethal action of triflaoroethanol (TFE) aad

iriflworoscetaldeiryde hydrate (TFAIH). Tha toxh cffect of these metaballics of

halothane may be due to the resctions of triffoocoscetaldelyds (TFAI, sioco

the totieity of TFE was redoced by the edministration of ethanol (500 mefkg X 2,
of Ajodo-pyrarcie (30 mgfg X 2, Iotraperitooally), aa fo-
Schydrogeonye. Purthermors, alloparincl

treperitooeally),

further ovidatlon of TFAL Incrsesed (ko tovichty of TFE and TFAIH but pot
(hat of trifleoroscetic scid (TFAA)L Iscoiarld (30 mafig X 2, intrepetoonily),
& carbowyl reapent, effectively redoced the todicity of TFB and TFAIH, while
cystems (300 my/ky X 2, intryparkoncally) showed soms protection againg the
TFE todkity Cysieide, (n vitro also prevented the inhibitory action of TFAIA
s0d TEAA on the crestine phoepbokinese (CPK) .amy'ms.ndwuamm
this SH-ectyme {a wiro. Thus the formation of a thbok-binding aldelyde ma
bmﬂnﬂdlulhlnﬁnholkbbcﬂnjcﬂtctnndwddtyolﬂ:ﬂmdﬁm
Kay-words, Tozk - -

Triftuoroacetlo acid (TFAA) Is the main metabotite found in the urine of

man after halothane anaesihesias (RIUDTR ot ol 1967). 1t s probably formed
through trifloorvethanal (TFE) and triffooroecetaidehyds (TFAI) (Van Dyxe
& CrevowTn 1965), though anotber ronts has abwo been suggested (St
1967)

The indrvidnal toxicities of the bolites wro seen fn tablo 1 (Amaxsnan
& TamMIsTO 1968). TFE has been shown to lower tho ATP/ADP ratio In
mouse Ihver more than the creatine phosphate/creatino ratio in mowse muscle.
Thh discrepancy was thought to be duo to & partlal inhlbition of creatire
Amase (CPK). Haoth fites also Inhibited bic ghycolysis
(ROSDNEIRG e1 al. 1970)

»
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Table 1

ModHiaUmollhelmldlyn(TFE,ﬂ’AﬂidePMlnmksbymdmﬁh—
}ccudlmnpcruoonnylomin.bdmlnd)mdmdumﬂmmnd.

LD30 4 S E. M. mg/lg Lp.

Treatment

TFE TFAIH TFAA
None .. e . 195215 60165 > 2000
Lcyuicine 500 mgfag X2 .. #5117 79st3s >0
Isonlarid 50 mgfkg X2 . .. 30433 lo0t& > 2000
Ethanol 500 mgng ¥ 1 .. ., A5k38 0 0S5 >200
4odo-pytazole 30 mefig > 2 — 430 £ 40 ssotss > 2000
Allopurinot 20 mg/kg X2 . oo o e . (AR 45t 8 >2000

TFE and TFAI hydrate (TFAIH) scem to be hepatotoxic m mice, cansing
fat sccumulatlon in the fiver within 24 hra after singlo non-bethal doses
(ROSCNBIRG & WALLSTRO:1 1970)

The present sty was undertaken In order to evaluate the probabie
mechaniam of the toxlcity of halothane metabolites, with special reference o
the binding of active thic] groups by trifluoroecetaldehyds.

Material and Methods

To icologwal study

The dregs, ifluorosthancl (IFE, F1 La AG Boche 30), triflooroecetaldehpde
bydrate (TPAIH, Pleaces Chem. Co., Rockford, INinok) triflucroacetic scid sodlom
(TFAA, Suchardt, Minchen) L-cysteina (Fluha EG Buchy $G), ethancl (OY Allo AB,
Hehinll), sonhzid (LELetehdas Orlon OY Halnli) 4-odo-pyrazole (a gift from
Dr B. 3§8bery, Astra Lid. 83dertilje} and allopariaol (OY Medica AR, Heldnl]) were
disolved in saltne and injected {ntraperitoncally to male Swism albino mice (1720 g)-

Tho deaths among the mice daring three days were counted, the mean Hfetime of
thots who diod after  LD30-LD90 dose was approtimately cvanlated, mnd the LSO
(+ 8 E. M.) was esiimated ting tbe graphic method of Muiem & Taneaex (194 At
Jeax four groups esch of 10 ke wors sed far ench LDSO determination.

In vitro study of thiol-binding property

TFE, TFAIH and TFAA were preincubated with creating phosphokimse (CFK,
Bochringer Mambetm), an enzyme with SH groups cmential for its action.

The CPK sciivity was measured at 23 by a modifted method of Targrx & GrLvara
(1555), ouing the reagest ity of Boehringer (Macnbekm). The reagents abo iacinded
two emrymes with sctive SH grompe lactc dehydropensss (LDH) sod pyumass

L;zmmumnmmmmhmum«mmm
(Mapsoi 1963) was dded to the text modinm In oquimolar amoants togetber with

tho tost drog.



HALOTHANE METABOLITE TOXICITY 301

Resalty
Mod!fication of the taxiclty
Tabie 1 presents the effect of ethanal and some metabollc inhibitors on the
toxicity of TFE, TFAIH and TFAA. Ethanol in 2 dose of 500 mg/kg X 2
protected against the toxelty of TFE.
Isonlarid was the most effective protector against TFB and TFAIH
todelty 4-Todo-pyrazale akso protected fairly well against ihe toxicity of TFE
but not agatmt that of TFAIH. Cysteins slightly decremsed the toxidty of
TFE but pot that of TEAIH.
Allopuringl in a high dose, markedly enbanced the toxicity of both TFE
and TFAIH, but cid not modify the toxicity of TFAA.
The effect of TFE and TFAIH on the histological plcture and weight of
tho mico lver will bo published scparatcly (Ro & WALLSTROM
1970).

Effect on enzymes with active thiol groups

TFAA and TFAIH Inhitsted the CPK activity (together with the LDH snd
PK activities) in vitro (fig. 1) The tnhibltion was daso-dependent and at all
concentrahons was more marked with TFAA than with TFAIH,

0 o2 Bl oc 08 1 10
LLZ N CFK m U/
Fig. 1a & b. Inhlbtion of CPK sctivity i witro by TFE ( ), TPAIH (A) and TFAA (X)L

) The effect of inh bitor (balf scale). The extlacdon (AE)
w fthout ny fnhibhor b tarked with 3 broken Jine.
) The effect of enzyme concentration (logparithmic scale). CPh comtrobs are marked
with largs dots (®).
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Teble 2
Inhibition of CPh activily ix ritro by haloth bolftes. The of 1he
{nhibitors &3 well a3 of cyiteine wers 02 mmole/3S ml The vahues are the meass
of 3 determinations,
Lakidition X

Whh cystche

~ 183 0

528 uw7

w7 =13

The inhibition caused by TFAIH was prevented when the activity of CPK
was Increated (fig. 1b), but the inhibition by TFAA tended to increase as the
enzyms activity Increased,

Cystelne totally reversed the Inhibition caused by TFAA and almost
totally that caused by TFAIH (table 2)

Discomion

Slnce hydrazides are known w0 be carbomyl reagents (Crarx 1963) lso-
nixzid end other hydrazides are probably bound to tdffeoroscetaldehydo amd
thus protect against lts taxic actions. The findings support this sssumption
since both the Jethal and the liver effects (ROSExMRG & WatLstelne 1570)
wero antagonired.

In the case of the protection given by cysteino, the mechanism might
depend on an In vivo sctivation of different thiol compounds, resulting in a
reversal of an anticipated thiolester formation (SQUEERT 1936) by triffucro-
acstaldehyde and SH-groups of enzymes.

! TFE bas been found to be a competitive inhibitor of alcoho! oxidatlon, bt
TFE did pot inhibit liver ar yeast alcohol dehydrogensse (ADH) ta vitro
(BLAXE et al. 1969). ADH however seems, to be jnvolved in the step from
TFE to TFAL, slnce TFAIH was slowly reduced by mammatian ADH to TFE
(OTANI personal commumication) TFE has, indecd, been recently Mentified
1 2 metabolite of TFAIH in rats by gas chramatographic snatysis of blood
(AIAXSINEX ef ol. unpublished)

4-odo-pyrarole inhibits ADH (Rynemma 1969) and therefors probsbly
prevents the formation of TFAI from TFE. TFE was shown to bo withoat
anyuﬂ:qlnvlwonﬁhmbmuhnk!ngAD}LwhmmTFAthW

thelr growth (ROSE2EERQ & WanLsTeOad 1970)
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The protective effect of ethanol on the toxiclty of TFE, es also shown by
Braxe et & (1969), seems to depend on the greater affinity of ethanol to
ADH, which in tum provents the metsbollm of TFE.
Xanthine oxklase scems to catalyss the reaction from TFAI to TFAA,
since allopurinol, a xanthins oxidass inhibitor (RUNDLES et al. 1963), poten
tiated tho toxidty of both TFE and TFATH but not that of TFAA. The
opposite effect of allopurinol on TFE reported by BLAXE et ol (1969) may
have becn dus to a different time of admintstration (4.5 hrs befors TFE)
The ihibition of CPK activity ix vitro seems to be due to & SH inhibitlon,
since the inhibltin afforded by TFAIH and TFAA wax reversed fn both
cates by cysirine. The inhitation by thess two metabolites was not quits
similar sinco the Inhibitlon by TFAA Wi increated by increasing the CPK
activity This probably indicates that the action of some of the colactors or
reagents, o, g LDH and PK, was partlally intdbited.
Although TFE has been shown to be the most toxic of the halothane
metabolites i vivo (ARAXSDEN & TAMAMISTO 1968 BLAXKE ef ol. 1969 TFE
itself did not nhibt SH-groope i1 vitro
Tho formation of a SH inhibitor s further sugxested by the decreaso in the
fon of redoced glamthlons In mics Tver and erythrocytes by TFE
and TFAIH in vivo but not in vitro (Rosomeeea tmpeblished)
It is tentatively concluded from thess studies that triffecroacetaldebyde, or
& compound derived from It, muy be responsible for the toxic actions of TFE.
TFAI may be formed from halothans either dircetly or through TFE. Though

TFAA i aho formed, the effect of allopurinol seems to argue against its role
in vivo
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Stockbolm, Sweden

Central and Peripheral Effects of Anticholinergle
Compoas

Large doses of atropine and scopolamine efllcit effects on tho central
nervous system which aro manifested by impaired memory restlessoess,
ataxia, hallecinations, delirum and coma. In dogs a birarre behaviour b
been reported following both atrupine and scopolamine (WriTt et af. 1961).
Similar effects are also produced by tome highly potent anticholinergic glye
olates (Apoop & BreL 1962 Brrr ef &f. 1964 BEL & Gresmon 1964
Grasoon 1966 Am0D 1968). The glycolates, a5 well a3 LSD have been
claimed to be potential prychochemical warfare agents (FraNKe 1967)
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In the present paper the pharmacological effects are described of tome
piperidy!l  tropinyl and quinuclidinylesters of glycolic mcid a3 compared
with atropine scopolamine and methyl atropine. Thelr peripheral antichol-
nergic effects have also been studied in relation to thelr effects on bebarioar
in the dog.

Methods
Central and peripheral effects la dogs.
Fifty dogs, adult beaghes of both sexet, from our owe kenned were wsed. Even befors
the tart of the experiments, they werw to the cxpai

and procedure during st lesst 20 hours. The experimental room was divided In o
compartments (2.4 X 24 meters) by a wirenctiing. In each of the compartments, &
horizontal ladder was fastened 20 em {rom the floor and reaching oos metre frio the
room in order to study the dogy abillty to avold obstacks. The behaviour of the dogy
way obsesvrd from an sdjecent room through 2 cor-waysnirmor The experimentsl
room was semi-sonndproo! and artificially fighted. The temperatnre was Lept at 20-24
nd the relative humidity varked betwesn 40-60 per cent. The dogs wers given repested
injections (about four) but at Jewst two weeks were allowed 1o alapes betwern tn
infectiont.

The experuments were carc{ully staodardired and the procedurs was s follows: Two
dogs were fed and left alone in the experimental room for one hour The observer
then entered tbe Toom and made & standard cootrol invenigation (sce below). The
betaviour of the dogs was observed from the adjacent room for the next 45 min, mfter
‘which control mamber two wia taken and the test drug o sahine injetted snbentancoosly
Into the back of the neck. Every 43 min. the same investigation wes performed sad
in {otervening perfods the betavioar of the dogs was continuomly oherrved aod ro-
corded on viden tape for about 1 min. cvery fifteen min end mied for forther snafysit
The duration of the axpetiment was  bomt five hourw. The observer was not leformed
of the drug or dose {nfected.

Agresprant | sympioms.
The behuviour during the 43 min. periods was amened by means of & ratlny wake.

recumbent,
M.mmmmm.ommmmmw

parrmeters wero mesmred. boart rato was recorded by suscuitation asd the pepl ®5
wes mowsared by more exact description bole-dice. The reaction of tho punl £
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mmewmmmwmdmm

? Nama xnd mofecsiar welght (},ﬁt"ﬁ;
&,

1 stropine, 299 4

1 sopolamise, 3034 l‘c'—o
[} ?ﬁ

3 Dunas B35 380 o O_ I-N‘

4 3tropyl benzilste, 3514 O_ O.

5 Mtropyl-9-hydroty-9-flnorenc
carbovylate, 349 4 @
3 quonclidinyt-S-hydrocy-5-

g

R0 ¢
288680 B

13 methy] atropine, 3044 O—E_Ew?&
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The degree of mall way extl by Impecting the muacons beano of the
overilp and was graded [nto thres clames,

Ths four observers were trained by meam of demomstraiions to swees 1he diffcrent
symptoms and & good cofrelstion wat obtalned when the racords of two [adepeadent
obacrvers wero compared.

Mydriatic effects on mice

The mydriatk cffect was studled In mice, CBA, males, 24-27 § body welght, sccortiag
to PULEWKA (1932) uiing a microscope with & greded ocular and stasdsrdtred Fght
(Bansch and Lomb, BCB 73). The drugs were given lntperitoneally or by local applios-
tion to groups of § animals. When the drogt were given &3 eyedrops, the pH wnn
adjusted to about 7 Tho pupll size was determined at least hourly far four boors of
fomger

Blocking effect on biood-p respons to

Cats, 29 Xg(42 1.7), 4 & 29 Q@ were amesthetired with pentobarbital sodmm (mebo-
mafum NFN) snd tho carotie blood pressirs was recorded by & trnsducer (Satham
PIIBC) linked to » recorder (Grust Model 5 Polygraph). The deplh of anaesthesia
waa controlled by repeated small doses of the anaesthetle. Drug fnjections wers made
vla » standardired catheter into ooe femoral yeln The blood presure respose 0
025, 050 and 075 pg acctykbolime bydrochloride (AcCh) per Llogram body weight
was first determined. After Lhis the chollnolytic drug was njfected and the respooss to
AcCh tested after 10, 20, 30 and 60 edn, The order |a which the AcCh lojections were
gtven was randomized,

Subrrances,

The compounds investigated are lsted in fig. 1 in which the formulss, molecaiar
welghts snd code numbers ars ghven. Atropine sulphate, scopolamine hydrobromids
and methyl atropins nitrats (compounds 1 7 snd 13) were commercial
Ditran® (JB 329), compoand 3, b & mixtore of N-cthyl-2-pyrrolidyl-methyl
phenyl glycalste (70 X) snd Neetbyl-3-piperidyl cyclopentyl-phenyl ghycolato (30 %)
which was kindly ampplied by Lakesde Laboratories, Mlwanlee, Wheorin, Coor
pomnds 4 to 12 werw synthetized in the Dividow of Applied Organic Chemistry st e
Rescarch Tostitute of Natiomal Defence, Stockholot, composmids 4 to 10 by Prossrx &
Langson (ompabished) and compotnds 11 and 13 by Nyaexo «t al. (1570) and woed
s hydrochlorides

Rests
Effects on behaviour
The effects of atropt polamine, methyl atropine and tho glycolates
on the behaviour of the dog were stodied followlng the subeatincon injec
tiom of 0 005 to 20 mg of the salts per kilogram body weight. A summary of
the maln effects and thelr time Course is given in tables 1 2 and 3 ThO
number of the compounds refers to fig. 1
All the compounds elicited a very similar behaviour pattsm. Therefort,
un!ytho:ﬂwuofmpim(ojmmmbmnnmmly)wmbnduuibcdh




if
¥

»

§E G 3BE BEEEBE

58 B8 B8 G 3

g BB

&

Table 1
Thne-course of ataxia and mon-retreating behavionr
Bebavioar
min. after injection
Anih Noa-retreating
Dis- Dh-
Appeanasce appearance Appanncs wpperance
[ ° [
o of1
65 121 e 0
o2 o2
& 264 1101 1571
» m o 01
290/1
16 > 318 3 > 3158
] 0 ° 0
5 m [ 0
n n7 & i)
29042
n > 16 193
[ o ° [
z > 31511 31 Full
02 o
sn 111 0 0
p2h
16 > 3180 19 244
[ 0 [ [
5 7 56 198
[ [ 0 0
=0 % “ s
-4 146 6 12
16 0 34 110
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Behaviour
Dose min. after Injection Number af
pound e Ataxis Non-tetreating experi-
mgfig A Diés Dés- tocniy
PT appearance
10 oo 8 193 [ 0 1
o6t 7 > 318 140 >315 N
oos 19 >a1s n >31s 2
n 241 o on
o001 5 > asis 136 B 3
>3sn
b
0.0 18 >3 4 >3 .
oss 5 >318 1 >31s 2
12 on
o ws o3
oot 30002 6
YT i 1121 ®11t
2631 o1 ot
om 0 >3 14871 2151 2
26801 o2 o2
0w & > 3188 13 man ‘
003 25 > 318 ) > 318 4
13 100 [} [} o 0 4
250 o o ° 0 4
s on oS o8
1o as/s 7058 1200 201 s
351 2457
0.0 7 > 3512 ot >3sa 4
{4 = mmber of obeervations

detail. The first effects noted were those affecting locomotion (40 min. after
injection) Thsgnh}onlnnomulelamdlylndthbhlndlmbeamclﬂﬂ
(ataxia) In particalarly lively antmals, the movements became slow Same
what later small quick ear movements and sudden hesd Jerks became &p-
parent. The dogs sometimes started chewing and stroked thelr nose with en0
paw or against e foreleg. The eyes were half closed. Often the dogs became
surptiingly interested in detafls of thelr smroundings, for exampls a spot ot
the floor They could also be seen trying to catch jnvisfble flies or lifting
thelr legs high as if they wero stepplng over an inviafbls obstacle. There wis
also a change In the dogs reactions to certaln external sthmofl, Thus, they
d;dnotrupondhyincrwedmomrmlvhywbmth:ohamvﬂcdw
nor did they approach tho vishor (in thelr nocmal manner) Thelr reection
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Table 2

Effects of the eompoands on the dogs attiteds to Lho enviromment judged from thetr
responss to the ohesrver

%

Time afier fojection (min)

no. mg/ig 45 90 135 1%0 s m 318
1 050 T - - - - kS T
2 008 F ¥ + F kS F 3
3 o - - - - - ¥ T
1 050 - - - - - - -
s 050 T S - ¥ T E ES
] 050 - - - - - S +
7 oos F F + + + + +

0.0t + + + ¥ F ¥ F
: oos - - - - - - F
9 Q.08 - - - + + + +
10 a0t F + - - et - E
11 anl - - - ¥ - ¥ F
12 ool + F F F + + +

1000 + E 3 F T + +
1 2000 oo -2 T I %

Symbols: — lom of contact
T decreasd contact
+ bormal

to sharp nottes (for exampio a strong hand clapping) was decreased and the
ability to localtze a whistle signal was impeired. They tumed their heads
[rmnl!—dotoddo,oh.mwhhlbnmpoiuﬂngtotboﬂoor umbhtolocaﬂm
the sigml. At tho beight of tho intoxk was d by
a stombling gait, impaired balance and weakness in the hind lega and the
dogs blundered into object. They bumped thelr nose agalnst the netting or
tho walls or knocked their forelogs agalnst the ladder At fint the dogs
|mmediately withdrew but Iater on, about 70 min. after the infection, they
00 longer retreated but tried to push through the object no mater f it
wes a wall or the ladder (non-retrcating, tablo 1) They often pushed thelr
beads into & comner or became intangled in the borizonsal Indder making
awhkward attcrapts to force the obstacle. They took po notice when they
walked Into thelr water bowl. Sometimes the animals were scen stumbling
aloag the walls on flexcd forclegs and lowered back and with the hindlegs
placed more forward and under the body than is pormally seen. When stand-
ing, they swayed from side to side, or also backwards and forwards which
camed the dogs to start walking, Thelr motor activity was generally In-
creased. At this polnt, the dogs often barked or whined and sametimes they
panted,




3

effecte
10 s 70

33

Table 3
Effects on mlivation and light refhex of the eyc at different times following sdminkrs.
Tims after Injection (mln}

20
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HoCl drqznr compaund § pound 11

Fig 2. Motor activity in dogs. Per cent of thmo speat for muscl  sctivity doring 319 mis.
following tajection (mg/kg).

All tho dogs vomited one to four tumcs (matnly 45 to 90 min. after the to-
jection) The symptoms of pon- ting began to disappear after 200 min
buttbalﬂﬂmwmunﬂlubomshoundmdmlnjc:mebenmday
their behaviour was normal,

A higher dose of atroplae (2.5 mg/kg atropine sulphate) was given to four
dogs. Essentially the same effects were noticed bat the onset of the symptoms
was shorter 10 to 20 min. aftor Injection the dogs manifested ataxia and
wﬂk:dtnmobjecu,lndbetvemﬁmﬂnﬂn.lnnmtmmtﬂrym
longer These inchiding an absence of rexction to the
mmncedtbeobacrvcrlntcdlbomﬂwhaunbmmnhomm
Impairment of behaviour was observed.

In snother series of experiments, the threshold dose was studied. After
0.1 mp/kg to four dogs, no bebavioural effects could bo detected. After
0.2 mg/kg to anctber group of four dogs, some dogres of ataxin was observed
from oot 1o two and a half hours after the injection in threc of the dogs.
Two animaly vomited one to onc and 2 half hours alter the drug was given
All the dogs also showed an increased spontancors motor activity (fig. 2)
No other effects on gross behaviour could be detected. Doses of 0.3 mg/kg
given to five dogs camed ataxia in all the animals from 68 to 264 min. after
Injection. Thres dogs blunderod into objects in thelr vicinity without retreat
ing. This was observed 110 to 157 min after the Infection. The spontancous
motor acthity of the dogs was Increased. Thus, after 0.3 mg/Xg of atropine
sulphate, the period during which motor sctivity could be noted way abont
0 pet cent longer than after 0.2 mg/kg The (conditioned) increasy in mbtor
31 Acts Parrncoiegics, vol 23 (e, 3
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activity seen when the observer visited the dogs was decreased from 90 to
315 mingtes after the injection All the dogs vomited one to four times
dunng 30 to 50 min after the Injection. One dog showed decreased reaction
to sharp notse and could only localire a whistls signal with difficulty three to
three and a half hours after the injection. Another dog reacted differently and
reacted strongly to sharp nofses.

In similar experiments with scopolamine hydrobromide, the behavionral
effects were elicited at doses that were about ten tmes Jower than for atropine
sulphate. No effect on behaviour was observed following 001 mg/kg of
scopolamine With 0 03 mg/kg the stiff gait appeared after about 45 to 75
min. in ali dogs and was observed for about four hours. Two out of ux dogs
vomited within 40 to 70 min. after the drug was glven All dogs were hyper
sensitive to sharp nolse after 90 min. A doss of 005 mg/fkg caused ataxia in
all the dogs within 45 min and this persisted for three and a half hours. The
non-retreating behavionr started after about 60 min. and lasted about cus
hour Two dogs vomited at the time when the ataxia started.

In summary atropine and scopolamine elicdt groms behavionral dis-
turbances which, In lower doses or at the of the symp
following high doses, ure manifested ms ataxla. If the dose given is high
enough blundering against cbjects s also noted. In the carly phase of thk
syndrome the dogs retreat from the obstacle but later on & non-retreating
behaviour appears together with otber signs of loss of coatact with the
environment.

Following this detailed description of the behavioursl effects caused by
different dotes of atropine and scopolamine, a sboster description will be
given conceming the effects of the glycolates (compounds 3-12) All the
drugs listed in fig. 1 evoked the same pattern of disturbances and it wes
imponible for the obtervers to distinguish between the dilferent drugs by
mero obtervation of the symptoms. However there were differences In the

+ time-course and potency between the compounds.
‘lelnlunnmﬂmdnﬂm&cmmdmﬂnmdm-nmﬂnxb:hn-

. viour following different doses of the poands. From the behavioural
effects of the glycolates, these can be divided into three groups on the bashs
of potency and time—course of the effects.

The most actrve drogs — comprising group one ~ are quinuclidinylesters of
dipheny! phenylthienyl and 2-ditHenyl- and 3-dithbertyl-glycolic actd (com-
pound 8, 10 11 and 12) All these drups produced ataxia followlng the
administration of 0 01 mg/kg. Noa retreating behaviour was observed in balf
the number of doga following 0 01 to 0.02 mg/kg. With & doso of 005 me/kg
marked effects on behavionr were obscrved, similar to those poduced by
2.5 mg/kg of atropine.

Group mumber two with about the same potcncy but of shorter duration,
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conslats of scopolamine, piperidyl benzllate and quinuelidinyl pheayl-cyclo-
pextyl glycolato (compound 2, 7 and 9) These drugs induce a fully de-
veloped syndrome following 0 05 mg/kg but the effccts disappear aftar about
180 min. Following compound 7 ataxia and poo-retreating Iasted half an
boar less than compound 9 Scopolamine has an intermediate duratton for
non-retreating.

Groep pumber three comisted of the less active drugs Le. atropine,
Ditran® tropyl benzilste, tropyl- and quinnclidinyl-hydroxyflzorene car
baxylate (compound 1 3 4 5 and 6). Thess drugs given in & dose of
005 mg/kg do not came the central anticholinergic syndrome although
ataxia waa observed after substance 4 When the doscs were increased ten
times, all the substances in thix group cansed ataxia and nou retreating, with
time-coarses similar to thoss seen following the sams doio of atropine.

From table 1 it can be seen that following all the compounds, an increase
In tho dose Ied to & more rapid onset of ataxia snd non retreating bebaviour
and also to & prolongation of thess effects Ataxia was stways seen before the
Dor-retresting behaviour but when the doso was Increased the time-ag be-
tween thess symptoms became sharter When a sub-limit dose for non
Tetreating was piven, only staxia was observed.

A decemed contact with the environment, judged from the dogs behavicar
when the observer visited them, was always scen following doses which
clicted the non-retreating syndrume (table 2). An incresso in motor activity
was tecn following the admdb of all ds (fig. 2). Vomiting
occarred following afl the compounds except piperidyl benzilate.

In order to evaluate the Importance of the peripheral effects per ¢ for
the disturbed behaviour the effect of methyl atropine was tested. Neither
1 mg/kg (3 dogs) nor 2.5 mgfkg (4 dogs) of methyl atropine cansed any dign
of the behavik d described above although the peripheral effects
were pronounced. However when the dose of methy] atropine was increased
%0 10 mp/kg the dogs showed the same disturbed behaviour as scen following
8 35 times lower dose of atropine. 20 my/kg of methy! stropine elicrted the
behaviour syndrome fa all the dogs for more than thres hours (table 1).

As mentoned eadler salne was wsed as placebo AR records pertaining
%o the placebo trials were negative with regard fo the behavioural effects
described above.

Effects on heart rate pupil size solivation and AcCh response.

Tho heart rate was d on two h before jection (see
methoch) and was found to be rather constant 106.1 % 1.2 beats/min. (mesn
md SEM. from 145 experiments). The effects of the drugs were measured
&1 43 min. ntervals and are exprossed dn per cent of thoe batel valucs. In the
control experiments with salioe the beart rate was somewhat decressed dur

e
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100 -

50 —

0 60 120 180 240 300 min
Fig 3. Heant rate following compound 11 0.01 mgig (X), scopolamine: 0.05 mghs
{A), stropine: 05 mp/lg (@), and mhne 0.1 mifkg (). Ordmate X incress of basal
rate. Vertical bare: gandard ervor of the meen.

ing the expetiments (see fig. 3) Maximum effects following the compounds
were recorded after 45 min. (frst measurement) except after very low doses,
when maximum effects were sometimes obtained at 90 min. The time coarse
of the effects of atropine, scopolamine and compound 11 is shown in fig. 3
Following compound 11 (0 01 mg/kg) the heart rate increases aboat 100 ¢
above the basal rate and is still markedly focreased afrer 315 min. (33 %)
Scopolamlne given in 2 § times higher dose elicits aboat a 60 5% Increase and
the duration is only about 150 min. Atropine in & doss of 0.5 mg/kg (10
times higher than that of scopolamins) gives & maximum heart rato stmilar
tooompound11(90%)bmd1cduraduuoltheeﬂmhmu:hlhoﬂn
The dose resp ot pine and 4 10 is shown in
tabls 4 B.ﬁmon(hohunmtenndbehavbu:umbothnhwn?oﬂo'hl
alow dose (0 1 mg/kg) of atropine, a 60 5% Increase in the heart rate occurred
withoat eny signs of behavioural effects. Doabling this dose caused a heart
rato increase of 75 9% and elicited slight ataxia. Further doubling of the dose
(0.5 mg/kg) produced a tachycardla fn 90 G and abo marked behavioural
lmpahmmLCom;umleonthcmb:rhmd.ynnmximumWh
wmoledyio%mmmmmmmmmdh‘ﬂu
the full behavioural synd 1 heart rate wiy 96 % above the
hmm:e.AdeumInﬂmsh]pbetwmhnﬂnmmdbth"mrmlb
Mdﬂ\lbﬂuw‘ngmmpmndZmdg(uHOS).Msdrﬂluqinoluudmﬂﬂf
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Table 4
Doss respooso relatioothip af atropine end compound 10 oo beart rate and bebaviour
Behaviear Dose Mux(mal
goep PP gy peartrate Bebvioar
1
o (xiropine) a1 61 0o ataxhe
02 K slight ataxia in some dogs
o3 76 stads o all doge,
ron-retremting b somo
;'j ]g} atxxia and noo-retreating
0.005 0 slight ataxie
I 1o 001 9
0.05 ”7} stsds and noo-retreating

incresso {n per cent of basal rate,

1 mg/kg gave an incresss in heart rate of 70 9% xnd about the eme maximum
incresso was obtained following 2.5 10 and 20 my/kg but the duradon of
the tachycardia was prolonged when the dose was Increased. Behavioural
eflects were seen only following high doses (10 and 20 mg/kg)

The relatiombhip between tho effects on behaviour and tho heart mte is
further shown In table 6 With the threshold dosc for non retreating be
haviour the compounds forming groap one, elicit almost the same maxinm
lacreste in heast rate. The componnds of group thres have simllar effects on
tho beart rate For the compounds of group two, on he other hand, the
maximnm increases differ markedly Since the effects In this group oxn both
behuriowr and heart rate ars very shortlasting and the first measurement fs
performed after 45 min. it Is conceivablo that the | effects appea.

Table 5
Maxknal tachycardia at threshold doss slight etrve.

P
o
2
2
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Table 6
Duration of the nof-retreatisg behaviour and heart rate Increase ¢ threshold dase
tor beburrioaral «ffect
Behaviour Heart nate* Drmration of non-retresting
group Compound  ygprjmal  afierats bebavioar*
L] 0 2 20-2> 315
1 10 96 49 >33
n 97 h.t] DO->318
1 g8 k3 »1
2 5 -1 3
1 7 31 -6 126
9 T 11 19
1 .4 3 n1
3 » 7 1
m 4 ] » 244
5 1s 6 198
6 15 — 4 us
* per cent Increaw of normal.
min, after infection.
Table 7
Duration of aod behavk i
Hesrtrate X Daraton*
Do Behavioar
incresss 315 min.
mglkg froup Compoand after ataxla noo-retreating
005 1 L] b > 315 285->313
10 -] >3 > 315
11 56 > 315 m >3s
12 x ] > 315 >
1 2 -~ 217 m
7 -6 148 125
9 11 1 142
050 n 2 —15 290-> 315 153
7 16 71 0
9 P >t5 >3s
u 1 3 m o
3 77 75 o1
A 31 s -> 8 fot
5 6 fadd i
: . % 213

min. after Injection.
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before tho first measurement was taken. With the doses shown in table 6
most of tho dogs showed behavioural effects but even those that did pot
show any disturbances in behaviour nevertheless had the same degree of
tacirycardia foliowing the same compound.

At the end of the experiments (after 315 min.) & 30-50 % Increaso In heart
rate was evident following the compounds of group one, except for number 8
Followmg treatment group two, no tachycardia was observed (tabls 6). The
Jonger duration of the tachycardia following the 7 of group ooe s
evident when compered mth group two given the same dose (0 035 ma/kg)
As tecn in table 7 the heart rate In groop one was ncreased from 28 to
73 / while ln group two this was not sbove 11 / Compound 9 had the
most projonged effect in the latter group, as ks further evident when the dose
was increased to 0.5 mg/kg The table ako shows tho darxtions of both
mﬂ:mmmlthﬂ:nnpohngcddmﬂono{mﬂocﬂm
fy panted by a long duration of the tachy

Salivation was depreased following ll compounds (table 3), The In
dividual varjation i responss was rather large and in some dogs an Increased

Bvation was scen following this depression. With threshold dases for be
havk effects, plo | sod ditran® had o rather short ac
ton, while with compounds7 11 12 and methy! atropne (13) the effect
lasted for eoveral houns.

5 —

4L - /z,o’/u
3- //?r/
2 - - 5/

N
\

o0 005 rng/‘kg a50
Fmiuyd:uxbcﬂﬂtuhdnp.ll\hn]rm‘hhlnlljnﬂﬂ.hmhmm
{(abscrwm), Pull Lises comtect Tesahy \mmwmmmm
:wm{db'hmﬂdwu(ml(mln\il@.Nnmbcnn(amm

pounds e fig. 1.

-
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The effects on tho pupil szt are expressed In seale units differing from the
mean of the pormal, Following saline the mean sizs at the different times
of measurement varied between 006 to minus 0 12 scale units. The maxi-
mum mydratic effects (within 315 min) following different doses of the
compounds are shown in fig. 4 It can be seen that all compounds efict
mydrlasis. However the time courses of the mydriatic effects showed differ
ent features. Following atropine in a dosa of 01 to 0.5 mg/kg, maximum
mydriasls was obtained at the fimt after which the response
gradoally diminished. A almilar effect wns seen following compound 5§
(0.05-0.50 mpfkg). On the other hand, followlng compounds 3 8,9 10, 11
and 12 thers was a slow Increase in respomse during the flve-hour exper-
meatal periods. In the case of compounds 10, 11 and 12, the pupil dameter

80 -

0 1 2 3 4 5 6h
Wiumdmhm[mmmﬂh}mdimﬂh&ﬂwm
ualts.

Symbols for componnds:

V=1 Q=5 -9
A=2 A=6 O=10
O=3 v=7 v=1

=4 o=t A=-12
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wis measured 24 hours after tho Injection when a further increase was ob-
tamed. The other compounds elimted thelr maximmum responss within 45 to
135 min. and the effects remained rather comstant during 5 bours. Effects

100 —

o
81N 29 14 8 81N 29 1465
10 7 35 10 7 35

Flg. 6 Blood presstr® reporme of AcCh following compooed 1 0 11 (393 nmolfkg
Imtravesomly). Norowl response of ACCh =100 X Doms of AcCh (xg/kg In-
trvenoasly) wed at the differwnt times after compounds: A. 10 min. 073 B. 20 min,
0350 C. 30 min 025 D 6 min 0.25 Vertieal bark extreme vafoes ln 2 10 3 ex

perimenty. Nombers refer 10 compoands m fig. 1.
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on the light reflex of the eye are ako shown In table 3 Following com-
pounds 1 40 6, 11 and 13 there was a total block of the reflex. A pormal or
sometimes a slower response was the only effect obtained afier compounds
7 8 9 10 and 12 with threshold doses for behaviour impairment. Sincs
there were some difficulties in obtaining exact measurements of the pupd
diameter in the dogs due to their unwillingness to be restrained durlng the
behavicural effects of the drups, the myddatic effect was abo studled in
raice. Fig. § shows the effects following injection of the same dose (5 mg/kg)
of the compounds. fn this species o compounds 3 8, 10 11 and 12 heve
a slow mydriatic effect which increases over 3 or 6 hours. Atropine, oa the
other hand, has a maximum response after 20 min, When comparing the
response 4 to 6 hours after the injectlon it is evident that the compounds of
group one have the most potent mydratic effects while thote forming groap
two have somcwhat stronger effects than of group three. Following local
application, similar effects were obtained.

In order to clucidate the relative chol .‘,' potency of the compotnds,
thelr effects on the blood p icholine (AcCh) were
nudlcdhlhem(uﬂowhgmoqulmohrdmmjnmolbucmh-
travenously). The results are lustrated in fig. 6 A-D where the doso and
wchedule of AcCh are glven Tt & seen that all compounds reduce the e
sponse to AcCh but their potencies and dme-courses are different. The most

10 B c D

% ES

i

o i

* =i g 1 R 8_1
10 12 10 12 0 12 10 12
0, 11 and 12 (5
Mg 7 Bmmmdmfonmm&l h

amol/kg Intrevenoualy) Schedule and doses of AcCh correspond to
fiy 6
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marked Inhibitions were ot d following compounds 8, 10 and 11 (group
one on behaviour). Ten min. after the Injection only 30 % of the normal
AcCh responte remained and later on there was a total block. The next
potent compounds are 2 and 7 (group two) and 4 5 and 6 (gronp 3) Moch
weaker effects aro produced by atropine (1) and compounds 3 and 9 The
duration Iy best seen when comparing the effect 30 and 60 min. after injec
tion whent the same dose of AcCh was med. At 30 min. after infechon (C)
compotrkds 2,4 5 6 and 7 have about the same inhibitory effects (50-70 %)
Thirty min. later (D) the inhibitory effect of compounds 5 and 6 was 30 %
but following 2, 4 and 7 it was 55 %

Since the most potent compounds produced a complete nhibition of the
AcCh response they were also sindied at a 5 times lower dose (5 9 mmol/kg
Intrevenously). The resnlts which are shown in fig. 7 (12 Is added), reveal
that 10 major difference in potency and durtion could be demonstrated
between these substances, In contrast to the Jess active drugs in fig. 6, the
inhibiton follosring compound 8, 10 11 end 12 showed an incresing trend
between 30 and 60 min.

Doo to tho different time-courses of the effects it i difffcult to obtain a
ratio for the relative potency of the compounds. However 1f the effects aro
compared 60 mm. after the infection, mmother sencs of experiments revealed
th:ltbodmuulm'upmmdwopolaminahlvnwbcmlnd6dmuhigha
respectively then that of the most active compounds, in order to obtaln the
me effect,

Discezsion
The results in the present paper have shown that, following the edminis-
tmtion of several aryl- and cycloalkyl-aryl glycolates, the ssme bebavionral
ars clicited in dogs as those followlng atropmo and scopolamine.
mﬂntmottympwnnwnupmdzmthowreponndenrﬂatu]]awing
Atropine-fiks substances (WInTE et al. 1961 Gieston & BELL 1963 Bri
& Grxwow 1964 Atmanus ef ol 1969) The symptoms are hughly repro-
duceable and this is partly explained by tho bamogenous dog matedal. Con-
trary to reports i the Hteraturs pertatning 30 stropme sod scopolamine, no

tolerancs conld be observed.

course for the mydrisne effect. The extremely siow cffect of some compounds
18 not seen for the other parameters stodied. The same time-course Is alto
obtaincd following local application on oz eye. This Indicates that the effect
5 ot & central oge, This view Is further supported by the obscrvation that
the oppoelte eye remained normal In size and thos oo evidence of systemic
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on the light reflex of the eye are also shown in table 3 Followmg com-
pounds 1 to 6, 11 and 13 there was & total block of the reflex. A normal or
sometimes a slower response was the only effect obtalned after compounds
7 8 9 10 and 12 with threshold doses for behaviour impairment. Since
there were some difficulties in obtaining exact measnrements of the pupll
diameter in the dogs dus to their unwillingness to be restrained during the
behavioura! effects of the drugs, the mydratic effect was aho stodied in
mice. Fig. 5 shows the effects following injection of the same dose (5 mg/kg)
of the compounds. In this speches too, compounds 3 8 10 11 and 12 bave
a slow mydriatic effect which increases over 3 or 6 hours. Atropine, on the
other hand has a maximum response after 20 min. When comparing the
respomse 4 to 6 hours after the Injection it is evident that the compounds of
group one have the most potent mydriatic effects while those forming groop
two have somcwhat stronger effects than of group three. Following local
application, similar effects were obtained.

