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New Editors of
Acta Pharmacofogica et Toxicologica.

hssue Professor Knnd Motler ceases to be Editor In-chief of

Amht::wkgicanTux&'oW Hp fnends and co-editors have
tricd to p de um to his admirable editorral work for some
years more, but 1n valn he i firm In his decrmon to retire.

Professar Moller was one of the founders of this Journal, indeed, he
was mmdoubtedly the prmerpal founder without h
thie Jowurnal woukd neves have become s reality From the very first {ssue,
which by & cutous comcidence appeared cxactly on the day on which
the Second Workd War was over for Denmark, and untll now Acta
Pharmacologica et Toxicologica hay been charctenzed by his sclentific
enthusiasm and scrupulous editing. But, more than that, Meller s paxion
for system s consistency gave the Journal some of {tx matn charactensties.
He 1t was who worked out the rules for lay-out, atrangement, tables,
fyparey, references, names, abbreviationy, with a host of other ems it
more wnportant, he it was who has seen them rigoronsly foliowed 1n
every one of some 800 papers that have so far appeared in it. To soms
authors these rules may seem to be rather pedantic trivialities, but for
the bosy reader they are m fact important facifities, somethung that even
the authont occanonally wcknowledge when they come to sec their
artxcdes 1n primt

Professor Dalgaard Mikkelstn, of the Royal Damush Vetetinary School,
and Dr Jem Schou, Moller s senior amistant at the Department of
Pharmacology of the University of Copentagen, will jointly take on what
has been Moller ¢ editortal work. Thedr tark will be the eanes in that the
road has been paved by the practics evolved dunng neardy two decades
under Moller's durection. It fs some consolation that Maller hatill to boa
member of the editorial stafl and b still withun reach for the new Editors-
vichicl whom he hus promised to help on all polnts of doubt.

AUcd(mno(An;wmmrdywuhmcxmmMnncrﬂmwamm
thnnhformtbehndomonbchaHdAmPMmobg{maTuriml-

ogéca end the hope that we will be abie for \ 10 contmue s edrtoria)
work for the Journal of his own creation. e

13/1-64 — Erik Jacohsen

e pharmacstarta, vt 11, .
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COMPOSITION OF INFLAMMATORY OEDEMA 3

Accord treatment with antirheumatic drugs ot pathophysiolo~
;l&cund}ufﬂymwhm‘bhwdmfommnmyammh
hxﬁnm.pﬁnmﬂybymn{ngthedmnmlmmpnﬁﬂonohhﬂoedm

Fmtheprupﬂmdyoqumm.h\oﬁedanoﬁh:wﬂaﬁm
o ey mﬂnadmmzﬂrmmﬂwuneuf(hninﬂxmmrymaion
nmqmﬂlnumnndyth:wmuomofhxﬁswhds,hsomm
hydxmpm\&muxﬂm.chloﬁdemdp«:nkumm'hcoedcmam
determmed at different intervals after application of the irritant.

Methods
mmmdmmmmmmmnmn;mm
et water

withm the borders of ons of the aress by applying xyiol foc two ménmtes, with tho
contra-taieral arex serving as

Five and 15 minmes, and 1 2,3 6 13 24 snd 48 hours later groups of ankmaly
werw killed and bied. From each anfmal two skin samplet were exchsed alowg the
outlings of the wreas, and the weight of the cederma ws deterained 13 the difference
I weight of the two samples. Samples were driod, defatted and

subsequently emaiywed.
The amlytice! vebus for the cedem wers calculated by the formuda ghven in the
mtToduction.

sodram, chiorde and

Hydroxyproline, poateniim
watried owt ax described by Lanookap Joare-Houd & Hyiowexa (1963)

Resmlts
The averuge total weghts of oed and corresponding non
ocedematans skin samples In refation to the duration of octema formation
are thawn in fig. $a (0-2 hours) and fig. 1h (148 hours) by dotted lines,
The full ine mdicates tho amonnt (= weaght) of the oedema. The etandacd
d-cvnﬁommmbyvcﬂhll}nuthmughthopoinu
Rt appeary that the weights of the d sido have a tend.
tofuﬂa-umicdthaoedmmnde.nhhuughﬂnmmmm
?lx;lmﬂr:onm"wmdmdmmltfmamgmmp{m
treated ares into the contr
ol arca, rather than from any
mmnmm\amafmmmmrmﬁmm
n two
thmhnmdmanwhoedm\ugmmtmaﬂmmxm
application of the xylol, succeeded by & gradual decrease

-
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From the Department of Pharmacology University of Copenhagen
(Professor K O Molker M D)

The Chemical Composition of the Ocdema Fluid
during the Course of Acute Inflammation
By

H. Langgird, E. Hridberg and L. Szporuy!)
(Recelved Novernber 19 1963)

In a recent paper we have described a new method for quantitative
mvestigations on acute inflimmatory oedema in muce (SZPORNY ef af
1964) It was based on the practicability of cutting out from untreated
ammals, two skin samples, of negligible weight difference, marked out
symmetrically by a stamp on the depilated akin. When acute inflammation
was provoked within the borders of one of the two areas, the other serving
as control, the size of the oedemn was defined as the weight difference
between the two samples (w; — wo} The total amounts of any given
constituent were determined 1n the oedematous skin sample (a)) and 12
the control sample (z2) and the concentration of that constituent (c)
was calculated by the formula ¢, /| = 5‘:% 100

1~ w2

Thus “oedema 1n our termmology refers to a weight difference This
concept of oedema permits quantitative calculations of the composition
of oedema fluid at the site of formation in the connective tigsue. Usually
the term “oedema” refers to an  abpormal accumulation of fluid 1 the
connective tissue, / ¢ to a muxture of exudation and pre-existing extra
cellular fluid or sumply to the oedematous state of the tissue. In contrast
to this we refer to tho excess fluid or genuine oedema 7 e the plasma
filtrate.

In the report menttoned above 1t was demonstrated that 15 munutes
after mfuation of the mflammatory process the oedema had the same
composition as blood plasma.

However durng an acuto inflammatory process changes in chemical
composition of the oedema may mnterfere wath the later courss of the pro

1y Rescarch fellow of the Atomic Encrgy Agency
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LANGGARD E. HVIDBERG AND L. SZPORNY

0 _
YIRS =

i LI

Fig. 1 Wd.m of oedema fluid during its two phases (0-2 bours fig e 148 houn g 1b)

determined as differences botween the trested and (ho untrexted udo piotted aganst

time. Dotted CUI'VES represent totel weights Velues for tho standard devistions are
indscated by vertical lines through the points,

during the following 18-24 hours By this tune a second phase of oedema
formation has already begun

The concentrations of fat free solids, hexosamine, sodium and chlornde
in plasma and n oedema flwd 15 mumnutes and 1 2, 6 and 48 hours after
induction of the ocdema are sunmanzed in table 1 These figures de-
monstrate that the oedema at all hours up to and including 6 hours has
the same composition as plasma. At 48 hours the concentrations of
sodium and chloride are still the same as those in plasma, but there is a
highly significant increase 1 the concentrations of fat free solids and

hexosamme.



COMPOATTION OF INFLAMMATORY OEDEMA 1

Toble 3
of sefaroatory ovdenu fhukd 24 bours
apphcation mm codenst wit absorbed, the figures Indicats tho differencs
b * Detwenn tronisd and oarected Wb

Hydro-
N\Iﬁﬁ S0l ‘lo-ﬂn: ‘M\nummm

total toial kne
(g | wp percest] e vl | neq weqfl Fu mglcg (eq) (o)
Vlies 19 13 2sx 16 24 1 212 1 34 -0
1 \ o A 1M 138 M3 1y & 17 em
3w it 4o 55 MW 76 ¥ M8 1 oy 113
< To 4 &7 133 1 9y 1 1w oy i
16 8 s 1% 63 84 140 028
€ 44 € 125 44 81 37 i B 6 1.0 oM
1 48 % 86 &9 183 1a 0 103 13 -007
@rit®) -( 1D - 1N (s 32D -
[ S| - s 7 - -2 -2
y u 0 3 - 2t - -10 -010
o on 2 28 14 4 - -0a4 oD
o121 166 -~ B - -~03 -0
121 2 20 14 % - 03
[T S L I ~22
T S | 10 - 10 ~26 14t
13 ~12 -6 a2 - 10 - b1 - ~is -0
18 ~1s 4 14 .x) “u - -2 -0
17 ~13 —4 R X 135 - 13 -0
Table 2 shawy the total of hrydroxyproline and potasstum in
d and of

akin and in the oedema fhuld itsell At
oo time does the oedema contain significant amotmts of hydroxyproline,
The contents of potassium are negligible umtil 6 hours and at 48 hours
amount to 4.0 peq

Becawe of the varbie remits obiained on the 24 hours gromp of mice
thess vatuss ase mven in » separate table. [n table 3 the animals are Yixted
mdividually in descending order of weight of oedema.

One enlmal (oo {3) had no oedema, and In four animals (no 14-17)
the treated side weighed Jem than the untreated side.

The hydroxyproline contents were the same on both sides,

Seven ammals {no 1-7) wath over 20 mg of oedema (previcusly shown
0 be & ot below which concentrations cannot be calculated with
walficent accuracy) showed the averags valtoes for the concentranions of
wdmmnndchlmdemhoﬂmumculuﬂww&rmnem
trations of hexosamine and sollds, however were stightly higher

Ten unimabs (no. 8-17) with hithe or no oedemy constantly showed less

potanium on the treated side than the corresponding
d‘hmahhmmndwm:fn unreated sede,

on the treated side. sodrim, chloride and hexosamine
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COMPOSITION OF INFLAMMATORY OEDEMA 9
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Fig- 2 Vet end compontion of oederia fluud in relation to o scale). The dotied
;Wﬁmmmdmﬁmm

nate (KULONEN 1952 Hvipmtma, Lancakep & Szrorny 1964) since 1ts
formauon wonld explaln the concomitant rise in the potassium contents
(tables 1 and 2) The high concentration of fat free solids 1n the Iate
ocdema fluid nrust have been camsed by an accumulation of proteins other
than collagen, smee the amemnts of hydroxyprolme remaiped unchanged
(table 2). It 15 potcworthy that the amounts of collagen were not altered
2t ths stage of the regenerative phase (¢f Houck & Jaxos 1961)

Inﬂg.Zlnmnnptuuudetoﬂ]mtntemnmldmuaﬂylh:
findingy of our stndy The concentrations of fat-free solids, hoxotammne,

sodmm and chionde, the total of p of ocdi it
with corresponding control vahes and the “ocdema t have
related to tme (148 b weigh been

ourt, on a loganthmic scalke).

1t can be stated m conch that two

seute Infammatory process provoked by

17 toeam o plases the type of fiald
mmmmrmmMmeMme
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Discission

The two-phased course of the curve 1n fig. 1b mdicates that the early
ocdematous stage of the nflammatory process does not pass directly into
the oedematous state of the regenerative phase Approximately 24 hours
after induction of the inflammatory reaction the weight of the oedema
has decreased to & minimum and thereafter another oedematous state
18 developed. The fact that all of the animals i the 48 hour group had
unequvocal oedema, although several animals 1n the 18- and 24 how
groups showed none, suggests that the oedema of ench arumal at some-
where about 18-24 hours 18 1n fact reduced to zero

Throughout the initial phase of the process the inflammatory oedems
fhwd has a constant composition, the same as that of plasma (tables 1 and
3) Although the principal route of protein absorption is presumably via
the lymphatics, whereas water and crystalloids mamnly are absorbed
directly into the blood stream (HOLLANDER ef @/ 1961 LANGGARD 1963),
the concentration of fat free solids 1 the oedema remains unchanged
dunng the absorption phase. This 15 even more surpnising because the
term oedema 1n the present study refers to the amounts of fiuid 1 fact
filtrated through the capillary membrane (sce above) and not to the mx
ture that the plasma filtrate 1n all probability forms with the pre-existiog
extracellular flmd In other words, there are some indications that a
certain fraction of this total oedema 15 kept 1n equillibnum with the
plasma throughout the formation and reabsorption of the oedema fluid.

At the transitory stage 24 hours after applicahon of xylol highly
heterogenous results were obtained (table 3) The figures seem to indicate
that some of the animals at this timo were 1n the Iate part of the first
phase, while others were 1n the early part of the sccond phase As stated
above the accuracy of the calculations was also less in this group because
of the small size of the oed It seemns sig: nt however that at this
mtermediate stage of the inflammatory process a shifing of electrolytes
1s takmg place Animals with little or no oedema show a loss of potassium
on the inflamed side with a small but clear excess of sodum and chlonde.
It is also to be noted that the amounts of hexosamine have increased.
For the study of connectrve tissue as an organ”™ depositing water and
clectrolytes these findings may be of importance Extended work with the
specific object of clanfying questions related to the transitory phase should
be carned out before conctusions are drawn.

In the late phase of the acuto mflammatory process a production of
acid mucopolysacchandes, presumably hyaluronic acid (WHITE, SHETLAR
and SCHILLING 1961) has taken place. At the existing tsue pH hyalu
¢ acad pnmarily ocours as a salt, most likely as potassium hyaluro-

roni
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From the Dx ogy and Tt Tho Royal

Salirery Excretion of Suiphouamides and Barbiturates
by Cows and Goats
By
Folka Rasmowsen
(Rocerved Noveber 12, 1963)

KIIMARN & THAYSER (1955) demomytrated that variows sulphona
mxdes wers excreted by man in the parotid saliva. The concentration in
this acid salrva was found to be fower than that in plasme, and the matio
between the raliva and the platma concentrations was correlated with the
pKevakue of the sulphonamids in qoestion, as only the m-onzed form
of the drug diffsed across ths epithettum of the saftvary gland, Tnvesti-
stmg the excretion m other scd secretions, THAYSEN & SCRWARTZ
(1953) observed that sulphonamids excretlon kn sweat simiarly depended
on ths physco-chemical properhies of the drugs. The same fact was
d m stodies of y excretion of e g sulphonamudes,
peacthamate, erythrorycine, antipyrine (Rassusen 1938,

1959 1961) and barbrturates (unpublished remits).
As the parotid secretion in raminants i3 afkaline, drug excretion 1n cow
und;m(nﬂm-hnuﬁoﬂnmoppvrmm;yfcrmd:ﬁond-pmlulof
¥ and il of drogs. Previoms
M@m:m:mmmﬂ&mmuﬂ;mm

at higher il than those obt 1g m ultrafittrates
of plasma,

Materfals and Methods
Five conet 4nd efeven gouts wer taed. Mined salPva from the cows was collocted
mdnmp&nmhnuwnﬂnmm‘;ﬂm‘g
wrowth % gl citheter bwerted In the perodd doct. The rulphocamides were
ukmdhvmbhwmm:rﬁnnﬂm and sdminimered to by
mmmw.mmmammnummm
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composition of a bulk filtrate of plasma, whereas the later phase 1
characterized by higher concentrations of fat free solids, hexosamene and
potassium indicating profound alterations in the connective tissue ground
substance

Summary

The quantity and chemical composition of inflammatory cedema fluld
has been followed through the natural course of an experimentally induced
acute inflammatory process The oedema was examined i sifu and control
studies were carried out on the same animals

It was found that oedema formation occurred 1n two phases The initial
phase, during which the oedema maintained the composition of a bulk
filtrate of plasma lasted approximately 24 hours The second phase, which
had probably been mitiated before the end of this penod, was charac
ter1zed by a marked increase 1n the amounts of fat free solids, hexosamine
and potassium indicating changes in the connective tissue ground sub-
stance characteristic of regenerative processes. At the transitory stage
24 hours after imitiation of the oedema excessive amounts of sodium and
chloride but a deficit of potassium were noted 1n the inflamed tissues
This point needs further clanfication.
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From the Department of Pharmacology and Taxkcology The Royal
Vemrinary and Agricuituni College,

Saltvary Exeretion of Sutpbomamides and Barbltarates
by Cows and Goats
By
Feolke Retmowen
(Rocsived Nowember 22, 1963)

Kooiann & THAVSEN (1955) demonstrated that various sulphona
mides were excreted by man In the parotid saliva. The concentration in
this acid tativa was found to be lower than that in plasma, and the ratlo
between the safiva and the plasm concentrations was correlated with the
pKa-vatue of the sulphonamide in question, 4 osly the un-lorured form
of the drug diffused acrors the epithelium of the salivary gland. Tovest
mting the excretion m other ecad secretions, THAYSEN & SCHWARTZ
(1953) observed that sulphonammde excretion in sweat similarly depended

penethamate, erythromycine,
1959 1961) and barbiturates (umpublished resalts).
As the parotid seeretion In romanants i3 alkaline, drog excretion in cow
and poat saliva should offer an opportunity for additonal appranal of
the comelation between lonmzation and diffusmon of drugs. Previous
findings mdicate that acld drugs should be excreted in this alkaline

secretion at higher than those obtal n ultrafiltrates
of plastma,

Materials and Methods

Five cows and ebeven goats were ored. Mined salien, collected
md:nmm‘hmhmmummwnﬁmm‘?y
Trough plastic eatheter fnserted fn the parotid doct. The tatphovarides wers
wmmmmmmmwwmw
Permanent infouion through Mmm&mmnmumm
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vein. The barbiturates were Injected intravenously in separate doses, wmnitilly 20-200
mg/kg and smaller n.rp-plcmcnury doses at intervals Sampling was begun 30-60
runutes after begi jon. Blood ks were drawn through 8 permanent
cannula in the right jugular vein. In each experiment six samples of blood and saliva
were drawn at Intervaks of about 15 minutes Immediately after each sampling, the
pH valucs of the blood and the saliva were measured potentiometrically with a micro-
glass electrode at 37°C, The content of unacetylated sulphonamide in the samples
was determined by the method of BRaTroN & MammaLL (1939) and barbitnrate
determination wns performed by the method of Lous (1950) Proteln-binding was
determined by the ultrafiltration method of Poursty (1956) Lipid sofubility was
expressed a3 tho chloroform/fwater molecular distribution of each drug.

Results
The concentration ratlo salivafultrafiltrate of plasma

After admrnustration of sulphanilamide sulphadimidine or sulpha-
cthoxypyridazine at a dosage of 100 mg/kg body weight to five cows and
one goat, the concentrations of unacetylated sulphonamide were deter
muned 1n all simultancously drawn saliva and plasma samples and 1n the
ultrefiltrate of the plasma. The results from these preliminary expeniments
at falling plasma concentrations are summarized 1n table 1 where 1t i3
seen that the ratio between the sulphanilanmide concentrations in saliva
and the ultrafiltrate of plagma was about 1 0 whereas the concentration
of sulphadimidine and sulphaethoxypyridazine was hugher 1n saliva than
1n ultrafiltrate.

Table 2 records a list of the test substances and the experimental results,
computed as average concentrations from six observations in each of 21
experiments on mine goatsat approximately constant plasma concentra

Table 1
Ci tons of sulp (des in plasma of plasma
# d saliva st faling plasma concentrations.
Ultrafll ' su "

Plasma | trate of va to

tons luml
no pe/mi ,,l/mj ‘ pg/ml (S PUN
80 1o

Sulphanilamide 7 6 95 5381 32

s1.3] 16-581 13133
Sulpbldlm]d[pc 12 32 36 2l 3 ' 1331

Sulphacthaxypyridazine 2 5431
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saliva end plasma (S/P) 1s
tions. The ratwo between the concentrations in
0.7 or higher um-ptfmthmao{mlphacmnﬂd&mmuonfor

tein bound in saliva.
mmdm‘ummmsn:uﬂnofmnnnmbubomdmtfmmﬁ;.l
which 13 a record of expenments with
mdpt:nobubﬁmmnmormcdonvlﬂadfmmom—14mlfmm

Table 2
= In plarma and parotd
l-lm and un!n unnmm.n of plasma from goaty
Uhnsk
Piroms | Sallva | Rato '"’"‘“; trat of | Ratls
il | et |osp eyl | 8P Une

Setphandamido 71 2 o n o 10
ke i os n 21 1.0
Salpkadindoe e 01 1] 51 102 10
taz el o 6 37 21
Seipladinnmne 26 2 os n 8 "
52 b 11 n 201 14
203 504 24 3 145 34
Flpbacsammde ® 4 01 1 6 ol
n 3 o Y] 17 a2
Petobarieons 1ns s 1o @ n so
(Metwmalom) 58 yry o7 " 30

. “ L3 “ 11
n M a7 17 71
Barbdecs (Duewatn) l 249 5O 21 u 9 24
P m 13 2 tes 17
\ 6 (%] 3 % o 4
Repoul & ) 0 ” ' “ n 1s
B u 17 35 n 31
Torohurtuion 107 123 . @ “ e
1 PeneTabym) " " i1 o Eo 3¢
n 2 1 5 4 3

D P e ey goe
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Flg. I Relation between tho concentrations of
sulphanilamude, sulphedimidine and phenobarbitons in saf va and
tho ultraflitrates of plasma

Ordlnate Concentration tn sallva pg/ml
Absclisa Concentratlon in the ultrafilirate of plasma pg/ml

in these experimental periods The figure shows that the salivary concen-
tration is directly proportional to the concentration mn the ultrafiltrate of
plasma and that the ratios are different for the three compounds

The influence of secretion rate on the concentration ratio
salivalultrafiltrate of plasma

In the expenments on goats the parotld secretion rate varied from 0 04
to 7 0 mifmun. and 1s recorded in table 3 together with the experimentally
established ratios The ratios include only pertods tn which the salivary
pH was 8.2-8 4 so that the infloence of the greater pH vanations in the
saliva is eliminated The table shows that the ratio S/P Ultr for each drug
was constant and mdependent of varations in the secretion rate up to
2-3 ml/mun., whereas 1t may appear to diminish at high secretion tes
(5-7 ml/min.)
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Tubie 3
ﬁnﬁv-mphmmmhw-damudnﬂtﬂoﬂ
Ratio ™ secraiony ixtewshy la poats
P Ratlo Safiva
‘mum\ -ﬂ}mh.‘ ‘M’UW} /.
N Saido 11 0.8 Pentobarbions 2.6 10
) 3 ak 22 P
1.0 01 Exd 22
5
TR o
1.0 10 19 58
Salphadmmdme 2.2 o4 Rarbitore 3 Q1
11 07 zi: %1
18 07
21 [1) 13 a5y
i 1 3 12
1 22 2 1.6
Swiphedanos 13 04 Phenobarbuoot 03
[ [¥3 03
14 bR

1t 3

3

3

3

12 46 2
El

i0 104 3

1 | 14

) 10 mun befors this tamphe 0 § Ml kuyect. cartackolia was Iojected Lm.

The degree of fontzation compared to the It
sahrapitrafiftrate of plasma.

The pX, vatues for each drug are given In iable 4 By meams of iho
formuta (¢f Ausext 1952)

ratto

100
percentags un-fonized = 100 —
1+ antllog (pKa — pH)
the percentage of un-doruzed drug was calcnlated at the pH of blood and
afiva. The pH of the salva samples vaned from 80to 84 the pH of the
blood amples was 73-7.5 and in one experiment 71 The results arc
recorded in columm 3 and 4 of table 4 If oaly the non-protein bovmd and
un-bontzed fraction of drugs are able to diffose across the salivary epithe-
rum and establish equilibrium, the formuta
R_\-HM"-'!.‘
T4 109505

alculation of this ratio when equilibrium 13 established (
Iacom 1840 Davaore & Darariix 1943). In the formula pH ddea::t‘u
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Table 4
Comparlson of found and cakculated ratios

Undonired in

plasma | gallva | Cakulated Fonnd
pH74 | puis | SPUN | SP U

P

Suiphanilamlde 104 100
Pentobarbltone 20 0 1303 ;.? .'..lo
Barbitonc 78 7 4 3o 2.2
Reporal ® 75 613) 17 36 3
Sulphadimudine 74 50 14 36 ol
Phenobarbitone 7 39 9 43 33
Sulphadizrine 63 11 s 13

o) o 33
Sulphacctamide 4 1 el 10 02

the pH of the secretion and pHp, the pH of the blood Theoretical ratios
calculated by this formula are given in table 4 and next to them the
average values of the ratios found experimentally The table shows a ratio
of 1 0 for sulphanilamide, which cxists exclusively 1n un 10mzed form both
in saliva and 1n blood The remaining drugs arc present both un fomzed
and fonized 1n blood, as 1n saliva but the un 10nized frnction 1s larger 1n
blood than in saliva Accordingly an equilibration of the un ronized
fractions on each side of the membrane will result in the appearance of a
larger total quantity of the drug 1n saliva than in the ultrafiltrate of plasma
In support of this theory the cxperimental resuls recorded in table 4 show
that all these drugs except sulphacetamide wero concentrated n the saliva

Dkscrssion

Several studics, reviewed by SCHANKER (1962) have demonstrated that
the dustribution of a large number of drugs across membranes in the
animal organism depends on the ph value of the drug and the pH
difference between the biological flulds on cither side of the membrane
In our mvestigation of the galivary excretion of two homologous drug
series n ruminants, this phenomenon was further illustrated Lxcept for
sulphacetamide, these weakly acid drugs were found at etther the same
or at higher concentrations in the alkaline saliva than in the ultrafiitrate
of plasma & finding consistent with the theory that only the un fonured
form diffuses across the glandular epithelum. Accordingly the salivary
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Table 5

componds
relation beiw can Srpld sohubitity of Lhe oalonized afon
T e Tetios found  perceatapn of catoolased

Usdood | .d“;u" R
in percaslages
P74 | s 'E\dny 4 T caleotatod
% yaloes
100 6m 3 100
!.:I]:bamhnxdc 0 o 9 3
¥adanse it e g 3
Barbilone n o7 b4 7:
Salphadimiding 2 32 34 b
Fhaacbartricne » 4 177
Pouabarrions to n 0 jrd
vy e _io >6100 10

excretion of drugs in ruminants s governed by the seme principle as in
man bowever owing to the slightly acid or neutral patore of human
parotid seeretion (pH 5.5-7.8 ScarmoT NiFLsey 1946), 1he concentration
of scid drugs in human saliva is always lower than that in the ultrafiltrate
of plasma (KN & TrAYSFN 1935)

On comparing the theoretically computed and experimentally observed
concentration ratios in saliva and ultrfiltrate of plasma (table 4) sulpha
nilamsde and barbiturates show the closest agreement. As salive does nat
atagnate in the parotid gland in the way that, for example, milk does in
the vdder bmt is cxcreted continuonsly attainment of equilibrium be-
tween drug concentrations [n plasma and salive will depend on the
d Mty of the compounds. As diffuibilty for the drugs nventigated
depends not only on their degrees of dussociation but also on their Tipid
wlubilties, both of these factors and ther products are recorded in
fable § The experimental ratios, exprevsed as percentages of the theore-
Lical valoes a1 equilibriom, are listed in the last column. As sulphanila
mide is present entirely in the wn fonkzed form in both saliva and plasma,
this compound, in spite of its Jow [ipid solubility reaches the theorctically

d ratio Of sulph ide onty 1 / fs un-tontred in plasma, and
this compound has a low liped solubilty The diffunibility of this com-
pound i therefore atwo low which may explain why the experimentally
foand ratio fs only 1-2 / of the thearetical vatue In plasma the un-fonired
fraction of the remalning compounds s tetween 11 and 80/ and therr
lipid sofubility varies considerably The resalts in table § show that both
dissociation and ipnd sotubility strongly affect the possibility of attainmg

diffasion equilibrium The demonstrated inflaence of Lprd solubilty b

At Phorvpmiagias vl T, Cust. 1. 1
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consistent with the results from salivary excretion studies on non-clectro-
Iytes (AMBERSON & HODER 1932 BURGEN 1956)

In our study varations of secretion rate from 0 04 to 2-3 mi/min. did
not reduce the concentration ratto §/P Ultr  which is 1n agreement with
the findings of KILLMANN & THAYSEN (1955) at secretion rates by men of
025t0 2.1 mi/mun At secretion rates from 5 to 7 mY/min the ratio tended
to fall for sulphadiazine and pentobarbitone. This tendency was, however
less pronounced than the secretion rate dependence found by BURGEN
(1956) who showed that the excretion of non-electrolytes 1n dog parotd
saliva was passive and that the concentrations of some compounds fell
with rising secretion rate, but that for other compounds 1t wans mitially
lowered and later rose with rising secretion rate

1t should be noted that the method used for determining barbiturates
will also include any metabolites containing the barbituric aad ring
Even 1n thess acute experiments such metabolites mught be formed and
affect the results

Summary

In experiments on cows and goats it is shown that the concentration of
sulphanujamide sulphadimidine, sulphacthoxypyndazine, sulphadiszine,
pentobarbitone (mebumal NFN) barbitone (diemal NFN) Reposal ®
and phenobarbitone (phenemal NFN) in the alkahine saliva was higher
than or equal to the concentration in the ultrafiftrate of piasma The
concentration 1n saliva depended on the pKy value and the lipid solubility
of the drug. The concentrtion ratto of saliva to ultrafiltrate of plasma
was independent of variatons n secretron rate from 0 04 to 2-3 ml/min.
Sulphacetanude, which is manly fonized (99 4) 1n bloodplasma and has
a low liynd solubllity was excreted in the sallva at concentrations below
those in plasma.

A companson of theoretically computed and experimentally observed
ratios showed that the non protein bound and the un 1onized form of
sulphonamides and barbiturates tend to establish a diffusion equilibrium
across the epithelum of the salivary gland In spite of the continpus
secretron and outflow of saliva, this diffusion equilibnum 13 reached by
drugs with hugh lipid sotubilitres and low degrees of dissociation blood.

Acknowledgement
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consistent with the results from salivary excretion studies on non-electro-
Iytes (AvBErsoN & HOER 1932 BURGEN 1956)

In our study variations of secretion rute from 0 04 to 2-3 mi/mun. dd
not reduce the concentration ratio S/P Ultr  which 15 in agresment with
the findings of KiLLMANN & THAYSEN (1955) at secretion rates by man of
025to 2.1 mlfmun At secretion rates from 5 to 7 ml/mun. the ratio tended
to fall for sulphadiazine and pentobarbitone This tendency was, however
less pronounced than the secretion rate dependence found by BURGEN
(1956) who showed that the excretion of non-electrolytes in dog parotid
saliva was passive and that the concentrations of some compounds fell
with nising secretion rate, but that for other compounds it was imbally
lowered and later rose with nsing secretion rate.

It should be noted that the method used for determining barbiturates
will also include any metabolites contaning the barbituric acid ring
Even 1n these acute experiments such metabolites might be formed and
affect the results

Swnmary

In expertments on cows and goats 1t 13 shown that the concentration of
sulphanilarmde, sulphadimtdine, sulphacthoxypyridanine, sulphadiazing,
pentobarbitone (mebumal NFN) barbitono (diemal NFN) Reposal ®
and phenobarbitone (phenemal NFN) in the alkaline saliva was hugher
than or equal to the concentration in the ultrafiltrate of plasma. The
concentration 1n saliva depended on the pK, value and the lipid solubility
of the drug. The concentration ratio of saliva to ultrafiltrate of piasma
was Independent of vanations in secretion rate from 0 04 to 2-3 mi/min
Sulphacetasude, wiuch is mainly 10mzed (99 %) 1n bloodplasma and has
a low lipid solubility was excreted in the saliva at concentrations below
thoss in plasma.

A companson of theoretically computed and experimentally observed
ratios showed that the non protein bound and the un 1omzed form of
suiphonamides and berbiturates tend to establish a diffusion equilibrmm
across the epithelum of the salivary gland. In spite of the continous
secretion and outflow of saliva, this diffusion equulibrium is reached by
drugs with high lipid solubilities and low degrees of dissociation 1n blood
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mmmmbmummmummmmmu
ahumhmmha:pon&edtodrynmmmnn—ﬂmﬁcuumuﬂhm
tudu:h(ﬁxmlredinlOuﬂo(mbonm:h!oﬂdc.me,Sgofwlld
cupmniodidehadded.Th:mhtm’euLhcn:hnkﬁ:fmSDminﬂtumn
mechanical shaker The mixture i centrifuged, and the optical density
of the clear yellow supernatant fluld is measured agafst carbon tetra
chloride at 430 mu.
Standacds

125 25 50 and 100 micrograms of dusulfiram in 10 ml volumes of
carbon tetrachlorids aro treated with cuprom Jodide, as described above,

Typseal recoveries of TDD added to whole blood and plasma are
shown {n thoe table.

The procedare hat been fonnd to be readily applicable to facces.

Table 1
The Recorery of Duuftrm sdded to Blood and Urlas

Quasity of
Dhmifram Recorery /
added ymicrogrum)
Wiohs Blood (10 ml) % n
10 "
00 ™
00 7
Fiauma (10 D) 50 n
100 b
bl ™
0 1
Utine (500 ml) 210 n
00 g ™
1000 3

Urine
ASﬂ)mlnmpl:ufun‘mhndjuﬂcdmpHSmdntm:md\hm

umes with lmn‘\lquanu\kuofurbontmdﬂorlde.mmm

d:londccxtrucumenpomndmdrynmlnmlﬂ—dnuﬂmmnﬂl

ﬂ:mddueudhso}vadtnwuﬂufmrboummhloddc,deDDb
:mmvahmmownmﬂrubk‘

o mwhgmmmwmmyhmmum

messured porton of the fimal carbon ietrachloride
solution
2o (after dilation to 10 m! with more carbon tetrachloride) should
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From the Blochemlcal Laboratory Northern General Hospital,
Edinburgh Scotland.

The Determination of Disulfiram (Antabuse ® Tetraethyl
Thioramdisnlphide) in Blood and Urlne
By
S L. Tompsett
(Recelvod Angust 31 1963)

Disulfiram (antabuse @ aversan @ cronetal @ a o) is used 10 the
treatment of chronic alcoholism. After admirustration 1t may be found
1 body fluds unchanged, tetraethyl thiuramdisulphide (TTD) or in &
reduced form  diethyldithiocarbamic acid (DDC) (ELDIARN 1950 Lix-
DIRAOLM & BerG 1951) The Iiterature describing its determunation 18
not extensive. Below 18 reported a modification of the method of DoMAR
et al (1949) This has parucular advantages especially i the extraction
procedure.

Procedure

Reagents

Ethanol/ether (1/1)

Standard sofution of disulfiram 1 carbon tetrachionde (I mg/mi}
Standard solution of sodium diethyldithiocarbamate mn water

(1 mg/ml) — freshly prepared.

Solid cuprous fodide.

Carbon tetrachlonde.

10 / (w/v) sodwum citrate in water

10 4, ammonia.

5% (w/v) cupric sulphate n water

w N

- - NV RN

Method (TTD)

Blood
10 m! of whole blood or plasma are added to 100 mi of ethanol/ether
mixtare After standing at room temperature overnight the mixture 1s

.
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Paper Chiromatography of Dicoumarol and some
Related Substances.
With & Metbod for the Quantitstive Determination of
Dicoumarol on Paper Chromatograms
By
Fleorming Chrixtewsen
(Recesved Janaary 17 1964)

Methods for identifying and determining dscoumarel (3,3 -methylene-
bus-{4-hydroxycournarin)) may be useful in experimental pharmacology
and blochemistry as well a3 in forennic and clineal medicine, 1t should,
bowever be added that determinations of dicoumarol as a method of
controlting anti-coagulant drug therapy hss not been generally sdopted,
snce blood coagulation studies have then been found more valuable

Severa! methods for determming dicoumarol in biological materials
have previosly been described. Among these may be mentianed colork-
metrie (PULVER & voN KAULLA 1948 RosBuAN & GREIN 1951 Lumman
1951) and o let spectroph fe methods (AXELROD ef al 1949
WIER ef af 1950). 1n a few igations of the fate of dlcoumarol in
different anlmal species tracer methods with diconmarol labelled by 14C
have been wsed, (LEE €7 af 1950 HAUDNER er al 1951) All of these me-
thods have in common that they are not entircly specific for dicoumarnl,
m particular that they will not permut distimction between dxoumaro! and
itt chemeally refated metabolites. Recently a method for determmiing
dicoumare! in the plasma by infrared spectrophotometry (STUBSS ¢t af
1962) bin been reported. The method seems 1o be more specific for
dicoumarol than any of the others mentoned. It has not been shown
»hether or oot this method can distinguish between dicoumarol and 115
metabolrtes. For a final identification of dlcoumarol aystallographic
valves have been reported by RosE & Witliaa (1961),

In connexion with an investigation into the fate of diconmarol m the
rnllllufmmddnmhlewdﬂammdwmmumltpcaﬁcaﬂywtnin
the presence of its mctabokites. It was also found detirable to be able 10
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Method (DDC)

Urine

To 10 ml of unine are added 1 ml of 10% sodm eitrate, 1 ml of 10/
ammonia, 1 ml of 5% copper sulphate and 10 ml of carbon tetrachlonde,
The mixture is shaken vigorously for 10 minutes and then centrifuged.
The carbon tetrachloride layer is separated, and the optical density is
read agninst an approprate blank at 430 my.
Blood

To 2 ml of serum are added 8 ml of water and I g of pancrestin
(British Drug Douses Ltd ) and the mixture 15 mcubated at 37°C for
12 hours. The determination is then carned out as described for urine.
Standards

25 50 100 and 200 micrograms of sodium diethyldithuocarbamate in
10 ml qoantities of water are treated i exactly the tame roanner os
described above,

Table 2
The Recovery of DDC added to Urino and Plasma

Quantty of DDC
added (glq-np-m:) Recovery o
Urino (10 ml) 50 74
100 131
200 13
Plaama (2 mD) 23 T4
50 76
100 78
Summary

Disulfiram 18 extracted from plasma whole blood or frces with
cthanoljether Disnlfimm or dicthyldithiocarbamic acid 13 determined
photometrically at 430 mp 1n the evaporated extract after addition of

rous jodide.
P REFERENCES

Domar G A. Fredga & H Linderholm A method for quantitative deter
minatloa of tetracthylthivram dhuifide (Antabuse, Abstinyl) and Hs
reduced form, dicthyldlthio carbamic acid, a3 found 10 excreta. Aot
Chem. Scand. 1949 1441

Eld: L. Tho metabollam of tetraethytthiuram disulfide (Antabuse, Aver
san) In the rat, Investigated by means of radicactive suifor Scaad. J
Chn Lab [xvest 1950,2, 198

Eidyxrn, 5. The metabolism of 1etracthyhthluram dualfide (Antabute, Aver
san) jo man, invuﬂptcdﬂ metos of radloactive sulfur Scand J

Lab [ yest 1950, 2,

Linderholm, H, & K. Berg A mwthod for the determloation of teirmethyl-
thizram dbulfide (Antebuse, Abstinyl) snd dicthyldithiocarbomate in
blood and urine, Some studles an the metabolism of tetracthylthluram
disulfde. Thid. 1951 3 S6.
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of
tho Imttoate of Hygiene (Professor B Lambert, M D), Unheniy
A wod froms tha Depastaest of Bochemisry (Profensor & Darliog, P5.D),
tbe Roysl Dental College Aathins, Denmark.

Paper Chr aphy of DI ol and some
Related Sabstances.
With a Method for the Quantitative Determination of
Dicotmarol on Paper Chromatogramms
By
Flesamicg Christensen
(Racctrad Jemmary 17 1964)

Methods for tdentifying and determining dicoumarol (3,3 methylene
bis(4-hydroxycoumarin)) may be wseful In expenmental pharmacology
and blochemistry as well as in forensic and clmical medicine. Tt should,
fomever be added that determinations of diconmarel as & mcthod of
controlling anti-coagulant drug therapy has not been generally adopted,
e blood coagulation studies have then been found more valuable.
Scveral methods for determining dicoumarol in biological materials
bhave previously been described. Among these may be mentioned coforf-
metric (PULVER & VO KAULLA 1948 RoseMaN & GREN 1951 LupraN
1951) and witrariolet spectrophotometric methods (AXELROD ef al 1949
WEHER ef al. 1950). In a few investigntions of the fate of dicoumarol In
dufferent animal species trocer methods with dicoumarol labelled by 14C
bave been used, (LeE ef a! 1950 HausNER ef af 1951) Al of these me
thods have in common that they are not entirely specific for diconmarol,
in particular that they will not permit distinction between dicoumaro! and

diconmmarol in the plasma by tnfrared spectrophotometry (STUBRS ef of
1962) has been reported. The method seems to be more specific for
dicoumaro] than any of the otbens mentioned. §t has not been shown

whether or not this method can distingush between dicoumarol and its
Dolltes, For a final ientification of di

1 allographic
vﬂnuhwaommponcdbykmz&mm(l%l) e
In connexion with an investigation mto the fate of dicoumarol i the
Tt it was found desirable to determine dicoumarol specifically even in
the presence of its metabolites. It was also found desirable to be abke to
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Method (DDC)

Urine

To 10 ml of unine are added 1 ml of 10% sodtum citrate, 1 ml of 10,4
ammonia 1 ml of 5% copper sulphate and 10 ml of carbon tetrachlonde.
The mixture is shaken vigorously for [0 minutes and then centrifuged.
The carbon tetrachloride layer is separated, and the optical density i
read against an appropriate blank at 430 my.
Blood

To 2 ml of serum are added 8 ml of water and | g of pancreatin
(Bnitish Drug Douses Ltd) and the mixture is incubated at 37°C for
12 hours. The determination Is then carrred out as described for urdne.
Standards

25 50 100 and 200 mucrograms of sodium diethyldithiocarbamate in
10 ml quantities of water are treated 1n exactly the same manner as
described above.