In order to elucidate the relative cholinotytlc potency of the compoands,
thelr effects on the blood pressure respome to acetylcholine (AcCh) were
studied In the cat, following an equimolar dose (29.5 nmol buse/kg in-
travenously). The resulis are flfustrated in fig. 6 A-D where the dose and
schedule of AcCh are glven It is seen that all compounds redoce the re-
sponse to AcCh but their potencles and time-courses are different. Tho most

100 — A B c 5
% T oz
-1

[ P _ P

8 1 8 1 2 1 8. 1
0 12 10 12 n 12 10 12
Fig 7 mewamrmwm&wﬂiﬂé

nmol/ke jotrvenomly). Scheduls and doses of AcCh corespood
fig. &
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marked mhibitions were Ined following compounds 8, 10 and 11 (group
onc an behaviour). Ten min. after tho injectton only 305 of the normal
AcCh respomss remained and later on there was & total block. The neot
poteat compounds aro 2 and 7 (group two) and 4 5 and 6 (group 3) Much
weaker offects are produced by atropine (1) end compounds 3 and 9 The
durmtion B best seen when comparing the effect 30 and 60 min. after {njec
tion when the same dose of AcCh was used. At 30 min. after Infection (C)
compounds 2,4 5 6 and 7 have about the ;ame inhibitory effects (50-70 %)
Thirty min. later (D) the mhibitory cffect of compounds 5 and 6 was 30 %
but foltowing 2, 4 and 7 it was 55 %

Since the most potent poand duced a ! Hbition of the
AcChr:q:mmlheymnlwnndbdnuSﬁmlmdm(59nmnl/kg
intravenonsly) The reyults wiich are shown in fiy 7 (12 b added) revesl
that no major difference fn potency sud duration could be demoastrated
between thoso substances. In contrast io the leas active dmgs In fig. 6, the
inhibition following compotund 8, 10 11 and 12 showed an increasing trend
between 30 and 60 min.

Dus to the different tme—courses of the effects it is difffcult to obtaln a
ratlo for the relative potency of the compounds. However if the effects are
compared 60 min. after the injection, another series of experiments revealed
that the doses of atropme and scopolamlne have to be 18 and 6 times higher
respectively then that of the most active compounds, in order ¥ obtain the
name effect.

Discesdion
Tho resulty in the present paper have shown that, following the adminks-
tratlon of several aryl- and cycloalkyl-aryl glyeolates, the same behavioaral
disturbances ars elicited in dogs as those following atropine and scopolamine.
Tho pattem of sympioms corresponds to thoss reported earlker followlng
atropine-flke substances (WHITE ¢ af 1961 GIRsuoN & BELL 1963 B

trary to reports in the fiterumre pertaining to atropine and ecopolymine, no
Increesed tokerance could be observed.

An Inicresting difference in tho effects between the compounds I3 the time
coarse for the mydrlatic effect. The extremely slow cffoct of some compounds
hmm(mﬂnmmwmmthncmuum
btatned g bocal appll on on¢ eyo. This indicates thet thy effect
hmnmuﬂmmﬁcwhmnhnmmtcdbythnmhum
tho opposite oye remained pormal in wize and thus no evidence of systemic
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abtorpiion was found. The explanation might be that these compoands react
slowly with the receptor of this target organ,

The most potent drups with regard to effects on behaviour (group ont)
Le. dipheny! thienyl-phenyl and dithienyl substituted quinnchidiny! glyeolats
(compounds 8 10 11 and 12), eficited their effect following doses of
10 pg/kg. They are also the mast potent compounds with regand to the ant-
clolinergic effects as revealed by their effect on the heart rate and the intdhl
tion of AcCh respoase on blood pressure. The threshold dose for effects on
the heart rate and behaviour b the 1ame moreover there appeart to be &
direct correlation between the heart rate und the degree of bebaviownl tm-
palment. Moreover In the case of scopolamine, piperidyl bennlate and
quinuciidiny] phenyl-cyciopentyl glycolate (compound 2, 7 and 9), a rela-
tlonship betwoen the effects on behaviour and beart mte, it obvioos. These
compounds are about 5 times less potent and their effects mruch more short
lasting than those in group one.

Atropine, ditran® tropyl benzilate and tropyl and quinecildinyl-hydroxy-
fluorens carboxylate (compounds 1 3 4 S and 6), on tho other hand,
produce enticholinergic effects in dases far below those which producs effects
on behaviour Atropine causes a marked tachycardia (60 o increase) withoat
causing any behavioural effects, and at the threshold dose for ataxia atropine
and compound 4 cause a 2-3 times higher Increass in heart mte than the
substances in groups one and two Methyl atropine elicits behavioural effects
when the dose s about 100 times higher than that prodocing a significsnt
effect on the heart rate. The fact that methyl atropine can produce effects on
behaviour which are indistinguishable from those of atropine is Interesiing
since methyl atropine Iy often wsed s a sclentlfic tool to distmguish betwesn
central and peripheral snthcholinergic effects,

The general impression of the relstonship between effects on behavionr

(especlalty | tion) and traditional anticholinergic cffects (especially m
increase in beart ratc) is that they are closely correlated except for a few
compounds which are known to be rather Upid-insotuble.
) 1f the potency in blocking the AcCh respoase on blood pressure is taken
23 2 measure of the anticholinergic potency it is evident that the compounds
of group one form a very uniform group, about 6 times more potent than
scopolamlne and 18 times more potent than atropine However tho thresbold
doses for effect on locomotion are 10 50 and 500 pgjkg respectively Hence
the activity of atropne docs pot seem to be directly correlated to the be-
havioural effect. This would appear Jogical stnco the drug has been shown ©
penetrate rather alowly into the brain (ALBANUS ef ol. 1968)

The fmportance of lipid solubllity for the relationstip besweon perpheral
and central cffects of anticholinerghc drugs has recently boen stressed by
Hoxz et & (lmmwﬂmncodﬂdmnbamoleﬁlknholmdl
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pounds In fig 1

phosphate buffer of pH 74 have therefore been determined for the com-
pounds, studied In this paper (ALmanus et @/ unpublished). Fig. 8 shows
the relatiomhip between partition coefficient end threshold dose for cffects
on behsviour As scen n the figure above, a correlaton Is evident for
atropine, scopol and the compounds in grovp one. This is wurprising
sincs theso compounds differ so much In entichofinerpe potency It b obvious
that there Is no simple relationthip between dlther poteacy or Iipld solubifity
and effects on behavionr

An especially shortlasting effect on behaviour b seen f

{2) snd compounds 7 and 9 at the threshold dose. Amoag these drugs only
scopolamine, which has a strong chollnolytic actlvity fits the curve In fig. 8
Nevertheens, the interpretation of the results muat bo that the effect on
bebaviour are related to the anticholinergic effocts of the drug, but that the
lipid solobility and chofinolytic potency are not the only factors which
determine the cffect on the crntral pervows system. Obviouly several factors

interfere with the central activity and ope factor of lmportance is the mate
of metabollem.

ol e
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Untverslty of Helslall, Helsink, Fintand
Inhibitien of Energy Production by Halothane Metabolites
By

Per F. Rescabers, Mameo M. Aloakaiscn aad Tapaxi Taymmists
(Rocetved November 20, 1570

Abitract, T et OFE), deb hydrm(TFAlH)md
tiftnoroncetic acld, which are of hak
mmmﬂywmmhwﬂo—dmmﬂnm
camsed  significant decrsuse of the ATP conteit and the ATP/ADP ratio la
mice fivers 17 b after the administration. TPE, bowerer dld pot decrease the
content of creatine phosphate (nor the creatine phosphate/creatine ratlo) {n mics
bearts or muscle. All the thres haloth bolites inbibited
glycolyss (14-72 X) In the liver (he greatest inhibition occuring 17 hn after
the sdmunkiration of TFAIH. 7 vitro cnly TFE and TFAIH were found to bo

Aﬁlm?nmmmdﬂmﬂsu'ﬂnmwm

the changes In ATP and crextino may be wxplab
by an iohibetlon by triffe 5 o i of erzymes whk
sctive thiol groupe.

Key-words. Halothane — alcohol, eftry! — sdening nockeotides.

Trifloorocthanol (TFE) bas been reported to be a metabolite of hakothane
(Vax DYxE & CrrmowETH 1965) and of flnoroxene (Braxe ¢ al. 1967). Of
the halothans absarbed 17-20 / i metabolized in the human body (RepER
«t al. 1967). The percentage metnbolized through TFE s unsettled (Amax
SN 1968) The major urinary lite of halothane {s triffe th
actd (TFAA), winch may also be formed through another suggested pathway
involning an unstebls lanired compound (St 1967) Thos CoreN & Hoop
(I%D)aswﬂﬂnthoprucmmd]m(AmxsmENnn! unpublished) have
found that mkdentlfi late in the liver after halothano
anacsthesia.

We have reported that the LDS0 of TFE in mice & not many Hmes
higher than the smount of TFE that might be formed after halothsne
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snacsthesia (ABAKSININ & TARISTO 1968) Independently BLAXE ef ol
(1969)hxwrcponcdﬂmﬂuﬂnd£np,vdthmlyld}3hdyhlglmwsavﬂm.
The toxicity of the substance seemed to be caused by a metabolits of TFE
(probably trifluoroacetaldehyde or its derivative) which is bound to thiol
groops (ADAKSINEN ef of 1970) This might lead to an extensive metabolic
disturbance which involves the energy production, Indeed, it was found that
the lactate-pyruvate pool in mowse liver and the ATP content In guinea plg
muscle was decreased after TFE administration (AmAKSTNDN & TAMMISTO
1968) It thus scemed desirable to stody the energy production after the
administration of TFE and other known metabaolites of halothane.

Material sad nethods
Male Swies albino mice weighing 17-20 g wyre wed In a1l sxperiments.

wore mexsored enrymatically by tho method of Apalt (1965) naing the reapest kv
of Boshringer (Mannhelm)

Determination of crestine phosyhat and crewting.

The mico Worc ansesthetired with ether and the thsoe exmples put as quickly a3
posxible by mwam of cooled forceps, into Hquid nHrogen and then treated [k those
taken for the adenosine phasphato determinations.

Creatine phosphate was
hydrotysh to free crestine from mouss beart and thigh mmuscle. Quantitative hydrolys
of creatine phospbate wat obtained with 0.1 N-HC! (@ mdn. at 657).

D, of b,

blcarbonate
of 55 m! voluma wers used, the afmospbers consiried of  guscowms mixtmre of Ni
and COy OS5 and § X) and the temperstere was 37 The flasks wers saturated with
the gayeots mixtore for 15 min. beforo the expertments.
mmmmmmmmmdmummmmxh::
thermo-cquilfbriom wed
mia. The
tained within 15 min. (he masometery wore read at 15 min intervaly for 90
lmdmmmmmdmmmmmmumf::
of the droga For osch drog 4 mapomeiat were Deed sad 2 manoowies
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Tabls 1
Effect of ethanol treatmont on the changes In ATP ADP asd AMP (umol/g + £EM)
cmeed by TFE in mome liver Tho animaly were sucriffed 17 hre after
adminigtration of TFE. Ethancl was givea intrapectooeally 10 min befre and 3 hrs
wfter TFE. Five axperiooanty for each vatoe.

ATP ADP AMP ATF/ADP

Coatrols 109 £oa4 0071 £0008 0060 £0.008 1350+ 475
TFE 300 mg/kg 0386 £ 0.01 0109 £0005 0050+ 0.003 6421031

X2 087 £ 0.04 0078 +0.008  QOS2EO0004 11272E008%*
TFE 600 my/kx oo 012020006 0051 + Q006 AL L11s

ethanol 500 mg/kg

¥2 107£012  COSSE0008 Q040010 11301104
Etbaned 500

ogkg X2 1m+009 00700M2 00831004 1411:120

differs stgnifieantty from controls (P < 0.05)
@Hers sigrificantly from TFE 300 my/ky (P< 000
** diffey significenily from TFE 600 mg/ig (P < 0001)

Table 2

Effect of TFE (300 mg/kg on the of creatmne
mdﬂnh(pnoﬂ.i&“)d&clﬂ;hmthmdhﬂu{mk-ﬂhnudﬂhn
Six mics for esch valoe.

Creatine Creating Crextine phosphatel
phosplate crvatine
MUSCLE
Controls 6590 1245121 056+ om
TFE S bn 7061 088 1315+ 101 as7+on
TFE 17 bre 34+ 060 ustoms 053 +0.04
Atroping + neostigrnine®
136 £ 028 11421080 oM tom
TFE + atropine +
Deowtigming § hry 04 1013 1215 + 049 050 £0.02
TFE + wropine +
oconipming 17 trs 497036 853+ 083 0561009
HEART
Controly 6841100 854+068 000 + 014
TFE St 7185088 [STETL] 010+ 012
TFE 17 tra 7091 048 10584036 065+ 006

To Indoce muse!  fasciculation atropine (0.5 mg/ky intraperitonvally) snd neostigmine
Q.1 mefig intraperhaneally) wors givea two howrs befors kfting.



330 PER H. ROSENBERG BT AL

Resits

Effect on adenosine phosphates

TFE (300 and 600 mg/kg intraperitonenlly) caused a significant decrease
in the ATP/ADP ratlo in mics Jivers (table 1) There was both a decreass of
the ATP content and an increase of the ADP content, both of which were
stathstically significant following a dose of 600 mg/kg of TFE 17 hre befors
sactifice. The AMP level was nnchanged.

Ethano} prevented both the decreass in ATP and the lncresse in ADP

Effect on creatine phosphate and creatine.

There were no significsnt changes in the content of the creatine phosphate
(oor in the creatine phosphate creatine ratlo) fn the heart or thigh muscle
after TFE administration to normal or atropine + necstigmine treated mice
(table 2) In the latter animals however TFE, seemed to decreats the total
content of creatine,

Effect on anaeroblic glycolysis.

Lethal and non-lethal dotes of TFE and TFAIH, as well as comparable
doses of TFAA all had an inhibitory effect an glycotysis in viio the greatest
(72.3 /) being with TFAIH admunistered 17 hrs before sacrifice (fig. 1) The
inhibitory effect of TFE occurred within § hrx and continued longer than that
of the other drugs, remaining almost unchanged for several days or uatl
death of the animal. In vivo high doses of ethanol showed a weak inhibition
of glycolysis (fig. 1) while TCE was almost as effective as TFE, though
shorter In actlon.

In vivo TFE snd TFAIH slgn!fi Inhitdted the plycolyals (table 3),
but TFAA and TCE were without effect. Ethano! did not modify the mhibe-
tion produced by TFE.

Ditcoydom

Though a significant decrease in tissue ATP content occurs nmultancotaly
with the toxic symptoms, oo definite cansal relationship could be ascertsined
In guinea plg muscde n decreass in ATP wes already found 4 hrs after the
sdministration of TFE, but the same dose of the non-toxic TFAA was
incflective (ADAXSINEN & TarpatsTo 1968}

Ths decrease fn the concentration of ATP (sud the ATP/ADP ratio) after
TFE admalstration seems to be due to the infibition of glycolysi rether then
to distarbances tn axidative phospborvistion, sfnco no inhibition of secinate
rupinﬁunoruncoupungu{oxidaﬁwphmpborylnbnmldbeubmvdh
mlllvnrnﬂmdmdﬂlblvumwhhmyo!dnhﬂodnncnmboﬂmm
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0%~

TFAIH
04
TFE 300mghg
0% 80%
§ 12 24 hr 12 24hr
li7g ‘IOOOmgM U%-
% TFAA 1000 mgkg
TCE 300 mg/kg
60%
12 21-hr 12 24 hr
Fip L Effect of { o edminhireom of TFE, TFAMH, TFAA and eunad on
wnarobee glycolyds in momse Trer The pet cent at 5 12,17

and 24 bra wes measiired. At Least (our tyers foc each vabre

Table 3

The per cost Inbibitlon (+ 320 ) of amseroblc giycolysia by TFE, TPAIH, TFAA, TCB
and ethanol tn mice liver bomogenstes m rirro At least 4 Lhyers for each valne

10631 1040 1008 10-00
TFE As4t 621) 236638 ITA4ES12 321SL103S
TFAIH » 12181401  24B114D 1984 18
TFAA 0 ] o ]
R ] o ] 0
Eibanol 340+ 1590 na+733 20161645 -

TFE + ethanol** 34721 651 2196 + 634 BI4EAD

Ia high coocentratiom eraporation of the drugy may have camsed the determinations
1 be levalld

** TFE and ctiumol &t eqmal concentraions.
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BERG & WIKSTRU unpublished) The tnhibition of glyeolyst may not, how-
ever bo the only camse of the decresse in ATP s ethanol, which effectively
protects against the toxicity of TFE (Amaxsnax ef of 1970- BLaxe o of
1969) prevented the decrease in ATP but did not prevent the inhibiton of
glycolysis by TFE.

Extremo metabolic changes occurred in agone affect glycolysls, but its
Inhibition also occurred before the toxic symptoms, The In vivo inhibition by
the non toxic agent TFAA scemed to be noa-specific and of short duration,
1ike that of alcohols (ethano! and TCE)

Our toxicologacal studies have fndicated that trift ldelrydo formed
i vivo might well contribats to the toxicity of TFE (Amaxsnum ef o 1970)
TFE did not, in fact, Inhibit glycolysis In the brain and beart timos (Anax
SINEN et al 1969) or affect the growth of fibroblasts in vitro (RoSENEERG &
WamLsTrOa1 1970), all being tissues with low nlcoha! dehydrogenase activity
(Fazexas & Renara 1968) In which aldehyde cannot be formed.

Enrymes with active thlol groups, ¢. g creatine kinase (ATP-creatine
phosphato transt aro partly inactivated when these groups react with
sldehyde groups (MADSEN 1963) The SH Inhibiting property of triff
aldshyde thus might explain the discrep between the & I the
ATP/ADP ntio and the hanged creatine phosphate/ ratio, since
the change In energy rich phosphates is osually fint recognired in the creatine
phosphato content (Gurton 1966) The Inhibition of glycolysis is probably
explained by a similar mechanbsm.
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Concentratlons of Meprobamate In the Blood and Liver
Follovwing Fatal Meprobamate Polsoning
By

. Faby
(Received Febroary 27 1970)

Abstract Tho concentrtioms of meprobamate {n the blood end Fver wers

were within the rnge of 142-342 pg/ml (mean value: 226 pg/mi). In the cams
of polsoning with a combination of the drugs, the blood meprobamats coo-

were: for aod alcohol, 43-155 pp/ml (mexn valuo
17 pg/ml); for meprobamate acd barbiturate, 30-276 pg/ml (mean valoo
117 pgfmly for meprobamate, barbiturxts and akohol, 33460 gg/m! (mean
valno 133 pgfmD.

Key-wordr: Meprobamate ~ potsoning.

Meprobamate (2 methyl 2-propyl-1.3-propandioldicarbamate) has been
widely used since 1955 a3 a tranquilllzer when its effect in the treatment of
anxiety was fint demonstrated. In spite of the tnormouws coasumption of
mecprobamate, very few studies have been reported of determinations of
meprobamate concentrations In the blood and tesues following fatal me-
probamate polsoning (PowELL ef al. 1958 FmxiE 1967 Mappock & BLoo-

MR 1967)
A We thought it of interest, therefors to maks & survey of all the cases of
fata] poisoning scen at the Copenhagen Imstitato of Foronsic Medicine durmg

PenLAES

tho period 196469 during which meprobamate had been either the solo
cause of death or together with other sedatives or hypnotics, a major coa-
tdbutory factor

Tho survey reported here, covers 41 cases, 20 men (aged 19-81) and 21
women (aged 18-70) in which death was duo to meprobemate poisoning
alone, or to the bined cffects of mep and elcohol or barbiturate,

or both.




Rewity and discoion

It cant be secn from table 1 that in 12 cascs death was duc to paisoning
from meprobamate alone. The blood meprobamate cancentrations were
within the range of 142-346 pg/ml (mean valos 226 pg/ml). By way of
compariton it may be mentioned that therapeutic dally doses of 1.2-1 6 g of

P yleld cc of 10-20 pg/ml. The lethal blood mepro-
bamats coacentration seen in this study were of the same order of magnitude
nthowmpm-tcdbyoﬂn:imudpmhvmad.(l%&)inmmu
of fatal mep foumd b in the Itver it
toZZOngglndSllJngg,rupec&vdyFij(l%ﬂhonccne,fcundn
blood meprobamate concentration of 194 pg/ml and Mappocx & BLoOMER
(1967) also in one cese, found a blood meprobamate concentration of 174
ug/mlL The last-mentioned investigators stated that blood meprobamate con-
centrations exceeding 100 pg/mi being about a deep coma.

The cases in the table, are Isted in descending order of blood meproba-
mate concentrations. It can bo seen that there i no clear correlation between
the concentrations of b and the of barbiturate or
llco}nl,LLlawmepmbamammmmﬁanﬂmhf;htmﬂmnmo{dwhnl
concentration or vice vers.

In 10 cases of potsoning from the bined effects of meprob and
alcobol, the blood meprobamste comcentrations were within the rangs of
43-155 pg/ml (mesn value 117 pg/ml), the average meprobsmats concentra-
tiou being about ono half of that found in polsoning with meprobemate slone.
This is in agreement with the observation of other investigators that mepro-
bemate xnd alcohol are synerpistic in thelr central nervous depresxant action
(Gotoares 1961).

In tho 12 cases in which death was dus to ihe combined effects of

P and barb the blood R »

- —— -
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Table 1
C of b and in tha blood (ua/ml) and Dver (u/y),
and tho coocentrations of alcobol fn the biood (mg/p) following faixl poisonicg e
homan sobjects.
Intake of wnipriobony
nl from absenco of
e Meprobamate Al:ubol Barbiturats
® untfl found dead
Blood Liver Blood Liver (bours)
s
I
24 208
20 776 a2
20 204
0 b=} el
3240 200 24 8
20 187 17
178 14
31 1m 2us
17 17 4 2
1620 142 197 7
Mean 26 pa/ml
155 en n
20 147 31 o 3
139 102 1.00 1
137 158 212 10
n m 13
11 ot 16
110 174 1%
109 208 o L]
20 18 14
a3 268
Mean 117 ug/mt
76 504 19 ol
24 32 ® 9l 1
160 7.l n
153 157 13 38
1 164 3 5
115 19 B
1] 102 » 4 7
0 357 0 153 10
% 67 »n 3
FE VY L] b4
b 15 10
30 103 3 &
Mean U7 pg/ml



?5
;
|
5

480 065 s

12 140 158 n k=1 9
a7 65 189 . n 3
- 151 065 96 149

a 187 044 9 %

» 52 052 41 u:l

n n o067 26 40

Mean 183 pfml

within the range of 30-276 pg/ml (mean vatue 117 pg/ml) and in the seven
cases of mixed meprobamate barbiturate and alcobol poisonmg, the blood
meprobanats concentrations were within the range of 33460 pg/mi (mean
valne 133 ug/mi) In spitc of the considerable deviation in the biood concen-

tha synerghim between the central nervous & actiom of meprob

and barbitnrate, a3 well o8 between meprobamate, barbiturste and alcohol. In
the cases of combined paisoaing the average kethal blood meprobamats con-
centration was half that observed in potsoning with meprobamate alons,

According to the data available, the interval between the time at which the
sobfects had Iast been seen alive, without showing any symptoms of polson-
ing, and the time when they wero found dead was 326 hours (last columm
of the table) Poisoning from meprobamate alone, or polsoing from the

bmed effects of meprobx and the above mentioned substances may
thes result in death within a very shart time, Thers is scanty information
ilahle about the of meprot taken in mubjects with suicidal

Intent; it appears, however that the minimmm lethal dose in man b about
20 g (first cotumm of the table)
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Effect of Thyroxine, Reserpine and Serotontn on Allyl
Alcohol Indoced Hepatotoxielty tn Rats*

By

&, Srislramal U. Sctahams? and J H. Babvani!
Received Junoary 9 1970

Abstract Rats, troated whh ally! slcobol (AA), 08X wiv 4 mi/xp, onlly
(group B) and examined 24 hry Bier showed an incresse in the levels of serom
broanulfphthalein (RSP 3 X} and glutsmicpyruvic tramaminese (GFT) (3 X}
and periporial bepatic necrods, s3 compared with the contrad (yroop A). Trest
ment with thyroaxhe sodlum (T4}, 1.6 mg/ky ghven onlly dally for 6 days
(zroup © ralecd the rectal temperature by about 2 Reserpine, 5 mafkg
lntraperitoneslly (group D) or wrotonln, § mp/iy imreperiioneslly (groop F)
lowered the rectal temperature by 1-2 within 1 br Qroups C, D end E had
normal hepatle function and mocphology When group B was treated with Ty
a2 mwntioned above (group F), the Incresse in BSP and GPT loveh (both 8 X)
sod the degres of pecrothe wers moTe marked. When gronp B wa pretrrated
with reserpine (group G) or serotonin (group H) 1 hr before AA, the. lncresse
in serum BSP (abowt 13> and 2.5 X respectively) and GPT (xbout 3.5 X and
4 X vespectively) and tho degres of mexrosls were bow prooounced. When groop
F waa also treated with reserpioa (sroup I} (he ne In body temperatme waa
redoced from abont 2 to about 1 whily the sarnm BSP wnd GPT kevely and

temperaturs, ibo werom BSP and GFT level, ot the degreo of necrosis. Thes
findfings point to  pomiblo direct relationship between body v and
tho hepetotonle  fTect of AA

Kepswords. Thyrotine — rscrping — serotanin ~ allyl alcoh 1 heputotoeity

CaLvexr & Brooy (1961) demonstrated & potentlating effect of thyroxine
on the hepatotoxic effect of carbon tetrachloride. A amilar effect of thy
mxlneomhchcpammdccﬂ:ctohhimcemnldom:hmbysmvm&
BALwAMI (1968) The latter also showed a comrelation between tho hypet

Work presented t the Second Anmmal Coaference of the Indian Pharmacologics!
Sockety beld at Locknow 196
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Lhcnniceﬂecuofthymximmdlumtmthﬂonolmbwtwmh}oﬂdamd

ide toxicrty and d that thyroxine might incresse the sy~
ceptibllity of the liver cell to toxic attack, iespective of the mechamsm of
the latter It was, thercfore, declded to study the effect of hyperthermia
(produced by thyroxine) and hypothermia (prodoced by reserpine and sero-
tonm) on the bepatotaxic effect of ally! alcobol.

Materisls mod Methods

Stock mako albino raty, welghtng 90-140 g, were nmed. The body temperature of the
amimab wey recorded by meams of rectal thermometar Allyl  Loobol, 08 X (whv),
40 mifiy way given onlly end the cxent of Irver damage was studicd 24 bours later by
mamdh—mnnlfphmlch:muhu,mmlmhuf;}mmkmvtmmmhu-
amnd fein excretion was stuthed by the method
peeviomly describod by Sewavisan & BarwaRt (1968). The blood was collected from
o peck vemsals under light cther anaesthesis. Serum levels of ghutamic-pyruvic trane-
sminase were seimated by the mothad of RETMAN & FRANKEL (1957) »s described by
WoorTaM (1964). The enzyme levels were expressed In international naits (L) A péecs
aof Jiver thwoe was examined histologically far the extent of poerosis after staining with
hasmatocytin and e

To lnduce hyperihormn, tyToune sodmmt, 16 mpfky, wa administered omlly to
the rets every day for 6 days and ally! akeohol wes given 24 hours after the last doso of

el stodled fn ammals rewerpine, o scroionin ooty in the doses
meationed above.
All the wers dncted at room (15-25%) during the muny

semon and early winter Statittical comparwons wers mads by Stodent's t-est for
comparing meeany.

Results

Body temperature

Treatment with tiryroxine dally for 6 days significantly rafsed tho rectal
tempertiure of the rats. A tingle intraperitones! Injection of reserpine or
scrotonin dgnificantly lowered the rectal temperature of the rats within 1
boar and this was maintained at the lower level for the next 24 hours
Rescrpme prodnced & mare marked fall In rectal temperature than serotoain.

antagonized the hyperthermic effect of pretreatment with thy-

fuxine whereas serotonin falled to do 10 Allyl alcobol by fself did not alter
the body temporature of the rats, with or without pretreatment (table 1).
Liver junction studies

Rmmlcdw!hlﬂyiﬂcohnlxbawcdd;ulﬂ:nwbmlwd:d
sh pyruvic and of br letn I the




Flgores In brackets fndicate number of obscrvations.
8 Significant (P < 0.001) NS Not dynificant.
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Table 1
Body temperature of raty,
Body temperature
Groee CisEM
1. Blank coatrof 10) 37742042
2. Altyl akcohol (10) 37811058 1w 2 N3
3 Thyreine ® H7181085 in3s
4. Reserpine ® 35831088 in 4 8
3 Serotonin (% 36081110 in5S
6. Thyrotins + altyl alcobo! (10) 39311068 2w 6 8
7 Rexrpine + allyl alcobal ©) 355510m v 718
8. Secoloain + ailyl alcohol ® 3H10tosl Zn g s
9 Thyrouse + reserpioe +
Alty! alcobol (10} 3828 +0.49 v 9 S
10, Thyrotino -+ scrotonln +
aliyl akcobol O »ssiosy 6y310 N%
Flgures o brackets [ndicato nomber of obscrvations.
8 Bigmificam (P < 0.05) NS Not sigrificant.
Table 2
Liver function tesis.
Serum glutamic-pyrovie Serom
Groop loves b lorels P
L oJjlire) S EM, mg X £ 8EM.
1. Blank control am 3t s (10 19tas
1 Allyl slcobol am 10fn am rati1a in18§
3 Thyrodae ® i1 @ 21fo08 inm 3 NS
4 Reserpine ® di @ 20tos 1n 4 NS
5. Serotonin ® B7 ® 21309 1ve 5 N3
6 Thyrodas +
allyl alcobal (am 2%tz 1% 159133 in 68
7 Resarpioe +
ally? aleobol ® 10%18 o) iy 2w T:8
4. Serotonin +
allyl aleobol ©® 115120 G) 48%10 2w 818
9 Thyrovtne +
reserpine +
iyl aleobal ) 145+34 a0 s0t12 6w 918
10. Thyroxine -+
verotonin +
allyl alcobal M n6+t: M 133130 6mi0 NS
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scrum, Histologically there was necrosis of hepatic cells around tho portal
tracts bt the ceatrolobular reghon was mmaffected (table 2 & fig. 1)

Rats pretreated with thyroxine showed more proacunced lirer damage
tﬂnnﬂﬁlkxlnLucvidmeedbynfurthﬁtnmtanebloodlcwhd
tran phtbalein and & more marked necrosis (Hg. 2) On

Flg 2 Rat prereated with thyrodoe. Liver 24 bours after sdminitrstbon [ allyl
alenbol. Haematoxyhn and eosln.
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Fig. 3. Rat pretreated with reserpine. Liver 24 hours after adminhtrstioa of allyl

alcohol. Asermatotyln and codln.

the other hand, p with ine ot in reduced the Lver
dnmagehyaﬂylllmhoknlhmbythﬂdsniﬁanﬂymlcvdsdmm—

and bromsulfy keln m the serum and also by a less marked
necroals (fig- 3 & 4).
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alcobol. Heemutoxylin snd eosin
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Plg- S. Rat pretreated with thyrovine aod resepine. Liver 24 houry after administration
of xliyl aleohol Haematotytm and eosin.

When rats pretrested with thyroxine for 6 days were also treated with
reserpine or sarotonin 1 boor before a challenge dose of allyl alcobol, it was
found that dgpificantl Prd tho hep fop Tatt
effect of thyroxine, whereas serotorun had no effect (fig. 5 & 6)
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Thyroxine, reserpine or serotontn alone did not alter the hepatic fonctlon
tests or the histology of the liver

Discrasion

CALVERT & BroDY (1961) showed 2 potentiating effect of the hepatotoxic

effect of thyroxine oa carbon tetrachloride Sarvivasan & Bavwana (1968)
extended the similarity between carbon tlonde and th :
d ing a similar p iatlon of thi ide toxcity by thyroxin
These Iatter workers also suggested that there was a correlation between the
hyperthermic metsbolic effect of thyroxine and its potentistion of the bepa
totoxic effect. They wnggested that the effect of thyroxine might be non-
specific, L a. it might affect other hepatotoxic agents in a similar manner

In the present study thyroxine has been shown to augment the liver
damage produced by enother hepatotoxin viz allyl alcobol, which produces
a periportal type of necrosis, unlike that of thloacetamido and carbon
tetrachloride which damage the cells In the centrolobalar areas. This finding
may be interpreted s giving further support to a possible general effect of
thyroxine on hepatotoxing.

As pretreatment with thyroxine also ralsed the body temperature by about
2 the effect of & lowered body temperature was studied using reserpine and
serotonin. Phenothisrines were avofded a3 they are known to protect the liver
agminst toxic effects (REES et ol 1961) It was found that both scrotonin and
reserpine lowered the body temperature significantly and also redoced the
liver damags produced by allyl alcohal.

Moreover it waa of interest to study the effect of these ypothermic dmgp
on thyroxine pretreated anbmals. Here, bowever rescrpine and serotooin
behaved differently While reserpine sntagonized both the hyperthermic and
hep P ting effects of thyrox In did not have cither
of these effects, This further points to a direct relationship between the body
temperaturo of the animals and the extent of Iiver damage produced by the
}hqxammﬂn.

Whﬂcthymthnmlyproducuhypuﬂhﬂmﬂlby{udnndcdnk:mmboﬂc
etfects and tho hypothermic effect of sescrpino may bo mediated by a deple-
tion of biogenic amines st critical wies fn the central pervors system, the
typothermic effect of Jeally fistered fn fs yet to bo X
phlnd.dncchmtbeliood-bnhblniﬂbﬂipoody(ﬁmmmﬂm
mdlvmleﬂeasolmarp{nemdmtmlnmd]ymﬂmbypmihm
also reman to be explained. A thyroid hol. relation (Hlaxxrsos
1564) may be the besis for the reserpine entagoalring effect of thyroxino
hyperthermia. Since the hypotbermia of systemicalt
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1 itselt poorly understood, no speculations can be offered for the fallure of

body termperatures and reduced by the slowed metabolism at lower body
temperatures,
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Paraquat Poisoning
By

B. L. Tompmtt
(Recetved March § 1970)

Abstract. Thix paper deals with the derelopment of metbods for ibe detection
and detamivation of the weed-killer paraguat, In body fluidy (urine, blood,
sastric asplrats, dialysate) and thooes. Theso bave been obtalned from 6 cases of
parsquat pobioning (2 of which wers fatal) admitted to hospital and frum several
other negattre cason. A gpecific colour reaction i3 descyibed for the detection and
determination of parsquat. Thus when sodinm bydrogen carbonate followed by
sodtum difhlonite b added to the test solntlon, a bise coloor it prodoced. The

) xlon to howpital shortly

preferabl to amess the absorbance of the blus coloar on  recording spectropho-
tometer The coocentration of paruquat in the blood serum b extremely low snd
ooty detectablo shortly after ingestion. It has been extremely difficalt to defect
any traces of paraguat in (haomno- and ! on the

technlque, paraquat
in quantities of 50 to 100 micrograms sdded to 100 ml of orine can be recorered
with an scenmucy of B8 t0 91 X

Key-words. Pobsoning — toxiclty

Parsquat (11 -dimethyl4 4 -dipyridyl, 2A) b en oxtemively wed sod
efficient weed killer In the United Kingdom it can be supplied a3 a concen
n'ﬂcdlohﬂml(g;mmuxnncw')lerugdcu]mnlp\npwaornimind'ﬂh
solid magnestum sulphate (weedol®) for use in domestic The con-
centrate may contain at lexst 20 / paraquat wheress the domestic sofid
pnpanﬂonwummcn}yS/p;raqulLAmmtcdmluﬂmmnhﬂns
nmlnndmpcrundvlzdlqun(regloua')hnho-v:ﬂablofortbonﬂﬁ
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parpose In agnculture. Paraquat amd diquat can be used In mixture in agrl-
culture,

Cazes of paraquat polsaning have resulted from the sccidontal ingestlon of
the concentrats — gramozenc W® — from bottles intended far soft drinks.
Some cases have been amocated with suicldal fntent. Ingestion of weedol®
has useally been sasociated with suicidal intent.

Stndics on paraquat toxrcity i cxperimental anmmab have beent made by
CLARK & al. (1966) and DaraeL & GAGE (1966) but these unfortupately bear

Hittls lanthip to the accidental and suicidal pok that have occurred
inmen.
The toxicity of ingested paraquat has been established but the mint

lethal dose in man has still to be deternined (MATTHEW et o 1968) The
featrires of paraquat poboning in man are rensl, hepatlo and pulmonary
toxicity A pumber of fatal cascs have been reported. Thero b an extensive
literatnre on the clinical and pathological aspects of the subject (BUILLIVANT
1966 Ao & TaL 1967 MoURIN 1967 OxeorouLos ef al 1968 Camr-
RELL 1968 Kern ef ol 1968 MATTIEW ef ol 1968). Tho last publication
included the use of lmmg transplantatron in sn attempt to save ths lifo of
yoang patienty.

Chemical data relating to paraquat poésoning do not appear to have been

ilable until the put of the chemical stndies of Kenx ef al. (1968)
and MATTHEW et al. (1968). The chemical studies Involving six definite cases
of . g and eoveral soap bt negative cases have now

bempu{unn:dbytbnprumlmlhmThcchemhmlmmlnutuhwdﬁun
theso cases are recorded - Cuse hustorles
Tt has been suggested on tho basis of animal experiments (DanFL & Gaon
1966), that ingested parequat is rapidly excroted, manly in the urine, and
that any sobsequent pathological changes that may ocour coald be based on
the “hit and run  aspecty of the substance. That Ingested paraquat can be
eliminated n xmall quantities for quite a long pertod has been demonstrated
in this laborstory (MATTETW ef o/ 1968 lh:prucntp:pu).'ﬂnprnml]y
T method of Is to expedl of paraqust a3
quhklyupodﬂu%hubemudﬂcwdbynmaluﬁnnymrﬂm,
forced dfuresis, peritoneal dialysis and baemodialysis, The last it cssextial {f
rml[aﬂmbecaminpndonﬂmmrympm_
Tbe admissh d cases of isoning to hospital, has
ptodnccdlnumbernfpmblﬂm.paniculuﬂywﬂhmgndmhltnﬁdtylnd
somo of the lrrevernible pathological changes that may occur (MATTREW of ol
1968). Chemical control in the treatment of srch cases would sppear to be
Indispensable,

This paper is ‘with methods for the d jon and d fnath
of paraquat in biological materials o. g urine, gastric contents and tissues,
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The develop of thess techniq h.ubem lated with the stedy of
both known and snp coses of [ ing admitted to hospital,
Bdcrdemﬂshawbemgivminprcviommpom('xnnad.lm MirmeEw

et al. 1968 ToapseTr 19682, b ¢ & 1969)

Materials and Methods

Charmical bave been & for the Imation of both pareqoat amd
diquat in food retidnes and harbictde preparatiom (CALDERRANK et of, 1961; Catres-
mMx & YOEX 1965 YORN of al 1967) They tavolve the digestion of tha food residse
with diluts sulpharic ack, followed by flitratlon. The fittrate by diiuted with weter end
then spplicd to a colummn of Zeo-Karb 223 (containing spprovimately 8 X divinyl
bemzenc), both paraquat and diquat being retalned. Paraquat and diquat may then be

Althoogh thess two substances may be readily soparated by the nee of foa exchesgy
resios, thoy are cxtremoly water soluble and cannot bo soperated by tho mwe of argric
solvrents.