Table 2
The Recovory of DDC added to Urine and Plasma

Quantity of DDC
added (mkrogram) Recovery /

Urdne (10 mD) 50 74
100 1]
200 L x]
Plasma (2 ml) 28 74
30 76
100 "

Summary

Disulfimm 18 extracted from plasma, whole blood or frces with
cthanol/ether Disulfiram or drethyldithiocarbamic acld is determined
photometrically at 430 mp in the evaporated extract after addition of

rous jodide.
cup REFERENCES

Domsr G A. Fredga & H Linderholm A method for quantitative deter
minatlon of tetracthylthluram dhulAde (Antabuss, AbsunyD) and i
reduced form, diethyldithio carbamic acld, as found in excrein. Acta
Chene. Scand 194% 3 1441

Eldyarn L. The metabollsm of tetruethylthioram disuifide (Antabuse, Aver
san) In the rat, lnvestigated by mcans of radlosctive sulfur Scamd J
CBn. Lab Invest 1350 2, 198,

Eldyarn, § The jsm of tetracthy disulfide (Antabute, Avor
san) o man inveuigated means of radicactive sulfur Scemd J
Chn Lab Invest 1550 1,

Linderhoim, H & K. Berg A method for the determination of tetracthyl
thizram disuifido (Antabase, Abstioyl) and disthyldithlocarbomato In
blood and urine. Some stadks on the metabolism of tetrueth: uram
disoifide. Ihid. 1951 3, 96
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The resction was carried out a3 described below A sotution of o-dlartisidine was
peepared by dimolying 2.0 g of o-dlnisidine (ADH amalytical grade) b 1 lhre of
1uﬂammmuwnmwmummm-nwmdwu
oaahie for wesks shen kept 2t room tomperature. The spery reagent was prepared by
meixing 25 ml of this solation with 1.5 ml of & 5 4 (w/v) squeout solution of sodium
akrie, keeping this mixtwes for abodt § min. &t room wemperature before addlog
28 sl of £ 2 M 90katon of KoHPOL The pH of the remlting subxture sthould be be-
tween § gsd 7 The chrometogram wat speaped evenly with the reagent. To Leep the
backgroond this treatment may be followed in 13530 min. by » tecond sprny
w3 M-HQL It should bo noted that many spots will then change colom

2 Dixzotized sulphantlic acid
s with bee

acid 1 a5 a rule done »t
acid
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vodbom witrrio volution and allow the obxtre to stand &t oo temperaticre for aboat
S win. Then 25 mi of a 2 M agoeons solution of NezCOy wers added, and the mixtue
;;;hkm_‘\'h.-‘ wis then dmmed: tprayed with the reagent.
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mmmymmmmmﬁm: eany epoty will then change cotour
ol




24 FLEMMING CHRISTENSEN

demonstrate the presence of and to separate such substances. The work
of Hats (1951) indicated paper chromatography as a means of solving the
problem As preliminary studies scemed promising, further investigations
along the same lines were undertaken The possibility of separating and
even identifying different anti-coagulant drugs of the 4-hydroxycoumann
type was also considered.

Based upon paper chromatography and colour reactions, methods for
separating and detecting some 4-hydroxycoumann denvatives as well as
some chemically related compounds have been worked out. Also a
method is given for quantitative determination of dicoumarol on paper
chromatograms 1n amounts ranging from 2 to 30 pg. The application of
the last mentioned method to brological materials 1s the subject of another
paper being prepared for publication

Experimental Methods
Compounds studfed

The commpounds used in this study were

Dicoumarol (NFN) (3,3 -methykenc bis<{(4-hydroxycoumarin))

Acthyll bicumacetas (NFN) = tromexan ® (3,3 <arboxyethylmethylkene bis (4
hydroxycoumarin))

FPhenprocumonum (NFN) = marcoumar (31 phenylpropy-4-hydroxycourarin)

Aceno comarolum (NFN) = sintrom ® (3<(a p-nitrophenyl-f-acetyl-cthy)4-hydro-
xycoumarin)

Phenindion (NFN) (2-phenyl indandione 1,3)

4-Hydroxycoumarin (Fluka purum)

4 7 Dihydroxycoumarin was prepared according to the method of SonNN (1917) as
modified by HuiLeron & Hno (1927)

Sallcylic acld (ANALAR, analytical grade)

o-Coumnaric acld (BDH, analytical grade)

Paper chromatographic procedure

The paper chromatographk procedure was identical in the experiments carried out
to separate the compounds listed above and in the experiments on quantitative deter
ination of db

1 on chr ams.
%nmnnpaperNolwidmuluuypﬁormm\entwumcdduwghwnhcln.udy
The papers were loped at room ¢ by the o di

mpouads were applied 10 tho papers dissolved In elther absolute akohol or
::zzom 01 M NaOH As a ruke amounts of 5-30 ug of the individual compounds
were applied to the paper In spots 0ot exceeding 5-7 mm in diameters.
‘The solvent systems uxed for developing the chromatograns were
System 1 n-butanol 3 M aqueous ammonia 1 1 (v/v)
System 2 Ethyl acctate 3 M aqueous ammonia, ! 1 (v/v)

Benrene acctic acld water 2 2 1 (v/v)
Syﬂ(;m] stonal ch by was wsed in this study but the two-dimensional
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on&wathcrhandthed:mmnommmmnmbcm:dmdcdmlhﬂuid.
uthacolonrtdmalcrhlonhcspeuhw(ublemlhe‘ucrphxc.

Drying the chromatograms

The chromatogram is placed under a hood for drying. Depending on
the conditions, thrs will take 15 to 30 mm. It 1 not necessary for the
chromatogram to be absotutely dry before further treatment However
1t should be passible to mark the colowred spots on the chromatograms
m\h-wﬁp:n:ﬂ.ﬁh;houldbedomlnmdnmmwrumwemdhidua!
tpoumenurd:d.lmmxamncofatkntlfcwmﬂhnttmfmo[
coloured matter between the spot and the pencil marking. Asarule 3areas
of the same dimensions as the areas ining di ol are marked
mﬂmchmmawmmwmubhnkrpouhhnmmmdodif
posxible for all the peper pieces cut from a chromatogram 10 be of the
same dimensions.

To sedect the spots that contatn drcommarol one ean be guided by the
cotour as well as by the position of the spots relative to spots of dicouma
rol dards on the same ck

Elution of coloured matter from the paper

‘The areas atready marked on the chromatogram are next cut from the
paper and the paper paeces are placed In test tubes containmg 5 ml of
0.1 M HCL A rubber stopper s placed in each of the tubes, which are
carefully inverted 10 times. They arc then Jeft to stand, the invertion bemng
repeated every 15 min. In one hour the elaton of the coloured matter

from the paper pheces is complete, and the absorbances of the indrvidual
solutions may be determined.

Spectrophotometric determination

Thclbwr’bamuoflhgmluﬂommdﬂmm:dtnnmmpho(o-
meter InourmdynbinrpeamphmomctaPMQllmd;\nuc:ﬂs

mLhanbtpmho{l&)cmmma:llhmughonL’l‘h:
absorbances
measured at 415 my with 0.1 M HCl 1n the reference cell. e

Calculation of the di

ol content in wnk sanples
Thelbwrb-n:uor\heunknmuwdl

23 of standard dicoumarol
mpbmﬁmwrrcacd[orthchhnkvnlu:.Bmmeobecpmpomo.
“ﬁtybﬂ‘mmdhmmuolmmmturlheumplulnAMmu-

ponding absorbances corrected for the
blank valae, It is
wakuh:tth:\ﬂwmnunlcunmtufunkncwnuc‘ u'lneuymm:(
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muhnummmmkdonat;boulﬂmummmorthcmmmmﬂd
under these conditions showed a d ble flu and one showed
quenching of the background fluorescencee

Quantitative determination of dicoumarol on
paper chromatograms

The principles for determiming the amount of dicoumarel 1 the spots
on paper chromatograms are described below After development by
the one-dimensional technique the paper chromatograms are dred and
sprayed with diazotized sulphanilic acld The spots containing dicoumarol
are 1dentified by thelr Rvalues and their colours The coloured spots are
cut from the chromatograms blank spots of the same dimensions as
those containing dicoumarol are also cut from the chromatograms. The
coloured material of each spot is eluted from the paper and the absor
bance (extinction) of the resulting solution 1s determined spectrophoto-
metncally at 415 mp. The extinctions of unknown as well as of standard
dicoumarol samples are corrected for the blank value It 1s then possible
to calculate the amount of dicoumarol in the unknown sample

Details of the procedure are given below

The chromatographic procedure has already been mentioned Develop-
ment of the chromatograms 1s performed as descnbed with solvent system
no 1 (butanol aqucous ammonia) Only one-dimensional technique
should be used 1n the quantitative determinations of dicoumarol on
chromatograms, siace 1t s necessary to use standards that have been
treated exactly in paralle] with the unknown samples.

Colour reaction with dla.otized sufphanilic acid

The solutions prepared are

Sulphanilic acid (045% w/v) in 10 M HCI is prepared by dissolving
4 5 g sulphanilic aced (Merck  pro analyst) in 1 0 M HCl and malung the
solution to 1 hitre by 1 0 M HCl

2 M-dipotassium hydrogen phosphate (Baker analyzed reagent) and
5 4 (w/v) aqueous sodium mitrite (Merck, pro analysi) arc also prepared.

The spray reagent is made by cooling 25 ml of the sulphanilic acd
solution on & water ic¢ bath until the temperature 1s about 0 Then | 5ml
of sodium nitnite solution are added the muxture 15 left on the bath for a
further 10 min  and 20 m! of dipotasslum hydrogen phosphate solution
likewse cooled to about 0 are ndded. The chromatogram s immedately

with the reagent. In o preliminary test the of the spray solu
should be checked as beng between 60 and 62. When the

i s been sprayed with the rengent 1t should be evenly wet

chromatogram ha:
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Results

1 Chromatographic behaiour and colour reactions
of compounds studied

The results of the chromatographic examination of the compounds
mentioned are given 1n table I from them 1t will be evident that the
various compounds may be distinguished from each other by the methods
mentioned 1n the preceeding section Ry-values alone will not permut
identification of a given compound with certainty but along with the
o-diamsidine colour reaction which has proved especially valuable they
permut 1dentrfication with a hugh degree of probability The ultraviolet
fluorescence extubited by many of the compounds studied may also be
useful for identification. The sulphanilic acid reaction may help to de
monstrate the presence of compounds of the type studied on the chromato-
gram, but the colours obtamned do not help much n 1dentification
However a positive colour reaction when coupling 18 carned out at an
acid pH 1s fairly characteristic of dicoumarol and tromexan

2 Quantitative determination of dicoumarol
on paper chromatogrants
The method as described in the section on quantitative determination
of dicoumarol was accepted only after the effects of several factors,

ob
Cos
®
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oc.
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ar-

0 5 10 5 -1
Drcoumare! yg
1 applled on a

ween t of pec B
Fig. 1 Relation M.qm:::‘:}nom-) and the absorbance at 415 m The detorminauons

sysiem 1 (butanol - In tive text, and the indlvidual abtorbances were corrected fo
T out “am, on the curve repretents the mean of two determinations.
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— DicOUMAROL
——a DLANK

alkslms solution. The of the absorbance at 415 mp on the
pH of the clution solvent bs shown in fig. 2.

The absorption spectrum of the dyestofl in 0.1 M HCl solution, as well
a1 the spectrum of a blank solutlon, ere shown 1n fig. 3 The absorption
maxmum of the coupled product with dicoumarol, s already mentioned,
13t 415 mp.

The mtensity of the colour development as measured by the absorbance
was found to depend on the concentration of the sulphanilic acid used.
‘This s 1Justrated 1n fig. 4 1t should be noted that the concentrations given
m the figure are the concentrations of the sulphanilic acid solution wsed
for mixmg with the sodium nitrite and potassiom hydrogen phosphate

The most important effect on the intensity of the colour development
wi that of the pH of the final spray reagent. This dependence is llustrated
m fig. 5 It is seen that the intensity is at a maximum when the pH is
between 6 and 7 and that a rapid decline occurs outude thus range.

Several other factors were also examined. Wide variations in the amount
ofnhrh:uscddtdn.otlﬁcctlhtmu]udgnlﬁc:ndy Washing the papers

ore chromatography y did not seem to be of any benefit in reduang
vlnaﬂomhﬂhelhsorhmcuohhzbhnkmhh.huwwummd
cdthuluyountxmimnnnonhep-pcnwhhphmoﬁcmbﬂmculhou!d
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Table 2

Reproducibility and securacy of the paper chr hic deter lon of

The results given are from lden experiments carriod out on 3 conseculive days. I
cach experiment 2 sheets of Whatman No 1 paper (50 ¥ 40 cm) were wed On ons of
theso 8 umpl.t::I contalning 5 pg of dicoumarol were spotted on the other tlmilarly 3
samples 25 pg. The chro were treated [n panallel, They wers developed
in o butanol 3 M NH,OH = 1 i(vjv} and the quantitative determinatioms were carried
out as described in the text. The abyorbances corrected for thelr blank values were caks
Iated per 1 pg of dicoumarol, The mean and the standard deviatlon for each groupareghen.

Absorbances (% 107) caleulated per | pgof

dm?;fn:{mn dicoumarol (Mean + standard deviation)
5 ug db 25 ug di

1 2900 L0OST(8) 2897 L 018 (8)

2 2820 £ 028 (%) 2932 £ O.16(8)

3 2860 £ 085(8) 2796 + 0.22 (8)

especially on the intensity of colour development, had been throughly
investigated The results of these experiments are given below as well as
results showing the accuracy of determining dicoumarol in samples of
known content.

With the method adopted proportionality between dicoumarol content
of samples applied to the chromatogram and absorbance, was obtmined
(fig. 1) This proportionality was demonstrated with amounts of dicouma
rol from 5 ug to at least 30 pg.

The accuracy as well as the reproducibility of dicoumarol determina
tions by the method desenbed are illustrated in table 2. From this table
1t may be scen that the day to-day vanations are relatively small and
jnsigmficant. Further 1t may be seen that the accuracy of dicoumarol
determunations on & given chromatogram is such that the standard
deviation does not exceed 1 / for dicoumaro! 1 amounts of 25 pg and
3% for amounts of 5 pg. Quantities as small as 2 pg moy be determuned
with an accuracy of about 10-15 /

As already 1ndicated scveral factors were shown to have a profound
effect on the intensity of the colour development as well as on the accuracy
of the determmation of dicoumarol Among these some of the most
important arc mentioned below

As the coupled product of dicoumarol and dinzotized sulphanilic aad
is an azo-dyestuff pH-dependence of the colour shade was expected
and the dyestuff did exhibit such dependence being bright yellow in acid
solutron and orange 1n alkaline solutlon. The absorbance of the bright
yellow solution was found to be at a maximum at 415 mp and was found
to be much higher than that of an equimolar solution of the dyestuff in
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valwey, which are give Tho pH vatoet

ndacxted obtatmed by mabag dufferext boffers fsterd of the er wually
W;‘mmzmnmumhmm coatalnfay 25 pg
of dicounarol were applied 10 the chromatograms Ln spots of eqml

the chromatograms way oot perf

be avoided, as this may totally frvalidate the determinations. In controlling
the varutions in the values of the blank tests it should be noted that an
incresse in these valoes with time from spraying the chromatogram and
beginning the efution always occur Om the otber hand, a slight Increase in
the mtenarty of the colour of dicoumarol spots is noted during the first
10 o 15 mmutes after the chromatogram has been sprayed. It should be
sdded that it s of prime importance for the standard dicoumarol spots to
be treated exactly in paralle] with the unknown samples. Thrs means that
the samples should abso be chromatographed, not applied to the chroma-
togram after development has been performed, because the intemsity of

the colour development s tess for spats that have been chromatographed
than for those that have not.

Discwslon

As already mentloned, principles for scparating and demonstrating
4-hydroxyeoumann tives by paper chromatography were intro-
duced by Han (1951). He even described methods for determmating such

in blood and unne by wsing this principle along with the

i R N
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l‘ir) Absorpilon spectrum for the coupled product of dicoumarol with d arotited

suiphanilic ocid. A 25 pg samplo of dicoumarol was applied to a chromatogrmm The ¢olour

reaction and elutlon were performed as described In the text. The absorbasces of the

resulting solutlon were determined at tho wavelengths wndwated and corrected (ot the
blank values, which aro also given.
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Dependence of the absorbanco st 413 mp  n concentration of the  Iphan lic acid

\l:s‘:.d"ﬂw cancentrations given arc those [ tho s Iphanilic aaid sodut s used for m wng

with tolutians of sodium nltrte and dipota ium hyd ogen phosphate. Tho absorbinees

indicated arc corrected for thel blank values, which are ul 0 given Development of the

chromatograms way not performed 1n thrs experiment Lach sampie contained 25 jig of

dicoumarol snd all spots were equal d menyons. Tho re wa otherwne a
desenbed n the texh
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3 Dependencs of tha ot 413 oq o pH of the spray reagent, Tha vetwes
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mdscated v obtaiosd by wsiog baffers loskid of the or wiaally
enplored. procedars w3 81 dewcribed la b bext. B coatalning 15 g
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be gvatded, as this may totally imvalidate the determinatioms. In contralling
the variations m the values of the blank tests it should be noted that an
mcrease {n these values with time from spraying the chromatogram and
begnmng the clution atways occar On the other hand, a slight increase in
the wmiensity of the colour of diconmarol spots 15 noted during the first
10 to 15 minutes after the chromatogram has been sprayed. 1t should be
added that 1t is of prime importance for the standard dicoumarol spots to

togram after development has been performed, because the Intensrty of

the colour development Is less for spots that have been chromatographed
than for those that have not

Discenion
‘LAx‘lLrendy miuunncd, panciples for weparating and demonstrating
1n d by paper ch graphy were atro-
duccdhyHAu(l%lLHecwmdmcdbcdmﬂhndjfotdctmuﬂn;luch
mpcund;inbloodmdnﬁn:bynaugﬂxhptmpkllongﬁ\hm:

A rmaatogi. e 11, e, L
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colour reaction with diazotized 4~mitraruline However this method makes
usc of a visual comparison of spots with known and unknown amounts
of the compound to be studied, so that its accuracy s limuted. Has ef of
i a later communication (1958) have further contnbuted to our know-
ledge of the chromatographic behaviour of some 4-hydroxycoumann
dervatives

In our investigation the use of paper chromatography and of colour
reactions with diazotized aromatic amines has been applied to the pro-
blems of separating and demonstrating some 4-hydroxycoumarnn derva-
tives as well as to determining dicoumarol The methods, as presented
here arc not directly applicable to biological materials but this problem
15 to be treated 1n another paper It seems however clear that the paper
chromatographic methods described here may be valuable 1n studymg
the metabolic fate of coumarin anti-coagulant drugs in man and animaks
and may also be useful 1n forensic medicine

The results indicate that identdfication of the anti-coagulant drugs
studied may be possible with a faidy high degree of probability even when
the amounts available are to be rechonned only 1n miecrograms. The
use of the colour reaction with diazotized o-dramsidine is particularly
helpful 1n this situation By the use of the sulphamlic acid colour reaction
1t has further bren possible to determine nunute quantitics (¢ g 2-30 pg)
of dicoumarol on chromatograms with a high degrec of accuracy Asto
the specificity of deterniming dicoumarol by means of paper chromato-
graphic methods described, no final statement can at present be made,
but 1t scems reasonable to assume that this may be fairdy hugh and n
particular may distinguish between dicoumarol and 1ts as yet unknown
metabolic products.

Summary

Methods based on paper chromatography and colour reactions with
dlazotized aromatic amines have been worked out for scparating and
detecting some 4-hydroxycoumann anti-congulant drugs os well as some
chemically rclated compounds The methods described may permit a
preliminary identification of the substances exnmined and may be helpful
for studying the fate of dicoumarol 1n the organism.