The following arc modifications of the bove procadrme which bave boen fousd to be
moro siftable for owe fn tho examination of material derived from cases of paraqoet

polsaning sdmitted to bospital
Colortmetric determination of parmqmet
To 5 ml of flukd is added 0.1 g of sodimm hydrogen carbouate followed by 0.1 g of

nﬂwndlﬂﬂmm.Abluoaukmdcvdopnlwmlmmc&td
th arc read at 625 mm. The following &

m:ltlbhmnuf dards — 2.5 to 20 of pareqrat/mL Tha inteaxty of the
colour remalos anchanged for at keast 1 hoor

‘The intensity of the blos colotr ebtafned with  given quemitty of paraqmic v e
famo trrepective of whether sodinm hydrogen carbonate or eodimm carboaats i wed o
‘whetber the ocigioal afiafine dithlonits reaction is used.

The UV spectra and the pecta af the coloumed products producod §n the prosencs o
dhhiomite ars chown In fig- 1 to 4,

Smnﬂmajmfmnuolﬂulﬂlﬂrndwbymdubﬂudﬂf

Thiwmdmahmmmimalﬂnmumﬂdhrdaﬂmmﬂnmﬂud
many other tmterest (TosremT 1962,

MLMMMb&rmﬂdmﬂ-
mmmmxuumhmotmd-mmumrm
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WAVE LENGTH MILLMICRONS
Fig. 1. UV rpectrum. Parsquat. 25 pg/ml N hydrochlore acld.

5 % 325

WAE {ENGTH. MLLIMICHONS
Fig 2 UV spoctrum. Diqoat. 25 ggfml N bydrochloris acid.
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02

500 600 ™

WAE LENGTH MLLIMCRONS
Flg. 3. Parsquat. Dsthlonite reaction. 40 pgiml

Material. Dowex 30 W X 12 (moch 200/400),

Weight 3 g

Chrometographky arsembly manmfactured by Quickfit and Quartz Ltd, Eogland, whh
10X 100 mm column and eatared glass base,

Dimentions [ effective colum

Befors me, the column i washed with 100 ml of 8 N hydrochlotic acld and then whk
water ontll the sluats s extral. Several of these colnmns are kept 1 readines for we.

100 ml of the biological fiuld, to which bas bean added 10 ml of 10 N hydrochlork
acid, are applied o the column, The colomn jg then washed with 100 mi of N hydro-
chiore ackd followed by 100 ml of 2.5 N hydrochlork ackd. The retalned parsqust b
then etuted with 100 ml of 5 N hydrochlone scid. The luate u evaporate to drynes
. In an all ghaw varmom dinillation apperstmy The reaidne is disolved in » snal] volwoe
. of water Ploally the colormetric reaction with sodhim hydrogen carborate gad sodnos
dithiontte i3 applied to an aliqnot of this sototin.

The cxondwation [ varvous biologica!l materialy,

Gagric aypirate.
Smhwmdhmﬂynbuhndﬂwnlylhnhucﬂmlrdrdﬂhdyﬂthm

ratioos are Under wach the gastric wspirsto may ba futtered of

Mmuummmummmmﬁmmmﬂmmuwd

the flitrate. Various diintlons may b requlred fn order to bring tho Iasevaity of the b

colonr within the range of the sundarde. Interference from the presence of backgrowsd

coloar b rarely epcountered
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B

400 800 800

WAVE LENGTH MLLIMICRONS
Fg 4 Diquat. Ditkdonite reaction. 200 gg/ml

Urine.

A tomsderable rangs {a concestration may be found and this can determine the type

of techalqes oaed.

L memymmwdmmhmnm

of urimo with u rclatively high

lb'\ﬂruﬁrnq]mmlybeuppﬂ:dmdmﬂymﬂ dlmmwﬂhn!.crh

mectmmry in order that fhe intemsity of the colour prodoced i within the mags of the

sandards. Under these condl there i no b from colowr

+ As the concentration of paraquat tn nrine decreasss with time after inpestion, the

proscace of paraquat by the of the direct resction 1 will
thoogh the presence of backgromnd colour mukes quantitstive ssesment

31 At u later period, the Dresance of tracrs of paraquat M ondetectable by the nse of
the direct colorimetric resction.

Under the conddioms prewmling in (2) end (3), moro stifactory resaits can be
achicred by fhe wse of An jon evchangs remn which mot ouly resuits b fscressed

€ichasgs coacentration techmiqua depends on many factors w g the fnhlal coloar of
the urine. In genern, fhe eritical level b approxkmately 200 micrograms/100 ml

Catlon richaxpe Lechniqer

10 ml of 10 N hydrochiorks ackd are sdded #0 100 ml of urine snd the mixture
epplled to  coltomin s described sbore The Y s then to

% dexcribed above.

When conceatrations arv low soms fnterference may ocomr from the presence of
backgrowsd colar This can be elicinated by the vse of  recording
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450 550 650 750

WAVE |ENGTH. MLLIMCRONS
Flg. § Concentrated urine extract from cation exchangs resin colemn. Ditioatte
Tosction. Paraquat aheent.

(Unlcam SP 800). Backgroond coloration mwoally bas a linear alops and ondor these
conditions,

posdble to tpend Tp the flow of flold through the cotumn by the tee of & water mectioo
pamp, withoat detracting from the accurscy of the results. Under toch conditiony, 8
remit can be cbained within 3 bours & g 50 micrograms parsquat/100 ml orine,

Bioed

Blood loveh are low of the order of 00 more than 100 micrograom/100 ml cyoR
when urioary levsh cam be exprescd fn m3/100 ml The determinstion i more of
interest than msefol The following procedure haa been veed,

To 10 mi of wholo blood or blood scrum xre sdded 20 ml of 20 X trichloroacetic
jucid and the miyxturs ditnted 1o 100 mi by tha sddition of wter The mixture b coc-
tritnged. The votume of the centrifugate is noted and then spplisd to sa lon ackaxy
colpmn. Tho procedure iy then compleied as described above.

20 and 50 mucrogram of paraquat addedl to 10 ml whols blood conld be recorersd

with an accoracy of 71-82 %

Tlower.
smcmmmobubdtmuwn-mﬂmruﬂmﬁm.mw.cmﬁmﬁ-
coontered will depend on the iterral between lngestion and desth. Up to the presct
1hemo havo boen foand €0 be Jow or ble. The following pr has been medd
20 m] of bomogeised timue, 20 ml of wetar and 10 ol of cancentrated
wcid are placed 1 stoppered flask Th flask b placed bn & bollivg water bath foc !
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600 00 700

WAVE LENGTH. MILLIMICRONS

Py & Comcentrated urine extract from cation etchange resn colemn Dithionlts
resction. Parsquat present. A =~ Absorbance dite 10 paraquat,

bowr and then cooled. The comtents of the flmsk are diluted to 100 ml by the addltion
of witer The mivtmre i1 filiored. The volume of the ffitrate iy poted and # b then
appiled #0 an fon exchangs reain column. The procedure s thon campleted e described
thove.

Harmo- and peritomenl distysates.

Tho concentratioos of parsgest fo thess flaxds, f dotectable, are very low The
procedurs described below was need.

A mixturs of 100 m! of finid and 10 mi of 10 N hydrochlork eckd i applied to an
iow ecctungs column. The procedurs B completyd as described abovs.

Digwar.

The euthor bas pot, ws yet, had any experience in the examimation of material
dertred from patieots admitted to howpital after the ingration of digmat. The metbad of
$pproach howwver wowld be shmiler to that msed for paragmat though the coour
eninton coald be more difficalt (c.f fig 3 & 4). Using the joa achange cwsin
techariqoe, diquat is recoversd bn the tame manner and In the same fraction a1 paraquat,
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Cuaze histories
Case |
A man (aged 32 years) was admitied to hospital after having ingested shont 45 5 of
weedal® (contalning 3 X paraquat) for solckds] purposes. The treatment Incinded forced
diurass. Outcome - pot faml

Genric wplrate (ca
Paraquat - 21.5 mg/100 ml
Urine (0o sdmistion)
Yolome - 75 mL
Paraqust - 142 mg/100 mL
Urine Blood Sercm
Time (hours) Volums Fareguat Parapuet
() (pg/100 mD) (18100 mI)
02 1778 840 23 ( 0 bown))
4 573 510 40 { 4 houn)
6 %0 490
62 950 10
8-10 900 pad) 40 (10 hours)
10-12 950 o
13-14 500 30
14-16 1100 108
16-18 00 98 not detectable
1B-20 830 95 Dot detectabl
022 1400 o5 not detectablo
224 650 3 not detectable
Case 2

A youth (xged 15 yean) accidentally ingested gramovone W from a bottle labeled
“Rols  The amoant ywallowed at the most was oo moathtul The youth wes treted
locally and was Ister removad 10 2 city boepital. Forced dirrests was woderiakes Jocally
and agin on admimdon to the city hospital. A Iung traseplantation was carried out bt
the youth dicd, 18 days after Ingestion. For forther clinial detalls, so MatrHew o ol

(1568).
Ths following are the chemical dats.

Urine.
(1) Urine collected up to 14 hom afte ingestlon — 99 mg parsquat/total.
(2} Urine collectsd duuring tho first perlod of forced dinrests — 102 mg paraguatimtal
(3} Urlne collacted during the second period of forced dfurnus — 3 my parsqeat/totil.

(bhood parmquat ~ 25 mécrogrenms/100 mi).
(3) Urine collected daily from the sccond ta cighteenth day after ingestion.

Days after tngestion Nrﬂ-‘t;l’/"""
2

3 22
4 8]
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5 A4

6 44

7 123

9 3a

u 40

jvi a7

13 22

14 16

15 12

16 12

17 and it not dotectable

NOTE thers wes a coplows flow of urive during thh period.
Turseey,
1) Lusg remoyed at Ined 850 /100 g wet tissire,

(b) Lung(s), Lidney(n), liver spleen, boos and brain recovered af PAL (19 days after

Ingestion).
Puraqeat conld not be detected in any of thess tiwoes.

Case 3

spocimens of urine became svallabls for eaminxtion. Outcoms — not-fatal.
Dayr after tugestion Parequat (pg/100 mI mrine)
7 83

9 k1
1“ not detectabie

Caas 4

A young woman (aged 17 ysan) accldentally took & mouthfol of gramaons We

trom a bottls tutended for soft drinkr. Realiing her mistake, the tpat & our She wus
20t adulited to hospial for obeervation and treatment untll 4 duys wftar ingestion.
Ontroms - sot-fatal,

Day after ingestivn Parwquear (pgl100 mi xring}

4 50

2 k4

6 140

7 5

1 3

9 13
10 10

1n 110
p+3 125

13 15

14-18 pot detectabl

blood paraqoat - ot detactable.
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Case 5

A woman (aged 46 yean) accldentally ingestad a mouthtol of gramozons W from
& bottls fntendod for soft drinks. Reafising het minaks, she spat It out. Bho was mot
sdmitted to hospital for cbectvation and treatment uoill 3 days after the cphsods, Out
come — fatal,

Qnly tmall quantlics of Trine ware avaflable and flmally tienes obtained &t post
moTtem
Urise no Volums (ml} Parasguat (/100 ml arine}

8 125

2 H s
s

Tigwa (P Parsgea (1100 g frovh rtssw)
Liver 0

Long not detectabls
Kabncy 35

Heart not dotectabla

Fat pot detectable
Skeletal Mmcle 40

Case 6

A mau (aged 44 yean) wa admitied to horpital sfier baving ingsited weedot®
(contalning § X paraquaf) for sukddal parposes, Outcome — hot-fatal.
(Gastric aqnrts (on sdmicion)
Paraquat ~ 2.5 mg/100 mi.

Urins
First day of edmission
{vurions specoem)®
Volone (mi) FParequat (mgl100 mD
M 32
150 P
1250 083
100 051
Duays after lngestion Volume (mi) Paraguat (ggf100 mi)
2 45 no
3 P 110
14 and 13 oot detectably

blood paragnat — 55 pg/100 ml.
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Discosstoa

Asfnuﬂnd.lntlmhwncumd,muufpunqutpoha:dn;ldnﬂmd
to bospital present a very sedous problem. Chemical tal in
m(l)mmmmmtmmmuymmmda)
to help fn the control of treatment.

When patients are admitted to hospital shortly after the ngestion of
paraquat, identification represents no difficulty The test described In this
paper has distinct sdvantages over the alkaline dithjonite reaction originalty
described, since the preparation of an unstable reagent is not requred. In
fact, the test can bo carrded out in the hospital ward fide room. The most
suitable material for the use of this test is urine and/or gastric sspirate.
Patients admitted to hospial after several days following the ingestion of
parsquat, represent a different problem. Thelr symptom and history could
Fugrest ingestion but some chemical evidence ks required. Gastric
ﬂuidwﬂlmthetvaﬂnbhmdmuuxhucmcmmﬂmwﬂlhemlwthuﬂ
will be necemary to use a cation exchange resin in order to detect the

sented In this paper Indicate that fuves to bo d In the
urine in small quantities for quite & long period of time after Ingestion.

Blood lovels are oxtremely low in comparison with those found in urine.
Biood levels are of fntercst but are of little valne in the dlagnosis of the
condition,

It has been shown that following death from paraquat poisaning, traces of
the substance can be detected in somo tisnes.

Cases of paraquat potsaning dos to the ngestion of either gramaxono W*
o solutions of weedol® have occurred in Northern Ireland. Some cases hve
been aceidental and others bave boon suicidal in Intent. Famalltles have occur
red Analyses of materials from theso cases have been carried ont and the
figures obtalned woro of o wmilar order to thoke reported in this paper
(CARs0n 1969 and personal commimication)

A method using thin Iayer hy has been described for the
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Hospital, Lund, Sweden

Subacute and Chronle Trichloroetiiylene Polsoning
A Nenropathological Study In Rabbits

By

Y J Burtoaicsk asd A. Brmm
(Recetved Juomary 12, 1970)

Abstrect: Rabbits were ghven trichlaroethylene parenterally in - subwcute trial
Leating for 29 days and In o chronto tria] lasting from 41 to 247 dayL Bebwrvioar
body weight amd sodimentation rats wero followsd. Tho mbbits wero killed at
differont timey during the trisl and tho braint cxomived hislogically asd
k for any pathological changes. Moderats changer In the form of
dffime chronic-iachaemic o toxio norve coll demage in the majocity of the cranial

The ciinkally known )’ and/or prychic fo Inmmam are
discomed i relation to the present pathological findings tn rabhits,

Kay-words Trichborosthylens ~ polsontng.

A detailed systematic exsminetion of the toxic effects of trichloroethylene
9a the central pervouws system has not yet been doscribed. Surprisingly fow
histopathologacal stediey of antmals given chronic doses have appoared dor
Ing the Jast two decades. The most stve repart on trichl lewo 13
that by Apams et of (1951) which included examination of the majority of
Parenchrymal organs in different species and over vadous periods of exposure
to tichlarocthylens (TRI) with r ly performed ination of the
brain and optio nerves, Another study was pablished by Pexouroca ef al.
(1966) which inctuded cxamination of the braun and spinal cord.

Severe and prolanged exposurce to TRI has been found n man to result

end/or pay ic 2 Thus, o~
dromes locallzed to the braln stem stroctures andfor cranlal perves, such
* olfactory optic, ocul trigeminal, facial and perves, and

10 the cercbral and cerebellar cortex have been obecrved. Prychic distar
bances as well a3 organk: dementia doe to TRI havo sho been described.

A
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’Ihhpmmptadmtompplemmtompmrbmmdxuonﬂnlhupﬁm
(BARTON{SER 1962), metabollum (BARTONIEEK & Sovdex 1959 BAxTomiix
1960) and excretion of TRI (BAxTONErX & TESTNGER 1962 Barrosilex
1963) with further investipations on the possible patbologlc-anatomical
effects of TRI o the central nervous system.,

Material and Methods

16 femalo rabbits wors divided into three groups. The first growp coosisting of mlos
animals (1500-2020 g, averags 1770 g) was used for chronl testy; the second gromp
conssting of three animalr (1700-1910 £, avarnge 1805 £) was meed for subacnte tests;
the third group consisting of four wnimals (1700-2700 g, averags 2160 o) sorved s
controls and roceived olive ofl cnly A fixed doss of TRI per animal per week wn
wdministered. Thus, rabbits in the chronk: experiment wers given 2 ml TRI (=192
twice 3 week, and rabbits in the subacute experiment were given 3 ml (= 438 g) thres
timea a wrek, The duraton of the experiment, total amount of tho fnjected TRI, body
welght and SR (sedimentation ratc) are gives in table 1.

TRI was glven by dosp Infection Into the right
and lcft gluteal region It was mixed with equal amount of sterile albvo oll. Control
abbits were given ferile oftve ofl Injected In the same roanner In order to check that
no inflummstory process waa imvolved tho SR waa recorded before starting tho ot
perimaent, monthly and {mmediately bafore klling the antmals, The redoction la the
body welght was used a3 & rough estlmation  f the pinyaical condition of the rabbin.

Tho rabbits wer killod or died spontancously at different timas durleg the tral In
the chroake tosts the experiment lasted from 41 to 247 dayw, L «. the spkmals rcthed
from 18 g to 133 g of injected TRL Tho sabwcute cxperrment, on the other hasd, bad &
freed duration of 29 dayy and tbe rabbit each received 33 g of injocted TRL Thos, e
wewkly loading with TRI was aboct #lx times higher in tho sabacuts than in the chrenkt
tral. This experiment enabled v o compare the sovertty of tho todkc effecty fn the
chronically a3 well sa in the sobecutely intordcated groups, and ko, In the individm!
rabbits in the chroalcally hjocted gromp.

TRI used In the experiment (trade mark Malllnclrodt, USA) had the fallowisk
spocification  Max. coatent Fb 000001 ¥ NI 000001 % Co 000001 X Boiling rexrs
G5 X) 855474 Spgr at 25/25 1AS-1463, Comtrolled o contaln not wore (518
1 part per milllon of heavy metale

Tho rabbits were Lilled by pltation under light el Mebamal et
ummmmdmmmhmmmmmmm
with adpecent optic nerves were diskccted ont and fried Immediately fn 4 % foromlisd

for one week at Toom temperatore.
Brain dicws of two test amimal end coe comirol were fn ediitien wed for
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Table I

Sunmoary of the procedmres {ncinding soveral physiclogical parameters,
Rabbity No. S0, K02 and K03 aro controly, tho others are experimental animaly

Subacuis exposure to trichlorocthylene

Wabbh Bodywt. Bodywt Deysof  Total Total SR etart. N
Ro. atstart,  atterm. trial TRlg. ollg SRterm.

50 mo 1w 3 [} B $
[ o 14w 2 s » :’;
s 1 1680 » n » f’: I
13 1310 1840 » L.} 2} :':
Chroak sxposars to trickloroethylene
Kot n0 7 [ 0 n :fﬁ
K L PR [ s ﬁ
xo e A 1m 0 L) :’:
X 4 10 250 131 £ En ;’: y
X s 160 200 1 2 n u’:’,’w
K6 w0 7 1w s 35 :: .
X7 1930 2150 41 18 1 3
ks T 180 n 1“ ﬁo v
Ky w0 B 0 » :’;
K1 0 20 2 1 ;’;
K1 W M0 20 10 ® $ Y
X 1m0 o0 247 13 “ ;J,’;

Nows: SR start. = sediasentasion rato st tha start of the trial, 1 and 2 hrs valos.
R termy = sedimentxtion rate at the end of the trial, 1 and 2 hry valve.
o = the rabbit dicd bmediataly afer bnfection doe to oll smbollsm.
Y = the ¢xposre wes Interruphed for 43 dayr.
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This prompted us to supph our p studies on the absorption
(Baxtontex 1962), metaboliam (BakToMEEK & Soo&Ex 1959 Baxrositex
1560) and excretion of TRI (BARTONMEEX & TEISINGER 1962 BaxTonfiex
1963) with further investigations on the possible pathologic-anatomical
effects of TRI on the central nervous system.

Material and Methods

16 femmate rabblty were divided Into thres gromps. The first groop combsting of ninc
antmals (1500-2020 g, average 1770 g) was osed for chronke tests; tho socosd grosp
conslsting of thres animals (1700-1910 g, sverags 1805 ) was med for sohect teats;
the third group consisting of four animals (1700-2700 g, average 2160 ) served o
controbs and recetved olive ofl caly A fixed doso of TRI per antmal per week wis
adminkstered. Thits, rabbits o the chroale experiment were given 2 ml TRI (=292 )
twice a week, and rabbits in the sobecute expertment wera given 3 ml (= 438 g) thres
thnes & week Ths duration of the experiment, tota] emount af the Injected TRI, body
weight 2nd SR (sedimentation ratc) are given in table 1.

TRI was given by decp lar Injection Into the right
a0 Jeft glrteal region. It wes mixed with equal amount of sterile olfve ofl. Coetrol
rubbits ware given sterile olfve ol fnjected In the same manner In order to check tat
no loflammatory procem was imvolved the SR was recorded before starting itho
periment, moathly and immediately before kifling the anlmale The reduction fn the
body welght was used a3 & rough estimation of the pirysecal condition of the rabbis.

“The rabbits wero Klled or diad spoatansomly at chifevent times duriag the mil In
the ehronic tests the experiment lmated from 41 to 247 days, L e the anlmah recchred
from 18 g to 133 g of injected TRL The subecots experbment, on the other band, kad 8
fixed duration of 29 days and the rabbits cach received 33 g of fnjected TRL Thms, the
wukjyhdln;'hhﬂlmlﬁdxdmuh};hnhﬂxnhcmomhﬂuw
trial This experiment emablad T3 to compare the severtty of the tovic cffects b the
Mum-mmmmmmmmmhmw
Tabbits In the chronically fnjected groap.

TRI med in the cxperiment (trade mark Mallinckrodt, USA) had the followisg
spacificatson. Max. content Pb 0.00001 ¥ N1 000001 X Cu 0.00001 X Baolling raos®
3 X) B66-874 Spgr at 25/25 14SS-1463. Controlled to contain not movo that
1 part per milBon of beavy metaly

Gomozl lead mathod (Banxa & AMorxson 1963 pagoe 240). ud
The tissse smples taken from the eys and optic aerve, fram tho olfactory nervet
butbs, the frontal, central and o<cipttal pert of the braln, cerebelfomm, poos and medele
oblongata, trigerminal nerves sa well 23 Gemerlan ganglion wero cmbedded o parefis

and sectioned in 6 sections. The stabnings med were
accocding to Masow (1937) for myelin, and sliver fmpregnation for axows £ad s>
fibefts.
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Table 1

Somcery of the aperknertal procednres including several physiological perametems.
Rabbits No. 80, K02 and K03 are controls, the otbers are experimental animsls
Subacute xposurs to trichlorosthyhme

Rabbit Bodywt Bodywt Daysof Toal Total SR gart, N
M. atshart  attem. trhl TRIg ollg SRiem.

30 1m0 180 » 0 £ g
51 o 1w 2 E ) ’”;
32 1520 1660 ] i’; 1
53 910 1840 » ;’7‘
Chroole expoers 1o trichloroethylens
Kol n% 7m0 “ [ ) i{i
re wo s 22 0 3 f;
X mo 0 13 0 2 ﬁ
X 4 1500 250 11 “ b’: .
K s 1% 200 121 éﬁu
K¢ w2 T m 3 ;‘g "
X7 W 2% a 18 1 2}3
K8 1710 1880 50 n 14 :ﬁo .
Ky 1m0 1 L5 n » ?75
K10 m uw a 2 13 g v
[ 3T 150 wm M7 110 & g
K12 1m0 w0 247 m - z‘,’:

Noler: SR start. = sedimonistion rat at the start of Gse trial, 1 and 2 biv vatus.
SR term. = secimantation ruts at the end of the trial, 1 and 2 hrs valoe.
v = tha rabbit died Mmediately after inpection dos to ofl embolism.
Y = the expoiire wes Interrupted for £ daye
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Remilis
Subacute Intoxication

Nerve cells In the telencephalic cortex, basal ganglia and braln stem nuclel
in nll the snimals showed an cosmophilic homogenization of the cytoplasm
with slight shrinkage of the cell body and hyperchromasia of the mucleus.
These changes were particolardy marked in the outer and inner cortical
layers, the intermediate layers beang relatively ynaffected. Around some of
thess cells an Increased number of satellits cells were centered, resembling
the pacture of neuronophagis, There was no diffuss ghosis.

A number of cerebellar Purkinje colls also revealed thess changes. Samo
of them had disappeared together with the basket cells. Similar alterations
were goen in some neurons of tho Gasserian ganglion, together with profifers-
tion of the capsular cells,

All experimental animals in this group had multiple infiltrates of hym-
phocyte like cells in the pons, cerebellum and telencephalon (g, 1) These
cells formed per lar collars but were also clustered in the
parcuchyma. These changes were usually not assocrated with demyelination.

The contral group also showed shrinkage of the cytoplasm and nuclear
hyperchromasia, though only in a limited number of cefls. Stmilar changes
wrero observed in the Purkinje cells but there was no drop out of these cells
or the basket cells. Such changes mre commonly al0 encountered o m-
treated controls and are presumably dus to terminal events or histotechnical
procedires
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In both groups the olfactory optic and trigemimal nerves and the eye
were normal,

The nephthol-AS-RT-phosphats method for acid phosphatases revealed
a cytoplasmic grannlar reaction product in the nerve cells of both groups
though in the experimental animals the meurons of the outer and imner
cortical Jayers bad a more marked activity than the controh. This difference
way more nurked with shorter periods of incubation (60 minutes) than with
Jonger perdods (150 minntes) With the Gomori method there appered to
be more gramules in the neurons of the experimental animals than fn the
control animals, though the activity was to0 weak to allow of a definito
Interpretation.

Chronic Intorication
Ash:thepnwod]nggmupo{mlmahthenmnwidesprmdnmmnl
of eotinophibe b hrink of the

f)mﬂlmnmdumlurhypnmhmmmltwnhmwmduﬂym
pronounced in experimental antmals than fn tho controls and in the sub-
scutely Intoxicated rabbrts (figs. 2 and 3).

Purkinge cells ahowed the samo typo of damags and had in places en-
tircly disappeared together with their besket cells. They wero replaced by
#lal cells. These changer tended to Increase in severity with incresmng
periods of exposure (figy, 4 and 5)
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and 5 Rabbit corebellar cortex, chronko ftoxication: bom and degenenation of
Forkinje cells and batket eells fn tost knimal (fig. 4) bot not i the control (g 5.
Sliver impregnation. Magnification X 160,

f

In all ceses same penrons af the Gasserlan ganghon showed stmilar alter

Cuomtrol rabbits had occaslonal nerve cell changes. Basket cells and
Purkinje cells remained unchanged. In the Gamerian ganglion ocly s for

hyperchromasia

experiment, particulardy in those receiving high doses. This was lexs obvious
in the subacute experiment but also to some extent present in the controb.
Drop ont of Purkinjo cells and basket cells was definitely thown caly in the
chronic experiment, Neuronal changes together with capsular cell profifer
ation in the Gesserlan ganglion was found in both experimental groops
though in larger numbers cnly In the chronk experiment. Round cell in-
fiitration around vesscls and in the parenchyma occarred in all animals of

/)lhembacmvmdhlonaufﬂnchrmﬂccxpedmmtlburnmlnthcmnmk

Discomion

From the avaflable literature dealing with the toxicity of TRI it Is nocessary
to discriminate very carcfally between cases of acute pobsoning with rather
umpedﬁcrymptamdmtothapmﬂﬂmwnhah,mdumofpmw
poltoning where focal deleterions effects of TR or its metabolites may
become evident (Apams ef al. 1951 BAXTONIEEK & SOULER 1959 PRt

*OLA ¢f al. 1966)
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There s 0o doubt that among the toxic effects following chronic mdustrial
exposure of humans, those involving the central nervow system are the most
striking. Both localized gical symp and diffuse psychosomatic
Symptoms in man have been reported. One of the first serous attempts to
clocrdate the toxic effect of TRI in humans wes that by Boxefry (1946) and
by Amiaarx & Foxssman (1951a & 1951b) The individual vanation in
seotltivity to the toxic effect seems to play an important role which can bo
besed on the different detoxication capacity or mather on the enzymatic

; of the individual in question (COOPER & FEDaaN 1958 Rasxmv
& SoxoLorF 1968)

Puctlonal derangements in humans, especially those involving the ol
tactory (Janes 1963 Tumnst 1965), optic (FRANT & WesTmwDORP 1950),
oculomnotor (TaeresE 1965) trigeminal (BuxTon & Haywoxp 1967 Mir
GIELL & PARSONS-SuTTTE 1969) facial and vestibular nerves (Fra ef al. 1966)
and the telencephalic cortex (GRANIVEAN ef al. 1955 BarpoDdl & Vysxodm
1956 Mmay 1968) and cerebellum (BowpfLy 1946) have been reported.
Damags of tho feclal and ulnar nerve tronks resulting in prolonged conduc
tion time has also been observed (FELDMAN 1968) Trigeminal palsy visual
Beld disturbances and attacks of vertigo have been described (MrrcreLL &
PARSONS-SarTet 1969) The redief of trigeminal neurnlg by TRI injection
@n b¢ cxplained by the mechanitm mentioned by Buxtox & Haywomn
(1967). Derangements within the prycinc sphere in the shape of organic
dementha (Bowmfry 1946 Trewst 1965) and other psychic disturbances
(Tooo 1954 Hawenxo 1967) have been published.

Parenteral sdministration of TRI was msed a3 it Is easy and precise and
mhhdmmca}cuhmthelmountn{mmlncdwﬂhnuuhighpmdﬂm
wcobhﬁndgm:dmuluw{ththhkdm}quthompmvhmmd}ubolh
with carbon disulphide (MicEALOVA et ol 1959) and with TRI (Baxtondsex
& S002rx 1959) Rabbits were chosen as experimental animals becams oar
Previoos studies on metabolbm, axcretion and steady state of TRI were doae
oa thts speciey,

The widespread nerve cell changes cbeerved in this stndy aro of & rather
umpecfic type. They are not emlly distngubthed from srtifacts but thelr
Predomiinance in the experimental animals argues agatnst this interpretation
1 does the concomitant changes in acid photphatase activity discumed below
= well 21 the plctures of phagia, indrcating ! injury Theso
drnges are soggestive of anoric-hchacmic nervo cell damage, or a direct
toxdc effect of TRI. A similar change has been reported by PERCUROLA of oi.
(1966). ADanss et ol. (1951), on the other hand were not abke 1o find any
histological changes in the central pervous system. One thould, however
mmthlﬂndmuolmsj\mmnbb*umpmbablymthny

than in our experd The don of an | d acld phospha-

Fa
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tars activity In exporimental animals, presmmably due to aggregation andjor
Increase In the size and number of neuronal Iysosomes, are in keeping with
an anoxic ot toxic nervs cell damage. It supports the finding of neuroml
derangoment. A markedly increased acid as well as alkaline phosphatrs
activity in the leucocytes of humans chronically exposed to TRI has recently
been observed (FrmomsxA 1969)

These changes may be of interest in the discusdon of the penesis of the
psychoorganic syndrome or organic dementla shown by TRI-Intoncated
individuals. The drop out of Purkinpe cells and basket cells may be part of
this widerpread neuronal damage or may reflect a more selective vulner
ability It may be of interest with regard to the dinical pcture of disturbed
balanco while standing and walking, giddiness and dizines, that has been
reparted.

In this context the nerve cell changes {n cranial nerve nucled inchuding the
Garmserian ganglion are also of interest. Thos, they may assist in clarifying the
disturbed function of the ocull tigeminal, facial and e
nerves described in the literature on chrouic TRI polsening. We should paft
out the absence of any pathological changes in the peripheral parts of the
olfactory optic and trigeminal nerve trunks as well a3 ta the eye and hype-
physis.

The present nenropathological changes are no doubt mild in view of the
manive exposurs and very extended duration of tho experiment. The body
weight of the rabtnts in the subacate experiments, where the weekly paren-
teral loading was about six trmes as high s In the chromic experiment,
decreased by 9 / to 14 / Le. average of 12 / The coatrol rabbits ln-
cremsed in welght by 10 / All rabbits in tho subacute group at the end of
the trial were very thin, fechls and scemed axhausted. Thedr muscls tane was
markedly decreased. Howover they did not exhibit any paldes or sphincter
insutficency

The chronically intoxicated group where the cxposure was of varying
duration, Increased in body weight from 8 / to 77 / sverage A7 / Tho
control group increased in body welght by 18 / to 97 / avernge 44 4
Thus, In this groop, the loading with TRI was not large enoggh to break
,)dmthemmnltulamofthnmbuuumthemainmn(mam

The focal celtular Infiltration 13 snggesttve of an encephalitis. Soch
alterations however are not a rare finding in laboratory animals. Thus, the
\imitation here to the experimental animals may be incldentsl in this rather
small matedsl On the other band, it may be correlated with the drug
treatment eftber & & direct toxic effect or indirectly as an encephalitis

h dbyi ion dus to the action of TR This ceftular -
flltration occurred in all animals of the subacute experfment L e, the very
mmﬂvclylntoxiumdnbhts.mdunlyinmmchmhﬂyhmﬂa(ednbbﬁ
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It is of interest that BogstLy (1964) regarded the first stago of chronic
industral pobsoning in humens as toxic encephalosis, the second stage s an
organic psychosyndrome and the last stago a3 a toxic Komakoff psychosis.

Chronic and relatively milder exposure, on the other hand, sppears to
demonstrate the damaging effect of TRI on the central nervous system better
than by subscuts intoxication. This i further indicated by differences be-
tween antmals In the chronically exposed group the severtty being roughly
comelated with the duretion of the exposure to TRI It may also mean that
torther prolongation of the exposure would be desimble In order to produce
4 clear pathomorphological picture.

Our sindies I rabbits revealed moderate morphalogical changes. There
are, in oar opinion, several posniblo explanations for this and the relative Iack
of symptomy 11 compared to human intoncation which may be stated in the
following order of decteasing probability

1) The q vely different metabolsm in rabbits and humans. Rabbits
excrets about a half less trchloroacetic acld bat about twenty times more
trichlorocthanol than humans when calculated for the same exp to TRI

ad per ilogram body weight (BARTONIGEK & SOUSRK 1959) A reasonable

L for the less ging effect in rabbits woold be the much larger
excretion of the very tuxic agent trichlorocthanol as compared with human
wubjects,

2) The unovnally high gpecies tolerance of rabbits to TRL It is well known
that 1o species tolerance or resistence against powaning agents Is extremely
varieble Iz different animal epecies. We bave aever seen any proounced
Benrologieal syndrome o our previons trials with TRI in rabbits even when
lhnhi"”‘“s‘“-lpbmmu“hcpu:n}drymxlorglnswnhultv‘m'a:ndkldney
wis gronly altered (BaxTonfSex & Sousex 1959). It s of interest to compare
the loading of the subacutely and chronically intoxicated animals with that
of cxperimentally expoged humans (BARTOMSX 1962) Thus, the human
volunfeers retatned 0014 g the rabbits 10 g in the subacute exposure or
0.17 g In the chronic exposure per day and kg body weight. It thms follows,
(hat the rabbits were cyposed to approximately 75 times higher daily doses
i the sl P wnd appr 1y 13 times higher doses in the
mmmnwmmemmmmof
bﬂnnn'ﬁlumecnlnlmdnmba

3) The taxdelty sscribed to TRI i not cansed by TRI as sach or by Its

metnbolites but by breakdown products formed before application

In viero (Ssam 1966) e, g, carboayldichloride bexachlotbenzene or dichloro-
*otylene by stabllizery added (¢ g trietUnylamine) (Saon 1966) or by
Tolatlle heavy metal complexes contaminating TRI during {ts manafactors
(& g Pb, Cu, NI The TR msed bere, however according to the specification
o the manufacturer wy practically fres froem such metals,
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The Effect of d-Tubocurarine on the Kinetics of
Decamethonium Uptake by Moese Kidney Slices

By

Jan Holn
(Recelvad March 12, 1970)

Abstract The «ffect of d-tubocurarine oa the Linetis of the decamethomtmn
uptakn by mowmse Ldney slices was stodied Slices wers Icnbated (1 hour) fn
& hrtbs-Ringer blearbonate medinm (37 pH 74) In the prevence of 14C-decamo-
thoninm and d-mbocurarine. Whh ntreasing d-tubocurarine concentration the
UCalkceto-medinm  concentration ratie decrsased towards  comstast valoo
[48)) of the used. The
uptake can thue be divided into two components, one which h sendive to
dtubocimunne (curare-sengdtive) and ono which by not (curaredmsensittre). The
latter i with the external decamethaniom
Tho Itrve which chowed with
L dn, had » cxpachy of 1100-
1280 pM kg ! h ! and  half saturation concentration of 175-180 s The
latter componet wwy [nhidited by d-ubocurarine with an inhibitor conezat
of 12 gM and the & wn in with o,
The result suggest that decamethontum fs talen up by two distinet procemes, ooc
mediated by « carmer and oos by & pastve diffedon into the cells. Furthermort
the carrier {3 comman to both decamwthoatm and d-tubocurarine.

Key-wonds. > honty - 10e — Mnetles

Recent tn vitro stodics (Hotst 1970) have shown that 1C-decamethoolum
is concentrated in mouse kidney slices by a partly energy dependent proces
It was further shown that the uptake comsisted of at least two components,
one that sbowed fon with Ing ¢ nnm tion fn
the medium and ame that increased proportionally with the external decame-
thonjum concentration. Both $H-decamethontum and TH-carbamoyletoling
sccumulate in slices of mat cercbral cortex (TAvLom ef of 1969). The
nptaknol’H-axbamuﬁcho{lnc(CnﬂﬁE&TAmmﬁ)mmkwddm
compooents, a saturable one markedly inhibited by d-tubocgrarine and &
nmmnmymnchxmmﬁﬁwmmemmummmmmmymd




¢-TUROCURARINE ON DECAMETHONIUM UPTAKE 3

d4ubocurarmo on the saturable part of the uptake was in accordance with
petiti tagontsm. Thus the question aross whether d-tmbocurarine
would inhibdt the renal in vitro uptaks of decamethontvm in mice and partic
ulerly the saturable component of the uptake process.

The object of the present stndy* was to examine the effect of d-tubocurs-
mne on the uptaks of HC-decamethommum by mouso kidney slices. For this
purpese the relationship between the MC~decamethonium uptake and the
d~bocurarine concentration was determined.

ol the medbam (umod per | medtam).
—_

Fart of this smdy was prosented at the XITl Scendinavisa Coogres of Fhysiolony
Gdtebory 1969
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Flg. L. Relatiomhlp between the sficoto-medtum (M) concestration ratio of 10
decamathoninm after {ncubation for one hotr and the conceatration (uM) of d-tubocs

43 ¢M (@) tn fig. 1a and 180 uM (A) in fig. 1b. Tho following decamothoalnm con-
centrations wero meed in fig 1oz 90 WM (T, 540 xM (Q), 900 xM (A) wed
1800 M (m).

Resalts

The effect of d<ubocurarine on decamethondum uptake

In fig. 1 the slice-t dinm (S/M) tion ratio of 1#4C-4
nium aftor Incobation for oo hour baa been drawn as the function of the
d—mbommﬂmmnmﬁmwmﬂnmoﬁmmmmmh

ho-
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(umd/g; tissue)

g

o 00 =)
Decamethonium conc. in medium M)
2 2 The uptake of decamathonium (umol/ks tiewne) sa a function of the decame-

from the averngo valve 13 and the decamathontnm copcentration in the
mﬂn‘fwdﬂ.ﬂs,mlqmddﬂ;.lmdmn.mhmhcdmhthnﬂ;m-
repreventy the curnre-semittre nptake,

fig. 1n wero obiained with 45 uM decametbontum in the medbm. The
rexdlts shown in fig. 1b wero obtained with 180 uM decamethontum in
tho medinm and thots in fig, 1c with 90 uM, 540 yM, 900 M and 1800
1M decamethontum in the medium. It is seen that the decame
Goalum S/M ratlo 18 considerably reduced even by low concentrations of

(<< 20 pM) With Higher concentrations of d-tubocuraring the
Uptake (8/M ratio) is inhibited even more, but the sensittvity of the process
to the inhibitor becomes considerably lower Thus, the /M ratlo is seen to
{1l with fncreasing d-tubocurartn

] [y y con-
Faut vahe around 1.3 (1.2-1.4) regar of tho & hoatrm

ton ued,

Based on the inhibitory offect of d-tubocurarine the hoalum uptake

©an b drvided into two components. One of these i corare-sensithe, while
the otber is practically imensitive to the inhibltor (cornre-losensittve).
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Decanethonfum uptake as a function of the de h fon In
the medhum

The upper curve (dotted) In fig. 2, which shows the relationship between
the total decamethonium uptake (umol/kg tissue) atter incubation for ono
bhour and the concentration of decamethonium in the medium, was recently
publithed (Horw 1970) The decamethonium uptaks seems to consist of et
least two components, one that shows saturation with Increasing decametho-
nlum concentration in the medum and one that increases proportionally with
tho cxternal concentrution. The stralght unbroken line represents the comre-
i uptake, calculated from the d boni lon snd the
average concentration ratio of the corare-insensitive component 1.3 As far
s can be seen, the curare-insensitive component s gimdlar to the lnear

component of the total hontum uptake. The sitive compo-
nent, represented by the hatched area in fig. 2, {5 consequently mmilar to the
saturable part of the uptake

Ths concentration ratio for the curare-scasitive part of the decametbonimm
uptake (Sc/M) can be calculated a1 the difference between the concentration
ratlo for the whole uptake and the concentrabon ratio for the curare
i : p In fig. 3 the reciprocal valus of S¢/M has been ploited
against the decamethonium concentration in the medium (M) in analogy to
the method of DixoN & WeBs (1959) for the quantitative evaluation of e
rymatc reactiont. As the relation appeans to bo lnear it is posslbde to
calculate the maxmmurm capacity of this uptake proceess s the rediprocal valoe
af the slopc of the line and to read the hall saturation concentration as the
negative value of tho point &t which the line Intersects the absclua. Tho
calculated the maximum capacity (V) is found to be 1280 uM kg ! bt ad
the half saturation concentration (Ka) to be 175 yM.

The action of d tub ine on the curar sitive part of the decametho-
nium uptake

The corare-sepsitive uptake can be calculated from the Sc/M ratio (-
Jegend and text to fig 3) and the “C-decamethonium concentration (aM) of
the medium. In fig. 4 tho reciprocal valocs of the curare-sensitive uptake
(umol/kg tissue) at two aticas of HC-d bontum (45 M and
180 M) have been plotted against the d-tubocurarine conceptration (:M) of
thcmedluminnm}ogymDvm’smﬂhod(Wﬁ)furthcdﬂermﬁu&ﬂd
enryme inhibitor comstants, The relation between the reciprocal values of 80
curare-sensitive uptake and the Inhitutor concentration is, us far 33 can b¢
seen, linear According to the criteria of DIXON (1953) the Inhibition i com-
petitive it the lines intersect at & point on the left of the vertical axs sod it ¥
;xmfblclamdlhcbﬂdh!tacmsimr(&)utbonepﬁmvﬂmdtb‘
wneq)ondmgpotutmthonbsd:nﬁm.lhelnhihlmy:ﬂnaold*ﬂbo'
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Ol otio) and the external (M) of Data from fig 1
carrected for eurare-dnsensittys pptako (Sc/M = S/M — 13 for details, ses Jegend of
fig. 1 a0d test).

:.mmonnﬂnmnm—mﬂwpano!ﬂndcmmﬂhmmmupubnppunm
LM

and tho intibi af d-tub rine is found to be
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Thehlunmndmmccnmhm,k.mnlhnbedetcmhcdbylbn
method, as each of the lines Intersects the absciua at o valuo equal to - K;
(C/Eu + 1) where C Is the decamethonium concentration (uM) The upper
line (decamethontum concentration, 45 M) intersects the abscissa at a poist

10 — 15 M and Ka It thus found to be 180 ¢M (the valoo
175 pM was found in fig 3 f. text). Purthermore, it Is posatble to cakulate
the maximum capacity (V) of the curare-sensitive uptake, a3 the intersection
polnt giving K; lics at & height of & pomt (0.9) on the vertical axis correspond-
ing to the reciprocal valus of V' Calenlated by thry method V is found to be
1100 uM kg h ? (the valuo 1280 pM kg ! h ! way found in fig. 3 of. texr).

Discrmion

The present experfments show that the uptake of 1“C-decamethonfom by
moeo kidoey dices is significantly reduced In the presence of d-tubocurarine.
Asx shown, the decamethontum uptake can be divided into two processes. on®
that is very sensdtive to d-tub e (curare~sensitive) and one that operutes
even in tho presence of very high d tubocurarine concentrations (curare
tusensitive) The curare-semitive process b satursble and the action of
d-tubocurarine on this process can be described as competittve antagontmm.
The curare-insenstuve procews b directly proportional to the extarpal deca-
methonium concentration and coustitotes the major part of the optake st
high concentraticons of decametbonium in the medium.

The sbove-deseribed kanetics are most smply explained by stsuming the
presence of two distinct mechanisms for the uptake of decametbonfum, o0¢
medlated by a carrier the other by a pamive diffusion mto tha cells. The
actlon of d tubocurrrdne on the curare-sensittve component of the uptake
suggests that this agent competes with d hoatumn for & carder
Purthermore, the affinity of d-tubocurarine to this carder should be very
high &3 compared to that of decamethonium, as the half saturation concen-
tration of decamethontum for the coraresensitive component of the ophake

exceeds the inhibf of d tub tint by 14 trmes. CRrEss & Tar-
Low (1967), who studled the uptake of sH-carbamoylcholine f slices of
rat bratn, found that the balf saturdion cf jon of carbamoylchalios
for the curarc-scusitive part of the uptake exceeded the inhibitor constant
d tubocurarine by about 13 times.

The curare-i tive past of the honfum uptake cxceeds the €7

dﬂnmowmc:,nthedke»w—mvd}mnmmdmnﬁnnﬂw
m@ammmmhoﬂammaymmmmw
compm:ntctnnotmerdybeucdbedmnhnpledmmmouu{mmdho'
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ol In the extracellular space. Part of the curare-inscnalfive component is
therefore most Iikely dus to a passive diffuston of decamsthonlom tnto the
cellt The latter process might to some cxtent represent a paseage of deca-
neﬂnuinmlh:m;hmﬂmunhmncsdnmlpdbyunupcdmmulmdm}qm
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Drug Induced Changes in "H-Catecholamine
Accumulation after "H Tyrosine

By

Tosgay Permon
(Recaved Apddl 27 1970)

Abstrect- The sccumulation of 3H DA and JHNA fn the candats pacloos,
reciainder of the braln, spinal cord and heart was messured 15 minutes alter
TH-tyrotine admbnl fotr fto rats 3 with drags, Apomor
phino a3 well o stimulating DA receptan rednced SHADA when given shonty
bedore $H-tyrosine, probably due to & negative fecd-back. When given 30 mlmites

b
complicated balunce between the tendency for am increas of NA tamover by the
direct faed-back otk anrd ths Iic trom a redoced

‘ Monpsychmcﬁvedmplmuﬂmwnhcmtrﬂmmmlnarﬁcumnhﬂm
(sca CARLSSON 1967) The neuroleptic drugs, such as chiorpromazine and
exert little or no effect an brain catecholamine levels unfess given

in high doses in long-term experiments (FALCK et al 1969) bat will after
ine cxidase inhibith )f the \om of the 0-methyla-
tudmmboum(()mssm&umnvmlw),induﬂngmmmdsmhﬂ
temover Later studies of other catecholamine metabolites also indicated
such effects (ANDEN et al. 1564 SHARMAN 1966). More directly performed
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tarnover estimations by the tracer technique (G & PLrTScuEr 1968 Nr
RICx e al. 1968), or with tyrosine hydroxylsss inhitdtors (Smarman 1966
Coerone ¢t ol 19678 ANDEN et af 1967a & 1970a), showed that the nearo-
leptics incressed dopamine (DA) end to a lesser extent noradrenalme (NA)
femover Evid: is Iating that blockmyg or stimulating mono-
aming receptors induce changes in parve activity and consequently in amine
tumover via fesd-back mechanisms (see ANDEN ef al. 1969) The mechanisms
may be eill more complicated, sinco there appears to be a functional inter
ction between e. g. DA and NA neuroncs (Pmrsson & WaLpecx 1970a &
b} An impaired DA tramymission mechantun scems to retard NA tumaver
whilst stinmalation of DA recoptors increases NA tumover In this investiga-
tion drugs which act on central moncaminergic mechsnisms have been
screened for their effects on catecholamine formation. Some of thees drugs
1S already of grest importance in psychistty The drugs studied have little
o 00 effect on holamine levels but p d effects on twmover
(see Avat et ol 1969). With the tracer technlquo wsed, tho postible inter
ferenc of synthests Inhibitors (sco Przsson & WaLrce 19708 & b) on the
trezemmision and turnover fs avolded. The methods for turnover estrmations

fervow system and In the heart of rats. The eccumulation of the labelled

Material and mathods

Mals albino raty weighing 150-200 grame wero eed. The experiments wers carried
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wnt sccoonted for Doo to the NIHhif, L e, ntramalecnlar migration of the tritiom
(for review sec DALY 1969) tho nct lom is sctually less than 1 stoo The mathtal
analyscs were performed by the mie of varlance amlyshh and Dunneir's tables for
multiple comparisons with a coatrol (Dot 1969).

During the experiments the drugs were checked [n order 1o sscertatn whether they

rhencxyb ioo and the drugy).

ln the phenorybenzamine cxperiments (ses tables 1 and 2) the drog wer ghen
cither completely dissolved by warming 1o 40 or ax a sospension, ence it hes beea
observed (ArnfN parsomal commnnicathon) that the drug loses & coedderable part of
tts mctivity on warming.

Retrts

The expermental data with the statistical resnlts are shown in tables 1
and 2. The results are summarised (n table 3 where the TH-catecholamine
levels after the different drugs are expressed as per ceats of the controf

The experiments were mn in two series. They are presented separately
because the control vatues of ¥H DA in the two series differed from cach
other (P << 0001 for H DA In the candate mucleas snd P << 0005 far
SH-DA in the remainder of the brain) The SH-NA levels abso differed be
tween the two series. Pomsible cawses of these differences aro sewsosl
variations in the animals and anaiytical variations.

Inthatdlowhumlythnpx‘cmdpﬂdmngulnthnummhdondthﬂ
SH-catecholamines after the different drugs are described. For 7H DA abaoe,
the levels in the candats nuclens are described The *H DA in the remainder
of the brain k not cnlv derdved from DA neurones but also fram NA pe
rones, whers TH DA occurs & an intermediste metabolito fn the *H-NA
synthesls. At ntervals of 15 mimutes after H-tyrosins, the amomss of "H-DA
and #H NA were simflar in the NA regions (Persaon 1969)

Apomorphine reduced the sccumnlation of 51 DA when given 15 miootes
before ¥H tyrosine The H-NA levels were tnchanged. [n the 30 mbmited
m:mlmd;u!ﬁmaﬂmwutmdmthamulmmofrﬂ—m.w
the drag increased the sccumulation of fH-NA In the central nervous system:
Apombrphhmha.dtheumnnﬂedwhmgivmtwlmLa.Bmdljboﬂn
before ¥H-tyrosine

T]nmly:ﬂcmofpbnaddawhmgiwnmzdmdojmgjhwmm;
m3h0mbe(omﬂn’}{4yrodnowntohmlhcmmnhﬁmd'ﬂ‘w
mmomuduenndmm-douafmmykgﬁmsomimmbdf;;h
precursor the drug cressed 5 DA in the caudate noceus and H
the remainder of the brain.
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HalopaidolO.Sorz.Smukggtmaouﬂmtubdomthcpmmcnmnd
in increato in tho accumulatica of *H DA which we probably lesy than
after the higher dose. Haloperldol 1 mg/kg 3 hours before the precursor tlso
increased SH DA. No changes in the SH NA Ievels occmrred.

Chlorpromazine hed essentially the same effects ax haloperdol.

Thioridazine increasod YH-DA and TH-NA in tho central nervous system.
In the heart SH NA was not significantly changed.

Clonidine in doses of 1 and 3 mg/kg given 15 minutes before the precursor
mmedanimreaminﬂnlmuhﬁmd'HDA.Inudouaflmﬂkg
given 2 houns before TH-tyromne, I DA In the candate nuclens and In the
remainder of the brain was increased, in the latter tissne dgmificantly With
3 mg/kg 3 houns before the precursor no changes in the 3H DA levels were
apparent. Clonidme In the given doses and intervals had no significant effect
on the accumulation of sH NA.

Phenoxyb ine (t t NFN) was ghven as solution or suspension
(scc Msterlah and methods) When 20 mg/kg was given as a suspension
30 minutes before $H-tyromne, the sccunmlation of TH-DA and TH-NA was
incressed both centrally and peripheraily (table 2) With the aame dose of
phenoxybenramine given as a solution, changes in the accurmulation of HH-
NA were ouly apparent centrally in one of the experimental sedes (table 2)
ot also in the heart in the other series (tahle 1) When the drog had acted for
2 bouns before the injection of $H tyrosme, the accumulation of THNA was
Increased both centrally end penipherally The accamulation of SH-DA wis
not slgnificantly effected. When 25 mg/kg of phenoxybenzamine was given 3
hours before the infection of H-tyrosine, the same changes a3 o the above-
mentioned experiment occwrred together with an increase in ¥H DA in the
brain thsue except In the caudate nnclens.

D-wmphetamine (s bitartrate) 0.5 mg/ky given intravenomly 5 minute
beforo *H-tyroalne, cased no changes in the accmmmalation of IH-catechols
miumbmnnerlmgjkgtha'ﬂDAwulnmwd.Whhlnghﬁvcﬂ
intrapentoneally 30 mimutes before the precursor the sccumulation of H
DA In the candate noclens was reduced.

LSD-25 2 mg/kg 15 minutes before tho precursor increased the accuumt
latian of both H-catecholamines centrally and of SH NA in the heart.

NN-dimethyltryptarnine 50 my/kg given 3 hours before the precarsor
Dot cause any significant changes

Lithium carbonate 150 mg/kg given 4 hours before the precursor camsed
an increase (non-tignficant) of B DA in the candate mocless #nd # deuif-
c-ntinmtuthsrcmalnd:rofthcbmlﬂ.'HNAwumwedmdnbﬂh
except 1n tho candato auckeus. The drug camed diarrhoea, slight tremor 5

motor unrest In the enmats.
Th:ln‘elsa/’HDAhthmbwica-dandlhcham-l&c.'}l—DAuﬂr
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infermedixte product in the synthems of SH-NA m theso orgams), wero fol-
Jowed s shown in the cxperiments shown o table 1 but no significant
chamges accurred.

Discumion

In this study L 3,5-YH-tyrosine was used. Dus to this lsbelling the con-
venvdon of the precureor to ¥H DOPA may be affected by a tdtiom rate ettect.
However the in vitro studles of tyrosinase by PoamRaxtz (1966) do not
togpest such an effect.

The drogs given may affect tyrosine metabolum outsido the catecholamine
hoaromes, In turn changing the specific activity of the precumor uwsed for
Griecholamine synthesis. Tyrokine aminotrantfersse activity in rats b in
creased by phentolamine (Govirm & LOVENBERG 1969) reserpine, guanethi-
410 and o-methyl-pams-tyrosine but pot by phenoxybenmamme (GOVITY. of ol,
1965). An increased enzymo activity was sccompanied by higher plama
cotticosterodd concentrations. Tho enxyme changes, however had x lag
Petiod of oos hour This mechanism fs therefore tnllkely to have sffected
e expestments in table 1 and thoss a short duration in table 2.

In tumover studies with tyrosine hydroxyless Inhibitor (seo ANDEN ef al.
1969) the rate of depletion of the catecholamines & when thbe re-
Splon were stmmiated and increased when the receptons were blocked. In
the present investigation apomorphine was used to stmnulats the central DA
feceptors and clonidine to sth the NA D After apomorphine,
thw apperent DA tumover was reduced when tho drug wes given 30 minmtes
"efofvlhncntcdnhnﬂnaprmwf This was not the cass at longer time
Intervals, In spits of obvicus pharmacotogical effects such s gnawing. In
eXperiments with tyrosine hydroxylae inhibitors, mather symall doser of
*pomorphine rednced the rate of disappearancs of DA (ANDEN of af 19670
Blﬂum&Annﬁl%g) The ressons for this discTepancy are tnknown.,
hmﬂmtmﬂymeﬁmmmfmmlylimmmm
Qautorphine had seted for 30 minutes or Ionger am inereased NA synthesis
ppearcd a4 Indicated by the accumulation of SH-NA. Thh finding agrees
with the essumed functional fterrelationthip between DA and NA nearoaes
(Pexsson & Warpecx 19702 and b), Le. ol of the DA

Canses an incresse in the activity of the NA peurones and, In tumn an in-
crease of NA tumover That no indications of an increased NA turnover
afier apomorphine have been obtaied In the studies with the tyrosine
frydroxylase Inhibltor (ANDEN ef ol. 1967b) may be doe to the short knterval
available for the syntbesh inhitition, L e. one hour Clonidine, a drug whi
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stimulates the NA receptons (seo ANDEN et al. 1970b), {afled to reduce the
sccumulation of ¥H NA aignificantly in spite of evident pharmacological
effects, However # tendency to reduced values was observed, The decreste In
NA lovels iduced by inhibfton of DA--hydraxylase in mice (Prassaw
& WALDECK 1970%) was abolished by tho doses of clonidine used in the
present study The discrepancies indicate the nced for using the methods
in such & way that they are comparative and pl y to oot mother
With the shorter intervals between the clonidine and the ¥H-tyroaine injec
tions, the accumulation of *H DA was Incressed. Possibly the marked
stimnlation of the NA : ellcited an } d activity In the DA
naurones. Catecholamine tumover studies with synthesis inhdbitors and
clonudine (ANDEN ef of 1970b Pemsson & WaLpeck 1970b) spparently
demanstrated a reduced DA turnover but here the experimerts lasted longer
end hence the peree activity may have changed.

The S-hydroxyiryptamine (5-HT) receptor stimmulating agent 1SD-25
(ANDEN ef al. 1968) camsed st fncrease {n the accumulation of TH-catechol
amines both centrally and pevipherally (In the heart) suggesting that stimuls-
tion of the 5-HT receptors tecondarily increased tho ectivity of catechor
amine neurones The findings i analogous to that in synthesis inhibitor
studies (ANDEN et al. 1970c) In order to achicve a longer pedod of SHT
receptor stumalation N N-dimetyltryptamine was used (because of shortage
of the supplies of 1.SD-25) but no changes were obecrved. Here too, there
appears to be a discrepancy between the results obtalned with gyntbesit
Inhibitors and the TH-tyrosine stodies (. & ANDéN ¢ al 1970c) One possible
explanation is that the drag did not have a sufficlently stremg action when
the Iabelled precursor was given. The problem requires further stodes ueing
different doses and time intervals.

Amphetamine, an Indirectly acting sympathomimetic amine was screened
for its cffects on the catecholamine tumover The drug has been shawn €

require s functioning mechanhm of holamine synthests for ity ceatral
action (WESSMAN & KOE 1965 Wimssman ef al. 1966 Hawsow 1967
Jowssox et al. 1969) With 1 mg/kg of d-ampbetamine given jutr ly 5

mimutes Defore the precursor Tore SH DA was scoumulaged brt no change
occnrred In the 7H NA levels. In the experiments whers the drog was given 3
hours before the iyectlon of H-tyrosine, "H DA decreased in the brain thsoe
except tn tho candate muckeus. These Andings arc diffieglt to Wterpret. In
order to obialn an effect by amphetamine on NA turnover CORRODY &t &
(1967b) had to use large dasen (1015 mg/kg) and oggested, that the foed-
back regolation may counteract tumover changes due to smphetamine.
Ths DA receptors can bo blocked with ptmonde, & new nearoleptic drif

ﬁPPlfCﬂﬂydnobdotNAmptorb)oddngdlccu(mAmbdaLlww)-
A 1dzrabla | in the 1sted H DA ind 4 that the drig
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clicuted, via the feed-back regulation a significant increase in the turnover
of DA. According to the dt d inter hip between the central DA
wd NA 1, pimozide should d the ation of SH NA but
In fact it had tho opposite effect though only in large doses. The stodies with
synthesds Inhibitors (ANDEN ef al. 19708) also indicated an Increased turnover
of NA. The pomibility thould be considered that pimozide In large doses
11y bo capable of blocking central NA receptors.

The well-known neuroleptic drugs haloperidol, chlorpromarine and thior
idaine block DA and NA receptors to varying exteats (ses ANDEN et al.
15703). The accurmutation of FH-DA was increased, due to the blockads of
tho DA receptory, by these drugs. Only thiorddazine mereased the accumula-
tion of ¥#-NA. That haloperidol and chlorpromazine did not increaso the
tumaver of NA in this Investigation, may be due to the shrmitaneons block
ado of the DA receptors, which in turn prevented an increased NA nenrone
activity vig the DA neurones. For thiorldmine, the range between the doses
necesary for the blockade of DA and NA receptors was foand to be smaller
tun for the other two neoroleptics, whilst the doses necesmry to obtam
total receptor blocknde were higher them for the other two It may be
tyumed therefors, that thiaridanne only partially hlocked the DA receptors,
thms allowing an mcreaso in the NA tumover due to the feed-back mocha-
. Doe to the complicated balance, the NA tumover may be affected
by the neuroleptic drugs oaly st certain dose Intervalt (see ANDEN ef ol
1970n)

In this Investigation, haloperidol and chlorp ine ¢ oaly the
scoumlation of VH DA, which s in agreement with similar stodies (Nyafox
ol 1968 Ory & Prerscarr 1968). On the other hand, when the dis-
appearance of labelled DA and NA, formed from a labelled precursor was
foflowed after hatoperidal, fons were obtained of an In d NA
tumnover (NYshcx ef af. 1968) Tho reasons for these discrepancies are
C-mﬁ.\]]yunhnwn(vl.dclntrl)

After blockade of the NA receptors, induced by phenoxybenzamine, the
expected increass in TH-NA occurred, centrally as weil as peripherally There
ATt many reports of an incremsed NA tumover after phenoxyberramine
(ANDEN &t al 1967a, BooLLIN ¢f af 1967). Of the other drugs, only LSD-25
had an cffect on the eccumalation of TH NA In the heart,

Fioally Hthinm carbooate was scresmed for possible actions on cute-
cholamine turmnover More YH-NA and ¥H DA sccomilated in the brain
titsne except in 1he candate nocleus sithough & larger experimental material
would probably slso have revealed a slgnificant fncrease In the accumulation
of I DA In the cundats nucfens. After tyrosine hydroxylase inhibitton
Tithlem the rate of pp olNALubnln(Cou;omnc’l
1967¢). It is not known in what way Hthlum affects the tumover of

7
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catecholamines it may act cither indirectly or directly via changes in the
neurone activity

Obvious discrepancies have thus been found when the results of these
synthels estimations are compared with results obtained with different
methods msed for turnover estimations, Some of the discrepancies may be
ascribed to  the differences in the doses and the time tervals of the drugs
studled. There are, however also obvions methodological differences. Some
of those have slready been discmsed but others have 1o be mentoned.
Although the accomulstion of labelled NA during the infusion of fabeled
tyrosine has been thown to be dependant on the nervo impulse flow the
accumulation probably does not represent the whole synthesis (SEDVALL et al.
1968). Many different experimental studies indicate the existence of different
poofs of amine stores which are more or less avallabls for release. Korme
etal. (1968) have found evidencs in vitro that more of tho relsased NA
dertves from new synthesis than from the stores. The sccumulated amings
after infection ar infosion of labelled tyrosine therefore probably represents
ooly a part of the synthesis, the other part being lost during relesse. This
mechanmm may be responsible for some of the above mentioned ditferences.
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The Distribution, Elimination, and Biotransformation
of *C-Cloforex in the Mouse and Rat
By

Als Ryrfedt
(Received February 13, 1970

hown wrine, was n The remaining sctivity wes

titributed to an maknown metabolite, which scemed to be some confugate of
No unchanged clofarex conkd bs found in the nrine,

K ds. D - - — appetita

Cloforex [ethyl-N~(2 p-chlorphenyi-1,1-dimcthyljcarbamate] s a dmg
structurally relsted to a series of nuclear sobetituted phenylalkylamines of
which emphctamine is the parent compound. Since cloforex has potent appe-
thto depreasing propertics (Lomexg 1966) it has been widely mod in the treat
ment of obesity

Investigations by Orrrz & WerscrER (1966) showed that after oral admin-

of cloforex to rats chlorphentermine, which lacks the earbethaxy

roup of the cloforex molecule was excreted in the urine at a sow rate.

Chiorpbentermine has been shown 1o be concentrated in certain tisnes, e. g
brain and lung, and eltminated at & slow rate (DURGCE. ef ol. 1963 & 19¢
s
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These studies with coforex and chlorphenterming indieated that sccumu-
latlon might occur in the arganiim sfter repested intaks, The reason for the
slow excretion rate 1y not known, but m this cannection, thsue binding could
be of great importance. In order to clarify this, “C-cloforex was wed to
stody the dhtributlon and elmination of thh drug In mice and rats. Some
work was alio performed to study the blotransformation of cloforex since It
Inflnences the tame uptake and retention of radloactivity

Materials and Methods

Radicective compound.
Clofares, labelled with 14C In the two methyl gromps was obtalned from the Radio-

Model 7200) and/or Only one ctive spot was found oa t
chromatograes.

Awtorediography

Nine malp albino mice of the NMRI-strain, weighing 20-24 g, received 1 mg (20 p)
UCcloforex tn 25 X aqueoos Cn ® EL ity Aniln- & fabeik

intravenoualy imio & tafl vein 1 my (20 pcd) HCclororet In 25 X ageeos
EL wlotlon. The apimals wers killed S and 20 mimntes and 1 4, and 24 bours

10 minctet.
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Radioactive comnting.

Schtfllntion stntion T (saphtbakoo 60 g, PPO 4 g, PPO 4 5 dmethyl-POPOP 02 g
Detheool 100 ml, cthylanegtyco!l 20 ml, and dloman &d 1000 ml) was oeed to esay
Mu-q:&.mmdﬂn;nmr,ldmﬂhﬁmwhﬂmﬂm4gﬂmﬁ
POPOP 30 my, and tofoene ad 1000 ) to awey ocpanic Bqukls contalmicg radio-
xtivky ead echilt sotution b 270 ml, methanol 270 mi,

I order to sty the cxcretion of activity In the orins and fasces, the rxts wers
Placed i metabotism cages and received water and food ad Ubien. The fasces wers
way

Thres male raa weighing abowt 300 §, received
dilnted with carrier (1 + 1) ln 25 X sgueows Cremopbor® FL aointion by domach tube.
Tha dowe of choforex we 10

Four howy aftsr edministration, the rets were killed by decapitation and the

ey
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Mmdlunpmhm:dhhlyhkmmudhwﬂndhko—cddnﬂmrﬂh

a Pottac-Elveh ‘The b ‘were mads alnline with 2 M-NeOH
wmmmw-&mmmrwummmm
were by and d In recuo wod tho concentrates ob-
tafned were subjected to TLOC,

In vitro study

For incobetion studies 9000 X § sptrnatant of rat Hror wes teed. Male albing

Thin-layer chromatography (TLC)

A. p-BtOH HAe H:O0 “19
B nBOH NH3 H:O “ 115 The organic phases were mred.
C. BtAs HAc HQO “19
D CHOs
Sy Fred of the chroe
Mitragen-contataing were by > . K
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Tisme disiribution az revealed by autoradiography In mice.

Five minutes after oral sdmimistration of HC-cloforex, sctivity could be
detected In the Hiver Traces of activity were also found In the Kdney but
most of the rediosctivity was localired In the stomsch content. After in-
travenous administration, the highest concentration of activity was found in
the liver Kdney tung, Herder's gland, snd particalady in fat ttoo. The
CNS and myocardtum also showed uptake of activity but liitle activity was
found in the blood.
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chrmdlnnnvmhnmadhmyummmhommmdhh.munnmm

¢ Potter Elvehjem b wers mado alkaftns with 2 M NsOR
@ammmmwmmﬂmmmummummm
werd by nd in vacwo and the concentrates ob
tained wers mbjected to TLC,

I vitro study

For incobation studbes 9000 X g supernatant of a2 Bree was uwed. Male albiso
Sprugoe-Dawley rats (200 ) wers killed by decaphation, the Iiver ramoved s quickly
2y pondblo and dnsed in 015 M XC1 coluthor. The livers were homogenized in 2
volomes of 0.15 M KQl solution with » Potter-Elvehjem bomogentrer and the howos
genstes ware centrifoged at 9000 X g for 20 minutes Tho sopernatant was uwed for
the Incubetions,

Tho substrates, 04 pmol 4Ccloforex In solntion {the fisal reactios miviore cos-

we),
5 mammmwmmmmummmw
infrg 03 nl 2 M-NaOH and 05 5 T

g

tatned 5.0 ml 01 M-HCL way perf a3 describad above and the phescs
weparated by ceotrtfugation. A part of the squeots phase was removed by aapirsion
and the rdioactivity of this pbase was emayed. Coocentrates of aliquots af the sqoeos
phases (4.0 mD wrro robmitted to TLC and the mdioactivity of the chromatagrems ¥o
detocted with the aid of amoradography

Thin-layer chromatography (TLC)

TLC was carried out on silica gel plates (DC Fertigpiatien Kiesigel Faue E Mok
AG), 10d the plates ware developed In sandwich chambers (Chemie-Esragnie W
Absor hnik Zw d). The plates wers mot activated bators we. The
following solvent syeems wore wsed for developing the chromatogram.

A nBOH HAc HO “19

B. #BOH NH; HO (415)}Theu-pnicytnnumlﬂ'¢

C. EtAs HAc BeO “19

D CHOy

Ntrogen ds were by ““*“*“’E
stognm with Cegts scrying with o-tolidine reageat (o-tolidioe 32 ¥
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Harder' glard Urinary bladkder
i 5 Axtoradiogrem showing the digtribution of radiosctivity (tight arces) i & moase
24 howrs after oral sdmiskstration of HC-cloforer.

One hour fter adminstration a marked increase of activity could be foond
i most of the tizsnes of the mico which hed recsived the drug orally The
Hghest concentration of sctivity was found in the CNS, lmg, and kidney
Raiotctivity was also found in the myocardiom. Compared with the mice
which had received the drug intravenomly the most striking differance was
found In the fat. A high activity was found in the fat tisne after Intravencas
sdministration but no activity was found followlng oral sdministration.

From 2 up to 8 hours sfter oral administration, the distribution of activity
I the varkrms tisnes soemed fo remain constant, with the highest sctivity

Bewin Lung  Midney

u.-i-thtﬂ-r
Py 6 he diatribution of redicecityity (Usht arees) in - mosse
AT e v sdmiobaration of HC-clolorr.
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a0 URINE
70 I T I T

10 FAECES £

RADIOACTIVITY RECOVERED(Y}
o
o
+

% 48 72 98 120 W4 168

TIME AFTER ADMINISTRATION (h)
Fg. 7 Mean amount of redioasctivity in the urine and faects n X of e
adminterod dose of WUC-cloforer, given omlly to male SpragoeDawlcy s The
doeo of chaforax was 10 mg/kp. Al date aro means = 8. E M. (n = 5)

being found in c. g. the fng, kidnay and CNS (fig, 3 & 4). Atter Intraveoas
some activity was alo fonnd in the fat tissoe,

Terenty four hours efter oral sdministration (fig. 5) the activity was seen

In e. g the hung, liver CNS, kidoey and especially In the urinary bladder.

Table 1

Amoant of rsdicactivity excreted fn cxpired alr sfter cos gl aral dam of UG-

Mmmmmmmwmomemmw;

albino rats. Valnes for mmples obtained daring periods ending at tho bdicated
are given ss Well m1 the cemulative TmocTts

Acthvity ctcroted (X of dowe administersd) 9
Time () Ratl (575 Rat2 (ID 8 Rat$ @0
cumul. comal el

. 02 03 03 Y]

] 0z 04 03 as 03 24

14 os 0y 04 10 0 o

u 04 13 03 13 3 7

v TR

o1 21
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Alter mtravenous sdministration (fig 6) most of the activity had dlsappeared
from the body Tho urinary bladder however showed a high concentration
of activity and a high sctivity was slso observed In the lung. Other tissues
thowed only traces of activity ¢. g. CNS, intestinal wall, and tesths. Forty
ezt and 96 hours after administration no sctivity could be found exeept for
same activity in the urinary bladder

Excretlon in urine, foeces and expired air from raty
Tbﬂuncﬁondrndloacﬁwtyinmfa:caandupimdukmauﬂl
iministration of #C-cloforex b shown in fig. 7 and table 1 The activity
ppeared rather sowly In the unnc, The samples at 2 and 4 hours after
= 2 rule contained a low amount. Betwoen 43.3 and 48.5 /
o the given dose was excreted in the urine during the first 24 hours, During
the 168 hours obeervation perlod about 75 / of the adminkstered dase wes
Screted in the urine.
The amount of radloactivity obtaimed in thoe slkaline benrene extracts
o the facces within the 168 hours obsorvation period amowmted to about
10 / Most of the activity appeared within the flrst 48 hours.
The amount of radicactivity cxcreted iIn the cxpired alr after oral ad-
was studied In 3 mats. Two of them were studied for 24 hours
t2d one for 48 hours. The reaults showed that only small amownts of activity
T oxereted in the explred alr as 4C-labelled CO; After 24 howrs 14 /
(=20 of 3 raty) of the administered dose of vity was excreted and
et 48 bours, 2.1 / (1 rt)

FRONT ol [icd ORIGIN
a5 043
Pt & TLC of wrine (- 4 hea) coffectad from & rat reated orally whth HC-clofores.,
The piate wa wclq:;mmmon HA. HO (4 1| 5 Redicactiviy wat Joeatod
whh  Packard Redrochromatngram Scanecr
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Rat urine
0-24 hrs)
|
Hydrotysls of
urtne
HCl pH1 foe
2t
Ackd Alkafine Acld Alxaline
extr pH1  extr pH1Z  extr pH1  extr pHT2
11|x raJ:x 1.7~% 1032 X
Phase | Phasa il Phass il Phese IV

Fiz. 9 The valoo obixined give the mdioactivity extracted into the orprsic phwe
(benzene) as X of the radioactivity in the srme.

Metabolltes in urine from rats

When the urine (8-24 hrs) was subjected to TLG, 2 ctive peaks
could be detected on the chromatograms. The Ri-ratues of the 2 peaks in the
3 systems were 0 65 and 0 43 (system A) 0 40 and 0 17 (system B), and 0.3
and 004 (system C) A radiochromatogram scan of the plats doveloped i
solvent system A b shown In fig. 8. The Rf value of authentic chaforex ks 100
in all the 3 systenu and the Re-valoes of chlorphentermine are 0 65 (sysiem
'A) 038 (svstera B) and 0.26 (system C) Nous of the radioactive peaks bad
an Rf value corresponding to cloforex but chlorpbentermine could be ident-
fied from the RY values. The results akso thowed that s metabolite was present
in the urine which seemed to be more palar than chlorphentermine

When the urlne was extracted with benzene at pH { about 1 / of tha tots
rad}mcﬂntymtheunncmmplemexu-mdintutbeomnhpﬁmﬂd"
PH 12 aboat 80 / was cxtracted (fig. 9) TLC of the organic plise, obeeioed
after extraction of the unme at pH 1 lhmvcdonlyumofrwﬂffb"‘
nono of these spots had an Rf valoe corresponding to unchanged cloforeX
Ot radioactive peak was found by scanning when he orgaic phase obtisd
ummhummmmmb}medmncmmkmmmmm
uchhrpbcnﬂrminckumﬂwR!vﬂwtn!hed;ﬂmtmtm(ﬂNﬂl

To dnamh:wbeﬂmtho\mknawnmboﬂxcum!dbolmmm
uripe was hydrolyzed by ackl. When a part af tho acld hydmiyste
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Table 2
TLCdLhomLuothom-pnkmob-
tained ia the i i af tro
mmbﬁ(mﬂ:.?).mndiaﬂﬂiﬁtymlmﬂzd

by scanning.

Rf valoea
Syaem AD l System D)

Clofore 1.00 o
Chlorpbentermine 06s 000
Phuse 10 - -
Phase 110 064 0.00
Phaso 1T ) - -
Phxso IVO Q.66 0.00
9 nBtOH:1HAe HO (4 1 9

v CHCYy

) Thcptn-:lmml:dnlnﬂgﬂ

direclly extracted with benrens a rocovery of about 1-2 / of the total radio-
activity was obtined In the organic phas, When another part of the hydro-
etz was made alkaline (pH 12) and cxtracted with benzenc, a secovery of
thout 100 / way obtalsed (fig. §) TLC of this phase showed tit ooly

was present (tabie 2) This showed that the mmknown
oetabofite could be hydrolyzed to chlorphentermine.

170

of the water pheses obisived

WWM
sopemmatant. Tbe mcreeting mcubatios fime. Solrem sydem. A

{o-B10H HAC HO @ 1 N
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Investigation of metabolites in various tissie samples from rats

TLC, in system A, of the organic phases obiamed after alkaline extraction
of the tissue homogenates of the brain, liver snd lung indscated that no
unchanged cloforex was present in these tissues 4 honrs after oral adminmstre-
tion of cloforex. Only radicactrvity attributed to chlorpheatermine could be
detected on the plates both by scanning and sutorsdiography

Incubation study with rat liver 9000 X g rupernatant

Incubation of “C-cloforex with 9000 X g rat liver supernatant showed tht
cloforex was casily degraded to chlorphentermine, The results from m
incubation study are hown in fig. 10 and table 3 In order to eruure that oo
metabolite was formed which was not extracted Into the organic phese aher
making the incubation medium elkalioe, aliquots of the Incubation medion
wore applied directly to & TLC plate after 0 15 30 60 120, and 180 minatss
incubation. Only 2 radicactive peaks could be detected by scanning. Ooe
peak corresponding to authentic cloforex decreased in size with incresting
incabation time, while the other peak, lncreased in shze with time snd cox
responded to anthentic chlorphentermine

Table 3

Incobaton of UC-cloforex with $000 X g rat Ihvec
wpermtant. After different time htervals, atiquots of
the incubatlon medium were extracted with benrene
at pH 12 The organic phase waa then extracted with
0.1 M HQI In the tabla, the amomnt of radiosctivity
ecreted hoto the sckBc agneons phaso by ghven a5 X
of (he total amommt of radiosctivity in the incubation
medium, This radioactivity s a direct messare of tbe
chlarphentermine formed.

Amouat of radiosctivity

Incubation time (min) evorated
fnto squaooe phase (X}

20 sec) 09
95

5083
L8
65

B8%uo
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Discwsslon

The thswe distribution of tvity a3 led by d hy
et admirmtration of cloforex showed high uptake of activity in o g the
kg, ONS, and Dver both after oral and intravenons administration. The
carbethary group in the clofarex molecule b very rest to acid and
dlaline hydrolysts but in the body this group praved to be unstablo and
claforey wes easlly degraded to chlorphentermine Studies In visro showed
that 9000 % g rat liver supernatont was sctive in degrading cloforex to
Gilorphentermine, Preliminary " indicated that only chlorphen
fermine and no cloforex was present In tissue extracts of the lung, brain, and
liver taken from rats 4 hours after oral administration of doforex. The preseut
tindie therefore Indicato that most of the activity found In varoas timues 1o
e eatoradiograpbic studies may bo attributed to chlorphenternine

The bigh activity found in the {at after intravenous administration can be
ttibated to wmchanged cloforex, since a massive dose Is injected into the
fsenic circulation during & short time interval and nnco cloforex ki mare
kpid sofuble than chiorphetcmine. It 15 not very 1kely that tho sctivity
foand 1o the fat I attributsblo to chlorphentermine since DUmaCK ef al
{1968) showed thst oaly very small amognts of activity wers found in fat
tmeoe after intravenous sdministration of HC-chlorpbentenmine fnto mice.
Lipid saluble metabolites of cloforex may bo responsible for thiy activity in
e fxt, but w0 far o evidence has been found for the exsstence of wxch
etabolites o apprecisble amounts.