Further a method for the quantuitative determination of dicoumaro! on
paper chromatograms 18 described The method can determine amounts
of 2-30 pg of this substance with a reasonable degree of accurncy The
application of this method to biological matenals s to be desenbed n 2

succeeding paper
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Behavioural Response of Rats Daring Inhalation
of Trichloroethylene and Carbon Disulphide Vapours"?)
By
M E. Goldberg H. E. Johnson, U C. Poxzani apd H, F Smyth, Jr
(Received January 20, 1964)

Previous studies from this laboratory have shown that repeated -
halation of vapours of certain industrinl solvents will produce an irhib-
tion of the conditioned reflex in rats trained for a pole~clmb response
(GOLDBIRG ¢f al 1962, GOLDBERG ¢ al 1964) Because of ther com-
mercial importance, trichloroethylene (TCE) and carbon disulphide (CS3
have been selected for fucther behavioural investigations.

According to the extensrve mvestigations of Grandjean and his co-
workers (Ross1 & GRANDIJEAN 1959 GRANDIEAN 1960 ZAHNER, BATTIO
& GRANDIJEAN 1961) repeated inhalation of TCE vapour at concentrations
between 200 and 800 p p m. modified the psychological equilibrium in
rats 83 mantfested by an Increase m excatability or disinhibition Ansmals
showed a significant increase n spontancous response before a condr
tioned stimulus in a food motivated programme In rats trmned for an
avordance situation, repeated inhalation prolonged response latency
but did not inhibit avoirdance response In a spontancous alternsting
situation repeated inhalation of 400 to 800 ppm of TCE reduced the
frequency of alternation and increased running speed in @ T maze
hugher concentrutions markedly depressed runnmg speed Barmia &
GRANDJEAN (1963) summarized their behavioural studies by indicaung
that repeated inhalation of TCE vapour at concentrations between 200
and 800 ppm mproved or impared performance, depending on the
test applied, whereas concentrations above 800 ppm usually resulted
in impairment. KHORVAT & FORMANEK (1959) reported that rats exposed

1) This work was supported in part by a grant from the National lastitutes of Heaht
(Oril) lAé)porﬁou of this report was presented at the Sochsty of Toxkeology Meoti g at
Clucinnati, Ohlo, May 1963
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m75ppm0fTCEmnHat:dnrdenmlhe(m of latency of &
food-motlvated reaction accompanied by an increase 1n motor excitation
and discriminatory impaiment. WHORVAT & Foaaxex (1959) have also
described the behavioural response to repeated vapour nhalation of
CS; after a concentration of about 1000 ppm A prolongation in re
rpousehxmcylnnfoodmrdmmonmobsm&

We wished to stody the behavioural effects of TCE and G5 at con
centratlons pearer to their threshold valoes (T LV ), which are 100 and
20 p.pam. respeetvely (Americsn Conference of Governmental Industrial
Hygherusts 1963). We desired also to have the anumahy inhale the vapours
while performumg their behavioural tasks without distorbance  from
faodfing. For stmplickty of peog . ding and wnterpreting,
a discrete o1 noocomtinucus svoidance siuation was utilzed. This
techmque permits behaviovral study over Jonger periods of time than
previously utifized, while automatically recordmg the performance of
the antmal. We consider this experimenta! design 15 somewhat analagous
1o that of & factory employee working in 2 Yow vapour background while
performmg his oceupational tasks,

Metbods

Awmais Male Carworth Farms Flist (CFE) matt wete reared tn our and

T o o st et
e, weifhed betworn 350

130 days of . a0 450 g eod wers sboxt 123t

Bebarroaral Discres wroldance stociies wers performed i v 10-compan

De
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e ™ ~

45
F8 R RL FE

Flg. 1 10 Compartment rat-shock box in inhalation chamber with door removed.

Vapour amalysis Relative concentrations of TCE vapour in each of the compart
ments and at varfous locations outsido the shock box were determined with & Zeist
portable Interferometer Maximal difference fn concentration between any 2 pointt
was about 10 4. With calibrated gas chromatograph (F and M Model 609) a similar
distribution study was performed. A mean concentration of 128 + 11 (SD) ppm-

Fig. 2. Intacnal vicw of an Individusl compartmeat I tho rat-ehock box.
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of TCE wws obuatned. For Sonct this lon will be destgnated a8
125 ppm. The mesn cooctntration of CSg Yapour s determined by the allbred
mierferometer wxt 194 + 5 (8.D) p.p m. This concentration will be referred 10 a3
19% ppm.

memdeJMmLTwh control,
vipour axpotare and post-cxporare cootrol (recovesy B pre-cxposure
control phase, seitcted rats wers acciimatized to perform thelr behavioura! taske
when the shock box was placed withia the Inbalation chamber Anbmals were allowed
1o remmin in the chatber far 4 hours  day duting cach of the 3 phases of the stody
Deurirg the st 2-34 hours, & house light | the chamber was o, and o triab

contimoed
for the rematning hour during which the pumber of thocks taken was recoeded,
‘Tha enfrmby nhaled vapour for 4 houn & day 5 days & week for several weeks at
the serne time esch day

Besolts
Trained mats were easily acclimatized to work during the fourth honr
b thelr various environmental compartments. After a few days of thrs

schedole, with & oitable warm-up period before recording, the evoldance
efficiency of the animals was dentical with that obtained before ac
climutization,

Tnchiorosthykne During an %-day preexposure contro) period, the
lDrl.umulcdmmpnf44:[—_16(sb)shoch,/‘hourduﬂngthc

Figrs 3
EH0Ct ot Ouy Prme=tomr et of T3 ppen of
TniHarersriors Vepir 1 Dawrvn dommiancs

\
e [T

T deed ey g w ey prmd
T ¥ o A b Ay et 4 VSTAD)

[
R
i

L FLEd]

Oy of Dhly
Fig. 3. Bffect of Sy Tomr

owr bbaliion
acrcs vkt bebarbos o) ec® TP (123 ppam) on
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fourth hour in the chamber Upper 99 / control confidence lumts for
this period were obtaned by adding the shock average to the product
of the standard deviation and a t valuc of 3499 This will yield a shock
average of P < 001 when compared to the pre-exposure control penod
average for the group Any value above this limut obtained during the
exposure period is significantly higher than the control response Results
of repeated inhalation of 125 p p.m are given 1n Fig. 3

The mean pre-exposure average and the statistical cut-off pomnt are
shown as honizontal Lines, The vertical bars separate the S-day periods
of nhalation and sigmfy a week-end rest for the animals Indvidual
points for each day of the study after the pre-exposure phase are charac
terized by symbols and signify the number of rats that showed a signif
1cant (P << 001) difference from their individual control performance
The level of this sigificance 13 obtained in a way similar to that described
above for the entire group This method of presenting results represents
both a quantitative and qualitative expression. During a study of 25
exposure days, a significant increase 1n the number of shocks taken by
the group was observed on 22 days No significant effect was observed
during the first day of each of the first 3 wecks of study

The number of ammals affected on any given day varied from | to 6
1n the group Several varintions in response patterns were obtained dunng
the inhalation phase A few amimals were continuously affected through-
out the entirc study some were affected ecarly but developed rapid
tolerance some were not affected until the thurd week of study and two
never manifested an alteration 1n avordance efficiency Thus, it should
be pomnted out that the 6 animals affected on dav 18 of study do not
necessanly include all rats affected on day 3 of study The onginal be-
havioural pattern of an indmvidual rat bears no relationshup to the degree
of sensitivity of altered behaviour induced by TCE vapour Although the
results are not presented here 1t was apparent 1n several of the ammals
that the number of lever presses during the intertrial period was increased
during the exposure phase Thesc are the responses not associated with
avoiding shock and may be attributable to an impairment in discrimina
tion or an increase 1 anxiety in the rats

A gradual return to normal avoidance responding was observed during
the recovery phase Behavioural effects did persist for several days, but
were reversible All animals maintained a mature body weight through

entire stud

OMCL}:Iewn DLmIphl{;e Results 1n our Jaboratory (unpublished) revealed
that repeated inhalation of 100 p p m of CSz vapour was without effect
on discrete avoidance behaviour and body weight Thus we selected 200
PP, which 18 10 times the T L.V for CS; for these mvestigations.
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Fig. 4 Efect of daly four howr tabaktion of carbon dhalphide vapoor (195 pp.m) on
Secrets wvoklance belaviawr of ety

Antroahs in thrs stody showed en average of 3 1 4 1.5 (S D) shocka/hour
for & 10-day pre-exposure control pertod Upper 99 / control confidence
Ibmuts were obtained for grouped and indrvidual rats as described above
The resalts of repeated inhalation of CS; are given 1n Fig. 4

Significant merease in the number of shocks received in grouped
enimahy was observed only durmg the last 8 days of a 15-day exposure
peniod. The number of animals affected progressed from 1 to 5 through-
out the course of repeated inhafation With few exceptions, the tame
ammaly affected 1o the early days of the ytudy continued to show be
havioural alteration durmg the remainder of the stody Concomitant
with avoidance dwsruption, there was an mverage weight loss of 29 grams
in these mature rats at the end of the J.week exposure perlod. This
accounted for @ 65/ reduction in infilal body weight (P < 001). In
halation of vapour was terminated at this time An average weight loss
of 3.5/ was in fact obtained aficr 4 exposures to CS; vapour at this
concentration. As may be seen from the figure, evidence of “behavioural
toxicity” had disappeared by the end of the recovery perlod. At thiy
time, the animals had repalned only half of therr weight loss.

Disormion
Beftavionral techmiqoes, Jargely cheracterized by a Paviovitn approach,
hxvebecumﬂludfmwmdymnb,mnygummi estigators for
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safety eveluation of industnal chemicals. Review of translations of Sovit
literature (LEVING 1960) on aur pollutron revealed much of the methodol
ogy A recent publication expounded the many methods currently avaik
able as guides to the sctting of threshold limut values (STOKINGER 1963)
It is not of interest at this time to pursue further this aspect, except to
note that behavioural techniques arc presumably widely used In the
Soviet Union for sctting the maximal allownble concentrations of vapaurs
n their industries The philosophy of the Russian toxicologsts wes
interpreted by RUFFIN (1963) who mentioned that the conditioned re
sponsc may be the most sensitive method for demonstration of harmful
effects of industrial chemicals upon animals not because the nervous
system 1s nccessardy more susceptible than other organ systems, but
because maintenance of the conditioned reflex 1s considered as beung
dependent upon the total mnternal state of the orgnnism RUFFN holds
that Soviet workers may extend this theory to a conclusion that subtle
change in any organ function may result 1n alteration in the pattern of
an established conditioned reflex.

1t is entirely possible that a more sophisticated methodological ap-
proach to the study of behavioural response may reveal such subtle
changes With the methods we have cmployed we find no consistency
n claimung such an mterpretation We have demonstrated an effect with
TCE vapoor near 1ts 1963 T L.V so have several other investigators.
However in the study of CS; we do not observe this a concentration
S-tunes the T L.V (100 p p m) was without effect on the type of be-
havioural studied At 195 ppm. effects on behaviour and body weight
were obtaned Thus, from our behavioural and nhalation schedules,
evidence of toxicity revealed by behavioural technique was not necessarily
raare sensitrve than another measure of injury

The fact that TCE and CS; impaired trained animal performance 1n
repeated inhalation 1s not startling, 1n view of many published reports.
The relevant features of the experimental design employed namely Jow
concentrations study during exposure and use of a manipulative 1ash,
provide an analogy to possible human experience One salient differcnce
1n our approach from those described 1 carlier reports is that during
the behavioural tesing phase the animals are not handled by the expen-
menters. Fallure of earlier reports to demonstrate impairment m behav
1oural performance after low level inhalaton of these solvents could be
attributable to an effect on the ammals from handling, which could
compensate for chemucal effectrvencss. It has been demonstrated that
stressed animals elaborate an increasc 1n adrenal cortleal steroid output
which 15 higher than in unhandled animals (BARNETT 1963) Thus animals
that are not handled may be more scnsitive to drug effects. The nter
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tonship of cherical stress, adaptative patterns and behavioural re
sponses extensive mvestigation The behavioural
effects ;mmmgd anmak may not be identical to those
obtaaed in s random snimal population. It is concervable that the
degree of stress imposed upon the animals duting the training phase of
the behavioural stody may dictate the relatne susceptibility of these rats
gtreas™
dum#o?ﬁ reported investgations on the behavioural effects of
vapours of industrial sotvents fuil to inclode a post-exposure or recovery
phase. In anmmals maintatned by postrve reinforcement, it ia dufficult to
Justify exclusion of this phase. Revenibility of chemical cffect end animal
deterioration ot extinetion have not been fully explored in such inveniga
tions. Although many methods are currently available to an investigator
for studying toxicity by the behavioural approach, a more thorough
evalpation of such methods may be necessary

Scxmeary

Vapours of irich hylene or carbon disnlphide have been mhaled
by raty sefected on the basis of successful training to be 95 / or more
efficzent in preventing shock on & dicrete avoidance behaviour schedule.
Afier suttable the antmals performed S5 days a week
during the bst hour of a 4-hour inhalation perlod. Animals were expoted
1o 125 p.p.m. of trichkoroethylens for 5 wreks and to 195 ppm. of
carbon disulphrde for 3 weeks. Both agents caused significant alterations
in behaviour however carbon disulphide at this level also prodoced a
significant foas in body weight. Duning the it few weeks of tnehloro-
clhylene inhalation, u reduced effectiveness was observed on Mondays,
de\ymrnm\xblalodhnmaﬂouufmsdwmh]dm'hgnmk-md
rest. Innovatiom in experimental design permitted behavioural evalna
ﬁmdnrlnginhnlmonwhhmnl}mhmdungufanhuuhmduholudwm
of a post-exposure recovery perlod. Behaviaural effects wath eyther VEPOT
moomplctdymtrﬂblednﬂng&:mveryphm
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Stodles on the Salivary Gland Hypertrophy Indoced
fn Rats by Isoprensline
By

P Pabto and M. K. Paxwoen
(Rocabred January 27 1966)

ServE, VEILLEUX & CANTIN (1961) observed that treatment of the rat
with repeated sublethal doser of noprenaline caused an ive byper
uophyorthcuﬁnryglmm.Themmfothkmhmcmtwucou
sidered to be proliferation and hypertrophy of the parenchymal cells.
This effect on the cell-4lze of the salivary glands of rats and mice 15 now
well extablished (SELYE, CANTIN & VEILLEUX 1961 BROWN-GRANT 1961
SCImavex. 1962). Acceleruted morphologrenl differentiation has also been
thown In parotid and submaxillary glands of early postnatal rats
(ScHNEYER & SHACKLEFORD 1963)

Our work was mainly undertaken to study the effect of various adreno-
Iyties on salivary gland hypertrophy induced by isoprenaline. Much of
thrs paper deals wth the dose response relationshup of this reaction

Methods

Malo Spoagoe-Dawley rats of 120 to 130 g nbial weight wers kept at abont 23*C
temperatrs and fed oo standard na peliets and water od kbitsm. Isoprenaline
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Results
A Effect of isoprenaline alone

Both the submaxillary and the parotid glands seemed to take part in
the hypertrophy On the other hand, the weight increase 1n the sublingual
gland was not clearcut The size of the extraorbital lachrymal glandwas
unchanged There was a clear decrease in the size of the cervical lymph
nodes from the higher doses, ¢ g. 200 mg/kg once daily decreased the
mean weight from about 225 mg to 102 mg within 8 days.

Table 1 presents the results obtained after s ¢ administration of non-
lethal doses of 1soprenaline There was o sigmificant increase in the
hypertrophy when the dose of 1soprenaline given twice daily for 11 days,
was decreased from 200 mg/kg to 100 mg/kg (p < 001) and from 100
mg/kg to 50 mg/kg (p < 001) When gven twice daily mnstead of once
daily 10 mg/kg was more cffectlve but the opposite was true when the
dose was 200 mg/kg (p < 001) 20 mg/kg once daily was obout as active
as 50 mg/kg twice daily Subcutaneously 200 mg/kg twice daily was not
lethal but clearly reduced the body weights of the animals or produced
other visible toxic symptoms

Fig. 1 shows that graded responses were obtned when doses from
1 mg/kg to 100 mg/kg were mnjected on 7 consecutive days once daily
The development of hypertrophy seems to be linear at least with doses
of 20 and 100 mg/kg. Both during the first 4 days and dunng the subse-
quent 4 days of treatment with 20 mg/kg of 1soprenaline the increase
in weight of the salivary glands wes about 1000 mg This figure was
1300 mg when the dose was 100 mg/kg. Fig. 1 also shows that when
the rats were killed 3 days instead of one day after the last isoprenaline
injection, the mean weights of the glands in the 20 mg/kg and 100 mg/kg

Table 1

Effect of various doses of Isoprenaline on the welght of the salivary glands of rat.
Means (n) & s.e.m aro given For detajly soe text.

Isoprenallns subcutansously

Duratlon of
treatment days mg/kg ) once a day j twico & day
o 516(10) + 18
" 10 ) £ 52 20206) + 166
20 1380(8) + 68
u P J43(6) + 96
100 26(6) + 128
1 200 1190(3) & 133
3 200 1870(4) + 241
7 00 2350(6) + 75 1600(6) + 219
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Fig. 3 Effect of 20 mp/kg of dkhlorhoﬂropylnorudrcna]lna (DCT) and 10 mg/kg of phes-
oxybearamlino (PBA) on the hypettrophy of salivary glands of rats produced by variow
doses of isoprenatine during 7 days Isoprenaline and PBA were given onco dally and DCt
twico dally Means + s.e.m. (n = (rom 6 to 10) aro given. For detalls ses tedt

WEIGHT OF
SALIVARY GLANDS MG

After a single s c. injection of 20 mg/kg of isoprenaline, the mesn
weights of the hypertrophied salivary glands were reduced from 3450 mg
to 2180 mg within one hr (Fig. 2) Simultaneously there was profuse
salivary excretion the glands lost their succulent appearance and they
became flaceid There was no clear recovery in the size of the glands
12 hrs after the isoprenaline injection but the preimyection size was
reached dunng the following 12 hrs

B Effect of adrenolytics and isoprenaline

Fig 3 demonstrates that 20 mg/kg of dichlorisopropylnoradrenaline
given twice daily completely prevented the hypertrophy produced by 2.5
and 50 mg/kg of 1soprenaline On the other hand 10 mg/kg of phenoxy
benzamune given once daily had no inhibitory action

Discussion

The results reported above show that in chronic experiments, small
doses of 1soprenalinc are more effective than large ones 1n causing hyper
trophy of the salivary glands mn the rat This 15 especally true when
ssoprenaine is wnyected twice daly 50 mg/kg 18 more effective than 100
mg/kg If given only once daily the response within 8 days increascs
with the dose, particularly when the dose is 20 mg/kg or less. This cfTect
of nontoxic doses of isoprenaline has been pornted out also by Wrt1s
(1962) and SCHNEYER (1962)

Salivary seeretion after 1soprenaline tnjection reduces the size of the
enlarged glands by more than one thurd within one hour The replenish
ment of the glandular stores occurs slowly and 1t is possible that the
time of 24 hours after the last 1soprenaline Injection chosen in this study
may not have been long enough to allow the glands to regam their
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mﬂmﬂwdght,gpcdaﬂywhmdmhx;hadosuwmmcd,lthmbe
nmcdﬂut?m}a;ﬂomo{lmg,“ksohwpnﬂahnconocndnylnatm
\heum\nohh.egimd:byaboull@/,.msdmeuohhcmordﬁ
ufnmsmmdeuth:dm:meddxnyhlubb.ngual tablets for the treat
ment of bronchial ashma. Isoptenaline hypertrophy in rats disappenrs
within 10 to 14 days after treatment (WeLLS 1962 SCHNTYIR 1962)

Dichlorkopropylnoradrensline is an adrenolytic agent capabke of
Blocking preceptory, the ite of action of noprenaline (POWELL & SLATER
1958) The resalts reported show that dichlorisopropyinoradrenaline

y satmgomzes the action of {soprenaline on the alivary
glands alsg On the other hand, phenoxybenzamine an adrenolytec agent
-am;on\}:umptordln,docsnotprwmlu:emlmofbopmmﬁnc
Another adrenotytic p-haloalkylamine, Ditenamine @ (dibenzykhlor
ethybmine), produces In tugh dose smarked atrophy of the salvary glands
of the rat (WELLS 1960) An action refated 1o thus effect may have been
responsible for the small mhibitory action of phenoxybenzamime when
1t 'was given with 20 mgfkg of 1soprenaline

The amputation of the lower inchor teeth of the rat leads to an en
largerment of the submandibufar salivary glands (WELLS et of 1959)
Dibenamine (Werrs 1960), bretylium and reserpine (WeLLs e al 1961)
inhibat this response, which suggests that the sympathetic nervous svstem
it lovolved. The hypertrophy produced by incmsor amputztion s also
prevented by the extirpation of the supenor cervicsl sympathetic gan-
&lioo, but the action of isoprenaline 13 not (WeLLS 1962)