As it has been reported that some anorcxigenic drugs may chuse primAry
Pelmonary hypertnsion, it scemed of interest to determing whether thero
s & igh uptake and retention of sctivity In fung tiwwo atrer sdministration
o cloforex, Conclusions conctrning the ditribution of radiosctivity at cellular
of wbeellalar Jovel camot be drawn from the present experiments. This muy

wemt, however mnmm.mmac.pdﬂ‘lwdmo(p—ch)ompbmyluhﬁ—
mm.mmmwmmlmpMnmbeupmwdnddyby.
mPH.cummﬂpmaﬂmdmhmmﬁmlnmncﬁolmdpdmary

paimonary rtemsion ts pot koows.
mhzwmwwm&Wman(Mh&awdmnch}or
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phentermine was excreted at & slow rate after administration of deforer
They found that after ane oral doso of cloforex to raty, about 40 / of the
edminstered dose was found in the urins as chlorphentermine in the course
of 6 days. Only the excretran In the urine was studied. The slow excretlon wa
confirmed by my own investigations with cloforex, I which studies In rts
showed that sbout 90 / of the administered dose of ctivity was excresed
within 1 week, the main excretion occurring during the first 2 days.
After administration of “Ccloforex the major metabolite in the urine wat
shown to be chlorphentermine which has proved to be very stable to en-
zymatic degradation (DumNtcx ef al. 1963). The chlonne in the para-position
blocks the aromatic hydroxvlation, and oxidative deamination is hindered by
the 2-methyl groups in the aliphatic chain It was soon found fn my own
investigations with #C—cloforex that the chlorphentermine formed was further
transf d in sppreciabl In the urine, & metabolits wes found
which was more polar than chlorphentermine, not extractable into benzens
and hrydrolyzed by acld 1o chlorphentermine. This indicated that the wiknown
bolite might be a canf between same endogenous snbstancs and the
amino groap in the chlorphentermine malecule. DusNex ef ol (1968) bave
also stated that chlorphentermine probably undergoes some conjugation
reaction. Pomible metabolic pathways were N-acetylation or the formatian
ot en N-glucosiduronide of chlorphentermine Therr results indicated, how-
over that the metabolits found conld hardly be an N-gocosiduronide of
chlorphentermine or acetylated chlotphenterming,
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Failure to Demonstrate Monoamine Oxidase Inhibition by
Glyceryl Trinftrate in Viro

By

Bertll Wakdeck
(Received Pebruary 27 1970)

Abgrect Qlyceeyl tinftrate (QTN) ar the monoentng oddess (MAO) Inhitioc
nialamide was given to rats or mice which then recefved 14Ctyramine. Nualamide
bat not GTN incressed the yheld of the 14 -octopamine formad In the heart. In
niatamid pretreated mico GTN posdbly cuumed a light tncreas in 14C-octops-
mine. GTN ghven before or after $H-noradrenaline had 00 effect on the wpiske
and retenthon of this amine in the momse heart. Neither did 1t affect (he mptake
of FH-metarnming! In this ocpm. It b concluded that GTN ha no effect on the
MAO respoaddbl for the ia vivo metabolitm of tyramine and noradremiline. Ths
exlatoocs of MAO eysierm with diffaront substrate and inhibitar scraftinty b

Key-words: Glyceryl trinitrate — monoamine oxidase.

There aro conflicting reporty regarding tho effects of glyceryl trinitrate

(GTN) on the metsbolsm of norsdrenntme (NA) Using a mamometric
method, Ooawa e al. (1967) demonstrated moncamine oxidase (MAO) fn-

properties of GTN in vitro a3 well as in vio MAO inbibition by

GTN in viro was confirmed by KALIN & KYLIN (1969) Using a histochemical
method, bowever nnﬂ,gmnfMAOmh]‘bidmmrnnyhd]ndonc[lﬂtﬂ'
ferance by GTN with the upiske, storage and metaboliun of NA In the
adrenzrgic nearon could be observed fn 1 ivo (KALIN ef af 1969}

Tyramims (TA) which s a good substrate for MAO (Brasamo « 4

1937) is converted to octopamine (OA) within the adrepergic nearon {Canss-
SON & WALDFCK 1963b Frsciee e al. 1964). After inhibinon of the MAO
thnyiddolOAt:omTALuthﬂmo\nebcanlncrmunbom[mu'lold(w
SON & WALDECK 1963b). In the present study the effect of GTN on the forms-
nouo{“GOAtmm"CTAhubeenlnvcﬁdguedmdcompumdwﬂhlh"
of the MAO inhibitor nialamide. Furthermore, tho possiblo Interference by
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Fi 1. Effect of glyceryl trinttrate (GTN) #nd of the MAO mhibltar nialumide on the
hm«“ommnmtmmhmmmmwumwu
4 given fatraparitooeally 15 min. before or o 10 mg/kg tu

TR befare or 100 mp/kg ntraperitonsally 2 hrs before the hntrevencm d.minhmﬂnn
of 10 pgfiy WCtyramine. Rats which received only UCAyramine served as econtrols
(G Thirty miooies afier the administration of the labelled amine the enimals ware
blled and 4C In the hesrt ined. The rocan £ SEM of 4-5 rats

are shown.

OTN with the wptake and sorage mechantems of the adrenergic nevron has
been investigated using labelled NA and metaraminol.

Methods
Hale Spragne Dawley s woighing abost 200 § of female wihile mice with an
Trege weight of 20 g wae ted Tisoe extraction in 04 N perchiodc scid and
sbsexment separation of the labelled ammes ol cation eXchimge cofumns were mads
8 dencribed by Caniaeon & WaLpeck (1963 & 1965) The acfic aluates were prepared
hmmmmwmmmm1mhmw

soppiied

gt wory wsed. Glyosryl trinttrate tn & 1 X xicobolic solotion (in the high doso range,
bowsrer IOZ-d-bl'limndlnm'd:rw vdd-kﬂbollnimhthu).-hlmldx.
DTumtne-2-4C (s frrole or 4 The By
Wmu&w;mnmﬁﬂ#m(m‘m—m
Tadetrrrem NEN), 46 ct/mmole. All drugs wers dimotved in salise.
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Fig. 2. Bffect of giyceryl trinitrats (GTN) and of the MAO inhibitor nialamide oo te

10 my/kg intrevenomly 15 min. before ar 100 my/ky Intraperitoneally 2 hrs befor the

{ntravenoms adminkration of 20 pg/ky LCtyramine. Mice which received caty #C-

fyramino served a3 coatroh (C). Thirty minoies after the admintstration of labeed

aming the anlmaly woro killed and HC ino in the heart Ined Fach poist
repeeaats the pooled hoarts from dix mice,

Results

) Rats wero given GTN 10 or 500 pg/kg intrapentoneally 15 mi. before o
lalomide 10 mg/kg intraper Iy 30 min. before ar 100 mg/ky hatn-
pentoneally 2 hrs before the fntravenons administraion of 10 /g ¥C TA-
After another 30 min. the animals wero kilied and thelr hearts removed #5d
analyred for 4C-OA. Rats which received only %C TA served as controd
GTN did not tignificantly change the yleld of 4C-OA (fg. 1)- I costrssh
plalamids 10 and 100 my/kg increased the yleld of HC-OA by 2 aad 3 =
respectively (P << 0 001)

Similarly mico were pretreated with GTN or rialamide b varoas 6
before 11C TA. In this experiment, however mubwdmaofnhhnﬂﬂ'm';
mbﬂlm‘ylnﬂumbdum"CTA.Ouepwpszd o

{ntravencasly The dose of H4C TA was 20 my/kg (G 2) In this srics
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Table 1
Effect of glyceryl trimtrate (QTN) on the formation of 14C-octopamins fram 1Cyra-
xice is the heart of pr ed mico. 100 mg/kg, was ghwen
intraperiioncally 2 s befors and GTN in varioos doses 15 min. before the lntravanous
fjoction of 20 pg/ky HC-tyrumine, Thirty minutes after the labelled amine bad been
given the animaly were killed and 14C-octopamine [0 the heart determinad. The mean of
3 experimental groups each comprhing 6 anitats are shown.

GTN myfiy
pons 02 29
UC octopamin wglg F-X3 3 402
SEM, +09 *a9 146

experiment also GTN faikd to change the yield of “C-OA from UC-TA,
ﬁ“C-OAindnniaLmﬂdcpmmdmlmhmumedbylbomfm

In the the next experiment nialamide 100 mg/kg was ghven intraperitan-
eally (o mice 2 hrs before the intravenous administration of #C TA, 20 ug/kg.
In additlon some animals received GTN 025 of 2.5 mg/ky intraperitoneally
15 min, before “C TA. After snother 30 min, the animals were killed and
“C.0A i tho hestt determined. If anything, GTN slightly increased the
yield of UC-OA, from #C TA in nlalamide pretreated mics (table 1)

In mnother expsriment mice received QTN in varloms doses intrapociton-
eally elther 15 min. before or 15 min after the Intravenons adminisiration of
HLNA, 1 py/kg. The animals wero killed 30 end 60 min. respectively after

Table 2
Effect of glyceryl trintrate (GTN) on the tptake sod retetion of $H-ondronllne in
the mome heart. Varom dosca of GTN were given intreperitoneally efther 15 min
Brelors or 15 min. afver the of 1 pafkg i The
mmmmmwmwmmwmmmm
the heart content of Hl-noradreasline wes determined. Tho valoes arv the mea of 3
npu—lnﬂnlpoup-u:hmvrhluémhmh

GTN m/g
befors after
nowe | 0z | 25 oome | 029 | 23
Miporstreaaline egls| 312 | 295 | 20 | 29 | 240
SEM. toss | taw | £as2 | t04s | ko I,
~
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Table 3

Eﬂuuo(ﬂycu-ylﬂ‘lnhnu((fﬂi)mhwhhu{’ﬂ-m&hnm}mlhﬂum
mvmm«mmmwyumwmmmm

ik of 01 /iy TH. ocl, Thirty minmies alter the labelied anka
was given the inimals wers kilied and the beart coutent of TH-mctaramipol determined,
Tho vatoes aro the moan of 4 experimental groups each coaprisieg § anlmaly
GTN mg/ky
none 028 Fx] 23
TH-metarmminol ny/g 034 024 az7 024
SEM. +1ome 00 + 0016 o013

administration of tho labelled amine. SH-NA in the hearts was determmed
Animals recetving SH NA alone served as coatrols. QTN had o egnificest
effect on the amount of YH-NA recovered from the heart (tabe 2).

Finally GTN in varous doses was given intraperitoneally tn mice 15 min.
before the intravencus administration of ¥H-metsraminol, 01 pg/kg. The
animals were killed 30 min, later and the TH-metaraminol In hest wis
determined. No etfect of GTN on the uptake and retention of FH-metarumingl
coald be detected (table 3).

Discossion

In contrsst to an lished MAO inhibxtor namely nialamide, GTN I
the doses osed did not Increase the yield of “C-OA formed from HC TA bt
the heart It should be noted that the dose range in the present fnvestigation
covens not only that used by Ocawa et al. (1967) but also inciodes dosed
which are 100 times higher
J  This lack of elfect of QTN in the present cxpertments, however could bo
due to effects by QTN oppotiny the formatlon andfor accymnlation of
UC.OA such a3 inhibition of dopamine fhydrozyl .'d”“" of the

o and of emints in the adrencrgio neuron o
dzmlnp Inhwnidm of the p-hydroxylation should be revesled i the MAO
had been blocked by a specific inhibitor before the adminstration of GTH:
In the experiment with nialamide given before GTN po reduction ia the
yldﬂo(“(}OAmeaeburvcdummp&mdwm\mhmk'hﬂm
recetved nialamide only mmmldc—%mdmwmmmm%

o

which received GTN fn addition to plalzmide. No expl
oncanbed!credatpwuanHmuadudulhep\mﬂiﬂV

{hat tbe haemmodynasmlc changes camed by GTN would oppeso the effectof 4

.
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pemible MAQ inhibition by this drag. GTN when given elther before or atter
YHENA d&id not infleence the uptake or retentlon of this amina. This is in
with ths histochemical observations of KALIN ef ol (1969) Nor
wis it posihle to Influence the uptake of the metabolically moro stable
’H—mdnlmlml,cvmwithdmuuptoﬁmgﬂgotﬂ’m
It will thus appear that there arc no indications of an MAQ inhibition
o the In vivo metabolism of NA and TA by GTN in the heart of the rat
eod mouse (f KaLIN ef o 1969) Recently however two MAO systems
with different substrate and jnhibitor sensitivity have been demonstrated
(JorresTon 1968 Haws et al. 1965) An interesting interpretation of the
m“ﬂbtnnndbyOGAWAdaL(l%nmﬂdlbmbnthnGTNthhiul
Iction of MAO witlch 1t of less importance for the metabolnm of NA and
TA i the living tissus. The fact that theso authors were unable to obtain an
tnbibition of moro than 60 per cent arbucs in favour of this view
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From the Pharmacalogical Laboratory Alfred Benzon Lid, Copenbagen, Doamark
Percutuneons Absorption of Barle Acld from
Boron-Contalning Preparations in Rats
By

Gréa H. Nwem
(Recddved October 27 1969)

Cxcretion when the aqueoas felly was applied.
Ker-words: Barks ackds — alstments — ekin abearption — rate.

When borde acid i absorbed by the organizm most of the amount absarbed
B rapidly excreted throagh the kidnoys (KeNT & McCance 1941 Prarrere
& ¢l 1945 Daarze & KeLiry 1959).

Thus, by the sdministration of bocic achd tho cxtent to which absorption
takes piaco may usually be seen from the rise in the nrinary bode acid con-
mmwmmmhrﬂymmd}nmt
1l prevafls concemning the capacity of borle ta pepetrats throogh intact
tkin, This Is partly duo to tho fact that tho methods ted for messuring bocde
acid in the urine have often Ixcked tho sensitivity necemsary for disclosing
minor rises abovo the normal leved (Frsirk of o, 1555)

On the other hand, tho vicw that through injared skin bodc acid can
Into the organtsm — to s mmaller or greater extent, depending

2 Acw plecssbegive, vl 6. frme. §
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the infury - seems to be generally accepted, while the influence of the vebice
on the degree of absorption is less well known,

Tho objects of the present study were- 1) To Investigate whether bone sdd
is capable of penctrating through the Intact skin of the rat, and 2) ©
&tablish the dependence on the natore of the vehicle of bore acd abeorp-
tion through severely damaged skin.

Methods

Experimental animals

Femalo Wistar mats welghing from 160 to 200 g (procedurs A) or 170 10 25§
(procedurs B) were used. Care was takon that the mean body weight of corresposdmg
control and treatment groups did not differ significantty

Since with conecions raty, severnl somrces of crror had been reveaked, the amimwh
wero ansesthetized. It was foand that hesls i not ity
affect the amoant of urine excreted during the expermmental period.

L Control 1 isting of 10 X (celwni®) Lo water (Gl

4.

I An aqueows bods acld jlly cootaining aboat 25 X boric sckd wiv In the ebove
medium (pH sppeoximately 5.8, viscosty at 28 76000 cp, at 31 90000 cp)
UL Control preparation coosstieg of & Mmixturo of animal and mineral fats b 8

tlo of 1 4 (pH approximately 63),

IV An olseginom bork aad olntment confabning a bark ackd-borste boffer o
responding to aboat 28 X bone ackd wiv n medmm I (pH approxioesly 66
vicoulty &t 28 40000 cp, at 31 28000 cp) This olniment was tested sccondng ©
procature A oaly (ses beiow)

v prinA differing from preparation se [V
mldymmh,ormm:ummmmmmmdm;
constitutes 12 per ot of the total welyht. (pH sppeocimatety 5.0- vhcosity &
48000 cp w31 32000 cp)

Procedurs A Recarery of bori acid from the urine only onlly

A standard volums of 10 ml af tap witer per rat was ghven o
Abouilnm]nmahluﬂnnlmlmmwhcdbyhmpuhmﬂluﬂd:‘
pentobarbital {mebemalum NFN) sodlum, 3 mg/kg. If required, Bty shoms
mmmmmhﬂyummmuyudmud)mm ~
ﬂwmh-wmtm(mnmﬂmwdnmmmcd'ﬂhﬂﬂw

nets  pproximately 0.7 mm).
Im.ﬁlﬂymﬁhnlmpwmm-mmlm”‘mﬂuuh
with & mrinecollecting devica. Urlne was collectsd fhve and elght boary
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Procedure B Rerovary of boric acid from both wrine and prepartion

Ca tho day befors the the rat was hetired with ether the region
bekiad tho thoulders was depilated, and an oval plastio ring, enclosing an ares of abopt
43 e win gloed on to the depllated abin.

On the day of tho experiment water lowding was performed e wmal The rat way
nacuhatized with pemtoberbital, and L0 ml of the preparation wee distributed from
Tephed eyringe over the are knskdo the ring (layer thicknens sppraximately 2.8 mm),
The exact welght of the preparation applicd wes recorted.

Fire hours Iater the wino was coflectsd, £nd the praparation within tho ring was
“’:;fmtdq-minﬂvﬂylondmdmv-dbym-ollﬂkm-&axua(nuumq

In tenchloromethans.

Cwarttative deturninations of boron (n arine and preparations.

Commanication).

Becamae of the fat contaloed In the preparatioms the above method could not bo
od directty for the detammimation of their bornc scid costent. For that resson electro-
Tetric Utntion In pyridios m the presencs of glycanno wes Caed. The determination
Wit parformed by sutomatic titretion (Titrigraph, Radlometer), In thh way aboat 02
g HyB0, can be determined, when 0.1 N-NaOH (1 ml~, 0.005184 g HyBO,) fs used.
This means that the boric acid cootent tn 1 ml preparation (25-28 mg) was determboed
'ﬂhmmrd-bodﬁ.?—oul Titration of tha rather strong glycerins-boric actd
omred the specificity of tha method, since no other substances with simiar properties
W&o presest i the thration oiixisres

With regard to the tranafor of from the skin of the rats,
Weiininery axpetments, In which tho tiooe applled wwre {mmediately frane-
ferred to the titration veesel and ntrated directly withoat furthee treatmant, had shown
Cat by conld be dons without amy damonsirable Jon of bodc ackd and that the
Meroul] Jelly did not hrterfere with the amalytic remubts Reprodesibility was mtifactory
T s evident from the low standerd arom thown bl 3.

Remits

Table 1 shows the mesn values (+ S. B. M.) of all groups regarding vrine
Yolume end beroo concentration in the urine, to the left the results from rats
with intact skin sro shown and to the right, those from rats with damaged
akin,

In the upper part which comprises the aquects preparations, mean con-
centrations of boron In the urine from “placcho™treatod rats aro seen to vary
from 4 to 13 pg/ml When the skm s Intact the corresponding vatues from
tats treated with borlc acid felly lio between 7 and 13 ug/ml. When the +!
i soverely damaged, however this Jovel bs raised to 170-390 eg/ml.

A:r:gn:dslbednmn(hmpuno(lhauuo).memm&ol‘
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boron concentrations between 3 and 11 pg/ml were found. About the same
figores were obtalned when with borlo acid-ot was carried
out oa fotact tkdn (4-11 pg/mi), whilo treatmeat on demaged skin caused 2
segrificant rise tn concentration, both when the larger skin ares, 28 et was
Jevolred (V. 1445 pgjral P <001 V 3689 pg/ml, P < 001-002), and
when the myaller arca of 4.3 cm?® was treated. (V11 pg/ml, P <0 05).
The total borkc acid excretion in the exparimental period wa calonlated
froe ths figures fn tablo 1 and related to the body welght of the rats, the
2em resmlty with corrosponding standard errors are thown in fig. 1 The
figore demonstrates that the excretion of bosic ecld js low and the variations
mmﬂhmmw&ﬂlmmmﬂmdmw

s
.

N ARNTRNNRANSNGY, SANNNARNNNS AN R o~ s

v da_ad.

et
-

I nn et
&memedmﬁ)?ﬁhwmmm
Tefrary borom concentation. Mean valust &

T e o 3 L Skin arva. approvnuisly 28 et Urisa collerted a1 3
(dotted s omte) amd 8 bowrs-
1W3mm1ummuwumm.um

’
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When the skin # damaged, all of the bork acid-containing prepanion
camsed a significant increass in bodc acid excretion with treatment A. Hows
over ths difference between the increases caused, on the one hand, by the
aquoous jelty and on the other hand by the ointments, i conxiderable and
aatistically highty significant (P ({ 0.001) The Increases broaght aboat by
cach of the two ofntments differ lexs, but are ¢4lll signlficant (P << 0 05).
The proportional helghts of the B<columns, though lower a1 a whole, are
very mruch 1ks thosa of the A-columns.

In tables 2 and 3 (treatment A and B respectrvely) the amounts of borke
ecid td are compered with the applied, but oaly for the
rats with severely damaged ckin.

In table 2 the differenco between the preparations becomes even moe
outstanding: the dose of boric acld applied in the jelly was 12 / lower yet
the excretion was mrech higher than In the olntment-treated groaps, so that
one third of thy dose was recovered in the nrine within 8 houn, whik
the cotresponding fgnres were approximately 1% / for ofntment IV ad
3 / {or ofntment V'

With treatment B (table 3) about one quarter of the boric add from the
jelly was recovered In the mrine and another quarter in the preparailon, which
oeans a total recovery of only aboat 50 /

The total recovery from olntment V was approximately 99 / of which
only about 1 / was found in the trine.

Fig. 2 gives all the recoverles of boric achd related to the amounts applicd,
and for the saXe of comparkon, the rats with Lntact skin are Incinded.

The lower part of the fgure (treatment B) shows that by far tho lagext
part of the borc acid i1 still found in the preparation st the end of the
cxperiioent, except when the aqueous felly 3 applicd on damsged ekin, bn
which case about one half of the boric acid is not fornd either in the uiow o
in 1he remaining jelly

Disenyalon

‘The reults of the present ttudy thow La agreement with those of some
previous investigations (Draze & KeLiry 1959 Pmmad.l%ﬁmﬂl‘ﬂl
borknddhupableo(puwnﬂn;thenndamrdlmmlyml p
mnlndﬂmu}cnlmmolthewhidainwhlch!hewmb%
nere of litle importance, at least within the pil rnge chosen 10119”}
cxperiments alightly ecid to -Iunnncunnl(annmx&Fﬁankm
mmmmmmawmmmzmmﬁmm
l:td,thsumm!ofbnrkuddnbmrbcdbhighlydepm‘m
s the nature of the vehicle and the size of the trested sccx.
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Taxielty Stndles with Fluindarol, 2- p-(trifinorometiryl}phenyl}-1,3-
Indtndione, an Agent with Anticoagnlant Propertles (BS 7616 D)

By

C. J.van Eckru, R. D, R. Birtwkistls sed D Muddert
(Recatved Nowember 26, 1965)

that
SOtkosgriant which b dne to ¥ phsrmacological propertie and tros orpan
todiclty Flotadurol was constdered too totic for clinkeal mse.

Kep-mwords: Amticongalants — liver toxicly - phoaylmdandions dertratrves.

During an tavestigatlon of & series of 2 aryl-1,3-indandiones, the p-trl
Boorumethylphenyl dertvativo, fhuipdarol, was found to possess & marked
activity (N V' Eon. Pharm Fabr vih BrocadesStheeman en

Ded 11 drugin patients requirkn 1 comboth P 1

u““halcmhdmmkunnmhmcﬁmm&nﬂwdm
Qd not affect the circulation, respiration, CNS snd cardiac activity

0d was devold of any amalgesic action.

—_—

Tim pathological crsmbmetions wers carried out by Profemor Dr R. Domoer To-

whnte of Pathalogy Vrite 4 crdam, The

NV XonklHke Fabebeken vih Brocades s 0 Pham-

sl Bri 1,041, 524, spplie. Awgust 77 1964, pabl. Decoraber 29 1966,
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In the preseat report 2 compsrative taxiclty study of flaindarol, as well a8
comparative studies with phenindions and clorindione s described. The
mﬂdtydtbehnermpoundhubumdﬂunxdmdchnbym&
PULVER (1960)

Material sand Methoda

Flaindsrol (fig. 1) occuss a1 & reddish-brown crystalline powder practically nsotoble
in water poorly sofublo fn methanal (1 230), and freely sotuble In pyridios (1 5). The
melting point is 130~153  and the molecular weight 290.2.

The toxkity was stodied [n the albino Wistar TNO mt, the mongrel dog, oad the
tame rabbit.

1f not indicated otherwim, the drugs were adminisiered In 1 X amylnm mepention b
contonatiom correasponding to the dose per kg in 10 ml of the sapenion.

Acute todelty rot, oraf rote.

For the sculo oral taxkity stmdies In the raf, equal mumbers of youst mabe xad
fecnales (weight range 90-120 1) wore divided at rundom imo § groum of § exdoah
each. Tho oy logarithmially equidistemt dose Jrvals ranged between 100 uad 350 xe/is.
After the animals had bete fusted ovemight and the drog adminlstered vis s goriric
tube, they wers observed foc 7 days whils recetying water and food ad ¥l

An analyrs of regrenion was applied to find the LDS0 asd LDI0, osiag kg dox
probit units (LyTeHmELD & WiLComoN 1949)

Acnte toxicity rwt ottraperitones] route,

Wo med the same 7-day test to cvalusio the scute toxicity In raty of the mow
wolght following Intraperitonesl adminktration of fluindarol, fhe dow per kg
disolved in 10 m! of 0.0 N sodinm hydroude sotution (pH 12.9) Infection rat&
1 mimin The st logadtumically equidistant dows levels were botwacn 100 4%
00 my/ky.

Acwt toxicity rebdit oral rowte
mmwmuymunmnbuu(-dcunmﬂ-um'ﬂ“‘“:

bylhomd(hnqmmwmhunmdbodmumlvﬁ).mmw&lm“

4 mbbits. The toet componnd was given via a gasric tube.
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Acxts toxictry dog oral rowte.
'llhnadm-mnhnmoddloclhnddwmiudondtbuumcmllnﬂdty
& dogs (weight range 3.5-10.7 ko) Esch animal reectred oos doss of the compoand
s palnta capenle; U atlll alive at the end of @ 7-day period, it was conskdered to have
mobred the expericnent. The LDS0 was caknlatsd sccording to RUKKR (19%5).

Crumelettve toziclty dog oral rowte
:mummmw4mannmwum
Iy

Subecxt taxichy rat oral rowte.

I8 & fweak experiment (T) each doss group conshted of 20 rats (10 femules and
19 emles), cucapt for the 34 my/kg and 27 ma/kg groaps which consisted of 17 (fouabs
18, mate: 7) and 19 (femabe: 10, mak: 9) animals, respectively The starting weight
Towed from 112 154 5 for the femals and 140-199 § for the malo rats. The antmals
w0 weighed dalty while the batmogiobin content, blood tres Ritrogen leval, number
o erythrocyles and leococytes per mmd were detormined and tho differential counts
o performad on the day before the experiment started and on the last day of the

wed wwre 108, 54 and 27 my/lp. tyely In an ade doweek experi {m

doms of 20, 14 and 7 ma/lg wers given to growpe of 14 (femle 7 make 7), 14
7 mals 7) and 12 (fesmabe: 6, males 6) rats, respectively while control gromp

Mbeed 12 raty (femate. 6, made: 6). The starting welghts ranged from 76-101 g for

O female kud 90-121 g for the mal rals.

10 & cowperative srady wihh clorindions - duration 28 deys - esch dossge gromp

Comisted of 5 mal and 3 fomalo rats; one groop scrved as cobtrol W checked the

om0 purmeters and determined SOPT and alialioe phosphatase valoes.

The doags schemes locloded 54 77 wnd 135 myp/ks af flekdared and thise were

Sompured with the equimolar dosss of clorindiona, being 49 24.%, and 1225 my/ky,

Mortover In  limited comparetrre experiment we used 60 ats (welght rangs 90-120 g
for tha femal and 110-135 for the oaly rats) divided Into 3 groupe, which recotved
and phant vepe tn doses of 35 ma/kg for 10 days
Al the end of this period he dead antmals In each group were counted.
Tn the wbecate toxkchy experiments the following argams from all the animeh were
Whjccted to  gross and bistopathological etamintion, heart, hmgs, Hver splecn,
Micrees, genftala, stomach, itesting, thyrobd, thymas, oesophagm, traches, wrinary
biadder Kidoeys, acirenals, lymph podes and falimry slands,

Results
Acute toxicity rat oral routs
The acute oral LD50 was 198 me/kg (161-244) The acute onal LD10
w1 100 my/kg (73-160) More females than males died. Only & fow animals
died on the day of sdmigistration Mortality was highest on the 3rd day after
adminhtration. Nooc of the remaining rats died on the four Iaat days.

19/20 confidence limite.



428 C J VAN EEKEN ET AL

Acute toxidity rat intraperitoneal route

The acute intraperitoneal LD50 was 125 mg/kg (117-134)* The acete
Intraperitoneal LD10 was 113 mg/kg (103-124)* There was no difference o
mortality between males and femalex. Death occurred on the 1st and 2ud dry
after adminlstration.

Acute toxicity rabbit and dog oral route.

The acute orel LDSO in the rabbit was calculated at 123 mg/kg After
drug sdministration the antmals refused any food but otherwise they did not
sppear to have been affected by the test compound. The rabbits which &d
oot survive, died suddenty atways during the night.

Attempts to determine the scnte LS50 in the dog, failed. Doses wp to
2810 my/kg camsed no mortality slthongh the dogs vomited, refused food,
and defaccated blood-stained muens. The antmats were inactive and remained
lylng in the cage. All of them, however ktayed alive during the 7-dry
observation period.

Curnulative texiclty dog oral route,

The oral LD50 after admintstration for 4 tve days was 118 oy/ks-
Although mors promonnced, the foxicity pattern did not differ appreciably
from that found after the adminrstration of cne tingle dose. The dogs showed
1o convalsions or tremors but became drowsy refused food, sad lost 1 good
deal of blood. A mumber of dogs In thix series was antopsicd. A large wmom!
of blood was found in the intestine and colon all the organs were congested
but distinct aboormalities wero not encountered.

Subacute toxicity studies rat, oral route.
Inthommonh”_uakapabm:uommhnsnumﬂ:
distribution of the martallty over the vadous dose groups i3 given In tebk
The mortality course revealed that femaks died socner and fa great
momber than tho males. The following sigos were observed blindzeas, whit
ann,shdlawmdlrmgnhrtu;xmﬂmmdmkummm‘d:
limited number of mrvivar it proved Lmpossible to investigato whether
test compound had sffected the growth in the doses ghven.
Bbodwuxbowedmimnmmu(lnmnumenumwdmm
cﬂumhmlhmlmmlonfmm')mdlmuhdww“u
mmtmmmmmmumwm%h
incressed urea nitrogen level and of burr-shaped erythrocyies were
the highest dose groups 1n both sexes. On pathological examination # %77
mmlyhmnmbndn&ummﬂwmmmm"

19120 confidence Limits.
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Table 1
Mortallty in rats durieg two 4-woek cxperiments with
fluindarol.

Nomber of anlmaty that

Exp. Dosage did not warvive/
mgfig/day Number of animals
Femalo Make
108 10410 110
1 54 10410 &1
27 710 B
[} 0/10 w10
28 611 247
. 14 n o7
7 256 16
0 o5 o

subcitaneons theue and various orgam. The liver showed not only fod of
infilratlon but also fodd of parenchymal cell demage and parenchymal
Decrosly,

In the edditional experiment 14 rats died the distribution of mortality is
v In tablo 1 Again, there was a distinct difference in mortallty between
mmmmmotmmmmmammmmm
by the test compound. Macro- and 1 ions revealed pete-
chise on the plours in the rats of all the dose groups, and also n this respect
there was a clear differcnce: the mumber of petechise was higher in tho

Comparative study of fluindarol and clorindione.

Moctahity ocrurred in all the dose groups. After 12 drys all the rats
Teceiving the highest dose of fluindarol had died. None of the rats treated
'hh49mmddorlnd.bnumrvimdfurmmolhm24dzp.

In the next lower dose groups, 80 / of the fluindarol group did not
®rvive a 28-day period of administration while fn the samo perlod of time
1 equimolar doss of clorindione resulted in & martality of 70 /

In the lowest dose groups the percentages of survivors were 50 / for
both drugs (table 2)

It can be concluded that the rats treated with fluindarol died within a
shorter imo than the rats ghven clorindione.

In both the fluindarol and the clordndiooe groups the seme phenomena
were observed, vi boss of welght one or two days before death, Indications of
biindness, white ears and extremities, loss of blood from the pose and uri
mmpmmmmmmmmmw

T Auia pharsssstopes, vel W, fum &
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180 mg / occurred.
Thodlﬂermﬂn]countdwwedﬂ)eprumu!mynloﬂnm,mm

Smwmmmmoma,mdmmmmh
animals

Bxammcd,lheSGPdellhllmphmphnu:vﬂuamtdl
tmdmcymmcmpddlyh:lhadayxpmcedlu;dalh.mwlhnmﬂ“‘
mﬂnﬂrylnlﬂthedonmhmimpmﬁb]emdmmﬂm'bﬂhumh
hn,dlny:ﬂ'adongmwthnthemdolﬂnexpedmmt.

Anmimahmtmomi:dmdm}crmpianynlmlned.Hm&qﬂ
were found in the variovs argans of most rats, haemothorax was also fre
llw:m.lvoimﬂ'\red,Luumllverso(umax'.u:mml;wh}v:hlminotmr\rin'dﬂi\e
txpcr{mt.fodoln:croﬂsmfumnd.mpmenmo(lbaalod"ﬂ
distinetly dase-relnted. Incidence and Intensity were highest i the grous
treated with the latpest doses. The highest dotct -- expecially of Hundarol -
mmmwnmmmmwmmm clorindione
caused more liver necrusis than flutndarol,

Thymu haemorrhages were often found, tbough more frequently In tho
clorindions groups.

In the rats that had recefved the medium and lowest doscs of clorlodiont,
Jrire were observed. Noat of the above abrorms8-

pancreatic
ties were observed in the control animals.
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Limited comparative experiment

In the study of the oral taxicities of the three related compomnds phenin-
ono grven n doses of 35 mg/kg/day proved to be the least toxic, since none
of the snimals to which it had besn administered, dled. Clorindione was
l‘ﬂ-hlllnlOl‘A:dn:le(SCl/) and fluindarol caunsed the death of 8 animal
(40 /) durmg the period of study

Discassdon

It is woll established that small changes in the 2-phenyl-1,3-indandinne
phenin ) mok may have a p d effect on its toxic and pharma-
cological activities (MorIoEL & PULVER 1960 FONTATE ef al. 1967) Gen-
erally speaking, para substitution in the 2-phenyl group results fn compounds
um“mumﬂnndnpamm:nmpound(mel%n,thchalogm—
substituted destvatives being especially powerful ant lants (O Comvon
@ al. 1952, Kieser, 1968). The action of the p-bromo compotnd (bromindione)
for exemple, 13 1420 times as strong ss that of phenindiono Itself (STROREL
1562). Moreover in a number of cases tho toxicity of the substituted com
Pounds 5 reduced as campared with the parent compormd, so that effects of

seem to be very specific (ses alto Revx & STows 1968)

the pharmacological sctivity and low toxkity of pbenindions
tre well known (O’Coeevom ef al. 1952), this anticoagulant has been reported
B 5ot being entirely harmloss (MED. LETTER 1963). As is shown in table 3
e acute oral toxicity of fluindarc, which ! a highly sctive anticoagulant (at
aulﬁveudoﬂndhm),uh}gmthmthno(plmhﬁmuutdorh

It

The acute LD50 of fluindarol dished In our expert are abso lower
Table §
L350 values for and W3 and chloro
(1920 cont.
Compommd Species Rocte  LDSO ‘ahta) Ref.
Flaindaro] ... nbblt  eml 173
™ ol 198 (161 246
at Lp 25 (U1
Phanindbone . . nt oral 360 @M64M)  KovaBixerel
(1999
™t oral 173 Moman. &
PuLvin (1960)
™t oral 240 [eligls)
mowse oral 175 Marnon, &
Cloriadions ... .. ™ oel o (168-335) PLu'n(lJ
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than the valoes reported by KovALGiE e al. (1959) for the nitronsphitryl
derivative, and by ComRELL ef al (1952) for the 2-diphenylacetyl dervative.
T‘ummvsmaa!(l%ﬂﬂndledthatmudtyu”ﬁdcﬂnﬂvuofu-
indmdhmbutdadnotpubushthcmlufmlhemmaaqxntdy
Previous Investigators also found differences In the toxicity of anticongn
lants between male and female animals. Vengo (1959) found that on ad-
minhtretion of phenindione to mice fewer females than males dred. His
experiments with cesirated and hormone treated mics indicated that the
toxieity pattern of anticoagulants is distinctly affected by the sex hormones.
Our results also show a sex difference in rats, but in the opposite direction.
For this difference we have no explanation spart from the posshility of
specles-linked characteristics.

Although the literature affords comparatively littie information oa the
toxicity pattern produced by long-term intstratlon of 2 arylindandi

it is clear that the ideal anticoagulant has not been found in the indandione
wories. One of the major objections to oral anticoagulants is their lath
toxic effect. Fluindarol is not an exception and neither are the differently
substituted analogues although there wppear to be differences in degree
(Kovarctr et al 1959 KAmAT et al 1944} According to O Coraion (1952)
even phenindiono rtell, which s widely consddered to be a non-toxic snth-
coagulant is not devodd of cumulative toxicity

Tho existing diversity of opinion b further fllustrated by the following
dhscrep whereas the latlve toxicity of phenindione s regarded
1o be less than that of the oxycumaring - among which we also observed
cumulation (MULDER & Vax EEKEN wnpublhhed) some authorities do con-
sider that the phenylindandiones are more harmful than the oxycumariot
(Incuart 1961 MED, LeTTER 1963) According to Lasaana (1965) the sat-
coagulants of the phenindione type should certainly be regarded a3 being far
from hanmless it only becauss of their haemopoetic, renal and hepatic
toxicity

The mortality pattern i often taken a1 a messure of comulation, It &,
however uncertain whether this criterion b applicable in toxkcity expert
ments with antkcoagulants (MosnGEL & PULVER 1960) Many investiption
believe that two different criteria should bo applled the deaths doc to
haemorrhages (a) and wde cffects other than hacmorrhages (b) the latier
group determining the real taxicity In this respect thers is some difference
between our obecrvations regarding clorindione and fluindarol and the re-
sults of Jaques experiments (JAQUTS ef al. 1950) with phenindiooe In dops
end robbin lpnnfmummfmydcgmeﬁﬁmlnlhchmbuoﬂh::?:
Joops 1n the kidncy Jaques found no pathologic ““""“Mm
nrpnllnouxluvﬁdp!lunbothﬂuindudmdduftudfmc-ml

!
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the beemorrhages. Morcover fluindarol as well my clorindione induce hac
morrhages in the thymus, whereas sccording to Jagues the administration of
83 myjkg of phenindions on 48 comsecutlve days to dogs did not Induce
parely taxic effects.

A 6-week toriclty study with bromindione In guinea pigs (U S Vitamin
ed Phormaceutical Corp 1962)* s reported to have shown no other ab-
Dormalities but a significant increase in liver weight, whils on the other hand
fhe bromo derrvatives a1 a rule are more active than the chloro derivatives,
Hm:ntnthnphmﬂndiouamh,bfmnombmmﬂonmdwcmtommllh
 witler gafety margin than chloro substitution.

According to Kovardk et af (1956) the bromo and chloro derivatives of
2{1-naphthyf)-1, 3-indanthones are also less toxic tn the rat than the parent
compound.

The taxto pattern shown by fluindarol in cor serdes af experiments b, In
our opinton, at least partly attributable to the trfluoromethyl group. We have
wported elsewherc (vaN BExEN & MuLDer 1966) on the tomcity of other
compoxmds carrying this group

The problem which still remans bs the reason for the rather marked com-
vativo toxic effect which all phenindlone derivattves have in common. Buxss
& Desuonn (1968) ascribo this toxidty to the presencs of the modified
bemene ring in the compound, and the tide effects which MeNoN (1968)
eacomntered in his studies led him to come to a shmilar conclston.

Our sirrultaneons, comparative study with pheaindione and fieinderol and
clorindione thowed that at the same dose level the first compound i mark
edly bew lethal than the other two compoends.

These results, fn combination with the data in the litorature, cleadly
dicate that fluindarol should not be sdmitted for clinical trial They also
make it clear that in a toxicity fnvestigation on anticoagulants it is particn
larty Important to differentiate between the effects of the intrinsio pharma
cological properties — martality or patbological changes dne to haemorrhages
~ud the toxic effects on organs such ay the liver and kidneys.

Acknowledgoment
The authory thank Mr F Hamndrikmen, Mr L. G M. Kenter and Mr P
van der howast for their excell 1 in the expert

REFERENCES

Burme, Ch. & F B. Dasmond. fvity to dindevan (ph Report of 2
Cxm with review of the Merature. Now Zeakind Med. 7 1968, 57 283-291.

—_—
U L Vitsmmin and Pharpsaccutionl Corporstios: Ger L1304 May 30, 1962,
U X Applic. June 37 196D



434 C. T VAN EEKEN ET AL

Correll, J T L L. Coleman, §t. Long & R F Willy- Dipbenyiscetyt-1,-indandions »
a potent hypoprofhrombinemic agent. Proc. Soc. Exptl. Biol Med 1932, W,
199143,

Ecien, C. ] van & D Mulder Toucologial propertics of N ¥
(e, @, a-triflnoro-p-tolyl)-3 trydrochloride (BS 7I08) Arch, ar Pharme-
codyn 1966, 160 231-240.

Foutalne, L, M. Grand, D Malbo & E. Boschettl, Activité snth-tnflummatelre expkt
mentale do coumrines, Indane-diones et scyl-indane-dlones appercatées wex st
coagnlants ornux, Afed PAharmecol. Exprl. 1967 17 497 507

Tngram, G L C. Antlcosgulant therapy Pharmacol. Rev 1961, 13, 279328,

Jaques, L. B, B. Gardon & E Lipp* A new proth penk yfo
Can. Med Asioc. J 1950, €2, 465470 Ref. from Chem. Abstr 1951, 43, 768

Kabet, H, B. F Roblmsn and M. L Smith. Hypoprathrombinemia Indoced by s

of & 7 P 1944 50 160-T.

Klenel, G logen und embry Wirkung. 4 {forrch. 1968, I%,
653-661.

Rhonaldfk, V J Pechdf, ¥ Smidsko & V Ficherord. Zu den Elgroscinfica der nenct
Detivata der Indandionantikougnlantlen. Arch. Expil. Pathol Pharmakol. 1959 1%
283289

Komaltlk, V ] Valach, ] Pechdl & P Hrnttan Anticoagulant offect of new fadise
diaos derivatives. Ceskoslov Farmacol, 1956, 3, 391-395 Ref. from Chest. Aber
1960, 54, 112758

Langoa, L. The disensts drop camse In. Drug-educed dinneres, 2nd Sympodec
Boerhaavo conma for poxt-graduate medical Education, p. 1, 1965, Iot. Congr 5
no. 85, Excerpta Madfica Foundation, Amsterdam.

Litchfield, T T Jr & F Wikoton A simplificd method of evaluating dosc-cfiect
experiments. 7 Pharmecol. 1949 96 99-113

Med. Lettey 1963 6, 63,

Menon, L §.. Sldeeffects of phenindione. Brie. Med J 1968, T1, 622

Moatlgel, C. & . Pulvor (25766, ein Derivat des Phonylisdandions mit oo
botischer Wirng, Sckwel... Med. Wockenschr 1960, 94, 713-217

O‘Connoth.LG:.E.Tbanwm&LA_mm-mpcrknn'ﬁth""""

13 ek

dlons In scute myocardial Ouert Bell ¥ ¥
Uiy Med School 1952, 26, 193-196 Ref. from Chem. Abx us'z.nmwl"t
Renk, B & W G Stall. Oralo A Fortechr A iforsch. 1965,
226-385
MmLdemmmdeﬁwﬂﬁ
and pentobarbital (With an appendix on sequentisl toulclty teslag). Arch
5 Phermacodyn 1959 119 10-19
“Strobel E_. Kiinischs U her die o Aot oo
penen Antlkoagulam der Refbe oreck. 1962, 14 TI¥
Ta i, M. N. VT &vnwuwmnﬂmh;
A & der uod 1 derpdec Mitd. 2+

neoer
Inm. Med. 1965, 20 Ber (63) 328-329
Venbo, B, V  Plarmakoiogische Untarrochongen Fber die
nisten der syntbetiscren Anthosgutantien. Ann. Mod. Expel B
Seppl. 6, 1-76. -
Vigree, L. M. Ferther stodies of brocindioos, & newsr snticosgulant, Carr TA7
1967 9 32378,

Toatelilt wod dic AT
iol, Fona 1599 T



Acta pharmacol. et toxicol, 1970, 28 435444

From the Todeology Laboratorkes, AB Astra, Sddertills, and
Resewrch 1 AB Hinle, Gothcnbarg, Svoden

Renal Leslons Induced by o Methyltyrosine Methylester
and a Methyltyrosine

By

Glcon Magwessss, Hans Corrod] amd Exki] Flammon
(Reccived February 27 1970)

Abstract. The taxkity of o-methyliyrocne methyleder (H 44/6%) snd o-methyl
tyrosine (H 9/88) fn the rat was jovestiguted In  four week sobacote study Both
compoundh Induced renal bewsons with formation of calcull in the urinary tract.
The renal lodoss were manHested by deposition of tubalar crystals sesoclated
whh regressive ead inflammatory changr The main shas of crystal deponltion
were the coflecting tmbules xnd the papillary docts The cakeull consisted of
mettrytt; The thon {mdicates that b
etabolized in Lbe body to the Jom solobke a-methyttyrotine and that e-methy!
tyTostng b8 excreted throogh the kidneys. Crystak of e-medryltyrosine are formed
:o&mlmm_mmmwuhm;dmm superaturation of
wrine,

Kay-words Muthyltyroumas — todcdty

Metinytty and fs ¥ have the capecity to Inhibit tyrosine
bydraxylase (SpecTom ef ol. 1965 Werssaan & Koe 1965 Murmse 1965
Harsow 1565 Counont & MALMFORS 1966 ANDEN ¢f al. 1966) Duo to this
FDpunythoccmpo\mdllnwbwuusadumohmebelmdydthc

fympathetic nervous system.
However Mooke ef al. (1967) have shown that the taterpretation of the
results of some of the studics with ylty might be Deated by

the taxicity of the drug o-Methyltyrosine has been shown to indoce renal
damage in the rat (MOORE et &1 1567) and to produce erystalluria and uroll-
thisgls in the dog (BRGELMAX ef of 1968b). The pathogeneshs of tho renal
dlmplnthnnthnﬂtdmmw Hoox & Mooxs 1969)

pound has been shown to canse
hﬂmmm@wdilm
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The present & gation was conducted in order to elucidate whether e
mechapism of the renal leslons cavted by a-methyl-tyrosine (H 9/38) was of
the same nature as pr ly rated for 3-a~dimethyltyrosine methyl-

ester The effect of e-methyltyrosine methylester hydroclonde (H 44/68) v
also studied. This compound has the same pharmscological action a8 e-me-
thyltyroaine It 1, however easily water soluble and it way therefore of fn-
terest to see whether thi property would change the renal toxidty of ibe
drug.

Material ead Methods

A total of 35 approvimately two month old male rats of the Bpragoe-Davwlcy Kl
wore wed In the experiments. The animabs wers given food and water 08 Eblem The
rats wore divided loto seven groups, each covsistiey of fivo animly Deta oo e
dilferent groops and treatments are given in table 1 q-Molhyltyrosine and a-oeth
tyrotine meihylester HCl wers sopplied by the Resexrch Laboratories, AB Hhule,
Gotb Swoden, cine wes cugpended in 3 per ceot methryl cellaione
» concentration of 200 mg/ml azd g-methylfyrostne methylester HC was dimolved i
dhtilled water to  concentration of 200 mg/ml.

“The rats were treated onoe & day for four weskn The conrpounds ero ahwin g
by gavage During the experiment tho raty wers obeerved daily for any clinical wys

taken for examination of blood trea-nitrogen (UN Test® Hylind Div Travesdl Lsbo-
ratories, Inc, Los Angeles, Callfornia, U B.A) At the end of the experiment o 180
were sacrificed. Autoprics wers perfarmed on all the rats, fncleding thoso which &icd,
and the kidocys were examined

Semples of the Kidneys were fixed In 10 X formalin solutfon, and fn Bowiss &4
Camoy® fixative fluid Paraffin embedded sectiom were sisined with hematoyin
mdcodn.nnulammdpcﬂodlcu‘d&hﬂﬁmxm&(?&ﬁun:cdﬂu"“
salned with Sudan IIT for cxaminathon of fat.

Idmuﬂuﬂmo!a—mﬂhﬂwmdmhlh.mmnlmﬁmpu{umdnfmd

The cakeull were diootved i the Ieast possible amognt of 1 N-HCL The smisd
was precipitated by smaterated sodinm acetato solntion. The amboo acid was
washed with water and dried Identification was done by meam of the IRaps™™>
(tn KBr) which was ldentical with thet of authentic dI Tho g
Point was > 250 with deconporttion sixl there was no depresion of the mekizg PO
aftex mixture with the  uthantic substance.

Rexult

Clindcal signs

Ax.mmlwﬂdmummﬂmwﬁmmﬂﬂ””"
mememm-mwmgmpmmd-mtm:"
condstion with ploerection. A total of fourteen rats died of were killed
moﬂbundmedudngt}m:xpcdmmolltnmlmabm&m‘ﬂ’
methylexter four rats died within 5-14 days aftey treatment wimﬁmmﬂm"
mmﬁwmmwummmﬂmmzﬁmmm?m
five rats given 1000 mg/kg of o-methyltyrosine died within 13-2
(table 1)
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Table 1

Foar week sbacats toxicty stodfes In rats with o-methyltyrosine mathylester (H 44/68)
and a-methyltyrosios (H 9/89).

Groep Concentration  Number of
maner Treatment (o o wofutlon  days of
(mg/mD) treatment

1 No trestrent Control b

2 o-methyltyrosine methylester® 200 200 28

3 600 200 928

4 1000 200 7

5 e-mathyltyromne® 200 200 28

3 &0 200 p: ]

7 1000 200 1321

«atiyhtyroxine methybester was dissotved fn water
™ wmethyftyrodns was suspended i 2 X methyl celfulose.

m"“’“’)’bﬂuﬁm}a‘u

An increase in the urea-nitrogen of the blood serum was demomstrated In
tres gronps, 600 my/kg and 1000 mg/Kg of a-methyltyroeine methylester and
1000 mg/kg of a-mothyltyrosine (fg. 1). Tho kightst values wero about 240
23/100 ml and thess occmred following a doso of 1000 mg/kg of a-methyl
tyroxine methylester

Gy, . — comtw
= methylty ce m thyl ¢t $00ng/hg
o 1000 mg/kg
w0 » -methyltyr me 1000 mg/ky
k-
m
1w hd .
L
g
oo
0 LN
w
L]
0 ¢ . - .
£ — 4  § .

week

1 z 3 ¢
Conceatratson of mrs-nltrogen [n blood serom (BUN) of rats after
:,} i and wine. A3 rule, each pol
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Table 2

Kidney weights in rats aftey admt of hyttyrosd »d
tyrosine,
Kidney weight
Percent Numberof
“Treatment of Mesnweigit o body TE WS

valoe)
No trestment Control 5 236 (243-275) 0B [
a-methyltyrogine methylester 200 5 237 (130-249) 064 0
600 5 241 (L18-2X3) 083 H
1000 5 156 (2.26-359) 100 5
a-rethyltyrosine 200 s 240 (210-280) 0.76 L3
600 5 242 (200-276) 074 K
1000 3 23 (217279 092 5
Gross pathology

Pathological changes In the kidnevs were observed In all rats trewted with
600 and 1000 mg/kg of a-methyltyrosine methylester and with 1000 my/kg of
a-methyltyrosine. The kidneys were enlarged (table 2) had a pale colour #
somewhat firm consistency and a fine gramular surfece. The cut surface of
the kidneys was motst and showed white focl about 0.5 mm in size. Thexe
white foci were more numerous in the medulla than in the cortex.

White round or irregularly shaped firm calcull up to § mm ln s were
obscrved in the renal pelvis, ureters andjor urinery bladder (flg. 2). Sock
calculi occurred after treatment with a-methyltyrotios methylester kn foer

- -
Plg. 2 Urinary calcall bn » rat aher sdminhtration of s-cwthylryrosiss for 2 &7
Magnification X 5
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s given 600 my/kg and in two rats gven 1000 mg/kg- after treatment with
emxthyltyrosine caleuli were found in one mt given 600 mgfkg and In five
s ghven 1000 mg/kg. A uracmic gastro-enteritis was observed In those rats
which died,

Microscopic pathology

Letlons of the kidneys were observed in all the rats given 600 and 1000
mg/ky of a-methyltyrosme methylester and in two rats given 600 mg/kg of
¢ and in all tho raty glven 1000 mg/kg of a-methyltyrosine
(tebls 2). In the other treated and contral antmals the Kdneys showed a

normal picture. The renal lesian had the same appearance in all the rats.
The renal tubules coatalned crystals of varions sizes. Tho crystals wers
concentrated 1n the collecting tubules end pepillary ducts (fig. 3) They were
rand or oval in shape and had & bomogenous or somewhst fllamentom
Patietn. The edges of the crystals had a rmooth sppearance. Several tubular
hlm:mmocchdedbythem—ptxk(ﬁg.d) The crystals were eosinophitic
®d showed a PAS-poritive reaction. Proximal to the crystals Bowmans
$pacey wers colarged end the renal tobules were dilated with flattening of
the epitheltum (fig. 5) The eplthclium of the I co d tabules
1 slight or moderate fine droplet fatty change The tubular epithellom

m;w;mmhmmdmmmmh 2t afta”
of 1000 me/kg of e-methyltyromne mathylester for seven
wrylin and eosla. Magsification X 100. rd
4
o



440 GORAN MAGNUSSON ET Al

epithalinm, und cast {a the tnbuley of the repal papilia in & rat after ol adminkstration
of 1000 my/ky of g-methyityrodne methylester for seven days. Haematotyfin and cosa.
Magnification X .50

displayed necroblotic nuclear changes and necrosh. The lumens contained
granulocytes, desquamated epithelium, and necrotic cells, forming casty (g
6) The crystals wers surrounded by Inflammatory cells. In the interstitial
tissue there were inflammatory changes with inflitration of granvlocyits
lymphocytes, and histiocytes (fg. 7)- A slight interstitfal ffbrosis was preseat.

The leslons of the kidnevs were found in both the medulla and the cortzt.
The changes wets, however much more sovere in the medulla, above ol ia
the renal papilla, than in the cortex. The lestons had a focal distribation ie
the cortex and an almost diffuso distribution In the renal papilla The a-
terations In the papilla were most evident Jo the rats which died within
fourteen days after the start of the experiment. In the teo rats given 600
mg/kg of o-methyltyrosine the renal damage was slight. In the other rats the
changes wero contldered to be of & moderate or severe degree.

Chemnlicd Investigations.
The urinary stones d of hyltyrosine after ent with both
a-methyltyroslne and a-methyltyrosine methylester HQ
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H‘»lmhﬁoudhuﬂmksm mt Lidasy after anl sdministmtion of 1000 mg/kg
and eosin

o vauthyliyrosine methylester for weven days
X 40

Discomalon

Stodies of the metabolic fate of orally administered a-methyltyrosine in

and man bas shown that it i excreted mainly unchanged. In man less
tan 1 / of the admmistered drug could be recovered in the urne as catechol
metaboldes (EnaELuAN e1 ol 19682)

The maln factor fmvolved in the renal handling of a-mathyltyrosine i rats
e glomerular filtration and reabsorption (Hook & Moome 1969) In the
Present inveatigation the otu 1 ma of
the urinary catculi confirms the cxcretion of a-methyltyrosine via the kidnays.
The present study also shows that o-methyltyrosins is the main component tn
the wrinary calculi after wd ion of 7l

The gross and microscopic examinations rovealed that a-methyl-tyrosine
cames Injury to the Kdneys with formation of calcull in the urinary trwct.
The damnage was characterired by deposition of crystals in the renal tubules,
alieratlons in the tubalar epithclium and inflammatory changes. The renal
changes should be imerpreted ws & primary tubular lesion. The deposttlon of
cTystals way concentrated to the collecting tubules and peplilary ducts, The:
Predilection for this site of precipitation could be related to .. -
of ine doe 1o the iy of the urine™

o~
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2 ,{. J
Ersud
Fig. 6. Occanonal crystals and nomerous carts tn dilated tubuies

 rat after ol administration of 1000 my/kg of a-methyliyrosine for 21 days. Hac
toxylin and cosin. MaynHxcatoa X 100.

tubules. The frequency of renal leaons wax very timilar between rats tresied
with a-methyltyrosine and its methylester It b therefore likely that e
hydrolnhohhchucrcompomrdton—mcthyltymimhlnp{dmddw

process.
The dilatation of tho renal tubules and the enlargement of the kKidoeys &t
hxplalncdhynn:ﬂ:otdmuﬂnoﬂcwdmlomocduﬂmulmew
lmmwmmmwmmmmmmw
e to mn Inufflcent fltration in the glomerali which Ly reflected by &
Incresse 1n the bood urca-nltrogen. The cams of death b a unemit, £
mdicated by the bigh vaiues of urea-pitragen and by the ocemrence of
uraemic gastro-enteritis.
m;mmmdmmmemcodum-nmngmmmmmwm
hpmbablydnew-nhn;ulummlnukalthmwdmln
In which deposits of cakuli in the renal tubules coeur » great water ioul®
decreases the precipitation of crystals and the values of blood sre-aitoFe?
(Moomr et a 1967 meﬂud.lmwmﬂd}urdshlm“"db
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Flo 7 Chrode tntersthial taflammatory changes of the reval cortex In & rat after oral
sminnation of 600 my/kg of h for 28 days. y

the treatment of wrolithasts, ¢ g o cystimurla (Hammmarus & Bosrefu

Deposits of amry crystals can display different locations in the renal tubules.
The closely related compound 3 e-dimethyltyroaine as well g1 sulpt i
form calcoli in the collecting tbutes and papillary ducts in & menner timilar
9 a-metiryltyroslne (Magussow ef of. 1968 Surm & Jones 1961) Caldum
Talate arystabs due to intoxication with ethryleoe glycol, are an example of
deporits mainty Jocated in the proximal rensl tubules (Iwsson & Ruraxri
1967 RoeExrs & SEzRoLD 1969).
Kidney ledom wero demonstrated by MOORE er ol (1967) in taxicity
Stodies with g-methyltyrosine, As pomible causes of the renal lesions Moone
€ ol (1967) considered mechamical damage to the epitheltum, effects on the
<l during reabsorption or sccretion, snd changes in the renal blood flow
In the present investigation the depoaits of crystah occlnding the tubuler
lumens wers restricted to tho renal medulla and papilla. In these parts of the
Hdneyy the urine i most saturated. The mott scvero kestons also appeared
I these areas of the kidneys. Thus thess conditions suggest that the mo-
chanical damage by the crystals bs the most cssential factor in the pathx. ”
frnosls of the renal kalon by a-methylyrosine.
Nomhn:ya!mﬂmohcncdlnthoﬂndubyldocn:nd(l

o
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contrast to the present study MOORE et al (1967) edministered 200 and 300
mg/kg intraperitoncally to rats by single {njections while the present study bs
concermned with repeated adminirtrahon of much higher oral doses. In dogs
crystalluria and urolithiasis have been observed after the sdministration of
e-methyltyrosine in doscs as small a3 S0 mgfkg/day However no evidenco
of urolithiasis has been found in patients recelving up to 4 g a day and fn
contrast to human subjects, dogs that developed evidence of crystalluria and
stoaes ate and drank poorly (ENGELLAN ef al. 1968b). The in vitro sotublity
of e-methyltyrosine m agueous solotion i3 very low and it is therefore evident
that the formation of calculi must be reluted to dose kevels and wader intake.
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Stereospectficity of the Enzrymatic Blotramformation
of the Enantiomers of Prilocaine (Cltanest®)

BY

B. Akerman sad 5. Ross
(Recetved March 19 1970)

Absracr No differences bave been fonnd between D-(—)- L{+) and DL{(#)-
Prilocalne (cHtancet®) with regard to Istrwrenons LD30 In mice, nor have any
Alerences been found between the D{—)- and L{+)-forms on sabeutancons
trjoction. Compared to L{+}gmlocame, D{—)prilocalne was lem todk on
iatrevenons Infeion (mice, 0.13-0 30 ma/min) and had lew commistive efect in
abbits 20 mg/kg each 15 mun.). The plamna concentrations (cats) af the D-{(—)-
form (25 mpAg intravenously) were lower than thoss of the L{-+)form and
more o-tnlokdme, cas of the metabolites of prilocking, was detected in the bood
?&mmmmmu-mnmmm
Il by liver homogemtes, ticts (mics, rabbity, cats) and lsbated microtomes
{rabbits) D(—)-prilocaine had the highest afftmty for the enzyme(s) Thus, &
sufeant stervompenificity of the hydrolyzing emrymes in thelr resction with the
mdmm“lmmmmdmmobmnd'ﬂch
tonld enggert snbetrttion of the ocal by etther of ks
optical momer

Keywords: Anashetics, local ~ metabollen  optical somwers — pellocalne.

Recently there has been & growng interest In the relativo effects of the

Y
regard to their local smacsthetic properties (AKEIMAN ef ol 1967 Luborna
1969 Apire & af 1969). In addition to having practical conscquencrs, such
findings may akso throw some light 0a the complexity of factors determinin
ocal ansesthetic potency The results of studies on enantlomers of splrc
cinlmides (AXFRMAN ef ol. 1969 AXERMAN & SOLOLL 1969) are even”
interesting from a theoretical paint of view since they fodicats «r
of sensitivity %o steric factors in the actazl blocking mechanitm,

T Asts pheremsbeghu, vl 32, L. ¢



444 GORAN MAGNUSSON ET AL

contrast to the present study MOORE et &, (1967) administered 200 and 300
mg/kg intraperitoneally to rats by single injections while the present study b
comcorred with repeated administration of much higher oral doees. In dogs
crystalluria and urclithinsis have been obterved after the administratica of
e-methyltyrosine in doses as xmall &2 50 mg/kg/day However no evidence
of urolithians has been found in patients recelvingup to 4 g a day md o
contrast to human subjects, dogs that developed evidence of orystalluria md
stones ate and drank poorly (ENGELMAN et al 1968b) The in vitro solubiflly
of a-methyltyrosine 1n aqueous solution is very low and it is therefore evident
that the formation of calculi must be related to dose Jevels and water intake.
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Stereospecificity of the Enzymatic Blotransformation
of the Enantiomers of Prilocaine (Cltanest®)
By

B. ALermu aad 8. Rem
(Received March 19 1970)

Aburact- No differences have bean found between D{—)- L{+}- and DL}~
pellocalne (clianest®) with regard Lo ftravenous LDS0s In mice, nor have any

Infection. Compared to L{-+)-prilocatne, D{—)pniocaine wea lens toxk oa
Intravenous fnfoaloa (mice, 0.12-0 %0 mg/mm) and had les comniative affect in
Tablits (20 mg/ky each 15 min). The plaxne concentrations (cats) of tha D(—)-
form (25 mg/iy Intravenously) were lower than thoss of the L(+)omm and
mare o-tolubdine, one of the metabolites of prilocaine, was dotected fn the blood.
D (~)qmilocaine also produced methaemoglobinaemis st & mare rapid rate. The
Cqlabeied emanty of Ine were d at drftorent
Tim by fiver homogwoates, alices (mice, mbhity, cats) and eolated microsomes
(rabbits) D(—)prilocaine bad tha highest affinfty for tha earyme(s). Thus, &
Saaificant eereonpectficity of tho bydrolyxing enaymes in their resctson with the
uxtiomers of prijocaine was foand. However no evidence wes obtaboed which
comld ruggest of the local by efther af its
Optical Jeomars.,

Kerwordr A local - optical somers  palocaie,

Recently thero has been a growing intereat in the relativo cffects of the
Samtiomers of local aneesthotic drugs. Evidence has been produced, showing
nmﬂlﬂmmﬂanmcl:mlnoocyhnﬂldmmxydlwrgodgnlﬁmnﬂywﬂh
gard to their local snaesthetic properties (AKERMAN of al. 1967 LuDuza
1969 Arum et of 1969). In sdditon to having practical consequences, such

mxy also throw some light on the complexity of factors determining
aanesthetic potency The results of stodles on cnantiomers of spirosuc
cloimides (Axmoun er of 1969 AxTmaan £ SoxoLL 1969) are oven more §
{rom a theoretical point of view since they indicate some degréy

o temitivity 1o sterle factors In the sctusl blocking mechanhm. As far ag

B Acs pcmassiogn, vol 1, thes §
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wo know there are no reports on the biotramformation of optical omers
of local ansesthetics. We therefore decided to study the acute toxicty ad
metaboliam of the D(—)- and L(+)-forms of prilocaine (a-propylamino2
methylpropionanilide, citanest®) as pared to DL~ )-prilocain

Material and Methods

The intravencos snd yubcutaneons LD3D valoes bn mals albino mice (18-22 §) went
determined by injecting 03 X and 20 X solntions (sline pH 6.9) jato the til vt
aad Into the buck retpectively The method of Murre & TanmEr (1944-45) wse oo
ployed in cafonlating the 1150 valuew Groups of 10 animaly were weed for cach dom.
The concentratlons and doses In this and following experiments refer Lo the bpdo-
chlotide.
The intavenouns toxicty at different mtey of Infuson was also stodfied Jo xict.
05 % aclutions (pH 65) wero given Luto the il yeun via & plastic catheter conneciad
1o 10 ml syringe driven by a Brana constant rats infusion pump.
In  third series of experiments, rabblts were given fnfections Lestiag 30 sec. fofe
the marpimal car vein cvery 15 min, (AsTronc & PeRssoN 196T). Each anbal weded
QWmmdmnWmtha!mutmimmﬂﬂn-&
Thndnnuonoflhclo.dtharl;hﬂmnﬂumhmu-mdlhuﬁ"
The methsemoglobin farmation and the plaso coocentration of the conpomsd
wern etciod following hntravenous knjections tnto healthy cata of both sete 35-3 3kak
The cats were 4 with pentob sodinm tum NFN), 2 me'ts
In the meth hin stodies 20X solotioms (pH 687D &F
piven at a rata of A1 ml/min. Into the femond vel by mens of - Palmer siow ket
up o § hoors sr
mtdmmuummmmmdmwﬁ‘*
Wmﬂu(ummmwmmmruw
according 10 1ho mothod of EVELYN & MiLLoY (1938). For the amiysia of the plomt
mﬂmﬁommﬁmﬁmﬂ;dmmmmm
Blmebboiﬂmmwm-wammﬂm-ﬂqwmw;:
chromatographic analysh (BVINAUFVUD #f al. 1965). The amount of o-toloidint
was estimated n two caty.
mmuwmmmmmmmm::
! coagtiomens (Taran & Wiinun 1961 Tée & Dosaw 1962) wes oed £ 70
studies of the bh The to degr h—u(ﬂxcmwﬂ'*d
determived by extracung the bomogenized and alfalized tsow with Rbephaon
mmmwhmwmwmdlwwmd
mmmmmc-mm;.dmuuxwmm
001 % P-bif2-{phenylovarotyD}-benzcoo (POPOR) In tolucne s selsilision B )
remits i the eviraction of prflocaine futo the heptane, bot e VR E L
wsmino sckd (N-propylalanine) formed by the bydrolyrisg enymes ropehs
aqueon wiuthon (A ¢ L 19650)-
"The hdrolys of (he epsatomen ad the raocmalo by Lve ooyt 58]
s ned a8 described 1 iy foc (AKERUN
Tiver was bomogeatesd In 10 voloroes wiv) of 005 N Ted baffer I 65
thon mixture conehtad of 05 mi of the homogensta ad 04 amoles

]
Tt

{
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coxmpoond b 05 ml distllled water Wih regard to the slices, 250 mg In 3 ml of
Kmbﬂmdduhﬂu(pﬂ7l)cwnhﬂu01%ducwmlncubu:ﬂvﬂhm
wmoles of the 14Clabelled agemte The | ma bol
suker at 37° mm}mmmcdbymllddﬂlmofwmldloxnkhlur
etle ackd (TCA) and the elices were homogenized [n the Incubation medium. The
wllafinized bomogenate was oxtracted with 20 mi of beptane and the radioctivity
wewrred 11 described above.

Microsomes of rabbit lhrer wers b0] ted by differentia] centrifogation. The bomo-
Fmats cootaloed {n 10 volames f 025 M socroso was ceatrifuged at 25000 X g for
2 min. The sopernatant liquid was then centrifoged at 105000 X g for 90 min. The
Pellet was resorpended in 025 M socrose. Ds fon of the
of HCprilocaine and My optical bomers at pH 83 (Trh buffer) by th  microsoms
fraction was performed s described abore for the bamogesate.

Reslts

The intravencus LDS0 valucs (mics) were. DL~(*)-prilocaine 37 %
13 mg/kg, D(—)-prilocaine 39 % 1.3 mg/kg and L-{+)-prilocaine 40 + 17
mg/kg. The mbartancoms valoes were 360 + 14 and 380 £ 24 mg/kg for
the D~ ) and LA+ )-forms ctively Thus the i and race
mudprﬂommsd}dmdlﬂu’dgnlﬂcmﬂymdingﬂnhmm
LDS0¢ por did D(—)-plocaine differ from L+)-prlocsine on smbeu-
teneous admintstration. As indicated in fig. 1 the durabon of a toxic sign
(lows of the righting reflex) increased on repeated lntravenous injections of

tle

of less ot the right ng

Ly

o 1) to No
Fs. 1 Cnmuhﬂwtuﬂcﬂyhnbbﬂl.bunﬂm(—ﬁ)o(bu rigbiing reflex

folioaring repested dow lotravences Infections (20 my/kp) each of 15 min. Interval.
Open bars = D-{(—Heilocaine wnd bisck bars = L{+}procatne. -

ato
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Table 1
Mice, Lethal doses d for the L of prllocaipe at different rsy of
Intrayenons {nfusion. 02 X sofutions. n =~ 10 N S = not slgniflcant
Lethal dowo, mafky
Compomnd Infurdon rate, ma/min.
012 e | o P [ |
D (~»

prilocaine 357 £20 1“1

mztn
001> P> 0001 008> P> 001
L=

priloceine 252113 144 L5 1nyt4

Stgnificance of differvoces accordmg to Wileoton rank test (Sarnacom & Cocrux
1567

both enantiomers However the cumnlative effect of L-(+)-prilocame ¥
more pronoanced than that of the D-(—)-form. The intravenous toxidty o
the ensntiomers was also studied wsing coastant ratea of hnfusion. Table 1
shows that the D-(~).form became significantly lew toxc tn L{(*}
prilocaine on decreasing the rate of infosion.

The plasma concentrations of D-(—)-prilocaine were lower than thos
of LA{+}prilocaine after intravenowm infusion into cats (fig 2) T

H

a—x D-() p locaine
—s L {)

plasma, pgimi
Cl

Amount
-

oo
F&Lﬁmmmhmmwww&f’:
were sdminhiered jntravenowly over & period of 13 min. (8
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tmotmts of both enantiamers detected m the plaama docreased rapidly after
tmmmation of the infusion, D-{—)-prilocaine could not be detected n the
50 min. samples. The cofresponding time for the L(+)>form was about
80 mm. Previows studles (AKERMAN et al. 1966a) have indicated that prilo~
catoe b rapidly bolized and split ically at the amide bond. On
tnalyring the plasma samples from two of the cats, the amount of o-toluidine
roee to 9.9 yg/ml plaxma (15 min. samples) following treatment with D~(— )
prilocame The carrespoading peak valoe following treatment with the L-(+)}
form wes 7 0 pg/ml (15 min samples) No o-toluidine was detected in the 90
min and 120 min. samples, respectively

Evidence has been produced that the lobmaamis observed after
bngh doses of racemic prilocaine (Furnsani ef ol 1964 Hiruu & Bormpant.
1965) Is associnted with the formation of metabalites subsequent to hydrolysis
of the amide bond (AxEmuan ef o 1966b) As thown In fig. 3 both D-(—)-
204 L+ }-prilocains produced methaemoglobin in catz.

The rafr of methacmoghobln focmation following injectian of the D{—)-
form was significantly mare rapid than with the L<{+)-form. Peak levels
wore thios resched later after injecting L+ )-prilocalne (after abemt 3 hr)
& compared to the D{(—)form (aboat 1 hr) bat thore wis no statistically
tgnificant difference in the maximal level of mett {nsemia. The
s of rise of methaemoglobin level in the blood obscrved with the ricemats
was between that of the two enantiomern.

wha, haurs
Flg 3 Formaton of methssmogiobls fa can, eprasscd &3 perventage of the

eoglobm "ﬁ‘db.(—).mloclh(-l').u'f')-ﬂ‘ﬂmm-
Dutwih.( = 7) were given fa 20 X schaiions t & rate of 0.1
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Flg. 4. Enxymatio frydrlysis of 14C-labelled prilocaine and the emmnitomers by homoo-

geuates, lices and microsome fraction of rabhit fiver The eoncentration of compoand

In the incubation mixture wex 400 pmales per ml for the homogesats and the micro-

somo fraction and for slices 133 umokes per ml. The amormt of Ttver tsewo wae 30 of

and 250 mg for the and slices irely The were peoparrd
from 50 mg Tiver tiwoe.

The findings of the in Wvo studies indicated & differsncs in tho mte of
metabolism of the enantomers of prilocaine Subsequent i vitro experizents
demonstrated that D(—)- and L+ )-prilocaine were hydrolysed by home-
genates, slices and holated microsomes of liver at significantly different reics
(6% 4). The mte of hydrolyxis incressed i the order L{-+)-form, reemate
and D{—)}form. Liver from rabbits was more sctive than liver from oty
and mice. Tho soluble traction after high speed centrifugation of liver homo-
genate was withoat any hydrolyzing sctivity The enzymes responsfble for &

Jlxydml)'!hOfprﬂocaineundthncnmuon:r.rsw:rnthnuloatudexdnﬂ'ﬂ!
1 the microsoms fraction and showred a high selectivity for the D-(— Mo
Tbemjmmuﬂedmhydmlmmmmzowwud'}":
amount of the L-{+)-enantiomer preseat in the Imcubatian mixture Tb;fm

optimum of the resction was about 8.5-9.0 (6. 5) SKF 525 A (1 -
nbibited the enzymatic hydrolyais of L-(+ )-prilocatae by 53 per cent altet
mhauonﬁmeotlbuﬂnmmmwndhglnwwdlhcmm

D ~)-prilocaine was 22 per cent. Tho L-{+)-form was thos affected

than the D-(—)-form.
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g

/-—-«o()
50~ /
L)

75 0085 $.0
pH

Compound hydrolysed, mumoles

Pie. 5. pH depandence of the dysis of D{~} and L+ )-prilocaton by
the pricrosome fraction of rabbit Lver The Incubation time wae 5 min.

Disersdon

1o this sndy the enantiomers and the racemic form of the local anacsthe
G peilocaine (cltanest®) were found to bave similar intravenows LDSO
"oy and they did not differ In toxicity on rapid Intravenom infusion into
mina-At‘-kmt:nm:!.nicuul:-ctvm:]tmr:lv.:lty expressed a3 ntravenous LD50
Yoes, and wetivity at excitation block in witro has beeu demonstrated for
Sxmpounds n the series of ammoeacylanilides to winch prilocatne beloags
(Axexsan et ol 19662, Axreuax e ol unpublished). The enantlomens of
Ftﬂnnhuhxmthnnmﬂhlocﬂn;cﬂmmuul-mdm(mmad
1967). 1t b thercfore Ifkely that the Iack of differenco between tho enantio-
ert and the racemats in the above mentionsd tests ts mainly related to sn
Mentieal intrinaic toxie action on the central norvous system. On the othee
tnd D( ) prilocaine had a kower cumlattve toxiclty than the L-(+)-form
d became leas toxsc at slower ntravenous infuston rates, Furthermore
D‘(‘)‘Fﬂocllmrtachcdmplmcummmd]!odncedm

at a more mapld rate than L-(+)-pdiocalne. These dif
ferences between the enamtiomers may bo explained by mequal rates of
blotranstormation.

The metabolism of prilocaine in vvo scems o result chiefly in hydrotysts
® thy amide linkage (Grooes 1965 AXEAMAN et of 19662). The enryms
activity of the Tiver which may be mainly respoasible for the hydrolysts
B2 vivo mloamdwduﬁwlyln‘h“ﬂﬂmm”(lfmﬁhhdunm
PH-dependency as that found by HoLruware the hydrolysts of
Moncethylglycine xylidide and thus these (%o fractions aro probably iden-
tkal, One or more corymes may be lnvolved 1o attempt hay been mads to
chixidate this problem. Tho sigalficantly faster hydrotysls of D(—)-prito-



452 B. AKERMAN AND & ROSS

ulnefoundtnvinvhh:mcordamewﬂhtbcnbsanﬁmofamommp&d
hydrotysis in vive

Comparison of the local anaesthetic effect of L-{+)-prilocaine and D-(—)-
prﬂocalnctuvamu:minmmnhind}amummhmcfhuuuockhg
effect in lower concentrations and is more long-acting an Injectson of solu-
twons of equal strength (AXERMAN et @l 1967) Evidence was produced that
this differcnce is related to a better [ocalization of the L-(+ }-form at the st
of application. A eimilar explanation has been proposed for the longer durn-
tions of (—)-bupivacaine and (+)-meptvacaine as compared to their enantio-
mers (LUDUENA 1969). Smee D-(—)-prilocaine was metabolized more rapidly
one would have expected it to be lem toxic than L{+)-prilocaine on mb-
cutancous administration. However the emantiomers did not differ signifi-
cantly in this respect. This may bo becauss the differences tn the rates of
motabolism are too small to bo evident in this type of test s well a1 o rapid
intravenous injection. A contributing factor may also be that the effect of &

hat mare rupld breakdown of D-(~)-prilocaine fs compemated by this
form belng mors quickly absorbed than the L~{+)-form according to the
investigations mentioned above Since the enantiomers of prilocaine, like the
recemic form, appear to be metabolired mainly in the [ver 1t doea not sces
particularly credfble thet, for example the somewhat better local anpesthetic
effect of L-{+}-prilocaine on local spplication can be related to & somewbat
slower rate of destruction as compared to the D-{(—)}-{form.

Even if the L+)-form of prilocaine has proved to be a slightly mer®
potent Jocal anacsthetic than tho D-{—)-form the differences as compared
with the racemate &1 not significant (unpublished results) These findinps
and the lack of anv real dlfferences in toxiclty and methaemoglobin form-
tion betwreen cither of the enantiomers and the racemate indicate that there
would be no advantags in substitating prilocains (cltanet®) by the L{*}
form or still kess by the D-(—)}orm.