The mectunism of acthon of lsoprenatime thos seems to be wnrelated
to the actrvity of sympathetic nerves, On the other hand, the action of
noradrenalme may partly be mediated by Preceptors, because ditydro-
ergoiamine does pot campletely abofish the secretory effect of 1npected
noradrenalint m rats (XL & STROARLAD 1963)

The action

of various doses of Isoprenaliue to produce saltva gland
\:ypduophymnuhubtenmm:rd.haprmﬂremmjccgdmb-
mmnmmvmdmmma;dsyrmSmnd.ys and the parotid, sub-
mmxxﬂarym magor sublingnal glands were removed 24 hrs after the

Relatively sl doses were more effectrve than

bypertrophy of the salvary glands. With s dose

large ones in cavsing
werght merease of the

of 1 mg/kg, the total
gh.ndsdurhg7dnnvu91/ohhzmhjalwﬂ5h
L
m&m@m 100 mg/kg Increased the respome, but the
monobﬂomhthdmubewamg/ks.
A Pemrmpmingca, w11, e n
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Fig. 3 Effect of 20 mg/kg ofdk.hlorhoim Inoradrenaline (DCT) and 10 my/kg of phes-

oxybenzamine (PBA) on the hypertrophy nP{ullvnry glands of rats produced by varioos

dotes of {sopronaline during 7 days. Isoprenaline end PBA wers given onco dally and DCI
twico dally Means + we.m. (n = from 6 to 10) are given For detalls ses text

After a single s ¢ npection of 20 mg/kg of 1soprenalne the mean
weights of the hypertrophied salivary glands were reduced from 3450 mg
to 2180 mg within one hr (Fig 2) Simultaneously there was profuse
salivary excretion the glands lost therr succulent appearance, and they
became flaccrd There was no clear recovery m the size of the glands
12 hrs after the 1soprenaline injection but the preinjection size was
reached during the following 12 hrs

B Effect of adrenolytics and isoprenaline

Fig. 3 demonstrates that 20 mg/kg of dichlorisopropylnoradrenaline
given twice daily completely prevented the hypertrophy produced by 2.5
and 5 0 mg/kg of tsoprenaline On the other hand, 10 mg/kg of phenoxy
benzamine given once daily had no inhibitory action

Discassion

The results reported above show that in chronic experiments, small
doses of 1soprenaline are more effective than large ones in causing hyper
trophy of the salivary glands 1n the rat This 13 especially truc when
1soprenaline 1s injected twice daily 50 mg/kg 1s more effective than 100
mg/kg. If gwven only once daily the response within 8 days increases
with the dose particularly when the dose 15 20 mg/kg or less. Thus effect
of nontoxic doses of 1soprenaline has been pomted out also by WELLS
(1962) and SCHNEYER (1962)

Salvary secretion after 1soprenaline infection reduces the size of the
enlarged glands by more than one third within one hour The replemush
ment of the glandular stores occurs slowly and 1t is possible that the
time of 24 hours after the last 1soprenaline 1njection chosen in this study
may not have been long enough to allow the glands to regain therr
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mthlwdght,apedaﬂy\hcnthzhlghcrdomwmuscdlthmbc
noiedlh:17m)ccuonxoflm;fkgofbapr:nnlmeoncc:d:y&nctmx
\hewdgnofthednndsbynbom100/,,11\hdoscnort.h:samcordcr
of ruagntsde 83 the dose psed daily In sublingual tablets for the treat
ment of bronchml asthma. Isoprenaline hypertrophy in rats disappears
within 10 to 14 dayz after treatment (Wrrts 1962 SCHNEVIR 1962)

Dichlosopropyinoradrenaline &s mn edrenolytic agent capable of
biocking preceptors, the site of eetlon of jsoprenaline (POWILL & SLATER
1958) The resuls reported thow that dichlorisopropylnoradrenaline
competitrvely the sction of isoprenallne on the salnary
ghnds also On the other hand, phenoxybenzamine, an adrenolytic agent
scting on the a-receptor sites, does not prevent the action of soprenalme
Another adrenolytic f-haloalkylamine Dib ine @ (dibenzylchlor
ethylamine), produces in high dose smarked atrophy of the salivary glands
of the rat (WELLS 1960) An action related to this effect may have been
responsible for the smafl mhfbitory action of phenoxyt ine when
1t was grven with 20 mgfkg of Moprenaline.

The amputation of the lower Incisor teeth of the rat leads to an en-
hrgement of the wbmandibular walivary glands (Wrts ef al 1959).
Dibeasmone (WELLs 1960) bretyhum and reserpine (WELLS ef al 1961)
taibrt this response, which suggests that the sympathetic nervous system
iy {avofred. The hypertrophy produced by incisor amputation b aksa
prevented by the extirpation of the superior cervical sympathetic gan
ghon, but the scton of boprenate 13 not (WeLLs 1962)

The mechaning of action of isoprenaline thus seems to be unrelated
wmmmorwmmmomheomnmmcmd

may mediated by p-receptors, became dihydro-
epotemine does not completely abolrsh the secretory effect of wjected
mmmhn"(ﬁmm&smlmiry

The

ection of yanous doses of Isoprenslne to 1all
bypertrophy m rats has been sudied. pmd:: mwmrygl::dbi
mnnmﬂ:ndmorm-dayfurhandxﬂandthcpmoud,mb-
mmxmﬂy major sublingual ghands were removed 24 hirs. after the

R:m:’:yﬁdommmmcﬁmmwOmmmmg
hypertrophy s alivary ghods With 2 dose of 1 my/kg, the total
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A single 1njection of 20 mg/kg of 1soprenaline reduced the weght of
the hypertrophied glands by one third within one hour The glandular
stores were replenished slowly during the next 24 hours

Dichlorisopropylnoradrenaline treatment competitively blocked the
action of 1soprenaline to produce hypertrophy but phenoxybenzamine
was ineffective This result indicates that adrenergic P-receptors arc m-
volved in the salivary gland hypertrophy induced by isoprenaline
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A single injection of 20 mg/kg of 1soprenaline reduced the weight of
the hypertrophied glands by one third within one hour The glandular
stores were repletushed slowly during the next 24 hours.

Dichlonisopropylnoradrenaline treatment competitively bloched the
action of 1soprenaline to produce hypertrophy but phenoxybenzamin
was ineffective, This result indicates that adrenergic P-receptors are 1+
volved 1n the salivary gland hypertrophy induced by 1soprenabae.
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Pig. 2. Fluormcaot graseics s cow mast cells Magnifiation 100 %

mammalian chromaffin cells (Fig. 2 The fluorescence 1ntensity also
vaned greatly Most of the cells fluoresced 1ntensively but some did so
only moderately of even weakly

The flvorescent cells thowed no even distributlon in the tissues. In the
thyrold, heart and striated muscle, they were rather sparsc and were
rettricted almost solely to the thicker strands of intersutial tisyue and
most often adjacent to the vesscls. The same distribution along vessels
was found 1n the meseatery In the liver most of the cells were located
throughout the whole capsuke, although only few were found n the outer
most leyer They were also abundant m the bread connective tissue sepia
adjacent to the capsule, but sparser in the scpta within the liver and
almost absent from the parenchyma. Most fluorescent cells 1n the lung
were found in the visceral pleura and fn the connectrvo thisus septa, but
a fair number of cells were ntuated in the interalveolar tissue.

In the duodenum, the yellow Auorescent cells were exclusively located
within the epithelnum, abovo all at the bottom of the crypts of Licberkihn.
Their cell bodies were round to pear-shaped and Iay close to the basement
nrmhmhnormcmmmwbcpmndcdmmnthin:plul
process that reached the epithelial surface and — Like the cell bodies ~
Mmmﬂmmmmmﬁumtuﬂsmﬂw
duodm\moocuncdlbnndmﬂymlhamucou,ahnostmk}y;mdam:
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fluorescence microscope and then staned with toluidoa blue (1 / o 60 ethandl)
or “Astrublau” (01, at pH 0.2-0.3) by the mcthod of Broou & KELy (1%0
Photomicrographs of one and the tame scction were taken first in UV Light and then,
after subsequent stafning, in ordinary light, so as to compare the localization of
fluorescent cells and of staincd cells.

The amouats of catecholarunes and 5-HT 1n the sheep thyroid were determinad
by the method of BerTLER ef af (1958) and BrrTLER & Rosenvaren (1955).

Results
1 Con

After treatment with formaldehyde a green fluorescence i certad
granular cells and nerve fibres developed 1n all the tissues examined and
a yellow fluorescence in scattered cells 1n the duodenal epithelum. If
the formaldchyde gns treatment was omitted from the histochemucal
procedure the fluorcscence did not appear

The green fluorescent cells varied greatly tn shape and size In the liver
capsule (Fig. 1) they were mostly rounded or angular with fromone tod
few short processes The dominant type in the ducdenum consisted of spind-
leshaped forms with bipolar slender processes often of considerable length.
The fluorescent material was confined to distinct cytoplasmic granuks,
which were larger than and not so closely packed as thosc in other

Fig. 1 Abundant fluorescent mast cells in the cow liver capsule Magnificatlon 250 x
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F 3 2 Floorscent graomics La cow sl csle. M iSaton 100X

mammaliss, chromaffin csls (Fig. 2). The fluorescence miensity also
varied greatly Most of the cells flvoresced intensvely but some did 30
only moderately or cven weakly

The fluorescent cells showed no even distribution in the tisues. In the
thyroid, beart and strrated muscle, thcy were mther spanse and were
restricted almost solely to the thicker strands of interstitial tissue and
mott often adjacent to the vessels. Tho same distribution along vesscls
wat found 1n the mesentery In the liver most of the cells wers Jocated
throughoat the whole capsule, athongh only few were found in the outer
most layer They were also sbundant in tha broad connective tigsue scpta
adfacent to the capsule, but sparser in the sepra within the liver and
almost absent from the parenchyma. Most fluorescent cells in the lung
were found n the visceral plerra and in the connective tissus septa, but
A falr number of cells were ntrated 1n the interapvealar tssae.

In the duodenum, the yellow fluorescent cells were exclusively located
wﬁhmlheeplﬂmhum.lbonlﬂndubo(tomonhcaypunﬂ_kberkﬂhn.
T\w&xaﬂbo&nmmmﬂmpa:—;hlpedmdhydoutuﬁzhaumm!
mmum‘mmm&mmﬂmnmw
process that reached the eplibebal surfacs and - like the ceil bodies —
contaned yellow fluorescert granules. The green fluorescent cells in the
duodennm occurred abundaatly In the mucoss, almost solely under the
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epithchum cells in only moderate numbers were found in the submucost
and only few within the epithellum and 1n the muscular layers.

Comparison of the photomicrographs obtained of 1dentical parts of the
sections both 1n UV light and after subsequent staimng with tolnidioe
blue or Astrablau, revealed that the granules of the fluorescent cells were
metachromatic and stained with Astrablau at pH 02-03 No other
cells were found to be metachromatic or to stain with Astrablau

2. Sheep

In the sheep lung, hiver and thyroid cells with green fluorescent granules
were also seen to occur their shape and distribution were essentially the
same as those seen in the cow Two nofeworthy differences, howewes
were recorded 1n the sheep they were much more sparse 1n the lnver
capsule and 1n the duodenal mucosa they also occurred 1n the epitheljum.

In the sheep ducdenum, intensely yellow fluorescent cells, most of
which were located deep in the crypts of Lieberkithn, showed up in the
epithelium. They were provided with a conspicruous tapering process
extending to the intestinal Jumen

In the thyroid, fluorescence developed in cells of two types, one crutttng
a green Iight and the other a yellow Further an intense green fluorcscence
developed in a relatively small number of vascular nerves. The fluore-
scence of the green cells was intense and clearly confined to cytoplasmi
granules They were few in number compared with the yellow ones and
mostly distributed along the vessels The yellow fluorescent cells occurred
1n great numbers but were unevenly distributed 1n the gland 1n parts
of 1t no cells of this type could be detected Most of these cells appeared
1n clusters, situated next to the follicular walls but many were located
within the follicular cpithehum. The fluorescence of the celis, whese
ntensity varied considerably was clearly confined to the cytoplasm.

By compiring scctions in UV ight and after subsequent staining fof

Table 1
Catecholamines and 5 HT in the thyroid gland of the sheep
Ex S-HT Dopamine | Noradreasline
per ny/s ne/g ues
1 11 o2 [X:]
2 15 a.16 0o
3 22 015 090
4 15 0.00 0
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mmulh.ud:sa-ibedn.bomn(wufoundthnunlyth:wcmﬁuomt
celly were metachromatic and stamed with Astrablay.

The results of chemical determinations of the amines are given o
table i

Discassion

mmﬂhoduwdbymhnlhlghxp:aﬁdtyforccndnmmchnhmma
14 tryptamines. {ts seasitivity 15 Ukewise hugh, making possible, for
example, the d ation of arylalkylamines 1n neurons (CARLSSON
&1 al 1962 DaHL et ol 19628 FaLCX 196%) where they ocowr in
amounts too small 1o be detected by any other histochemical procedure,
such as the chromaifin resction (¢f FALCK & Hiiarr 1959) In the cow
and sheep Liver capsule, lung, and duodenal mucosa - sub dop-
amine occurs In large amounts and noradrenaline only 1n comparatively
wmall amounts (of BERTLER ef al. 1959) In the tissues from the cow
and sheep & specific fruorescence showing characteristics for primary

holamines (reaction cond far the develop of fluorescence
nd colour of emitted Light) developed only 1n nerves and in a large
number of granutar cells. These cells show a striking correspondence in
therr distribution with the amounts of dopamine found in different parts
of the tung, liver and duodenum (BErTUER ef al. 1959) The fluorescence
demonsirated cannot be due to $-HT since this monoamine occurs only
in small amotmts in cow lung and liver capsule. Moreover the condensa-
tion product of 5-HT with formaldehyde emuts a yellow fluorescence.
Such « floorescence developed 1n scattered intestinal cells exclusmvely
located wathin tho epathellum. These cells had the typical morphology
of enterochromatfin cells, with & process extending to the intestinal
fomen (FALCK, unpubluhed observation) and the typical distribution in
the mucosa, with the major part located at the base of the crypts of

Thus thero seema to be no doubt that the green fluorescent cells and
lhou‘:rmffmcdhmmuoncdinlhemuudmﬂoumth:umcedh
UJ&:; and thtir chromaffinlty belng due to stored dopamine,
c:Ik“n:\d‘:“ wmcdhi:‘rndubctwcmth:dmﬁumm of chromaffin

exist. Ch i cells can, for example, be
i;mnstntzdoulylnlheinnermoﬂhyanflh:mwllmmpmla(ﬁar
cd]g“d 195 Courtaxo & HeatH 1961), whereas green finorescent
W““N;S&WM&:WTNMMWM
Wmm lnclmanlonormmmlnuog:un‘hmllqndd

the most superficlal parts of tissues, e i fally for
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The granules of the fluorcscent cells ~ but no other structures - vere
found to be metachromatse and to stam 1n Astrablau at pH 0.2-03, 2
highly sclective stain for mast cells (BLoov & KELLY 1960) These cell
must thus by definttion be considered to be mast cells. This agrees with
CoupLAND & HeaTH (1961) who found that the chromaflin celis described
by FALCh ef al (1959 a & b) stained as mast cells n cow Liver capsule and
gut.

The large amounts of 5-HT found in the sheep thyroid (Erspanrx
1961) prompted an investigation of us cellular focalization, as mast
cells 1n some species contain 5 HT The high content of § HT was coa-
firmed in our mvestigation and 1t was also found that significant amounts
of dopamune, but not of noradrenaline, occurred ia the gland, Of the
two fluorescent cell systems 1n this tissue, one enutted a fluorescence
charactensiic for pnmary catecholamines These cclls had the (ypteal
morphology distribution pattern and staining properties of mast cells.
Thus these cells must constitute the storage site of the dopamne It 8
most 1mprobable that the amounts of dopamune found by the chemscal
determinations can be stored 1n the sparsely occurnng adrencrgic nenves.
These ndeed, were 20 sparscly distributed 1n the thyroid, that itcoturely
explains why the presence of noradrenaline could not be detected chem-
ically

Numerous cpitheliord cells ~ but no other structures ~ displayed 3
yellow fluorescence typical for the tryptamune group and in accordance
with this, high amounts of 5 HT were found There secms to be little
doubt that these cells store S-HT They did not stain as mast cells.

The demonsiration of a special cell system 10 the thyroid gland stormg
a monoamine but not belonging to the mast cell system, should be of
considerable 1nterest. A special cell system that can take up L DOPA
has been demonstrated in the thyroid of other mammalian speccs
(BIRTLER FALCh & ROSENGREN unpublished results)

The presence of dopamine 1n ruminant mast cells should also be of
biological mnterest So far the only specics known to possess mast cells
containing significant amounts of monoamunes are rat and mouse whose
mast cells carry S-HT (BENDOTT et af 1955)

Summgry
{ In previous investigations a chromaffin cell system. whose chrom-
affimty derives from stored dopamine was reported to occur widely
distributed m rummnant tissues. This cell syster has now been studied
by a fluorescence method highly sensitive and specific for the cellular
[ocalization of catecholamunes and S-hydroxytryptamune
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LCdlswnhmimmummnuhrﬁmmlyp&mlrorpnm
mwu:\m\amxm,v.mfmndmaﬂmﬂu:zmnﬂn:d(mwmdﬂwcp)
thdrdin:ﬂ:uuoncmmpondmgwnhthammnfdopamlm: but
not with that of drenaline, Since the method has a
wnnumyfunbowthmo(thcchmmaﬂ‘mmn,lhecemmunbe
Wentical with the chromaffin cells. However the fluorescent cells were
much more numerous than the chromaffin ceils and occurred also at
xites where chromaffin cells have not been observed This Is not surprung.
unce extraction and diffusion of monoammes from their celfular stotes
30 1ot ocenr when the technique described 13 used

3 The fluorescent cells had the typical morphology distributional
patiern and Kaimng properties of mast cells and must thus be conndered
1o be such.

4 Cells of & new type storlpg Shydroxytryptamine, most of them
havmg & parafollicular Jocalization, were found In the sheep thyrod.
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hmlymnmmﬁptonhlv:ohsmcdthnum\ﬂmngld:umﬂn:
(A)anbnukmupmddkphccthanomﬂymrhagmdrmnﬂne
(NA)hn)mpam:ﬂaIlymn:rvnndorpm.Aﬂandmlnuminglmulm
to rats, HOKFELT (1951) found a reduction fn NA and a correspondimg

ncreass m A concentration 1n the heart and the liver by a blological
method for determi it

ly the adrenals were almost
completaly depleted of A, which probably had bern secreted mnto the
blood and then partly taken up in sympathetic noradrenergic stores,
Rass & Gwoz (1955) njected an unusuaily {arge dose ([0 mg/ky intra-
pentoneally) of A into dogs and found some accomulation of the ad-
minntered amine i the heart. EULER (1956a) gave more moderate
amounts of A to cats with & large dose (2 mg/kg Lp.) he got & snall
increase in A and & tend wowards a d in NA ation in
the heart. In the two last mentioned investigations the interval between
myection and Killing the animals was a3 short as ten minutes. STROMBIAD
& Nickmeson (1961) mjected 2.5-3 3 mg/kg A intramuscularly into rats
and followed the time conrse of the tissus levels of NA and A. They found
a considerable uptake of A and & cor di

P g decrease in
of NA ia the heart and submaxillary glands. One wetk after exaasion of

mukate fypected A, indicating uptake mamly by the sympathetic nerves.

Thﬂehmlnfoumﬁnnmmyofth:tbov:mmﬂomdpapcnlbout
lmhnuuAm:dmopﬁnnymmrumnlnouxnndy(+)—md
(—)-Ahnvnb:nmmpucd[orlharnpukclnmdrdnsafmmlhehnn
mdlh:hxmt—l:gmud.nn{micc.Anmmmmdalnohulnl

*) Rewalis precanisd tn 2t of the
Totmy by Gideborg, A-mpz‘:.‘xm. Mowteg Scandizavien Parmacolopel
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maximal depletion of the NA by the two A 1somers in rats and mice.
Functional significance was mnvestigated 1n a few experiments. The abufity
of some other monoamunes to deplete NA by displacement was also
examined

Experiments
The comparison between the two A fsomers was made on white mice weighing
20-30 g. The two isomers (as L~(+)-bitartrate salts) were dissolved in (he same
volumncs of 09 / sodium chlodds and inpected intraperitoneally All doses of amuncs

truct {n order to prevent the spontmncous oxidation that may occur on neutraliztion
andpammlhrouﬂ,huncolumﬂmmmpb(pﬂﬁ.j)wmpulonwabomiow
column (X4 200-400 mesh 4.2 x 50 mm Na form). The A and NA wero cluted
with 9 ml N HCL Differential determinatlon of A and NA was performed spectro-
photofluorometrically by the procedurs of BrxTLER, CANLSSON & Rosenvaiin (1958
From inyection to fluorometry the groups {njected with (+)-and (—)» A were treated
1n parafiel. (No differcnces between tho two A somers wero shown by tho analytical
procedure employed 1n this study).

Between 90 and 105/ of A and NA added 10 trssue extracty before the column step
were recovered whea the proportions between the amines ranged from 1 4 to 4 {
After inpecting largs amounts of A, the above ioned sp ph Hnc
differentiation between A and NA did not give reliable NA values, For that reason @
method was developed for removing A without loss of NA. An aliquot of the extrt
contauning maximally 25 ug A was purtfied in the same way as described above, but
the amines wero cluted with 9 mI N perchloric acid, of which the first 2 were discarded.
ThcpHoflheclunLcWndjm(cdtoJJﬂndmmrPaPcr)MthNpo{nsmm]w
bomtmAﬂzroooﬂnutoﬁ'lhapommmnpuchhnmmxpundmlnurdnmlﬁd
centrifuge. The supernatant was transferred to an Erleameyer flask and 0.5 ml M
sodium acetate buffer pH 3 55 01 ml 0.5/ zinc sulphato and 1 0 ml 2§ / potasshum
ferricyanide wero added. After the mixture hatl stood for 30 minutes at room tempet
ature, tho oxidation was interrupted by adding 10 ml 25 / ascorbic acid. (By these
proced! the A was ketely oxidized to adrenochrome and the NA was unchan
ged. The oxidation was inhibited by high lonic concentrations but these could be
kept low by using perchloric ncld for elutfon and subseq 1 ion of p h
perchlorate (solubility at 0°C 7 S g/T). The sample was agnin put on to a Dowex 50
column at a rato of 0.5 mi/min. After washing twice with 20 ml redistilicd water the
NA was cluted with 9 m! N HCL. (Tho adrenochrome passed frecly through the catton
exchange columa, The NA was quanutauvely taken up by the lon exchanger although
the amount of cations excceded the capacity of the column 34 times. The recovery
of NA from tissue homogenates vnr;cd between 80 and 100 ,. No corrections for
incoample have been made.

hwm:ymWy (butanol N HCL, 4 1) was used for semiquanutative deter
mination of adrenalonc In the rat beart after injection of thss amine The extraction
and purification was performed as deseribed above, but the amines were cluted with
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9m!N-Hdelhmby§m!2N-HG.Thﬂ&ﬂ2mlN—HC]modh:udcd.Tbnp:pd
Wmmmumwmmmw&mum

mﬁmwrammunwmmmmoxmm
UV hght (Briman 1958).
ma—o—mﬂNAmmmdudumb:d-bmu.mm(prJ)Iu
passed throvgh & Joug Domet 50 W X4 cohonn (4.2 X 90 man at pH 0) buffered st
PH &5 (CanLmon & WALDECK 1963). Alier wathing with 60 ral water the clutaon
was doos whth HCL The first 8 ml N-11C1 were dhcarded, and the next ¥ ml N-HQO)
wers collested for determunation of NA. The next 20 aml 2 N-HCl coatafned the
B-O-methyl NA. The last cluats was reduced i vohume to oo drop o a rolatng
evaporstor Tha solution became strongly sckd, and in theso clraumstances the 8-0~
methyl NA waa traunsformed into NA quangitatively After sddition of a saltable
amount of N-HCY, tho fina! detarmination was performed as described sbove for NAL
The wat determined by the method of Canimon & Wainecx (1938) ax
S-hydroxytryptamine

»h thy ocginal volame of 04 N perchloric ackd (3 mifg tssiw).

Resalis
Comparison berween (4 }-and (—Y-adrenaline

Adrenafine rapidly appeared i the mouse heart sfter an ntrapen-
toneal mpection of 2 mg/kg of ather (+)- of (—)-A (fig, 1) The accumula
DoadAwuwmhatgr:alquﬁnme(—~)lhannﬂﬂlht(+)bomﬂ
After about two hours the A concmtration began to decreass at about
e tame rate with ether isomer The half bfe of A may be roughly
esymated at 12 hours. Simultancously with the A uptake the NA concen-
uaumurth:lmndmppcdemmmmbyup-pmmnndyw/uﬂu
the {+)and 75 / after the (—)-A from \be normal 52 nmol/g (087 ux/g
1 nmol = 109 gmol sem. = 0.37 nmol/g. 6 expenments). After

Frg 1 Lovewof

(+)of (Mmm.h,“,""‘"m Roart afiae 2 mpig
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maxmal depletion of the NA by the two A 1somers i rats and mee.
Functional significance was investigated 1n a few expenments. The abihty
of some other monocamines to deplete NA by displacement was alo
examuned

Experiments

The comparison between the two A 1somers was made on wiuto mico weghmg
20-30 g. The two isomers (as L-(+)-bitartrate salts) were dnsolved m the same
volumes of 09 / sodium chloride and injected intruperitoncally All doses of ammes
glven in this paper arc in terms of free base. After varous mtervals at a temperature
of 28°C the ammals were beheaded. The hearts and hind kg nuseles from six mke
were removed. Blood was removed with filter paper The samples were homogenired
in Ice-cooled 0.4 N perchloric actd (3-5 ml/g thssuc). After centrifugation and filtatos
2 mg ascorbrc acid and 20 mg EDTA (tetracemine dusodium) were added to 10mler
tract 1n order to prevent the spontancous oxidation that may oceur on neutralization
and passage through the column. The samplo (pH 6.5) was put on to a Dowex 30 %
column (X-4 200-300 mesh 4.2 X 50 mm Na form) Tho A and NA were cluted
with 9 m] N HCL Differential deterrunation of A and NA was performed spectro-
photoflucrometrically by the procedurc of BERTLER CARLSION & ROSENGREN 1958
From Injection to fluorometry the groups mjected with (+)-and () A were treated
in parallel (No differcnces between the two A fsomers were shown by the analytical
proceduro employed in this study)

Between 90 and 105 / of A and NA added to tissuc extracts beforo the column $6p
wero recovered when the proportions between the amuncs ranged from 1 410 41
After injecting largo amounts of A, the above mentioned spectrophotofluorometr
duferentlation between A and NA did not grve reliable NA valucs. For that reason 2
method was developed for removing A without Iess of NA. An aliquot of the curxt
cum:;iukng:n.num:llly:‘.5),laAwu.lpm-tﬂcdinlhcz.nmewayn.ld.:scr{bcdnbmc-‘i“‘1
Lhcumfnuwcmclutcdwilh?nﬂNpach}oncndd.oh»hhhlhcﬁm’v.mdkﬁf&d-
The pH of the cluate was adjusted to 3.5 (lndkator paper) with 5 N potasuum &t
bonate. After cooling to 0* the potassium perchlorate was spun down n a refrigerated
centrifuge. Tho supcrnatant was transferred to an Erlenmeyer flask and 0.5 ml M
sodium acetnte buffer pH 3.55 0.1 ml 0.5 / zinc sulphate and 1 0ml 25 potassium
ferricyanids were added. Afler the mocture had stood for 30 minutes at reom tempet
ature, the oxidation was interrupted by adding 1 0 ml 25 ascorbic aad (By these

procedures the A was letely oxidized to hrome and the NA was unchan-
ged. The oxidation was fnhibited by high fonic concentrations but theso could be
nptwbynﬂnlpcrchhmnddforduunnund b p i of po! m

perchloratoe (solubility at 0°C 75 g/). The sample was again put on to a Dowes 50
column at a rate of 0.5 ml/min. After washing twice with 20 ml redistilled water the
NA was cluted with 9 mI N HCL (Tho adrenochrome passed frecly through the cation
exchange columu The NA was quantitatively taken up by the 1on cachanger although
mcumoumo(cnmmawnicdlhcapamyofmemhnnnl—JumThcrwmu’!
of NA from trsuo homogenates varied between 80 and 100 . No corrections for

recovery have been made.)
bu;:;’:::mmgymphy (butanol N-HC1 4 1) was used for scmiquanttative detef
mmuanofldrcnnlmmlhcmthmnuncfm)ccuononhnmmﬂuxdon
n was performed as dascribed above but the amines were cluted with

and purificatio
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Fig 4 Lovel of and total L hne +
Iaens Binchicy Ermises A 2 gKE (+)- 07 (—)-adrensise intrapenioesally The dotted
boa Taducates the moranl of +

ments) fn 90 minutes (fig. 4). Agun the NA depletion was balanced
by sccumulation of A (see fig. 4 A + NA normally 0.5 nmol/g
with tem. = 0.014 nmol/g. 6 experiments) The accumulated A du-
appeared and the NA level rose more rapidly than in the heart. The half
Ufe of A was cstimated at eight hours and was about the same after either
1nomer As in the heart thers was a tendency towards a larger upiake of
A and a larger depletion of NA after the (—) somer but the difference
betwesn the enantiomorphs was somewhat smaller In the hind-leg muscles.
In normal mice the catecholammes of the heart and hind-teg muscles
were completely depleted 18 hours after admmistering reserpine (10 mg/kg
1p) When (+)- of (—)A (2 mg/kg Lp ) was given to such amimals two
bours before they were killed, no A was accumulated 1n these tissues.
The abillty of reserpine to deplete the accumalated A was vestigated
n onc experument. Four hours afier the jection of the A isomers
(2mg/igip,) reserpine (10 mg/kg ip) was given and the mxce were
llled two hours later Reserplne reduced both A and NA concentrations
m the heart and hund kg mnicles 10 between 25 and 40 / of those in
controls that had received only A, The reserpine-induced reduction 1n
A conceniration was about the sams after adminlutration of either A

Aﬁcrnslnghm}ecﬂonu‘.dlu\uhmudngdmuqu\hntymp-
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Flg. 2. Levels of drenaline and total catechol
mouse beart after 2 mp/kg (+)- or (-)—qd.rcm.llnc lnu-pc‘nlcnully Tho d-ounl hre ind:-
cates the normal

the first few hours the depletion of NA was almost exactly balanced by
the accumulation of A (see fig. 2, A+ NA A + NA normally 54
nmol/g with s e m = 0 38 nmol/g, 6 experiments)

In the hind leg muscles A was also taken up but the concentration of
A, hke the normal concentration of NA was about ten times lower than
1n the heart (fig. 3) The NA concentration was reduced by some 60-70 /
of the normal 0 49 nmol/g (0 083 pg/g sem o= 0014 nmol/g, 6 cxpen

EDB
o-~- 0 Adr clter Ak
!04 e——s Ak Ofter (RAK

e

% 8 % 24 32 «
HOURS

iy of sdrenaline In mouse hind-eg muscles afler 2 mg/kg
Fg.d Lo (3) or (—Y-adrcualine intraperhoneally
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(o )

F g4 Leds of aad toul h 4 1a

J—-wmmum(ﬂ«(—wwmw
Lo ixcicatcs Lhe mormal of +

ments) 1n 90 minutes (fg. 4). Again the NA depiction was balanced
by accumulation of A (sce fig. 4 A + NA pormally 0.50 nmol/g
with s.em. = 0014 nmol/g. 6 cxperiments). The accumulated A du-
appeared and the NA level rose more rapidly than in the heart. The half
fife of A was estimated at eght hours and was about the same after either
Bomer As in the heart there was a tendency towards a Jarger uptake of
A and a larger depletion of NA after the (—) somer but the difference
between the emantiomorphs was somewhat smaller 1n the hind-Jeg muscles
In normal mice the catecholamines of the heart and hind leg muscles
were completely depleted 18 hours after administermg reserpine (10 mg/ky
1p.) When (4) or (~)}A (2 mg/kg Lp ) was given to such animals two
hours before they were killed, no A was accumulated m these tissues.
The ability of reserpine to deplete the accumulated A was investigated
in one expenmeat, Four hours after the myection of the A lsomers
(2 mg/kg 1p), reserpins (10 my/kg Lp) was grven and the mice were
Tafled two hours later reduced both A and NA concentrations
In the heart and hind-eg muscles to between 25 and 40 / of those m
controls that had received only A. The reserpme-induced reduction m
A concentration was about the same afier administration of exther A

Ann'nun;icin}mdnnuwcﬂumthmunngdmofAﬂw:ymp-
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toms appeared in the order poerection exophtalmos, salivation (large
individual differences) hyperpnoea obducted hind legs. The two A isomens
gave the same symptoms qualitatively but the (+) form had to be given
at an approximately 20 times larger dose than the (—) to produce the
same quantitatve effects. When 2 mg/kg (—)-A were myected wmtraperr
toneally the symptoms appeared 3-5 munutes after the admimstration
and Jasted for 1-2 hours The same dose of (+)-A produced no detectable
symptoms. Reserpine treatment (10 mg/hg 1p 16 hours earlier) did not
abolish the symptoms duc to (+)-or (~)»A mndeed, they both seemed
to bo enhanced somewhat

Severe noradrenaline depletion by the two adrenaline isomers

Dextro-adrenaline These experiments were on hooded rats (unbred
stram 200-300 g) becausc functional studies were easicr to perform on
them than on mice The rats were mjected ttrpenitoneally with 40 mg/kg
(+)-A. They were kept at a temperature of 28 C The concentration of
NA 1n the heart decreased from the normal 5 1 nmol/g (0 85 pg/g sem=
048 nmol/g, 3 experiments) to 2.5 1n two 1 2 in four and 10 nmol/g in
s1x hours (fig. 5) The A concentration decreased from 40 nmol/g ofter

t la e
6
g4
1
% 2 4 6 a oo R

HOURS
M
Tho depletion of noradrenaline n rat heart caused by reserpine (J0 mg/kg L.
{f}jdmmw mg/kg Lp) © (+)-adrenalino (2 my/kg i p). The normal valuo (indr
cated on \cruarunj 18 &0 averago of J deteroupations £ 3 e.m
A A Noradrenaling after reserpune (10 mg/kp) at Urme 0.
O———~0 Noradrenaline after (4 )-adrendl o (40 mg/kg) at 0 and 6 hours.
Noradronaline + sdrensling after (+)-adrsaalioe (40 mg/kg) t0and 6 bours

.
— drenalioe afler ( +)-adrenal ne (2 mg/kg) 4t ume a.
e = o "M + after (+} line (2 mg/kg) at timo 0.

-
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amolg after s housy, L e to a level approxumately
mmt:m&mdmmu&Mwwmnm
nnxdmcdxhomnﬁnth:ﬁmh}wﬂomlhfmeommﬁﬁz:x:l:
beart decreased 10 0.52 nmoY/g six hours later (Ag. 5). At that

the total catecholamme concentration

concentration was 49 nmolfg, L ¢
wulbommmimnmumﬂnﬂyunmdmm:rmwhﬂh“m
cut unilaterally under pentobarbital sodium ancsthesia (30 mg/kg Lp
Nembutal-Abbott for vetermary use) four hours after the second ingec
bon.TwobounluaLhcmmnwnkc;pln.Thutwuadth)dplmh
on the denervated 1ide, indiating no eye effects of circulating A, and the
eyesd on the intact side was normally elevated. The NA and A conceaira
tions of the hreart were of the same order of magnrtode as fn the unoperated
rat. Thos, there scemed to be o severe dusturbance of adrenergic trans-
mussion after drsplacement of approumately 30 / of the NA by the much
less active (+)A.

When 2 mg/kg(+)-A were given intrapentoneally to a rat, the NA
coacentration of the heart dropped {n two hours to 2.6 nmoi/g or to about
the same Jevel as after 40 mg/kg (fig. 5). The A copcentration was 2.4
nmol/g-

Afer an intraperitoneal injection of 40 ma/kg (+)-A the NA concen-
tration of the rat adrenals dropped from 024 wmol/kg body weight (50
ng/kg body woght sem == 0031 umoifkg, 3 expenments) to 0 {7 in
sx hours. The difference was, however not significant. The A con-
centration was at the same tumo essentially unchanged or 1 10 pumol/kg
body welght against normally 1.04 (190 pg/kg body waght, sem =
0.080 pmol/kg, 3 expermments)

Two hours after the injection of (+-)-A (40 mg/kg i.p.) the NA concen
tration of the rat brain was 2.4 nmol/g, which did not differ sigmficantly
from the normal (26 nmol/g = 0.44 pg/g s.cm. = 020 nmol/g, 3 =
peruments). The A concentration at the same time was 0.76 nmol/g, and
the heart contamed 40 nmol/g.

mdmpo(NAln!hcmhnnudldmnhcam:dbyms:rpm:
(10mg/kg1.p.) was compared wath that caused by (+)-A (Bg. 5). Resevpine
md:n:dthtNAln'doﬂhnhnn[mmSlnmol/gwuintwo tol7
mfwwdwlﬂnmvzmmhomhunmmwmm
!thA:ﬁc:nh—;ﬁonf;ﬂ:ﬂhn(+)—A.Aﬁ=lkhuunth:NAm
tration had decreased from 0.24 o 0.09 pmaljkg weight, and the
Ak\:lhaddmppcdinlhnumcpmpomm body weight,

Laevo-adrenaline Th““l’ﬂ'm'vuundeonmmm(m_mx)
becutse they tolerated (~)-A better than rais. The (—)-A vas injected
intrapentoncally ux times (2 my/ky/dose) at Intervals of two hours, and
the anumals were bebeaded 1} hour afier the last wmpoction. The NA lovel

Ada plrtmasiogics. vel, 11, ee. 1.
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toms appeared in the order pilocrection, exophtalmos, salivation (farge
individual diiferences) hyperpnoea obducted hind legs. The two A somens
gave the same symptoms qualitatively but the (+) form had to be gnen
at an approximately 20 umes larger dose than the (—) to produce the
same quantitative cffects. When 2 mg/kg (—)-A were injected intrapert
toneally the symptoms appeared 3-5 minutes after the admmistration
and lasted for 1-2 hours. The same dose of (+)-A produced no detectable
symptoms Rescrpine treatment (10 mg/kg Lp 16 hours carlier) did not
abolish the symptoms due to (+)-or (—FA 1ndeed they both scemed
to be enhanced somewhat.