Staeospedﬂmyhunmbcenfouodfmthopaindmmdammrdcmd
to above fo ticir reaction with sltea fn the cxeblo membrane smocated
with block. Imstead the differences in the Iocal ansesthetic cffect coufd &

;,mmtommmmmamwwmﬁ
However findings with enantiomers of other types of compound indicate
steric interaction of the drug with the e of sction & of some sgnificsnce &
the excitation block (AXERMAN et al. 1967 Canouars ef al. 1967 Scdeed
FROER et al. 1967 AKmuun et af W}Smﬂchaonmyﬁmm“"‘“;
local anacstbedla both at the its of action and by Indireet mechaisz=.
order t0 explain any dinermmnmigmbcroundmzhclocﬂw“""*m
effect between enantiomen, onc has thereforo to study moro than ox¢ %

wﬂwwmmemmrmmfor(hhhthndneﬁmﬂmg"
different systems will very likely vary with the type of compound
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Effects of Tetraetiylthinram Disulphide (Disnifiram),
Diethyidithfocarbamate and Ethanol on Factors of the Kinfa
System in Homan Blood
By

Amos Marls Vemnerid
(Recetved Apxdl 16, 1970)

Abstract T y and
were tested for kinknasefnhibiting effect (i vitro exporimants). Disolftam wes
found 4G be u potent inhibitor of homan enythrocyts kintnese (Inhibtion cbisiacd
at 25 pg/ml incubsilon mixturs), but §t did pot Inhibit human pltacs Kinisest
(n concontrations up to 200 pg/ml) Dictiryldithiocarbamate wes a potent -
hibitac of plasna Kinimaso (inhfbition obtafnod &t 25-50 pgfmi), bot kad & weaker
effect on erythrocyte kininase (100-200 pg/ml being required for babibhioa).
Ethanol in the concentration range 5-10 X (w/v) was fousd o reloaso infa ka
human citrated plesma sabilized with EDTA Ta, 4 o per ml T misor coc-
ceatrations (054 X (w/Y) wero tosted) ethanol potostiated the kinfo-ralcatiog
affoct of ellagic acid. Comparative determinations werc mads of kiniees, pre-

total kinf ' fractions, and the rate of reseasa of ksl
in the plasma from 3 makes on dholfirm-treatmant (dally does 02 f) asd w0
from umireated maler The results did Dot show any differences betwees it
twa groupe.

Key-words: Drulfiram — ethano! - kdnin — kininsse,

In 1948, HALp et of mmmmﬂmmmmmdcﬁwz
nﬂmhnﬂmbuadmlbeobaernuonmnmmmdmdw
mmmmmmmmwwﬁ
(dimulfim-cthanol reaction) Along with soversl otber workens (7 S5
afterwards obtained evdence indicating that 16 1n vivo inkibited
uﬂdnumdmmmhydebutldttheow&mo(ahmdmﬁlrd‘:g‘
unaffected. The concluson was that most of the symptoms af (e o
dhndmcﬁmmmmumcdwmmmnﬂldmdm&%
the organisn (HALD & Jacomstn 1948 Asuussrx ef of 1948 LAxsER
HALD ¢t al. 1949 KIELDGAARD 1949 Graras 1951) i the oD

Brooaan (1950) and STRinaE (1964) showed that disulffram o
mummm:ommmmmwm
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athyldihl

ethanol.

It }t well known that the disulffram-cthanol reaction in man b assoclated
with a pronoanced fall in blood pressure, while the cffect of acetaldehyde
per s¢ by sympathamimetic, PERMAN (1962) suggested that the hypotensive
elfect of the disulfiram-cthanol reaction fs primarily due to a blood-borne
factor with peripheral acton and not to scetaldehyde per se and Rary (1956)
sapgested that the hypotension may be due, at keast partially to some sub-
sance other than acetaldehyde. STRéamue (1964) on tho other hand, put
forward the theory that an acute inmfficlency of the glocuroalc acid-con-
juption system might bo the came of the disulfimm-ethinal reaction. He
fhmmnt:dthnln}wmnufdhnlﬂnmmdcthnmllmcﬂercdlﬂhthh
wmmwﬂmmmmmmmdmm@
e inhihitlon of the ampounds, or by way of a
docmseddanﬂﬂnﬂmnmmmmnmm

In the prescnt work disulfirem snd diethyldithiocarbamate have been
tested for kininase-inhihiting effect (in vitro experiments). Ethamol hes been
tested for kimn-relesaing effect, both alone and in combination with pleama
kaliirein or ellagic acdd (it vifro experiments) Different fectors of the
Plasma kinin system were determined in the blood from males treated with
disulfiram and in the blood from healthy nntreated males.

bamato is reeponsible for the effect on the metabollsm of

Techniqoe
A Meterials end asray
Plaana specimen from 3 dwalftrem-treated males (o dally doss of 0.2 x for at kast
08 wesk) and batches of the pooled pisema from at least 3 bealthy untreated males
w0 D for the preparation of plaeme sobetrate, plaema kalfikrein, and plasma
tirinest preparstione, whils the erythrocyte kinlnase prepamtions wers mede from

L Ploms sbstrate Homsa blood wes collected by vencpunctare into  silicontred,

qﬂndcrcmhmulmlal 31X sodhwm cltrat  dibydeats solution per
9 al of blood, tnbe, and contrifoged at 13 X 107y
£ 30 mizaten at 10° 4m‘EDTAIN dimalred Io Q04 ml of watxr was then added
Por ml of chirated plesma wih sabstquent heating for 30 mbontes 37" The seheraty
Wt slored at —20 1 ml corresponds to 0.81 ml plasma (Barso «f o 1967).

2 Plerma kalilirin. Cltrated plasoma was prepared as described  bovs for the plasra

swbatrate (HEDTA-treatment omitted) and stared st —20 For kaflkreta activation,

mmlnw—vnndddpﬂnﬂdhi:dphmﬂ&ﬂ!('h)ﬂlwn—),mm.

faittere was loft for sboct 17 bours at room tmpennre (22 127 The

activicy wae Lininated by incubation whi EDTA #1 stated  bove, asd the kin
Meparation was then ready for amay (Dot o7 &, 1968D).
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3 Hmﬂtunlnu.aﬂuedplmm(prwtdndmibcdlbon,hﬁhmn
mmmnmwmtmmmmmwdmmpﬂd
citrated plasma. The silica waa removed by centrifugation and decartatica tad fe
kininase preparation was stored at —20 (RINVIK ¢f al. 1966).

4 Erythrocyr kininare. Tho erythrocyte fraction from ose bood mmple wes wrskal
by moans of & 4Umes repeatsd wapending an en equal volume of 09 % wodwet
chiaride solotion and centrifogation for 15 miowes at 13X 103 g Afwr tho et
centrifugation and decartation, 1 ml samples were pipetted off and fored &t ~20°
(RINVIK ef oL, 1966),

S Ellagic ectd sofution. 1.10~M n sallne with sodium bicarborate sdded to pH T3

6. Reegents. B adykinin Sandoy, AG Baml, Switzerland Dindfirew axste?
Dumex Chemical Divisen, Dumex Limlied, Copenhagen, Dexmury. Sodixw et
ANhiocarbemate Hattrgn Organk: Chemicats, Rocbester 3, New York, U 3. A Pads-
tin® (Hog pancreas allikrein), Bayer AG Leverknten, Germany Efleglc acid, Pract-
cal grade, Sigma Chemical Company St. Louhs, Mbmourl, U S. A

7 Axsays. The kinin determinations were generally carried ont on the hotated 18
Tterus a3 “bracketing aysays with a dowe ratio of 3 2 Bradylinin was vaed es canderd

B Methods

1.D of ths kinb effects of ond ity bioe
dows

From prefiminary the concentretion of emryme required to bresk

chomen, the other
lnblbor found to {nhibit parlly fhe toactivation, 20-30 ¥ of bradykiain belog brofer
duwn-ﬂ:rumtuma,mmcnmedln-rmﬂapcrhmmh‘hhdtm'ﬁ’
wit recorded at 8, 16, and 32 minutes respectively
ﬂmupuhna:'nﬂ;mumuiomtnu-hbunamlLvHU)‘W "
Mwmm«mummmmmwmmmdﬂ“ﬂb
and the kinltase preparstions tn 0.9 X sodium chiorkls sobuion Acwont W8 T
added 1o the control sofution tncubated n paraliel, sloce acrione akot iebBS
kininxser Incubations were carried out at 57 »
mwhnwmmmdhndﬂunmNWﬁ:ﬂ
PHuf-bomw.somlnddmlanncuhLbnndxmbdu-cd:m“
beatiag for 10 mifmtes a1 37 Just before the anay 01 N sodium fiydrox

1o pH 7.3 £ .1, aboat 145 ml being required (DTavo ¢t €L 1965)

2. Estimation of the Lisin-reloasing effect of sthanol. uﬁl"“”h'd“

100
.nqmm-mmm-m.w:d(ursmuu "
eotated rat wicrus, Forther experimental detall are ghvea fa tables 3 e
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L Deterncination of different factors of th Ainin system in haoran plasa
thﬂnbuTun:bmlmmndmcplmﬂnimmnﬂm(muy
013 020, 030, .40 mI) were added 1.25 pg bradykiedn o 0125 mi of 0.9 % sodlzm
chloride solutlon and tris buffer (0.1 M, pH 7.3) to 100 ml. The mitinre was iacubsted
for cuactly § miseies at 57 The furiher procedure was an described  bove for the
Hrlmms inhibltor expeciments.

A linear logconcentration responee curve was drswa and the plamma dninese
sctivity was given @ th amount f citrsted piesma fn ml per ml incubation mirture
;)‘hxdnuﬂmx I the substrate onder the condibom described (RINVIK ef al.

D of the tom! ki by the acetone method. To 1O mil
plaama substrats were added 3.5 ml 09 X sodism chloride solution and 05 ml acelone.

milne xdded, and ho mixture hoated for 5 mioutes at 100 Ik & waterbath (Barsem
ot aL 1967,

Determination of the rat end extent f kinm releare onwsed by padut!  To thren
10 ml mmples (a, b, ) of plasna enbetrat were added 035 070, and 400 mnis
Padatin reapectivedy and salme up to S.00 mi awd the mixture was then incubated at
37" After 75, 15 %0, and 60 minctes, 0.5 ml samples wero withdrawa from tnbes
ad b and the reaction stopped by heating for 5 misutes in  boiling weterbath after
Slehon with 25 m) of boillng smitne. From twbe D3 ml sampl was withdrawn

Enounts obtained after 60 minmtes Incubation with the Exme enzyme conceatrations
Log-minute relesse curves wers drawn and the time ftervah corrmpondlng to 66 X
Telease wact estimated (BRI of of 196T).

1 the axtemt of Lintx reirese caxsed by kuman plesma kallikren.
To 1D ml smplo of plemma sbstrate wy added 1.0 mi plesma hallikrein asd the
wixiur was Incubated t 37 for 10 minmtes. A 0.2 ml abguot was withdrawn and the
Feaction stopped by beating for 5 mumwies o bofling waterbath after ¢ hation whh
23 ml of bolllng sline.

Determination f ploma prelathirem. T each of four 1.0 ol sumples of plasma
'hlm-,vm-dd.am4mxu¢ cetone and then 004, 0.0, 010, and .15 ml of

falfkreln peeperation

! of Lalliitein preparstion wors sddad. A biled test wih .14 ml of scetooe, bat
withoot amy emryme added, was osed s control. After 10 minates Iacubation at 377
°1nl“m'p!um'nhdrm-ndther-cﬂmﬂwptdbybndn!ursmh
bolfing waterbmih after dilxtion with 2.5 m! of bolling salice. The kinln vahwes were
uknhm-"mﬂnhfmlmmdmmw-uhm4»
Kaflikrein of the smount
Wm“mdmwtclmwmnbmnuAmﬁm-
mmmmmmmmdmwummg -

* a4 euimated (BriserD of ol 1968D). -

‘Wmhmdmmwh

Tha ssxyoc
with the erxyme preparstions tram beslthy wstresied mates.
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3. Plaswia kininase. Clirated plasma (prepared a3 descaribed above, bl the EDTA-
treatment ofnitted) was thaken far 30 minutes with 50 mg of ellkn powder per ml of
citrated plasma. The sifica was removed by centrifnpation and decantstion aad be
tininase preparation wes sored at ~20  (RINVIK of of, 1566)

4 Erythrocyte kininase. The crythrocyte fraction from oue Hood semple wa  wshed
by means of a 4-times repeated rospending oo an egqual volume of 09 % wdam
chiorlds sotution and centrifogation for 15 minmtes at 13X 103 g After the bt
centrifugation and decantation, 1 ml mmples were pipettod off and stored ot -2
RINVIK et af 1966}

5. Ellaglc actd solution 110-4M in sallne with soditm bicsrbonate sdded to i 75
6 Reagemts Brodykinin Bandoz, AG Basel, Switzerland, Disulfiram, sosbm?

7 Asays. The kinin determbnationy wero yeoerlly carried oot om the holetel it
wierny a3 “bracketing sxsxys with a dose rato of 3 2. Bradykinfn was msed a1 sadard

B. Mathods.
LD of the Alnin hiblring effects of y oed ety hihinie
carbamat

From v the of enzyme required to bresk dov
mmzd-mmammaﬁmnﬂh'm‘:

tme (8 mingtcs) was cytimsted. Next, an {nhibitor-effeet curee was
sdding different amooms of {nhibitar 10 the cnxyme and sabstts o
chowen, the other tin gt rematning —"ﬂ:lmo::’:’"
tnhibitor found to fnhibit partly the imactivation, 20-50 X of bradylixin brotct
dcvn-mramlnmn,mtbcnmodlnunmlapainmlh-hﬂmw’“

beating for 10 mumtes a1 37 Jom beforr the ey 01 N
10 pH 73 £ 0 1, about 143 mi being required (Dyevo o of 1965}

L Estimaiion of th Linm-refeasing effoct of evhenol. umwm

alkguots were diluted with sallne, heated for 5 misats ot 100 and
wotsied rat wteroa Further orperimentat dctalh are given
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L Determination of differens factors | the Knim ryriem | hxma
kninare. To varlom amounts of the placma kinlnaso preparmifon (oaually

415, 020, 09, (AC mI) were sdded 125 pg beadykindn in €125 ml of 8.9 X sodiom
hiloride solvtion and trie buffer (0.1 3, pH 7.3) to 1.00 mi. The mixture was incubated
for eactty § minotes st 37 The further procedure was m described above for the
Uiniraes lohibhor

A finear logconcemiration resporse curve was drawn and the plasma Lninese
sctivity was given 2 the amount of clitrated plasma | ml per ml iocubation mbxture
ﬂ:ﬁ:ncﬂnkdﬂ%olm.mhﬁnunndamaﬁlﬂomdm{bd(‘lmlﬂ L
1

D,

of the total ki By the eceions sctivation metkod. To 10 ml

Maeze sobstrat wers added 3.5 ml 09 % socfom chlorile solation and 0.5 ml acetooe.

Afier & Smimmie equilibration poriod fn a waterbsth at 37 the tube was stoppered

= the Incubation continoed for 24 houre. A 03 ml sorple was withdrawn, 2.3 m! of

:’:lnddutmmommb.urusmmu-nm I waterbath (Banem
567,

Deternmination of the rate and extent of Aiwin reieuse camsed by padunin. To threo
10wt mruples (a, b, ¢) of plasma subetrate were  dded 033, 0.70, and 4.00 units of
dytin and ealine op 10 500 ml and the mixture was then incubsted at
37 After 75, 13, 30, £nd 60 minmes, 0.5 m! mmples were withdrawn from tubes @
ved b aad the reaction stopped by beating for § minutes in a boillog waterbath aftar
¥ioton with 25 ml of boiling satise. From tobo ¢ & 0.5 ml mumple was withdrawn
et ouly 60 minntes, Tho kinm values wero calcntated a1 pg bradykinin per ml plasma,
14 the smounts obhalned aftee 7.5 15 and 30 minmtes Incabation for both sobmaximal
hllkres coacentrations (035 and O.70 anity) were converied 1o percentagm of the
MX0Anty obtained after 60 mivotes incubation whth the me enryme concentrations
Lovariate relsnse crves wero drawn and the lime Istervals cormesponding to 66 X
Telees were entimated (Burszm o ol 1967).

Determinetion of the extemt | kunin relears ceused by hamen plama kellkrein.
1e-mml-mphu{phmnhunum-ddcdwmlpunnh[ﬂhdnmdmc
T wea fncrbased at 37 for 10 mbnmtes, A 02 ml allquot was withdrawn and the
rwction wopped by beating for 5 mbmutes 1o 4 bollng waterbath after dilation with
23 xd of bolling mbme.

Dettrmination of piarma pretallilretn To wch of four 10 ml amples of plasm
wore sdded 014 mi of cvtoos apd then 004 006, Q.10 and 015 ml of
oo prepanition reapecttvely To oms sample was sdded 0.08 ml acetome and 1.0
Qllkren preparation wers added. A blind test with 0.14 ml of acetons, but
mmmmlddcd,mmdu coatrol. After 10 minmtey' tocnbation at 37°
®omples were withdrawn and the resction stoppsd by hesting for § mixotes fn &
boillog watertatt after dilution with 25 ml of bofling faline. The kinn valwes wero
OlTlecd & pg bradykiin/ml plewm, and the amounts obtalved with the 4 s
‘d"m e d 1o of the amomnt
Py whh wcem of enzymo preparstion, L e. 1 m! per ml substrate. A concentration.
py CEITE wos drawn aad the amount of kalllkrein corrveponding to 50 X reloase
mﬂhw.d('&-m:n L 1968b).
yme from the treated maler were anayed panld
"k the eczyme prepurations from healthy omtreated malkes, n
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Resalts

Disulfiram and diethyldithtocarbamate as inhibitors of human playma kinis
ase and erythrocyte kininase in vitro

Tables 1 and 2 show the results of the kininase inhibstor expertments. As
will be seen from table 1 diethyldithiocarbamate sodhmn hid a relatively
weak inhibitmg effect on human erythrocyte kininase The concentration
mecessary for inhibitlon was rather high, and experiments with incobation
petiods of 16 and 32 minutes rated that the inmactivation of kintn was
not stopped. In some cxperiments we preincubated the erythrocyts kintnase
with diethyldithiocarbamate for 60 munutes before adding the substrae to
00 it the poor elfect might to some extent bo attributed to the xhort standard
incubation time uwsed Le. 8 mimues. Dyrup et al. {1965) found that the
kininase-tnhibiting effect of EDTA 2Na was considerably Increased by such

Table 1

Inactivatio [ bradykinin by Aurnan erythrocyte inbwase in the precence of
dlethyldith . Fum or ol

The figores gtven refer 1o 10 ml incubetion mhimre with 123 pg bradyklois end
002-0.03 m! ercrymw preparation. For frther detafly seo tett.

Time fn miwotes Ichibitor  Beadykise

Tnhibitoc z

Preincsb.  Inceb. 21
0 a ] 10
- - 100 u
- - 200 u
- 480 n
@ [ 8
Dithyldithiocarbamate - 0 a
sodizm - 100 4
- 200 0
"]
0 - o
- - 350 g
- 16 -
- n - -
o )
o s I 7
»
- - 0
- 100 v
Dislfinm _ o »
0 »
16 - n
= - i
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Table 2
Inactivation of krudylinin by kumsan plavea kininast ln the presemce of
JethyLdwtk 5 or d

The figures refer to 1.0 ml Incnbation mixture with 125 pg beadylinis end about
0.40 ml serryme preparation. For further detally sce text,

Incub Brady-  Inceh. Brady
Inbibkeor time fn an"n:r Mo dmes  PETr

minmtes % mimte M %

] 0 n [ 0 7

Dicthyidithio- z 25 0 z 75 b
carbamate _ 50 o 16 — 7
] - 100 & n - o
Dualfhram No inhibition 2t 200 ug

® preincubation procedure, The etfect of dicthyldithiocarbamate, however
was not Increased after preincubation on the contrary the Insctfyming of
beadykinin pow seemed to be facilitated, especlally &t the Fowryy fof, 3
concentrations (tahte 1) Disuifiram, on the other hand, Wt o 1 1,0 o
Mm:mhrb{ma(unumhmymkinim(mb:l)

Table 2 shows that diethyldithiocarbamate is & relatively
dmmﬁmuﬂmwmmmeﬂm-ﬂmg
Disalfiram had no inhibiting effect on tho plesma Mot fn ¢,y e
Tp to sbout 200 pg/ml. Higher concenirations cuuldlo(bnw,(m
disulfirem was peecipitated in the incobaticn mixture.

The influence of ethanol on the In vitro release of ke yy
TuhloSAuhanhomulﬂuflnmupﬂbnur(m:fc:;
ﬁﬂmuhxmlmmmmmwimmhu—u)‘
Hah(-bcmsom75/('/'))vmﬁw'“ﬂﬂﬂcl=gq”www
mnnuagasa)obnmedumunmlmdlhm—mgw

they alio thowed that 20 / (7/¥) seotone feheasr g b T et
than did 10 / (v/¥) acctoos, while the experiger,, 70 5 T o o 7
mnmwmmmmﬁul(’wﬂf’
with 10 / (w}v) ethanol. o
Table 3B sbows the relation between thy
remnm,c(vmewﬂ"‘nbew&%mﬂ,,
100 / after thre houn- For accioat the oy, 7 -

the
relees
after about six hours fncobation thoe (B, 75 210
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Table 3

Significance | the ethanol concentration and of the incubation time
for the release of Mnln

Plaga wubstrate was diloted with mixtures of efhanal and sline to & final doiion of

112 (v}¥)* and tncubated at 37 The Linln releassd was calenlated s pg bradybininfml
plasna.

A, Incubaton for 22 hourw. Different cthanol eoncentrations.

B Incubation for varying periods of time. Ethanal concentration 10 X (w/v}

Ethano] cone. X o 25 58 5 w0 20
(wlv)

A Sobuoate I 04 05 05 31 40 -
Substrate 11 03 062 04 44 52 -
Substrats TI 03 64 05 27 33 33

Incob. time inhoars 1 3 s 7 9 umn B

B
Bubstrato 1T 03 a1 35 33 33 33 38 M

(1/1.4 (v/*) when the ethanol concentration waa 20 X (wiv)

Table 4A shows the results of 10-minute exporiments in which o
plasma substrate was incubated with both human plmnhﬂw'”d
ethanol. The average amounts. of kinin released by 20 yl enyme and by 40F
enzvm:pnp;ndoupﬂmlmbﬁmtzwmnbumojommlmm
075 yg/ml respectively In control experiments without exzyme the averes®
amount of kinin released was about 015 pg/ml substrate, and the 5
rclease value wes obtained when 4 / (w)v) cthanol was present. The
mum releass value obtamed with an excess amount of plasms
mabomluym]mqummuxuunmmubiaumwm‘;
sa light potentation of the kinin-relessing cifect of plasma by
highest ethanol concentrations wsed, but the effect was not significanl

Table 4B shows the results of 60-minute Qq;mmmumwﬁchb“‘f’:
ﬁmmmmmuuﬁmmmemgc.ddmahmﬂllﬂl
nvaqn-mounuu!khﬂnrdm:dbydhﬁcmzlo"hfﬂnd"
mmomuymmdmommmrw@ﬂvﬁvwwmw
was pretent Iuconuolapeﬂmmu'hhammycﬂﬂsk'ddu“
mmunto(hnlnrelmdmlbomoup;lmlmhﬁﬂﬂmd"‘)
mdyhlghnrﬂcnumlnemob(mdlnHWPmd4/(‘g'M M
0.24 ug/ml subsirate. As will be teen from the reaults fn tabke 4
dgnificsnt p of the kinin releasing effect of ellagic s B
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Table 5
b of plerma prekaliltrein and [ plesma kininaze n ploee
Kallfkreln preparations (1) and Hnlmase preparstions ((D from respectively 3 ad 6
males trested whh dhulfiram wero preparcd asd tected separstely (B), whils the
cocroepanding control were mede from the pooled plasma from 4 beslthy
mtreated maler (A) Test asd control Jallilreln prepanatom were determlood ko
paralicl. For forther dotalls see text

Kinin tystem perameter A B BIA
jl allikrein preparstion 1 100 os
per ml platma sobstrate 110 101 as

1 cansing 30 % kinin rofease K 31 10
Men 104 9 .t}

030

m! kinlnass preparation 0z8

per m! test solution 0 030

n cansing 50 X bradykdnla o

ractivation 034

on

0z

Mean

Determination of different factors of the plasma kinin system in plasma fron
healthy untreated men and from men treqted with disulfirem.

Tables 5 and 6 show the results of determinations of plasma prclalikre,
plmmkimnuc,mulpmmaklninogm.dlﬂermtmctmo(phﬂmﬁﬂ‘
nogen and the rate of release of knin In plasma from sntreated men £
plasma from men treated with disulfiram. As will be seen from tho tebef
the resalts give no evidence of significant differences in tho shove

)phmhnmfmnmthaotwom:pudm

Discassion
As joned fn the Introductl dderable uncertainty provalls &3 10
the mechanbm of the disulfiram-ctha ‘Mm-s:ve:ﬂln\mim‘::
Pmmmmlnﬂlhenmmpﬂmn(mwwm
c:nmdonmlhoh}wduﬂncmuﬂmmv;?;dsmtherncﬁmlm}Fm
1
1935 & 1956 PrMan 1962 Casix & Polrt TROVAE (1962) eox

bbnxpcrhnmtswilhnbb&uprwutcdwhhdkumnm o
dnded!hmthacthanollndnccdflﬂlnbloodprmmmbudﬂm
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Table 6

> of total kin kin fractions wnd rate of release f Huin in
#leoma from wairested males and from males treatod with dim!firam.

Kinia parmeter preparations from 3 males treated with dismlfinem were prepared and
pested (8), whilo the control thovs wers made from the
pooled plaxma from 4 healthy nntreated malos (A).

Kinln relessed per mi pletma wae calcnluted w8 pg bradykinin I, IT, II). For farthe

detalls peo text
Kinin system parameter A B
30
Total kisfnogea 50 50
! 50
Memn 50
The kininogen fraction 23
I acttrated by plasma 18 17
allkrein 17
Mean 19
The Hrinogen fraction a5
- activated by paditin 40 "
(hog pancreas kallikrein) 46
Mesn 42
033 units 21
per ml 19 »
plamsa b3
Timo in minutes
™ correpandtng to Moan 2
66 X Unin relexss
canred " Q70 untte 18
kel pec ml 21 21
pirma E-3
Mean n
mknown blood-borne acting on the perh 1 vesch. The plasma

Hnins which are readily released from the plazma kininogens by plasma
Kalllikrein have properties which mako them hypothetical candidates for the
Hood pressare effect. It seemed of Interest to examine the powsible effect of
ethanol and of disulfiram cn the factors fnvolved in the plasma kinin systenm.
Acttono {s known to sctivate plasma kallikrein (Keaut ef of 1933 and several
Udlﬂ!)nndlnlmﬂlrcﬂodnﬂ;htbaobﬁnlmbkwﬂhﬂhmd_r r 7

E
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mo,mlghtim:rterawdlhwmulmtonmltnplm:klnm example
system, for

wmwmsmmzmmdauwmdﬂmDYumad (1965) ob~
mvodh:hvhmnpczmuthmmmlﬂnmmhﬂﬁwdhmnmemhmym

pubushedupcrmm)mmme'—,, effect of bradykinin in rans was
speafically potentinted by diethyldithlocarbamate,
The comparative determinations of different factors of the Kinm system i

mﬂmfmmlnmtedw{thdhum:nmmdfmnnnmmdmﬂﬂ-
however dldnotpmﬂdamcvidmeuotd{ﬂmbcnmﬁﬂ"u

511buxp1964) {;mm(mmtuﬁndlhntmauumm"
Pafuthons, from the dhlfiram treated males and from the wntreated maks
had the seme ctivity “The poutbility that the techmlque med for the plasma

tont may ask some posaible differences should be furiber

examined.
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from 52 to $4 % (4 determinations) For recomery of NA and DA see Pressow &
Warrerx {1968) No correctians for recovery were msde,

L-DOPA 2, 5 63H with the mpecific activity 10-30 cl/mmale, In an squows sohution
cortaining 2 X ethancl, was obtained from The Radiochemical Centre, Amersbam,
Eogland. L-DOPA labelled with trittim at « high specific acthvity s not wery stable.
The material we Dyed wiy regularly checkod by radiopaper chromatography bopro-
panolf2 N-HCL, 63/35 v/v 18 hrs axcending. From tima to time varios wmaunts of 2
radlosctive bmpayity sppesred A typical scan b shown fs flg. 1. The concextration o
thes ooty {ncressed with the perfod of moruge (4 4“L The rate of decompastion
by sclf-amdiolysis can be reduced by storing the soloton &t — 196 (Evarg 1964, The
impority foand hore was pot clearty revealed by the fallowing chromatographlc enteme
W) n-butenol/acetic scldfwater (12/3/5 v/v), b) mbutanal sturated with 2 N bydro-
chiovkc acid (equal volumes) i6d <) Wopropenol/cthanal/N hydrochlodc actd (73/73/50
all ascending) This sitmation calls for caution and may indicate that the tmparity &
stuctandly related to DOPA, premsmably a hydroyhation prodoct .3 6-hpdoo-
DOPA or dihydroxypbamylserine,

Spectfichy

Six i, divided into two gronps, recetyed 5 pgfky FH-DOPA intravesously 0ot
group was macrificed at 30 min. and the other 16 hrs later Theos extraction tad
Wmummmmwlmmmmumm
The cloatey coutalning DOPA xnd MTyr rempectirely were eraponated at 25 1o X
mall volome under roduced promre snd then pplied to peper and chromstographed
hWqumﬁmvhmmmmdm
anfline, the papery were et Into 1 cm transverse strips which wero soaked In scleilis-
thon solution. The radioactivity of each erip way determined, The resalt Is shown
fig. 2 In all cases the radioactivity followed the roapective carrter spot. Stxtnea bowrt
after the | Yectlon, bowsrer TH DOFA had reached too low lovels for fdeniification.

wt

RADIOACTIVITY

13
T L ‘!
LI.DOTA &

Fig 1 Radiochemical Impurity of LDOPA-2, 3 651, An aliqot of
The paper wi3
mited with carrier DOPA and 2 N-HCI and appiied 00 papet m"“’““’"’

thess three
b Uﬂmmmhmwmh‘""{mw
systems oefy
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H DOPA 20mi 3 METHOXYTYROSINE

fAaw.d e,
A

PLASMA

14
ey |
I SR
N S N
14 0 A1,

fras o wnb
Fig 2 entification of SH-DOPA end TH-mathoxytyrosme b different timoes after the
Inttrrenone edmintstration of TH-DOPA. Rats wers ghven 5 pa/kg $H-DOPA lntrn
vooooaly xad were klied 30 mo. ar 16 bre thereafter Tiesoo extraction and foo-
Schangr chrometograply was performed se described la tho teit. The clomtes were
Tednced to small yolume and sppited oo paper which was them developed
opropenct/z N-HCY, 65/35 /v 18 hre mecending. Aficr stainleg, the paper was cmt
D 1 em traserersal stops, each erip beisg counted n  Niquid scivtllletion comnter
Each sample dertres from the pooled thencs of 3 mumats, The shaded arces show the
positions of rerpcctive curTieT mpots.

4
AT

mLscLE

x
4

» HCREAS

Luw

Rexlts

The concentrstions of YH DOPA, "H-DA and ¥H NA in blood plasma
and varfous tisues 15 min, 1 and 2 hrs after the intravenous admin
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Fig. 3. Levels of TH-DOPA, ¥H-dopamiss and FHl-noradrenaline I different theses
after the intravenoos adminisration of H DOPA. Rats werw gives 5 yafig 7H DO7A
tntravenomly The acimals wero kilked &, 15 min, br 1 br and ¢ 2 brs thereatter The
issos were taken separately for amabysis of the habsfled compounds Eack 6% reore
sents the pooked samplex of 2 rats. Tho thres bary of each Hock rorerwest from
Ieft $F1-DOPA, #H.doparnine andt Heporadrenaline
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of 5 pug/kg H DOPA are shown in fig. 3 In a pilot stndy we found aboat
25,000 tmoles/mIt plasma of H DOPA 15 sec. after the injection. Fifteen
minutes later the plasma concentration had decreased to about 1/50th of
this vatve. At thrs time interval the $H DOPA concentration in the femoral
micle was sbout twice that in the plasma and fn the hmg it was of the
Amo order of magnitnde a¢ in the plasma. The brain, heart and pancreas
bad & lower H DOPA concentration, 1/7th, 1/7th and 1/3rd of the plasma
concentration respectively 15 min. after the injection. During the next two
bours *H DOPA appeared to decrease almost uniformly in the different
thnes, the decresss in the plasma and femoral muscle being posalbly same
what faster

The scconmlation of JH-NA and ¥H DA was relatively low in brain,
femoral moscls and in the long. In tho heart and pancreas it was about ten
times higher Fifteen mmutes after the injection of 8 DOPA there were
sbout equal amounts of $H-NA and IH DA In the beart. During tho next
2 brs the 3H-NA in this organ incressed whereas SH DA decreased. In the
pancreas, SH-DA reeched a very high concentration (aboat 1,200 fmoles/g)
oo hour sfter TH-DOPA.

Attempty were alio made to estimato the half life of *H DOPA, 'H DA
tnd 3H-NA from determinations st 2, 4 8 and 16 (In tome experiments 48)
by tvely after the sdmintstration of the (tables 1 and 2)
As In the condition found durmg the first two hours, SH DOPA appeared to
disappear mors rapldly from the plasma than from the brain nd beart, In
ﬂiﬂbrlin,thohnlfl!vuuf’HDOPAmd’HNAm-homcqml,lndfm
‘HDAlmmwhn]m’H—DAindnfunonlnmldemdlnn;md'H—NA
i the pancress disappeared with a half life of around twenty hours. For the
remainder of the material half-lives counld not be demonstrated. Howover
'H-NA fo the heart remained at a high level throughomt the experiment.
Rotention of Iarger amounty of YH DOPA could not bo observed in any of
tho timnes examined.

During the first hour after the administration of ¥ DOPA the metabolite
TH-MTyr fncreased In all the tissnes and in tho plasms. After 1 hr it was
in general 26 times higher than the correspanding ¥H DOPA levels (table 3).
In the pancreas it wes about 20 times higher This tiwue also accumulated
5-10 times more $H MTyr than did any of the other tissnes or the plasma,
The elimination of this bolite appeared to occur very slowly From
815 48 hrs after the Infection of $H-DOPA thero were still largo amounts of
TH MTyr a3 compared with the content of *H-catechols. One exception s the
beart which contained more ¥H NA.

1 fmols = femtomole = 10-1% maler.
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P> 0.05.
$H-DOPA 3H-dopamine
Plagma — 2% 95
P <005 N &
Bl .. .. .. 53 44
P<o0l P<p00L
Fleart [ 41 95
P < oot P =005
Femomal pemscle . 27 m
NS P < 0001
Puocees L 28 84
N& N g
Lumg — 33 1
N8 P<oot
Table 3
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P<0001

N s
— 108
Ns
16
P <0001
173
N s

Leveh of 3 methaxytyrosme in dufferost Semes afir the intravenoos Injectram of

HIDOPA. Ratr were given 3 pafkg TH-DOPA intrarenomdy The anmmals wero killed

2 vitors time intervals thereafter and FH-methotytyrosine in the plasma end the

different timnes was detamined The valnes, derived from (e pooled smphe of 2
ammals, arv {n tmolea/y and m! reepectively

X 1
Pasoa . LU 4
L ]
Brafy 43 9%
7 193
Han _, 51 387
16 449
Femora] oowec! .. 150 418
153 690
Pancreag o
sy 1
Lomg ae 185

a7 Erid

Time kuterval by
2 ‘ ]
m 1 -
638 184
141 L3 182
4 n -
129 % 24
s 1
LR TR
5 113

320 23 140
- e -
7w
W oB -

16 43
17 b
-
-
33 H_
[+ m
129 n
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Time Course of the Demethylation of Timethadione
By

H. -H. Frey smd R. Schulz
(Recadyed May 13 1970)

Abrtract. A gm ch e method for the rmin: of trimethadk

In the sorum s described. By this method, the tims coum of the demathylation
of trimethsdione to dimethadione, the lutter being determinad by UV-gpectro-
photometry was followed In mmico and dogs. For (e demethylation of trie-
thadiome, half-{ifs of 45 min In mice and of 8 hoors In dogs was found. The

trafions of drmethadions i therefors considered saffickatt for control of therspy

Kay words. Tri - drog foct.

In 1952, 1953 and 1954 BuTLER and bis group showed that trimethadione
(3,5, 5-trimethyloxrrolidine Lbdlmn)h-lmﬂqmﬂnﬂvdy demethylated
to 5, 5-dimethy 2,4-dlone (chmethad that the
llnﬁnﬂgmphynmjdenhlomhlnlh:mﬂwmuhmtcﬂmduimﬂn—
dions. An anticonvuhant effect of tho metabolite hay been shown both in
Inhmh(ﬂmaail?%)mdhmm((:mmmadl%ﬂ
Two q d 1 whether b tr-
had an 1 cffect of its own and bow stroag this was
in relstion to that of the metabofite, and 2. was it not possible to determine the
mhlnthcanpamd!pllycdlnthﬂcﬂnicﬂ:ﬂtﬁ.ﬂnﬂnomfdmmuhod
for tho s With regard to the
ﬂnza!thcﬁbqnadau.mﬂdmﬂ:lﬂlm)hﬂrmﬂylhonby
indirect approsch, that on a molar bese trimethadione hes 125

3 Acts phanasscgie. vel 11, fom ¢
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Fit. 2. Semilogurithmic plot of the serum concentrations of trimathadions (ciowd
fymbol) and dimethadione (open symbols) n 3 dogs after lntravenoos bajoction of
lmwnmuhdmcmla,trhnduunimmmmfummwﬂhm

!1/’ - - - il

viously higher than that for the bolite, which, in agreement with famer
experiments of BuTtER (1953) and WanperL & BurLer (1959) was found
in one dog to be 40 per cent of the body welght. The higher Vy of trioe
had b dered 1o be an expression of a higher lipophility

since the highest values were found in two dogs who were moderately ©
extremely obese.

Within 46 bours after the Injection dimethadions concentrations beg™®
o exceed those of trimethadione, the maxi jons of the wctab-
olito belng reached after 24 to 32 hours. The fall in the concentration of %
dimethadione oocarred with & hulf life of 58 hours in two dogs and of &
/ hours in the third dog,

The finding that serum concentrations after intravenous Injection of 5™
Momrcmﬂnedmnml[orlheﬁntﬁﬂ—%mfn.dcsuvdmcm;
Apodbhap]mﬁmmylnhthepmdd}sﬁfvﬂ!hﬂmﬂ
period, but It is difical fo see how for example, the body fat would b2 2 7
to trap greater amounts of the injected drug whtbin this time period #2
relatively bad blood supply of thus thasue s comsidered. Another ol
wmﬂdbethulhehlghwncmmﬂono(mclhndbnc{nmtdmﬂy‘“’m_
otr njection exerted on inhlbitory effect on the demetiylstas &
zymcxnm:umnuw:wrmmmmppmmumuumh“ﬂ’
Mmmo(mmhm%mm'%
n:ﬁch\ntlom('DOGrIM),m!ngmek.vﬂnefmth:
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of tnmethadione and correcting for the different volumes of distribtion
gave higher values than those found experimentsity in the first hour after
tafection. The possibility of a biphasic effect of trimethadlone on drog meta
bollim is mentioned by CorNeY (1967)

After ool administration to dogs in singlo doses of 90-110 mg/kg, the
concentration of trimethadione in the scrum ross rapldly the meximal con
centrations being reached after ane hour in two dogs and after 3 hours In the
third dog (fig. 3) The trimcthadione levels then fell and wero already
exceeded by those of dimethadione between 4 and 8 hours.