Severe noradrenaline depletion by the two adrenaline isomers

Dextro-adrenaline Thesc experiments were on hooded rats (inbred
strmn 200-300 g) because functional studies were easter to perform on
them than on muce. The rats were myected intraperitoneally with 40 mg/kg
(4)A They were kept at a temperature of 28 C The concentration of
NA in the heart decrensed from the normal 5 1 nmol/g (0 85 pg/g s.cm >
048 nmol/g, 3 experiments) to 2 510 two 12 1n four and 1 0 nmol/gm
six hours (fig 5) The A concentration decreased from 40 nmol/g after

[} 2 4 1 8 0 12
HOURS
The depletion of noradrenaline in rat heart caused by reserpine (10 mg/kg |p~‘”‘)~

Fig 3 ip) of (+)-adrenallne (2 mg/kg Lp) Tho normal valua (i
(+Hdmmm (‘?:r:“sgl!lm axus) 1 an average of J determ natwons 4 we.m

A Nondurullno after reserpino (10 mg/kg) &t ume 0

&
lino after (+ lins (40 mg/kg) at 0 and 6 hours.
o= Norm line + after (+ (40 mg/kg) at 0.and 6 hourt.
._.__D Norad Uno after (+ (2 mg/hg) at timo O.
o Ilne + ine after (+ (2 mg/kg) at Ume O.
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of the heart was reduced from 5 2 to 095 nmol/g. The A concentration
was 9 8 nmol/g. The ammals appeared somewhat apathetic but otherarse
normal at the ime they were killed

Depletion of noradrenaline by other naradrenaline analogues

Adrenalone The NA concentration of the rat heart was reduced (o about
half of the normal at two and at six hours after an intrapentoneal injection
of adrenalono in a dose of 40 mg/kg (table 1) At both intervals a fluores-
cent spot with the same colour (yellow green) and position (Rf = 0.26) as
those of authentic adreralone was observed by paper chromatography
The amounts were cstimated at about twice as large at two hours and
about the same as the lost NA at six hours after the injection. No A for
mation from the admimstered adrenalone could be detected after esther
interval by means of spectrophotofluorometry ar paper chromatography
It, thus scems as 1f adrennlonc causes displacement of the NA 1o the heart
without being reduced to A. Adrenalone1s probably a less potent displacer
than A, since there was no significant decrease of NA level i the rat heart
two hours after 2 mg/hg intrapentoneal adrepalone (table 1)

B-O-mnethy! noradrenalre Lihe A and adrenalone p-O-methyl NA
(racemuc, H 22/38) at a dose of 40 mg/kg intraperitoneally reduced the
NA concentration of the rat heart to about half the normal in two houns
(table 1) It increased somewhat between two and six hours At the carlier
interval the concentration of p-O-methyl NA much exceeded that of the
missing NA, whereas at the later the two were approximately the same.
An 1ntraperitoneal injection of 2 mg/kg -O-methyl NA produced only a
slight reduction of the NA concentration wn the rat heart (table 1)

Epinine Also when epuune (N methyldopanune) was given in a dosé of
40 mg/kg mtrapentoneally to mice, the NA of the heart was depleted
1n two hours to a level somewhat lower than half the normal (table I}-
Sumultaneously an amount A corresponding to beétween 10 and 20 of
the mussing NA was detected spectrophotoflucrometncally No deter
munation of epinne was made

me Two hours afler an intrapentoneal wnjection of dopamune
at a low dose (2 mg/kg) there was no reduction of the NA concentration
in the mouse heart (table 1) Indeed tho NA level was mereased by
approximately 50/ probably on account of formation of NA from the
dopamine admustered No dopamine could be detected 1n the heart
C.

nﬂ;rHL:lz‘aﬁ‘Tmp’mmz As scen 1 table 1 the NA concentration of the
mouse heart was reduced to between 40 and 50 / of the normal two hours
after a large dose of S-hydroxytryptamme (500 mg/kg1p } of 1ts precursor
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indicate that 2 methyl group on the mtrogen alom docs not prevent
Whmmndmcmmmdﬂduphm}oflhﬂwumﬂy
occurring transmtter Unpublished experments with isoprenafine show
Lhat the same 1s valid also for the lsopropyl group, but that the uptake is
markediy reduced. The hydroxyl group on the f-carbon atom of (—)}NA
doanmmnecuu:yfor\quke,lojndg:fmmthnupdmuwnh
the two A homers, adrensloae, pB-O-methyl NA, dopamine and epuune.
1t seems, however asif (+)A is taken op to & somewhat smaller extent
thm(—)—A,thanhmupmbahiymumpeuﬁatymmupm
Thcmvesdpdcmwthamﬂduscamafk;Lp.)o(:d:tmIOBeud
$-O-methyl NA thow that a keto or methaxy group on the f-carbon atom
presents a much larger obstacle than the hydroxyl group of (+)-A. Itis
impassible to tell from the results presented here whether or not dopamune
can dosplace the NA m sympathetic nerves, With hugher doses of dopa-
ming, bowever Hammson, Levirt & Upeammenp (1963) were abke to
get depietion of the NA from the guinea pig heart, results supporting the
hypothesis that the NA depletion after cpinine also is manly due to a
daspl by the fnjected compound. Epinins is a rather poor substrate
for p-hydroxylass (GoDsTEIN & CONTRERA 1962 CREVELING et af 1962)
Thus fact probably explains why there 13 only a alight formation of A
from epinine. Also, compounds with a methyl group on the a-carbon
atom can displace NA, which occurs with a-micthyl NA and metaraminol
injected a3 amunes or formed from their ammo sad precursors (CARLISON
& LvpQvost 1962 Canvgson 1963 MAatree & STAEHELIN 1963 ANDEN,
wpublished). In foct, thete agents accumulate after smaller doses and
remafn for 2 longer time in the tusues than A, probably becanse they are
ot casily degradated by monoamune oxidase. The uptake of Shydroxy-
Uyptamine has been observed in many sympathetically innervated organs
and in the adrenals after an mjection of the labelled compound (Axexop
& Iacor 1963). By meant of a speaific histochemcal method it has been
observed that ths pmeal nerves of tha rat normally take up S-hydroxy
lrypmmlmforntdmthnpmmlocytn(ym&mmm
i lcation) After an bnj of S-hydroxytrypiapimn mto rabbits,
TLER, ROSENGRER & ROSENGREN (1560) Observed an upiake of
mwmmmmmrmmdmmmmﬁ
uptake of S-hydroxytryptamme secmed to be smaller than that of the A

l;cml'zrrk\‘mdpdfmm\hccnmlo(NAdcplamndtaumccumof
mg/kg

Ilbzbc:nfoundthnlheupukeofllh:ll:damd:ohmxmin
1
rsoh:cdttonsu;nnuksﬁom\h:ndr:m]mcdu!hhinhxbat:dtwuu

much after addition of (—) than of (4)A (CarLsson, Hitiage &
Wchcxl%J)ThcdmrpmcyLumnlubctmnlhnehvumnpar
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S-hydroxytryptophan (500 mg/kg of the DL form) In both mstancss
large amounts of 5-hydroxytryptamine were found in the heart, There
was also some depletion of the brain NA after the myection of 5-hydroxy
tryptophan (table 1) The NA depletion of the heart was much less after
2 mg/kg S-hydroxytryptamumne than after the same dose of A.

Discussion

It 1s important to know where the accumulated A 18 localized i the
tssues. The A concentration 1s after all intervals ten imes greater in the
heart than in the hund leg muscles, the same ratio as between normal NA
concentrations in these tissues This argues against a dufuse dustnbuton,
for example 1n the extracellular flwd, or any unspecific binding. The
accumulated A corresponds almost exactly to the mussing NA 1 the
ussues Thus indicates that the A 1s taken up 1n the noradrenergic stores of
the sympathetic nerves STROMBLAD & NICKERSON (1961) arrived at the
same conclusion from the fact that no A accumulated n the submaxillary
gland one week after excision of the superior cervical ganglion. The NA
m the tissues 18 munly localized 1n sympathetic nerve termunals, 1m which
1t probably occurs in storage granules, as mn the adrenal medulla and the
sympathetic nerve trunks (for references, see EULER 1956b) The mode of
action of reserpine seems to be by mhubition of active incorporation of
monoanunes wnto these storage granules (KIRSHNER 1962 CARLSSOY,
HiLtaRp & WALDECK 1962 EuLer & Lisnaswno 1963a) The results
showing that rescrpine releases A and NA equally and also inhibits the
uptake of A give further support to the assumption that the accumulated
A 13 localized to the noradrenergic storage granules in sympathetic nerves.

The two 1somers of A are taken up to approximately the same extent 8
the heart and hind leg muscles. It may be argued that the injected and
accumulated A does not rotate plane polanzed light 1n the same manner
A conversion to the 150mer may occur by racemization or possibly by
oxidation to adrenalons and subsequent reduction to adremaline It I8
unlikely that such conversions occur before the amines enter the sym-
pathetic nerves, as the pharmacological effects afier injections of the two
1somers differ quantitatively Racemization certainly does not take place
to any significant degree n the body as naturally occurring A and NA
are entirely lnevorotatory (for references, sce EULER 1956b) The expen
ments showing that adrenalone causes displacement of NA without
being reduced to A, seerm to exclude the possibility that onc A 1somer 1S
converted to the other with adrenalone as an intermediate

The results obtamned after the ijection of A, adrenalonc or cpinine
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Lhammwndmhmm:wncmmmnunnnnahmdaﬂﬂnboutdlhom
The NA concentration of the heart decreases at approxumately the same
nmn!\u(ﬂ-Amdmd'pim(ncﬁg.S).Thhfaunndthcdouindc-
pmdcntd:pkdonofNAby(+)-Amayindxmuthnnh:mdunmnm
NA comcentrabion by both these drugs s dus to an interference wath o
wmaﬂymnmzmvun:utorNA.Ruapmﬂukncwnmmhibh
mwinmrpomuonofmmoammamloth:nmacmnu!d.v.hkh
may explan its amme-dep action (reft see above) It has been
observed that A and reserpine compete for the same groups 1n the uptake
mechanism for mopoamnes in the adrenal medullary granules (JONASSON,
RosenarEN & WALDECK [963). Thus, the NA depleting effect by A may
ocour at the same pomnt of altack as reserpine, but also other steps of
the NA uptake may possibly be mhibited. Simultancously A is taken up,
30 that jt completely balances the NA loss. During the first houns even a
little more A 13 accumulated than corresponds to the nussing NA. The
A In cxceas may postibly be locatized m a more “labile™ fraction, as it
rapsdly disappears. Later on, all the A s found 1n the more “stable™
fraction, where most of the normally occurring NA 18 present. Duning this
period the A concentration almost exactly corresponds in amount with
that of the mismng NA. MuscuoLL (1960) found that, after an mtravenous
infusian of 20 ug NA, the normal rat heart took up excess NA, which
decreased to half in 40 minutes. After reserping treatment the same mfusion
gave no NA accumulation st all, indicatimg that the “lamle™ fraction also
is localized In the granules. In fact, it has been found that about 20 7 of
the catecholammes in the adrenal stoeage granules are not bound to
denosine trphosphate and are hiberated more easily into the supernatant
at centrifugation (HiLzane 1960a).

1t has been found in thus faboratory that fabefied A and NA (racemic
famx).muhwdlnh:amumtbchnnmhlnd«kgmmdn,
dmppwuubmnhcnm:mefou:humnﬁnthnmimn(Wm
ag d). This indicates that the above: d halflives of the
two A pomers o the beart and hind-leg muscles may approximately
cofreipond to those of the naturally occurring NA. The halfdives of the
mfAmﬂwmmorwmummmm
The H fon of 1A
‘m‘“’m*ﬁnﬂmdﬂﬂvmmdcﬂamﬂmgﬁg
NA by reserpine or A, As dicussed above, these drogs may nterfere
‘MthMmh\ctponhmmrdmfmmdmmnnlu
mrafecied. I the block of uptake fs complete, these results tndicats that
sbout § of tho amines ormally released from the metablex fraction of




70 NILS-ERIK ANDEN

ments and the investigations reported above may be explained if the (+)-
reaches the tissues 1n question 1n larger amounts than (—)A. The cuse
of such a difference could be that the two A isomers are not metabolized
equally The catechol-O-methyl transferase from rat liver Is reported to
metabolize the two 1somers equally /i vitro (AXELROD & TOMCHICK 1958).
Also moncamine oxidase secms to degrade the somers about equally
in vitro (BLASCHKO RICHTER & SCHLOSSMANN 1937 Leeper, WESSRBACH
& UDENFRIEND 1958) After oral admimstration of (+)- and (—)A at
the same doses, the two isomers are excreted 1n the unne as conjugates m
high and about equal amounts (RICHTER 1940) but this metabolic path-
way 18 probably of importance only for this route of adminstration
(HXGGENDAL 1963) Though the two A 1somers /n 1vitro seem to be attacked
equally by all known cnzymes, they may differ 1n therr metabolism
in vivo 1if they do not reach the mactivating enzymes 1 equal amounts.
After an intraperitoneal injection much of the A seems to be degraded
by the liver catechol-O-methyl transferase (CARLSSON & WALDECK 1963),
and the hiver cells could predomuantly take up the (—)-A, as did the
adrenal medullary granules in the cxperiments mentioned above. The
(—)A 1somer should also be taken up by the Liver cells to a larger extent
than (+4)-A 1f 1t produces greater vasoconstriction 1n the liver In prehm-
nary expeniments 1t was found that the blood concentration of A at all
intervals was larger after the (+)- than after the (—)- 1somer The hypo-
thesis that a lesser degradation of (+)-A 1s responsible for the about equal
uptake of the two A 1somers is supported by results from experiments
with the two 1somers of metaraminol. As 15 well known, this substance
seems (0 be metabolized slowly It has been found that the NA depletion
caused by the (+)- metaramnol (H 22/22) was much smaller than that
caused by the (—)- 1somer (unpublished experiments) The discrepancy
between the in vivo and in vitro results may also be explained by local
circulatory changes in the tissues investigated. The possibility may even
be consldered that the two 1somers nfluence local blood flow 1n opposite
directions There 1s also the possibility that the almost equal uptake of
the two A 1somers after the dosc used 1s duc to high intraneuronal concen
(rations, as 1t has been found that the uptake into 1solated granules from
sympathetic nerves 1s stereospecific only at low external concentrations of
catecholamunes (EULER & LISHAIKO 1963b)

The NA concentration of the heart drops to about the same value over
two hours both after 2 and 40 mg/kg (+)-A (sce fig. 5) The A concenira
ton after the smaller dose then corresponds to the missing NA whereas
1t 13 much higher after the larger dose This probably explains why the
drop 1n NA level continues after the larger dose and does not cease untl
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whereas the ;h:uwdlm.hcpomiononhcnmuudngmemhm:
unv.h:luumpurludedldnot deviate sgnificantly from those of pormal
mwummmwmmmmlmMm
(30-40 ma/kg Lp.) and the sympathetic nerves were imul ‘u_:"dﬂm:‘n
ways. When the cervical npathetic was stimulated pregar y
(X} 10 msec., 1-10 wmp.face.), tho pupil dilated and the mctitatmg mem-
mnewnmdeduinconuﬂlnnhmhmmblood-prumm : \r::q;gnsu 1o
tynmmc(ﬁ.Smg/ka)mdxphnchnknmc on (10 msec.,
10-20 imp.fscc) were alio in the normal range, even after bilateral
sdrenalectomy The NA of the heart, spleen, 13 and nictitating mem-
brane was displaced to approximately 95 / by (+)-A, | ¢ tho adrenergic
trantmission seemed to operats even when the biological activity of the
stored transmitter had been reduced sbout ten times. The Identical
disappearance rates of (+)- and (—)-A k0 support the assumption that
most of the store of adrenerge transotter Is not essentlal for normal
tranmmission.

Sumrpary

After mtraperrioneal ingction of 2 mg/kg (+)- or (—)-adrenaline into
mice, ths noradrenahing of the hrart and hund-leg muscles was displaced
to the extent of about 50 / by adrenaline, Reserpine blocked the uptake
of adrermaiine and depleted the accumulated adrenaline. The noradrena
lne of the rat heart dropped at the same rate, afier ather 2 mg/kg or
40 me/kg dextro-adrensline and afier & large dose of reserpine. Adrena
Eimgawmdcpkthuo{lhnmndrmﬁmmthcbnmmdonlyan

duction fn the adrenals. After repeated injections of (+)-
md(—)adrmxlh:athawﬂdrcmﬁnnuﬁhchnnwudkplawdmth:
extent of %0 and 80, of the normal, respectively There was no detectable
disturbance of adrenerpe transmisuon after this severe noradrenalme
displacement by the about ten times less sctive (+-)-adrenaline. The two
ldmnllnehammdhppamdﬁ'omthnmouwmmuutlbouteqml

rna,wlthnﬁmucdhxlf-l:morumdﬂhommlhchmnmdhmd—kg
muscles, respectively § of adrenalone, f-O-methyl drenall
ot Shydroxytryptamine also caused a noradrenaline letion
uptake of the adminktered amine. o and w0
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the granules are taken up again. The ability of the sympathetic narves
to take up iyected anunes 1n large quantities may suggest that re-uptake
1s an important way of preserving the transmutter

Whereas A and reserpine seem to reduce NA concentration at about the
same rate mn sympathetically innervated organs, the other noradrenahne
stores of the body are depleted 1o 2 much smaller extent by A than by
reserpine In brasn there 13 no detectable decrease in NA level and a small
accumulation of A compared with that in the heart, probably on account
of the poor penetration of A through the Iipid hike blood bram barner
It 13 possible that the small amount of accumulated A 11 brawn i manly
localized 1 vasomotor nerves and in the lumen of the vessels. In the
adrenals, reserpine depletes at least twice as much NA as does a large dose
of (+)-A 1 six hours. Reserpine scems to deplete the amnes of the adrenal
medulla 1n two ways first, by a direct effect on the adrenal storage
granules and, secondly by an indirect effect medated by an increased
mpulse flow in the splanchnic nerves (HiLLare 1960b) The msignificant
uptake of (+)-A may be due to a lack of sumulation of the adrenal
medullary cells in which probably the turnover rate 15 normally low There
13, however the possibility that the adrenal medulla cannot accumulate
extracelfular amunes. The explanation of the uptake 1 the sympathene
nerve endings may possibly be a rapid physiological nactivation of the
transmitter The adrenal medulla has clearly no need of such a mechs-
mism The adrenals seem however to be able to take up labelled adrenaline
(AXELROD WEIL MALHERBE & TOMCRICK 1959)

The similanty 1n uptake of the two A tsomers contrasts with the duffer
ence in receptor stimulation. Judged from the appearance of the mues,
the pharmacological effect of the (+)-A 15 about 20 times weakher than
that of the (~—)-A. Approximately the same difference was found n blood
pressure responses (both decreases and increases) of normal cats and rats
(ANDEN & MAGNUSSON unpubhshed expeniments) After reserpine treat
ment, this difference n activity remamed unchanged. Thus fact mdicates
that the effects of the (+)-15omer are a direct receptor stmulation rather
than a liberation of NA from the nerve termunals.

The adrenergic innervation of the rat eye 1s apparently unimpaired
when the NA 1n the sympathetic nerves 1s displaced by the much less active
(4)-A, as judged by the lack of ptosis The functional significance of this
dusplacement was further studied w1 cats (ANDEN & MAGNUSSON un-
published) The cats had usually undergone unilateral cervical sympathec
tomy so as to check the sympathomimetic effects of circulating a.mma:r
Six hours after the first of the two large intrapentoneat 'womosh
(+)-A, each 20 mg/kg after an interval of two hours, there was m !
and relaxation of the micutating membrane on the decentralized side,
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vuhnd:mhmnmmnmadebylmodxﬁmlmno[Huum:mlhnd
(Fu:uﬂn&mwﬂ).mmnmalmdndedbloodumpksfmmll)
dudbodm,bmnoumpluﬁomlm:mbjeus.um:mmhodchmm
erabled the imvestigators to e Flasher & Pope s normal valties.

!nbommaotmvmipnumthem;mmlwudmdedupmmdxﬁm
Wmdngmnnp.mmdwdduthanddwmrdmg
wnrhdhidnﬂpamarthcbodyfmmwhxh\hcuoodnmpla\m
ken Minor but inmgoificant, differences between the groups were
depomstrated within both sets of mvesugatont. No differences were
foimd between the activity of blood samples from live subjects and that
of post-mortem blood samples. Tho invesugauons made by Pribilla
compnsed 11 deaths camsed by phosphostigmine poisomng, whereas no
biood samples from mdividuals Killed by phosphostigr were mcluded
1w Petty et of s materul Both stndies showed that phosphostigmme
p ing jnvolves a derable d of chol activity

In discussing autopsy samples from mdrduals who did not die from
phospbostigmine poisoning, both PRmILLA and PErTY ef af. conclude

that the chall activity of sep d plasma and erythrocy
can both be charactenzed by & mean value and its rnge.
The above loned routine determinations of chol actiity

were performed in the forensic chermical section of our institute by a

modification of Michel's method (Huaxa 1955), and the investigations
were made on whols blood.

The object of our work was to oblain more comprehemsive control

cholinesterase activity a better crriernion than plasma cholm
esterase activty for detecting u phosphostigmine pok 372) What is the
apphcability of vanons choline cvters a3

substrates in such examinations?
3) How important is the h tlob for the eval of

cholinesterase activity 1n whole blood from dead bodies?

The following symbols will be used
AChE  enythracyte chall
BuChE plasma cholt ase, butyrylcholi
GhE  cholmesterase, not specfied.