Our dog experiments with chronic oral treatment were af special interest In
Lhoqumofthcmlu;ixyedbythcdru;mdthomm:boﬁtehﬂmdln}al
anticonvalsant effect during t trimethadk h
demethrylated to dimethadione relatively rapidly nndﬂnhﬁcrhnotfm—tﬁcr
metabolized and excaeted so slowly that it sccumulates to a considerable
extent, it was cxpected that under steady state conditions high levels of dime
thadiono and comparatively low levals of trimethadions would be preseat in
the organism. This was borne out by our dog expenuments in which, depen-
dent on the dase, steady state concenirations of between 175 snd 400 yg/ml
drmethadiono were reached at the end of the first week of treatment (fig. 4).
Tho trimethadions concentrations, on tho other hand, remained practically
constant throughout the whole duration of the experiment: they wsmally
amounted to 5-10 pg/ml in the momng, i ., befors the dally dose was
given, and rose dose-dependently to maxmal values of 30-50 pg/ml after two
to four hours. The steady stats level reached with dimethadione was In good

Cirches, triengles aad squares are ted (o the respect,
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Fig 4 Scrum concentration of trimethedions (closed rymbols) and dimetbadions (open
symbols) in 3 dogy treated with dally doses of trimethadions during thees weeks The

dilly doso was 23-23 m/ks fn the dogs symbollzed by triangles asd squarcs, s
64 myfkg fn the dog xymbolizad by circlen. For further explasation s tact.

agreement with the values predicted from spplication of standard pharmaco
konetic equations (GOLDSTEIN er al. 1968) using 1 Vq of 40 per cent of body
weight, the k, values being d. ed after ton of trestmrent aad the
dimethadione equivalent of the daily doss of trimethadione, After the end of
dimethadi fell with haltdives of 48, 72 and 77
hours respectively in the three dogs.
Using the potency ratio between trimethadione and hadlooe which
had been calculated to 1.25 on a molar and 1 13 on a weight basis in favoor
of trimethadione (Frey 1968) we wero ablo fo calculats the percentage both
w contribate 0 the total clinieal effect. Begloning from the tind
szyoftrutmmglhumnn'ﬂmﬂmo!uimahadlommdn‘tmlmﬁcmml'
sant potency otthomdlcndunnnrlgcdonlywpdmtmtbammﬁf
and 12-15 per cent at the time of maximal serum concentrations (2 and
hours after the dally dote had been glven) This relation remained remark

ably constant foe the whole duration of the experiment. L e
Thu, dimetbadi must be tdered to be mainly resp for
1 elfect. This S mmmnﬂ,-mrsﬂw

1tation fof
o(BUnERuaL(I952,1953mdl954)mdllnboghﬂlﬂﬂ‘P
mecﬁnlulohcmdonthnnhewmmlotepﬂepdcndmmhﬂmm"‘"
after two to fotr days of treatment (GoovwAN ef of 19461 ¢
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pecenaary for dimethadione to late in sufficient jons in tho
body The effective level of dimethadione in man & between 500 and 1000
pa/ml according to the results of CRAMBERLIN ef of (1965) and Jensen
(1962). For the clinlcal control of medicatiom, a control of dimethadiope
serum concentrations, which fs casily achieved by UV-spectrophotometry
should be sdequate.
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’IheUdunryExu‘eﬁunofEnibomalum(M‘N)tanu
after Administration of Anaesthetic Doses

By

A Ravn-Jonsen
(Roctived May 15, 1970)

Abgtract Anacrthetic doses of anfbomal (S00-1000 mg intravenomly) were st
ehromedo-

mwmmwmwmsmnmmm
Tite, 1 methyl-5-(2"-ovo-3"try PYD-¥- fc acld (VI), v
almoct equally loog lasting. 1-methy! S-acetonyl-S-hopropylbarbitaric sdd (10

firet 2-3 days. VI was {dentifled by meam of TR
dty of VI was confirmoed on three TLC-systems by comparison with systhetic
VL The alierathon in the UV-apectrum after cxporate to ammonts wat sty
mad for identification. The ideutity of I was determized by TLC and UV
spoctrophotometry  while VII was detormined exclmsively by s bocation oa e
TLCaystem. Quantitative anslysis of the urine from four patients, thowed V1
and VTIT 15 be the mabn excretion prodncts (6-9 per cowt and 37 per cext of
the doso ghven), 1T coesthnted o more than 0.3-09 per cent, whils VII occorrsd
in soch & small amornt that ibic. Tho
inrvestigation showrd that enfbomal t I the organiem, but sor whetber
its thart-term sction bs dus to deposition of to rapld metaboliam.

- 1-methyl-5{2"0x0-3kydr>-

Key-words: B - -
Xypropyl)-S-tsopropylbarbitaric acld.

There are two possible mechanims for the metaboll o{N—wb‘ﬂﬁ::
barbiturlc acid compoands fn vivo Ons ls oxidation of one of the e
strtuenty at the carbon atom in position 5 In the barbiturks ecid riag, 208
mhﬂhdc-alkyildmutthenjnogmnom.wcholthmmwﬂm"ﬁ:

pends oa the subsi nuuee-r\mnminpm‘ﬂofm
T-metbyt 5-f-bromaliyt S-sopropylbecbinuric #ck (enfbomal NFRY) may 257
be subject to hydrolytic liberatlon of the halogen atom by the i
vllhprodnctimo(nkmm(m\mm&.mlm
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acld compound can thus theoreth follow the metabolic pathways shown
fig L
Frey (1959), on paperchromatographic snatysis of the rensl clearance
products from dogs, found that demethylation and hydrolysis occur Feey
(1959) also showad that the excretion produocts are detectable for several
days after administratlon, even though enfbomal m a barbituric acld com-
pound with a short term action.
To stndy whether the conversion proceeds along the same metabolic path-
nyllnmmnindogi.wloﬂouedthcmcﬁmfanptowdayx.ﬁnr
Infection of hetic doses. The investigation was restricred
c:dudvdytodncmnpoundleI.HIVVLVTlVIﬂ,md)ﬂ(ﬂy,l).
To grt an impremion of the influence of the detected compounds on the
elimination of enfbamal wo also subjected the metabolites found to quanth-
tattre estimation.

Exié§5<2E=~
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Material and Methods

The patlents, all operated on for a alipped dise, were anaesthetized by intrarences
injection of 500-1000 mg narcodarm® (enthomal sodtum NFN), {ollowsd by gaacous
ammegthetics (e, g. dnltrogemum oxidom and balothamum NEN). Urloe estlected doring
the peciod from the close of tho operation up til 7 0 cock o the text mocning, was
deaignsted s the 1t 24-bour urine sample. Thervafter the collestion of ihe 24hour
urine ;ample was concluded every moning at 7 o'clock. The paticsts wero ghven 0o
barbitoric ackh before ar after the operation, and otwr druge that mfght lrterfers
with the anatytical method were xvolded.

At Teaxt 0o 24-hour urine smmple was collected befors (be start of the cxpertment
10 sexvo a4 8 blank All the samples were stored at — 20 untl] the commencement of
the analyss.

Synthesis of reference samples.

Prepantion of the compounds I1, IIT and V has been dexcribed praviomly (Rave
Joreen & Hrros 1968).

VI S-acetoayt-S-hopropylbarbituric ackd: 3.4 g hopropyibarbinric scid i dimotred
in an equivalent quantity of 30 X sodlom hydroxide solution, and 3 g bromacrtoss ki
added. Tho mixturo i left for 24 houts at room temperatoro wnder contimtous Miriof

ctuded the precipiiate & fiitered off, snd the cucvs of permanganato fn tho fuste i
removed with swiphite, The squcom phase i made sckd and extracted with a besp?
volume of ether The ether phaso is dried and eraparsisd to & sftablo yotune, It
then watracted, first with 3 volume of photphate buffer pH 75 and nett,
volume of phosphite buffer pH 100, Tho hatter buffer b mado sckd and
with & largo volums of cther After evaporation of the elber, the residse
stallised In cyclobexane. The yiekd Is shout 10 X of eolourben crystabs witk o

:

i

?

g w
Lk

i
i

Y
’Mmmlmnlmm—immﬁm—lwl
(Found aftes drying at 50 /2 mm: C, 5152 X HETE N 103X

groop.
C:SLMX H 630X N 1093X)

Analysical methods
A Awalysls for free I Il VI VII and VIII o
1mm!d24-bournnmtpodwmnm:dﬁfudma'hh$::l;{'d

1 phorphats bufler 12.0 (phast A) thea follows.
vawAuMM¢mmmwmnpr:zw:WW
:dnpmmmmprmdwdmomtmmdthm drwn
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amiplh and sabjectod to chromatography I solvent A (able 1). Aftar development
o chromatogram is stodied bn UV-light of 8 wavelngth 256 om, both befoce and
far exposure to vaporised ammonis. Realons that abeorb after exposare to ammaaia
mmmmmhmmmm-mmmmﬁm;
carbarone reageot (SurTH 1960).
hm&hmﬁbmmmhwmomm
(1110 and $/10). They are both chromatograpbed in solvent A. Both afkquots are ans-
Ied n UV-ight, bot only the emalker ons b speaped. Dependent oa the nummber of
mercury-positive gpots, the Larger aliquot ke divided fto rones, which are elnted with
methanol. The methano! e removed by evaporation. The reskdne is diwalved In 12 ml
of ether and extracted, first with 3.00 ml of phospbete buffer pH 10.0 (pheso B) and
then with 3.00 ml of phosphato butfer pH 120 (phese (. Phats B i used for quantita-
the epectrophotometrie doterminations of IT, VT aad VII sod phess C of I and VIL
The rpectrum f recorded for the whole rasge of 200-350 om in arder to stody the
Pazity of the solationt.

B. Amelyriv for free and glycuroxic-ecid-confugeted I 1T ¥V VI VIl end X1
50100 mf of  24-bour urfne specimen fs treated with 10,000 unfty of glycnronidese
(Sigma®) at pH 5 for 3 hotrs at 37° Tho orine s then extracted &3 described ahorve.
The ether phase i axtracted, first whh 10.00 m! af 0.1 M pbosphate buffer of pH 5.5
(pbese 1), fhem with 10.00 ml of buffer of pH 7.5 (phawe E), and fixally with 10 00 mI
of batfer of pH 10.0 (phase F).
IT and X1 Fhese D bs cxtracted thres times with 34 volumes of ether at pH 1 3.
The combined extracts aro evaporated, and three aliquots of the residees of cvapors
tion ars chromatographed in salvent C (tabis 1). To each of the two aliquots synthetic
ally produced TIT and X1 respectively are added ing the ch
tam b stodled in UV Lght (256 om) both before and after exposare to anmoals. Tho
two aflquots with the refereace sanples are sprayed with mercurio-diphenylcarbaroese
feagent. From the chroomiogram with the pon-eprayed aliquot, regtons in the same
Position as the reference samplcs aro cluated. The sleates are rechromatographed asd
oyed
Vi Phase B i1 extracted three times with 3+ volumer of chloroform st pH 1 3. The
phasea aro end two albquots of the residus wre
chromatographed fn solvent C. T o000 aligaot syrthetxally produced V s added. The
chromatogram s stodied in UV-light eod rpryed.

chromatograpbed

doced I1, VI, and VIIL Both aliquots sre stxbed in UV-light, bat cnfy the oow o

which tho pire smphe have beem added, i sprayed From the pos-speared alkquot

the UV-abeorbing regions of the refmence mumpis sre eibared The cfnates arv
amd the raidoe b desotved in 3 ml of sther and extracted with 3.0 ml of

barste buffer pH 104 The borats phaso by wsed for guantitstive UV-spectropbosometria

anatysis
Resalts
Wchm(mpmcmlymof.Lbc\nmimnmplufmmdﬂn
mwmmmmammn(soo_wmm;)hmmmy
didnmrgmlthcmbtmmh}ucddnnlfcmmlhumherhmd,
Wﬂcp@wwmdﬂeﬂd



488 A RAVN-JONSEN

Ono of the metabollc products wes identified as VI by means of melting
point determination and IR-spectrophiotometry This prodoct wes &
strable for up to dix days after admmistration,

Another metabolic prodoct was d able for almost the sams period.

This substance could not be Isolated In a sufficient amount to allow identifica-
tion by means of TR-pectrophotometry TLC in three solvents (table 1)
showed the substance to behave fike VL The detected substance and 1yp-
hetically produced VI displayed, within the UV range, the absorpdon curves
characteristic of N-substituted berblturic acid compounds (Stucxey 1941)
After exposore to vaporized ammionta (¢ g. solvent A) the absorption curves
of both compounds were changed to those shown In fig. 2 This adds sopport
to the view that the two products are fdentical.

The last two metabolic products were seen in the urine of some of the
examined patients, but ooly on the first two or three days. Thindayer
chromatography thowed one of these compounds to behave Hke VIL The
other which occurred somewhat more frequently behaved ch graph
taally and spectropbotometrically like II None of the ather theoretically
possible metabolic products I V and XTI were found.

Quantitative analyses of 24-hour urins samples from four of the patierts
showed VI and VIIT to be the most important products excreted (fig. 3)- The
excretion of these compounds during the perlod of investigation constituted
6-9 and 2-7 per cent respectively of the adminfstered dose, whereas the

Table 1
Thin-lxyer of colborml (NFN) and both
Revaloet
Solvent A B [
1 Enfbomal La 194 15
fym1 Methyl-S-acetonyl-S-eopropylbarb. 132 176 5.1
7 I 1 etiyt-3-carboxymethytens-3- -
fopropylbarb. 003 126 [
VI 1 Methyl-3+2'oxo-¥-hydroxypropyl)- s
bopropylbarb. 042 100 e
VY 1 Methyl-3-hopropylbarb 026 o
VIT Tbomal 100 on
VI 5-Acetonyl-S-bopropyibark. gs 180 o
X1 $Isopropylbarh,

Kirelgel GRpyMerck® 025 nm thick. Acth ted o 105 for 1 bosr
SdnmAmmMm.mmdl.qﬁ%(lm 55 15
B dethylctherformbc acid 100 X (100 on.
C chioroform-methanci formic ackd 100 % @S 15101
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A b

Flg. 2 Ultravioket absoxpticn of 1-mettryl-5-(2°-0vo-¥-brydraxypropyl)-5-opropyfbarbi-
toric ackd (VI) after expownre to vaporized ammonle.

ﬂmvﬂmo{ﬂphyedlm.lnotmle(OQ—O.Bpucmt) VIIomm-m:Hnmch
small that q

Amly‘uo{ﬂmu.dneump{clmnr !
consdderably higher valocx for VI than before this treatment. The two ace
toayl compounds yielded the samo or oaly slightly higher values after treat
ment with glucuronidase

Fig. 3 illustrates that the percentage of VI linked to glocuronkc acld
varies not oaly from one individual to snother but also fram day to day
in the same individual

i

Discasdon
igath xm of enib 1 showed that the hydrol-

Our o the
yﬂclrbcnﬁonorthabrmn]neuomlumdlndop(Fu*(lm)lhom
in man. The ton of V1 d that in man enib ! also under
pamuﬂdxﬂwcmm

w‘hﬂeVIhardIyundcrguumy(nnhnrmldaﬂm,ow{ngmmmghndu
biliry tn water 11, the much more lipid-solable bydrolytic product (table
hllhlylob:o:}cﬂ:tdmmotbcrcompoundbuidaw Wuh.l’vﬁ
mwbmmm‘:(l%”mmpdoudlhemol
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30
[ conjugated
20~ Wiree
it | T {
S00mg v

I
123605 123456 123 Das

Compound VI vill i

fig3

Flg 3 The amounts of the roetsbolites VI VI
usine by esch of the 4 patients afler jatravemoss

Muuul):zmdvmnhl‘w
Inection of & singhe do%¢ £
-

(Sererxr 1956)

osidation product, By paper chromatogrsphy
with IITor VI

ths compound obtsined by Frry ks not Identical
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Table 2
The partition coetfickents dicthyletherfphoapbate pH 7.5 (1 1)
1 Enfbornal > 50
bi 1u-tky1—s-mmyl-5-bowopym:b-m.dd 167
T 1-Mdethyl-s .00
Vlliicﬂm.s-(z-uco-r-hydrmyp:wﬂ)-Shopmwﬂxrb.ldd 036
Y 1 Methy! 5-bopropyltberbitnric a1
VI Thoxmal >80
VII 3-Acctony! S-bopropyftwrbitnric scid 100
XI 5-Bopropylbarbimrk acld o1

Oxldlﬂmotﬂmyprodnmtwumucuoupmducu.whﬂn-bovo-
trylene p () and tho other the carboxy-
mpﬁund(IV) Ithnnmmbeenponﬂﬂcmtynﬂrﬁmlv('&\vwlam
& Hiens 1968) perhaps owmg to steric obstruction in the molecule. If so
axidation of T1 fnto IV will result in an instantancoms decarboxylation
riving v
As we detected neither III noc V' 11 is unlikely to undergo oxidation in the
side chatn in man.
Whilo enhexymal (NFN) I finst cidised in the cyclobexenyl ring and
thereatter demethylated at the nitrogen atom (WiLIAms & PARXE 1964) the
Presence of VII shows thet the demethylation of enibomal can take place
withaut previ i in the sub at carbon atom §
VIIImy 1ike the corresponding 1-methyl componnd (1) be axidized to
& S-carboxymethylens compound (IX) and a carboxy-compound (X) (FAL
EERKANN & REXCHE 1927). The results of our fnvestipation do not indicate
tho presence of thess substances. As, however wo did not have avallable
syathetic IX and X, we cannot definitely know whether the substances is
present a3 & metabolic prodoct of enfbomal
Pm(lQSQ)mpnad(uumhnnhmdfmndthoucepingﬁmm
wvdmﬂyhmefmmmmmmﬂmdmlbo-
mal, vnlike that found after of thiop hiomeb
mpmwmmmmeMWmmhm
Howevrer since enfbomal is readily soluble in ether at abont tho
pﬂ(wgz),ﬁ”m-pomadmmﬂwbenmmndmbomﬂywhbhhm
mwmrmylhmbadwdthuman{bamluun!
.mwﬂmgﬂ;muﬁopcnmmmbolhwrbedlnfmyﬂfmo{mxhc
.“kmm‘bemgdnem-npidlypmcccdlngmmboﬂnnulthom
Both Fary's and our own takes
plmmpuﬂﬁoncocmdmumlnmhlczmvtblthmunbethum
substance which is deposited. No moro than B-16 per cent of the
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stered dose however was recoverable. We therefors cannot give an opmloa
on the influence of deposition on the short-term actlon of enfbomal. That
a maximum excretion of VI and VIII was not sttsined until the second
third day after the administration, indi that theso potnds camot
be the final products in a metabolic process which determines the short-term
action of enfbomal.
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Unequal Ansesthetic Potency Despite
Equal Brain Concentration of Hexobarbital Antipodes
By

G3ren Wahlstrén! Horst Fuich? sad Yalter Durellel
(Received March 2, 1970)

Abstract wurier reeuity, 100 mgfty movo (—)- than
(Hrb (nfosed wus neoded 10 obtaln  “allent aecond™
(= buret soppresston of 1 set. o moce in the EEG) [ male rats. After Infusion of
(+) (=} and racemic baxobarblial at cxactly the sms infodon rates and in
doses which with the raccmats gave a silont second, no dHlereace wae found
fn the bratn The wmomnt of bita] infosed was, however
n the case of the (+)-antipode sppreximately 20 mg/kg higher and fo the case
of the (—)-antipodse, approatmately 80 mg/ky kower than the dose which gave
slloot second whh the coerespondmy antipoder. It s thos highly oniiely thet
different rates of wccunmlation in the ceatral nervom system during the In-
hﬂumummmaﬁmmmhumm-mmﬂmm
X lower of (+) to (—)-bevobarbinl
fornd In the liver could be axpluined by carfior findingy L o that the (+)-anth
pods s more repkily metaboltzed than the (—)-amtipode.

Key-wonds. Hexobarbital — rats — heain ~ ¢loctroencophatography - bomere

The optical antipodes of hexobarbital lam NFN yicy
bexenyl N-methyl-barbiturke ackd) have different snessthetlo propertios
(WABLSTROM 19660 RumMrL ef «l 1967). When infosed slowly comsider
ably less of (+)-bexobarbital as compared to (—)-hexobarbital is needod to
obtnin a burst suppression of 1 sec. or more in the EEG (Warstetar 1966b).
Rovoar, et al. (1967) bave studicd the distribation petterns of bexobarbital in
rats and found a larger bralnfsetom ratlo L. &. concentration {n brafn/concen
tration In scrum for (+)—h=mhurblulthm£ur(—)—h:mbuﬂ:ﬂmn;dd

travenons injection. Even if the difference was malnly due to different con
l;un.ﬂmuf(+)-lnd( )-hexobarbital in tho serum, this could mean 2
more selective of (+} in the CNS end might

posibly explain the &l foend In b I the obeerved
:ﬂﬂ:mm:mdmm-tdcdivenwunmhﬁonolombembu&mmum

I Acis phermaceiopmes. T TV, fuse §
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diﬂemmh\hehnmmmmﬂonwm\dbc!oundpmﬁdlngdmﬂu
mud@mummmﬁmmmmw@cwmm
thmholdddnmmenLThhhubbmdontlnthepmnmupmmenu

Methods

Experimental.

Mals Spragno-Dawley rats welghing around 350 g wers vaed (. the prosent cxpert
ments. They were kept on an fnveried Jight darkness schdulo (Sarimess B to 20) mad
were well adapied to this rhythm before the experimenty With thess noctarml astmeh
a1l experiments were thin performed during the period of activity
Threahold determiration were performed an described fn detal] eluewbers (WAL~
sTabst 19%660). H a3 the optical des or tho recomate was kafused into
& 2l veln ot & coortant rato of 025 mafighee. (the volume fats waa 0.1 mlfmin) aad
the EEG wss recorded during the {nfusion, The dose needad to obtain a borst seppres-
£ion of 1 st o more (the wllent secondd) was twad as the threshokd dose.

n 1 two thrmhold Jors with the racemste wers performed
(with rais peeviousty pot osed In soy i before the with the
optical antipodes were performed. The fIrxt theeabtld determimaiion was discarded and
the socond 006 was used 1o ensure that all the animaly psod had a threshold with
facemic hexobarbital within the range obiained I previous experiments (WaiLstadu
1965a). The rats were then divided into two groups and the doso necded 10 obialn
the silent second with the optical antipodes was determined.

In 2 three dnatior wers d with the racroale
in mis previomly not wed in any experiments. The first one was discarded and the
ciher two used 1o cakculato an average Tacemale threbold dos for ihe individual nit.
The fatereal botwsen 1hs thresbald determimtjors in the same apimal wis st et
iwo dayr, The dose for sllent stcond B pot sysematically fnffuonced by threshokd
determinations performed within this laterval (WaHcsTROM 19665). The thrmbolds 410
[{ mors Bot by ap bt ik Y, NFN) Ioduced Increase
in tbe mstabolixm of hexobarbital (WArLSTSIM 1968).

‘The antmals wers then randomly divided frio thfee groope, Two groops wero infowd
with (+) or (—)-hexoburbiial up to the average recemstc threshold and the dhird
grocp was tnfoced with the racemato op to the sunt second. The abdomen was then
immediately openied and x wenous Hood smple wrt cblained tn a heparisoed tobe
) Tho average time between the start of the infison ad (o o &t which the enimzh
were kalled wers found to be &3 follow group Infused with (+)-besobarbital 301 sec-
group Infused with (—)besobarbital, 288 tac, and groap lafused with the racemisie
300 stc. The bralo and part of the Hrer wero then removed a0d frozen on dey ke
within 4-6 min. fter the end of the fnfoshon. The bran, Hver and screat ampler were
mwrmmmnmmmmhnmmwn.nmunmm
will become evident &3 & difference tn bealn concentration which can be wathically
evatuated.

(F) sad (~Yheobartinl (s (e ack) mory prepared sccordg 0 Krask &
mmnnmmuwumuMnmmmww’.!“UE for
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were performed a3 pryviouly described (Warnsmeos 1966b). All tho doses aro given
1 the sodium mlt,

Irolation and determination f kexobarbiel.

A defined volume of wrum in the rngs of 1-2 ml was acidified to pH 4.6 by M/15
KHPO, salution and twice catracted by 10 ml of dlethyletber The cther pheses were
pooked and evaporized tn a water bath st 37° The reskduo wm dimoived in acetnas/
ether (1f1) and spoited quantltatively on a thin leyer chromatography (TLO) plate.
The whols of the brein and about 2 g of liver were taken for anatysis, The spectmens
wero weighed and homogenired in 8 ml of 0.2 M trhs buffer pH 82 The homogenates
were cenirifoped (20000 > g for 15 min) and the sopamatant fractions separated, The
residocs wore sepended In another 8 m] portion of baffer and then centrifuped again,
The supernatant fractioos of both turne were poolod. After acidification whh 02 ml
of 3 N-HCL the solutions wers extracted twico with 50 ml of chloroform. Both chioro-
form phases wero pooted and evaporaied (40  rotstion evapodrer BOCHI) The
residme were dtaolved fn metbanol and spoticd quantitatively tpon TCL plater. In
all cascs a bevobarbital solotion {n methano! was chromatographed simultancomly s
refarence.

Chre
TammdmdhﬁGmemmwhm‘lm

nmiﬂtup&nmbummomndwthlﬂmldmﬂ&m{.m sbort
period of ceatrifugation the wilica gl was
mmwnwmwmmum)

Resaits

Fig. 1 shows the results of two cxperiments. It is soen that in experiment
1 there was a largs differenco in the amounts of (-} and (—)-hexoberbital
needed to obtam the silent second. In cxperiment 2 the doscs infused were
similar in ofl groups. A dlent second had, however ocourred o all the
animals which hed been imfused with (+)-bexobarbital when tho infuslon
wit topped  The wmount nesded to obtain this gllent second {3 thowm by the
batched partion of the (+)-bar and was of tho same magnitnde as in ex
periment 1. No sllent second was obtained in tho antmals which recclved
(—)-boxobarbital.

The average hcxoberbital concentration in ths serum was 22,1 pg/ml
(282 /) kowar in the (4)-besobarbital treated antmals than in the (—)-
hexobarbital treated animabs. The corresponding figure for the concen
tratlons In the Hver was 262 pg/g (276 /) A stathtical snalysis with
Stndent’s t-test gave a significant difference between the concentration of
(+) hital and (—~)-b ital in the serum (P less than 0

N




496 GORAN WAHLSTROM ET AL

:

wyein ¥ e n

) (4 M wom e FECL

DOSE LD SEMM COMC  WRANCONC LOERCOMC
Flg. 1 Avernga of samotmrts nfused and concentrations (CONC) of hevobarbital b
tho serurm, braln and liver In cxperiment 1 (EXP 1) the animals were infred op 0
lhodlmlumnd.rnapmzmnﬁ)-md(—)—haohruulmh!md
npmlpft-ddn-nﬂn:dnmoummc:pondh:tuﬂnmmmdloobuhm
silent second with the racermate in an eariler teet. In yroop R1 the rcemats was fo-
tmwmmﬂmmmmmxnmowdmwm(ﬂ
bercobarbital indicales the wmomnt nemded to obiala tho dicnt pectnd, the wpper lse
mmlm\mmmmmmmudmhmmummpdmm
and the mumber ! animals at the bottor of the bars. The scaie on the ordinate B
Pdl(“hmwml(mmﬂmdhmrbﬂuhﬂnm)mdnh

(concentration of bexobarbital {n the brakn asd lieer).

significant difterence between the coucentration of (+)-bexobarbital #nd
(~)-hexobarhital In tbe liver tissno was also demomstrated (P kess than 0.02)

,myWWWor(+wmmmmwu4sw;
(83 /) larger than the amoant of (—Mhexobarbital infosed. A similar &ff
ference m the brain concentrations (6.5 pg/g 107 /) could be explained
by this occnrrence Noneolﬂxlmmdlﬁmmdxdn?vdmwﬂﬂ
than 0.05 (Student’s t test)

Discwrsien
Fmﬂﬂndlmprumud}nﬁg.lmh\pcﬂmtconduﬂmﬁpﬂhlﬁ
brah:cmcmmt}cmollbeopﬂulwﬁ-poduutbesﬂmtm‘daﬂ
1 oataad 2 -mm‘/ksm(+).h¢xaharbﬂﬂ

(handmnmd;dtoobulnrurwﬂlcmmndmlnlmd.h(oﬂcﬂﬁm
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h 1 that t y 80 mg/kg more (—)-hexobarbital woald
hnvbcmmcdedwobmlnnd!mtsccundlnexpcdmcmlnm,th:m
o (~)-hexoburbital was far below that needed for dient sccond. None-
thelexs there was only a mall and not significant ditference in the brain coa-
centrations found In the (+)- and (—)-hexobarbital groups of experiment 2,
ln'hi:hltndomof(-—)—am(+)—b:mbarb&lltnfmcdmdmﬂu It hay
been convincently demonstrated that the brain concentration nesded for the
dkent second must be kower for (+)-bexobartnial than for (—)-hexobarbital,
A comparison between the (+)-haxobarbital grovp and group R1 (nfimed
with the racemate to obtsin the silent second) further strengthens this point,
The (+)-hexobarbital group was Infused with approximately 20 mg/ky
(=30 /) moro hexobarbital than needed in order to obtain the sflent second,
Nonetheleas the average brain concentration in the (+)-hexobarbital group
a1 if anything Jower than the brain concentration in group R1 where the
animals were kifled at tho siknt second. The amounts of hexobarbital infused
were similar in these two groups.

The difference in anacsthetic potency of the antipodes of bexobarbital with
regard to the gilent second could thus not be explained by a stercospedific

Process imide the brain must be Involved to explain at least in part the
diferences between the activities of the optical sntipodes of hexobarbital
Thiy also seems to be the case with regard to methylphenobarbital (enphene
malom NFN) (BOCH e al. 1968) where the less active (+)-methylpheno-
barbital reached higher braln concentration, without causing a loss of the
tighting reflex, than the more active ( )}-methylphenobarbital whero the
righting reflex was lost.

RUMMEL ef &l. (1967) have shown in pon-pretroated rats and in rats pre
treated with phenobarbital (Induced) that ((+)-bexotarbital is more rapldly
metabolized than (—)-bexoberbital. This has been confirmed in studics oo
microsome prepamations from rat Lver which showed that the (+)-haxo-
barbital was more rapidly degradated than the (—)-bexobarbital (Deaxwrrz,
e al 1969 Fumnem e al. 1969) This difference cannot explain the it
ferenco in amomnts of the optical sutipodes necded to obtaln the silent
second — it wonld be expected to work in the opposite direction. Howover
1t could explain the difference ln the concentration of unmetabollred drug
in the liver secnin fig. 1
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From the Indastrial Totkcology Rescarch Centrs, Lucknow U P Indla

Effect of Benzanthrone on the Body Level of
Ascorble Acld in Guinea Pigs

By

K P Pasdyz, G. B. Stegh sud N. C. Joahi
(Received Aprll 30, 1970)

Absiract: The effect of benzanthrone on the blood, sdrenal and liver wecorhic
wcid lovels I dnlt male guincs-plgs ber boen jovestigated. Benmanthrono and
axcorbic scld were sdminiseaed (staperitoncally and orally kn doses of 25 my
and 50 mgiky weight reepectiv alone cansed dynifk

decronss of macorblo acld levels n the blood, adreml and liver Supplementation
of ascorblc mcld appreciably restored the Blood ascorble acld Howerer adrenal

It has been observed in & dyo producing factory that workers who come In
contact with the dye benranthrone (a derlvative of anthraquinone) during its
manufacture, pulverization and storage develop itching, buming sensation
erythema and pigmentation on expoted and oven covered parts of the akin.
In n fow cases, pigmentation spreads rapldly Smean ef al. (1967) stodied the
effect of local application of benranthrone on the skin of mice and observed
dermal changes when the animals wero exposed to sunlight. In thelr prelimi-
nary fepart an bemreathrone toxicy Smair & Zamz (1965) obesrved that
oral administration of sscorblc acid partially inhibited the berzanthrone-

tnpmcathnmlmnhmhcdurmﬂtuﬂdtyn“hody:,hmo“nm
to study the tovic action of tho dye in scorbutic antmals and tho reveraal of

ﬂ,,m;ymptmbymﬂ:b-dd.

Material and Metbods

e eadred male geiveapiys of LT R.C. colony  verngs welght 400 prame,

used.
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Pler of expariment.

all the groups were sacrificed after 7 days by cther amacsthesia. Ay
proximately 5 ml blood wers drawn directly from the heart. The sbdomen of esch

2. Stwdy of mortslity rate. Sixty male guinea pigs were divided Into three groups of
20 each, T) narmal IN) scorbutic and IT) noa-scorbutic. Romine stock dlct was fod
1o the animah of group I Antmls of groups I snd T wero fed a aynthetic scorbatic
diet (RAw o al. 1969) comisting of crmshed baricy 64 party, crobed gram (%

50 per cent of stock diet fed antmals {n 24 hoor,

Resilty

Histochemical studles.
) Histochemical examination of ascorbic acid was done only in the adresd!
beam:mconcentmlmmthelfmo!vnﬂomgmupsofmlnnbm“
sufficient to be vistairsed. The adrenal of animals belonging to groups [ #d
TII showed cells densely Gilled with compact ascorbic scid granules (figs- 1 &
2). In groups 11 and IV however the mumber of ascorbic ackd gramules wis
scanty They were discrete smaller in sizs and Irregularly scatiered in the

cytoplasm (figs. 3 & 4)

Estimation of ascorbic acid
The results are given in table 1
Ammmxawmmmmum&ummﬂﬂ
kyw:rcd(‘P<001)hthebcnnmhmncmt:dem=ho!pmpﬂﬂ



seniler to thet ja fig. 1. Slver

. Appeurance
acld wmiistered.
Fig. 2. Ascorblc Magnification X 120,
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Tablg 1
Awxarble add coatent of the adrenal
blood, mﬁmhw.ﬁw

bﬂmmhlwbtenmlm.mdm
v-:hncn,!mn:hlhnm(mulm}rd:dnrhm). o of the

lood Adrenal Liver
@gioomy  EUI0mml  (my10p gy of

Mom S EM ) wetwt)
MeaniSEM  Memispay
Croup I 11611 0.08 857164 st t0m
— 0430 1 0013
(Bermmthrone 489142
17.
sdminhereds) BLoes
Groop I +
(Ascorbic sdd 1.180 + 0.090 1004193
administered) 095+094
Groop 1V —_—
(Benzanthrons &
ot 0582 + 0.062 64423 T
adminkstered)
——

pared to the control group L However dgnificyy,
otunediuthcnmrlicnddomtcnuun]me&,m %mm

(D’Uup add ep-
stored the blood escorbic adid level (P<001) gy 7 1Y) appreciably re-
group IL However lnunumclthnndrm.lhd?;‘mhdmmhd
level was restored to some cxtent only the

Mortality rate.

The results are given in table 2. In anhmyy
acid (25 we/kg/dxy) the mortallty rate wes ““"-mmcd wort
meammm%ﬂmmggw%
bomp]cte}yunwtrﬂcddmlo'-hﬂhckufw Tmmaly

Discutalon
Momaxasa (1939) demonstrated that
was reversed by supplementation with mcon -

st Edu,n&gretcﬂmﬂfhy'pﬂ'wnﬂﬁ“
‘Clnbopf"
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Table 2

Mortality rate In norral and synthetic diet fod scorbutic and non-scocbotic
Mortality rate wt kowered by 40 per cent I nos-scorbutic &s compared to scorbuti
suineapigt

No. of ardomhs
Wo. of died within 24 boars
imal of benmanthropy  Mortality rae

sdministration

{500 mg/kp}
Groop 1
Normal (Stock diet) ® 1 Sopercent
Qroop U
Scurbutic (synthetic scorbutic 20 0 100 per eeat
det)
Groap T
Noo-scocbotle (Synthelic 0 12 60 per cent
scorbatic diet with additional
ascortdc acid)

axcortlc acid content of the blood fs maintained st a sufficiently high level
BEYER (1943) found that the hepatic taxic effect of hydrazine was reduced
by ascorbic acld and enhanced by ascorbic acld deficlency The mechanism
of action was not explained but it was suggested that ascorblc acid exerts s
effect indirectly by allowing normal metabolism of carbohydrate and protein.

Ascorbic acid has also been reported 10 b effective in allergy semsitivity
end toxicity of the skin duc to varous synthetic dyes and its wefolpess in
the prevention of dermal fesions caused by the local application of ben-
zanthrone was shown by Smvait & Zams (1969). Ascorbic ackd has been
foand usetul in the prevention of chrome dermatiths (Saumiz et of 1968).
WAPNICK et ol (1968) observed a decrease in whits blood cell ascorblc acd
fevols in subjects suffering from iron toxiaty

Forssaun & Fryxnoly (1947) observed that exposure (o benzeno pro-
duced an i d requi of ascorblc sckl, EDoY (1949) reported that
ascorbic ecid might exert a protective sction agalmst benzene polsoning.
Recently lheclfcctolchronlcbmzenupohonmgonmr&cmmdﬂﬂ
tbngxﬂnca—p;gmdmwunndxdbym«d(lw)-hmsﬂﬂ“‘m‘
bcnzcnepoboningloltrtdncorbiclddkwhlnlhebbodlﬂdm
(adrepals, Hm)mdlmcnsiﬂedmorburu.m(uxicdtmmmmuﬂtd
bytho-imiub:ndondmrchdd-udoudGml/d’Y'ﬂdu"mmum’
rate wus lowered by 57 / They conciuded that benzeme affected the
bolism of ascorbic acid by causing an Increase I catabolium.
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lﬂlhcpmeutcxpcrhmnu,ndmlnhtnﬂouotbmnthrmnnmcdn
ﬂtniﬁmtdmulmorh&ctddbnllntkblood.ldmu}mdﬁm
SﬁPPlﬂnmuﬁonwithnmrbblddhadonlyulﬂgmaﬂmmdnlcvdxh
ﬂhldr:mlmduvcrbmmmmithcblwdmurbkndd.'l‘hhwmldmnen
mﬁnwodrcqﬂrmtalwﬂclddh:dm—p{g:mcnbeldmmim
bon of benzantt Slmilar Joslons were also obtained from stodiey of
mortality rates. A 40 / Jowering of the mortality rate after supplementation
of mscorble acid (25 my/kg/day) a2 compared to anlmals of the scorbutic
#roup also emphastzes tho protective role of the vitamin In cases of benzan-
throne toxicity Theso studics suggest the pomdble uscfulness of ascorbie scid
m clinical therapy particularly of workers who are exposed to benzanthrane
and develop various dermal symptoms.
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Table 2
Mortallty rute fn normal and eynthetlc diet fed scocbutic and pon-scorbatic gulnes-pigs.
Mortality rate wa lowered by 40 per cent in non-scorbutkc s compared 1o sorbotic
gulnea-pips.

No. of apimaty
dicd within 24 boan

Nodl of berzanthrone  Mortality e

wdministration

(500 me/kg)
Groap 1
Normal (Stock der) » 10 30 per cest
Group T
Scortratic (syntbetle scorbotic 0 0 100 per cest
diet)
Group I
Nos-scorbutic (Synthetic
scorbutic dlet with additional = . Operest
nacorbic

ascorbic scid cantent of the blood h muntained at a sufficsently high Jerel.
BEYER (1943) found that the hepatic toxlc effect of hydraxine was reduced
by mscorbic acid and enhanced by sscorbic acd deficlency The mechanisa
of sction was not explained but it was suggested that ascorbic acid exerta i
effect indirectly by allowing nommal metabolism of carbohydrate and proteis.

Ascortwe acid has also been reported to be effective in allergy semitivity
and toxiclty of the skin due to various synthetic dyes snd fts osefuloens i
the prevention of dermal lesions caused by the local application of ben-
manthrone was shown by Smwan & Zamx (1969) Ascorbic acid hes been
found usefol tn the prevention of chrome dermatitis (Savrrz ef af 1968)
) WATHICK ef ol (1968) observed a decrease In white blood cell sscorble acd
o devels i subjects suffering from fron toxicity

Forsaan & Fryxiiota (1947) observed that cxposure to bemzenc pro-
duced an increased requirement of ascorbic acld. Epoy (1949) reported the!
wicorbic sad might exert a protective action sgainst benzene pofsoaiul-
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rate was lawered by 57 / They concloded that benzenc affected the meta
bolism of ascorbrc acld by eaving an increase in catabolism.
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