The symbols in beackets indicats the

substrate designations are used iy Th I

ollowing
ACh for accrykcholine, McCh for metha
choline (acetyl-f-methylcholine) and BuCh for butyrykcholine, *
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(Professor Knud O Molkr M D)

Cholinesterase Activities of Human Autopsy Blood with
Speclal Reference to Phosphostigmine Poisoning
By

H H Laosen
(Recelved February 4 1564)

During recent years a vastly mcreasing amount of pesticides has been
employed. This holds especrally for cholinesterase snhubiting insecticrdes,
a large group of what are generally hnown as  organic phosphorus
msecticides  ete. In what follows they will be named phosphastigniines
( stgoune”™ after physostignunce) (MOLLER JENscn-Hoim & LAUSEN
1961) Most phosphostigmines are extremely poisonous to humans and
domestic Is forentic med and ch £y present a clear preture
of therr effects The apphication of phosphostigmines will result 1 irre
versible inhubittons of the cholinesterases of the organism 1n toxicological
wnvestigations  determunation of the cholinesterase activity of blood wall
therefore be a valuable dicator of any possible posorung with these
compounds. Since 1955 such routine investigations have been made in this
laboratory in connection with forensic chemical examinations. The value
of such Investigations scems, however not to be widely recognrzed. We
have found only two studies reporting determinations of the cholineste-
rase activity 1n a considerable number of autopsy blood samples (PRIBILLA
1957 Perry LovelL & Moore 1958)

PrIpILLA determined solely the activity of the plasma chobinesterase by
2 modification of MICHEL s clectrometric method (1949) the pH displace-
ment being determined photometrically wath phenol red as an indicator
Haemoglobin free plasma was used for these examunations and from
several samples Pnbilla succeeded in separating the plasma up to 72 houss
after death. Pnbilla s materinl consisted of blood samples from 60 dead
bodies and 112 lrve subjects

fPerTY and coworkers only defermined the acuvity of the erythrocyvie
hchohntﬁm which they considered a better subject for investigation
(han the plasma cholinesterase The investigations of separated, but un
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“;hed:mbmcytammadeby;mod:ﬁmmnofHuu'msm:thod
(me&PorElDS—i).Thcmn:dnlmdudcdbloodsampla[mm 130
dwibodzu.b&nnoumplaﬂomhvcsub}uﬂs,ulh:methodcbom
cmh!cdth:hxmﬁplonmuseﬂashcr&?opesmnmlvaluu.
Inboxhuuofmvcmpnnmth.cmnnhlumdmdeduplnwdiﬁ‘:mm
;mupslwordmzmsu.lp.nc:m.dumcofdmhmdukoacmrdmg
mlhaindlﬂduzlpamofth:bodyfmmwhnhth:b!oaiumpluwm
taken. Minor but msignhcant, differences between the groups were
demonsirated withm both sets of investigations. No differences werc
found between the activity of blood samples from live subjects and that
of post-mortem blood samples. The wvestigations pade by Pritilla
comprised 11 deaths cawsed by phosphostigmine posonung, whereas no

blood samples from indrviduals killed by phosp gaine were mcluded
n Petty et ol s material. Bolh studies showed that phosphostigmine
polsonmg mvolves & {erabie d of choh activity

In discmsing autopsy sampies from individualy who did not die from
phosphostigmine polsomung, both Prmitia and Perry ef of conclude

that the chol actvity of separated plasma and crythrocytes
can both be characterized by & mean value and its
The above ioned routne determt of chall activity

were performed in the foremic chemical section of our wstitnte by a
modification of Michel's method (HuanG 1955), and the investigations
wers made on whols bood.

The object of our work was (o obtain more comprehensve control
material for the cholinesterase activity of antopsy blood determined by
antomatic titralion, with & view to answerng three questions Dls
u'ythmcytedmlm.:ﬁnmuahitynbcmcﬂmimthmpimcboﬁn-

estermie actty for & # phosphostigmne posonag?2) What is the
applicability of various choline exters as substrates in such exammations?
3) How lmp is the b globm cc for the cvaluation of
cholinesterase activity in whols blood from dead bodies?
The following symbols will be used
ACRE  erythrocyte choih cetviehedt
BuChE plasma chol batyrylchol "
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Material and Method

'Ihenutcrmluwdforl}wmmdpﬂonmmmcdoflﬁbbodumpln.ﬂ-phwb-

fmine growp {ncluded 15 blood Phes from individuals who died after oral mixkes
of phosphostigmines. The controf group comprised 140 samples from autopsics, when
the available information did not indicate the action of phosphostigmines, Finally
10 blood ket from Uve individials were ined.

The control group {ncludes 47 samples from hospital autopsics, and 93 from Jegal
autopdies Out of tho 93 Individuals 16 had died from poltoning, 77 from other cames.
For the hospital matenal we did not mvestigate the causes of death. Approximasdly
60/ of tho control group samples were taken from men approximately 40% from
women ages ranged from 2 to 96 years. Six samples from the legal autopsy group wers
taken from children under 15 years old most of the other samples were from md-
viduals of the ago group 40-65 years. Most of the hospital material came from oid
subjects, the youngest belng 39 years old and 38 of the 47 tndividuals over 75 yers
old. The blood samples in the phosphostigmine group were taken from 2 females and
13 males of tho ags group 1-73 years. Tho samples from livo individuals were taken
from 2 women and 8 men in tho ags group 25-50 yoars.

The past-mortem blood samples came from routine autopsies thoso taken at legal
autopsles were from the heart or the great veins thoso from hospital autopues taken
by wyringe from the heart. The blood ramples from live subjects were taken by vezk

coagulation was prevented by hepann.

Haemolysates As a rulo post-mortem samples were more or bess haemolysed
often contained largs and small clots, To facllitate pipctting, all enzyme deter i
were mads on whole blood haemolysates 1 + 4 Tho blood samples were mixed by
turning them upside down slowly and mechanically for 5-10 minutes, major cots
having been broken up in advance. Two ml samples of blood were rinsed into 8 ml
water measured by a burette. Haemolysates and blood samples were kept In small
plastic bottles at approximately —20°

Haemoglabin was determined in hacmolysates and whole blood as cyanmethsemo-
globin agalmt Acuglobin Hemoglobin Standard (Ortho Pharmaceutical Corporation)
1n the determinations, 10 ml diluent and 20 ul blood or 100 ! haemolysate were used
10 order to obtain suitable extinctions. When examining tamples of low hacmoglobin

ation wo used cor dingly larger volumes of biood and haemolysate, with
swiable corrections ln the calculations. Statistics and diagrams were based on the
haemolysate determinations converted to terms of whole blood.

Apparatus. The cholinesterase activity was determined by automatic titration with
a Radiometer titrator (TTTla) connccted to a titrigraph (SBR2), as described by
Jereen-HoiM, Lausen, MiLTHERS & Mouier (1959)

Reagents

Sodlum kydroxide For the determinations 100 mM-NaOH wero used, except for
2 fow samphes of 30 mM-NaOH The strength of the base was determined by potentso-
metric titration of a carbon dloxide-free potassium hydrogen tartrate solution.

Other reagents Tho substrates used were acetylcholine 10dide and butyryicboAH:
bdlde(Hoﬁmann—hRodt)uweﬂum:thuhoanobmnddc(PtLDun_ 1948
@dum)_memhsu'uﬂmdldu(sodjmchluﬂdnnnddeumchIoddo +miﬁ
were made solutions of a concentration 20 times greater than

concmdmﬁ\minhbhl The subsirate sofutions wero stored at 2 C.
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Table 1
Reacties mixiwres

The conceatrations gret subarate
mehmhmrmdsmulmﬂdwyuu&;am
b = o wool wcld X mve 1 X m
ubtrmdtmnmmlmimia“* t'ﬂx-wd
whote | MM | Noo-enrymatie
blood substrats
Satwtrats 1 NG
oM i
D"A.on;.myﬂ»b- ot 1% % 0071
1uuum al 130 %0 0288
123 mM [¥4 130 40 0029
Fhaime chelacsiorest
3.0 aM botyryicholine 02 150 © 0.024
5.6 mM botyryicholse 02 1% o 0022
Activity determination procedire

Distilled waser 4.5 or 8.0 ml, was meszured by baretse, and 500 oc 1000 p haomoty-
st along wih 300 pl salt solution were sdded. The mlxturo was heated to 18° while
being serated with carboa diaxide-free During the activity detrrmination
incHf, the glats was cowered with a looscly flitkng 1id, and only the spaco over the Liquid
was ra.ept with nitropn, to prevent contamination by the carbon diaxide of the atr
Afvr reacdig the pi, and titrating to pH 7.40 we checked for posuble
aid of base Tiberation. We then addad 500 pl substrate
oozymo activity for 5-10 mimstes. The
mawwwmwmammmmnhm
corrected for wberaxe

ion of the

ghen in the bt cobume of Tablo | Five actbrity wers made for each

threo for ACAE 4 and 16 oM AChH and 125 mM MeCh)
and two for BuChE (substrato 5 mbf mxmmmmum

of the suburatrs were ndded, 30-35 mM ACh, 100-140 mM MeCh and 35-T0 mM

BuCh. A3 ttrant 7.6 mM-N2OH wero maed, and finally the senutivty of the tiratoe
{ncreased wpproximatety fourteen times by & special device., i

In these chreumstances the hydrobysis per minute was
o‘-cm:bd.lm " mwmm

dhﬂrnlchdmu.n
of butynyicholne 8.3

- (Mg present)
- (Mg atnens),
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Material and Method

mmamdalmcdforwmvuu,pﬂonaomkmdoflﬁsbloodumphmm
stigmine group included 15 blood samples from individualt who died after oral intaket
of phosphostigmines. The control group comprised 140 samples from antopsies, whes
the avallable information did not indicate the action of phosphostigmmes. Fimlly

10 blood les from /fve indfriduals were ined
The control group Iacludes 47 les from hospital and 93 from kel
ies. Out of the 93 Individuals, 16 had died from polsoning, 77 from other causes,

For the hosputal material wo did not investigato the causes of death. Approximaicly
60/ of the control group tamples were taken from men, appraximately 40¥ from
women apes ranged from 2 to 96 years. Six samples from tho kgal autopsy group we
taken from children under 15 years old most of the other samples were from indk
viduals of tho age group 4063 years. Most of the hospltal materfal came from oid
subjects, the youngest being 39 years old and 38 of the 47 individualt over 75 yean
old. Tho blood tamples in tho phosphostigmine group wero taken from 2 females and
13 males of the ago group 1-73 years. The samples from live individuals wero taken
from 2 women and 8 men In the age group 25-50 years.

The post-mortem blood samples came from routine autopsies thoso taken at kgl
autopsies wero from the heart or tho great veins, those from hospital autopsics taken
by syrings from the heart. The blood samples from live subjects wero taken by veab
puncture coagulation was prevented by heparin.

Haemolysates As a rulo post-mortem samples wers more or less haemolysed and
often contained large and small clots. To facilitate pipetting, all enzyme determinations
were made on whole blood Asemolysates | + 4 The blood samples were mixed by
turning them upside down slowly and mechanically for 5-10 minutes, major clots
having been broken up in advance. Two ml samples of blood were rinsed into 8 ml
water measured by a burette. Haemolysates and blood samples were kept in small
plastic bottlcs at approximately —20°

Haemoglobin was determined in hacmolysates and wholo blood as cyanmethacmd-
globin against Acuglobin Hemoglobin Standard (Ortho Pharmaceutical Corporation)-
In the determinations 10 ml diluent and 20 pl blood o 100 ul bacmolysats were used
1n order to obtain switable extinctions When examlining samples of low
concentration We used correspondingly lrger volumes of blood and hacmotysase, with
sultablo correctiont in the calculath istics and dha were based on the
hacmolysate determinations, converted to terms of whole blood.

Appararumdmummwndivﬂymdﬂmnlncdbynumﬂcdmﬂnnm
a Radiomcter ttrator (TTTla) connected to a titrigraph (SBR2), as described by
Jeraan-Hows, LauseN MLTHERS & Movres (1939)

Reagents

Sodium hpdroxids For the determinations 100 mM-NaOH wero used, except for
nfcwumPhofJ-OmM-NuOH The strength of the base was determined by potentio
metric titration of a carbon dioxide freo potassium hydrogen tartrate solution.

Other reagents The b used were ykcholt lodld.cmdbutyrylchoﬂ:
jodide (Hoffmann la Roche) as well a3 methacholine bromide (Ph. Dan. 1948, A
dendum). From substrates and 1alty (sodium chiorido and sodium chlorkde + magne-
mdendulhmofuwmmdmmwmmmmm

&m;xmnwl The substrato gohutions were stored at 2°C.
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Table !
Roaction mixteret
coscextrations ghrea mmmmmmam-w
Tw:mmmbwhmhmmumm\mma ‘__paul+t).‘;l'::
prrdvapiriy ""w&mﬁ‘ Vg ugimx.da;m'f:xml
e
s wbole bood:

Whote | Mineraluls | Nogeazymatic
betrate blood Y] sobstrats
= ol L Rydrotyus

mM

o -;-wﬁthdm al 150 L] 0071
160 mM al 130 %0 ans
123 MM o 130 % 0029

chebinesterase

mM betyryicholme 02 150 © Q024
30 mM butyrykchotme a2 150 | o
Actirity determination procedure

Dwtilied water 3.5 or 1.0 ml, wat meanured by baretts, and 500 oc 1000 pl haemoly-

t0 prevent contamimtion by the carbon dioxkde of the air
Am:rudlunnpitndlkndnawpﬂ74o,wdncbdrupudhhmnmm
sad or base Lberation. We then added 500 pl subsirate sotution and recorded the
earyme activity for $-10 minuies. The recorded activibes wero uhlhn:dumho
madwmmmmdmmmmm
corrected for subsrate by of the

mhtbhamhmmd'nhhll’mlcﬁvﬂy wero made for each

thros for AChE 4 and 16 mb{ ACh and 125 mM MsCh)
and two for BuChE (Rebstrate 3 mM BaCh), with magnessom jons present of absent.
‘No duplcats

BaCh. As titrant 7.6 mM-NOH wers used, and fimally the senxitivity of the titratoc was
incressed approximasely foartom thnes by a special device.

hm&mmwwmm

of sxtylkcholine 178 micromoles mm
:f‘mhd:nnm &6 pu _
batyrykcholine 96.0 - -

of batyrylcholioa; 13.5 - ((:i:mﬂ))
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Material and Method

Tho material used for the investigation consisted of 165 blood samples, The phospho-
stigmine group included 15 blood samples from individunals who died after ocal intakes
of phosphostigmines, The coarrol group comprised 140 samples from autopsics, when
the availoblo Information did not indicate the action of phosphostigmines, Fimlly
10 blood samples from live individuals were examined

Tha control group Includes 47 samples from hospital autopsics, and 93 from kgl
sutopsies. Out of the 93 individuals 16 had died from polsomung, 77 from other camtes.
For the hospital material we did not investigate the causes of death. Approximately
60/ of the control group samples were taken from meén, approximately 40 / from
women ages ranged from 2 to 36 yeans, Six samples from the legal autopsy group sere
taken from children under (5 years old most of the other samples wers from Indi
viduals of the age group 40-65 years. Most of the hospital matenal came from old
subjects, the youngest being 39 years old and 38 of the 47 individuals over 75 yaan
old. The blood samplet in the phosphostigmine group were taken from 2 females aad
13 muades of the age group 1~73 years, The samples from live individuals were tkea
from 2 women and 8 men In tho nge group 25-50 years.

The post-mortem blood samples came from routine autopsies those taken at egal
autopales were from the heart or the great vemm, those from hospital autoptics taken
by syrings from the heart. The bicod samples from itve subjects were taken by venk
puncture coagulation was prevented by heparin,

Haemolysates, As a Tule post-mortem samples wers more or lexs haemolysed and
often contained largs and small clots. To facilitate pipetting, all enzyme determunations
were made on whole dlood Aaemolysates 1 4+ 4 The blood tamples were mixed by
turning them upside down alowly and mechanically for 5-10 munutes, major clots
having been broken up in advance. Two ml sampkes of blood were nnsed into § ml
water measured by a burcite. Haemolysates and blood samples wero kept 1n small
plastic bottles at approxumately —20°

Haemoglobin was determined 1o hsemolyzates and whole blood as cyanmethacmo-
globin against Acuglobin Hemoglobin Standard (Ortho Pharmaceutical Corporation):
In the determinations, 10 ml dilueat and 20 l blood or 100 ul hacmolysats wero used
1n order to obtain suijtable extinctions. When examining samples of Jow hacmoglobln

Jon we used cor dmngly larger volumes of blood and haemotysate, Wit
surtable corrections in the calculations. Statetics and diagrams were based on the
haemolysato detcrminations converted to terms of whols blood.

Apparatus. The cholinesteraso activity was determined by automatg titration with
2 Ragdiometer ttrutor (TTTla) connected to & ttrigraph (SBR2) as described by
Jenman-HotM LAUXEN, MILTHERS & MoLLER (1959).

Reagents
Sodlum Aydroxide For tho determinations 100 mM-NaOH wers used, except for
« few samples of 30 mM-NaOH The strength of the base was determined by potentio
mctrh:dmdonahmrboud}ox}dmﬁmpomni\m\hydmunnmwhnbn_
Other recgents mmbarnuuwdwumryl:houmlodldnmdbmﬁyid)dbﬁ
jodide (Hoffmann-la Roche) as well a3 methacholine bromide (Ph. Don. 1948 Ad-
dendum). From substrates and galts (sodium chloride and sodium chlorlde + magne-
mad:whtbmofuwmmﬂmzounmmwuunthn

;o‘u:;nmdonz ;2 in Table 1 The substrate solutions were stored at 2°C.
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}LMW

|
] 5 '] 15 a -3 »
g Hy/koo rel blood
wd
Saburiis 16 mM aceiyichotss (VHD 1a tatie 3)
(Notanos [rom g | uied)

Fig.2 Exy

ldjus!lhnp“oflhcm:mncm1&5pununcmnmn-:pedﬂcadd
Bberaton, liks the one formerly described by us 1n connection with
expemments on tssue, was pot observed during these examinations of
Hlood. We did, however observe spontancous non-specific base liberation
(cf Jpam-Hou 1961), for after adjusting to pH 7 40 but before adding
substrate, wo sometimes fonnd s slight nse in pH of the reaction mixture
These thaes were, however negfigible compared with the pH fall after

adding the substrate (titrator drsconnected) they were therefore ignored.
The number of & i with the five

the samples showed an extremely high activi
Erythroc) te cholinesterase Fign. 1-3 show [AChE] determined with the
wubsintes 4 and 16 mM ACh and MeCh, and it appears from thess

&m\hn\huuhndiﬂmammbammmmty
and the hacmoglobn concentration. The numerkal expresssons of this

condutional (two-dimensional) dutribution are grven In table 3 With a
view 10 avoiding confumoq, the symbols “sepe” and “sumar™ have been used

A pharmosmbngion. ol 11, torn.
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Results

The haemoglobin concentration showed an extremely large range,
18-28 2 g Hb/100 ml but the distribution within the range was found
by probit analysis to be normal High haemoglobin concentrations
occurred more frequently i legal autopsy samples than 1o hospital
autopsy samplex

The cholinesterase determinations When water haemolysate and salt
solution had been mixed, the samples from live subjects showed a pH of
70-7.2, whereas the pH of the post morterm samples was lower generally
60-65 a quantity of 50-100 umol base/ml blood was often required to

! ! t ¢ |
,qu-o{ m it bdood™

)

| | {l
i ks
’ ? ° ® 2 g kol Bleccl

Erythrocyte i and b £
P! Substrate 4 mM gcetylcholine (A/Hb in table 3) e
abscirtas rescnt hacmoglobln concentrations, tho erdimaf » viter
Vm for the cor;ﬁol group are shown by open circlos, thoss for live ngocu by solld

drcles hosphostigmine by crosses.
mmmmmpl&mh Ihﬂnpnﬂmmmmabmkcn.pmuuumm&au

contpuous O
o1 c::tu.mhm 1ba conditional distribution (Y £ 1 96 sesn). TO the right m,h;g

Emmdmuwmtwuformmﬁm distribution [ the enzyme act]
(5 £ 1.96 tmas)
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Fig 4 Phasma choil ad gab '
Subsrate $ mh baryryicholios, magsalun prisent \DjHb in table 3}
(Notation from fig. 1 usad)

mmmwmmupormhmlyumlmmmmmmm
enryme activities alone, the margmal (one-dimensional) distnbution,
<hows a normal distribution by probit analyss, and mean values a1 well as
aandard deviatsoms are given 1 table 2. In figs. 1-3 the mean valucs as
well &1 the 95 / lmits are seen on the right.

Plarma cholinesterase Fig 4 shows the results of determmnations of
[BuChE} with a magoesaum contaluing reaction mixture the calenlations
are given in tables 2 and 3 The regression, being here negative, 1s not 50
propounced a3 1n the {ACKE] determinati but both r and
correlati {ficients differ signicantly from zer0 at P> 99 7/ The
regression 15 linear sccording to the cnteria alteady lud down. [BuChE]
was determuned for each bood sample with magnesium present and with
magnesium absent ia the reaction mmtore a comparnson between the
two scts of amalyves is given by the regremion equanon E/D wn table 3
The focts that b = 1 028 and does not significantly differ from 1 and that
a0 = —0.024 and docs not ugnificantly from zero scem to indicate that
the prexenco of magncuum has 1o effect on the BuChE determunation.
Th:hl;hcondnﬂoncodfbcntbctwunlhmtwosdsofﬁmlysuu
taken a5 an expression of & fairly shight spread i the true activity values.

Th:bloodumpb[mmlhem&,‘m:mmmmdbymzpmwdm
wsed for the autopsy samples. The results have not been included in the
calculations they are, however marked on the diagrams in figy (4

from which 1t appears that samples from hne wib, and rtem
tamplet thow wmilar activity levels., o postme

“
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| 1 1 I 1 |

k0l x i ol bocdd

0 bl é r 1 1& i I 215 1 5|ob '
gHb/looml Hood

Fig. 3 o choll and b Hobi
Sur;lnlu 125 mM methacholine (C/Hb in table 3)
(Notation from fig. 1 used)

1n the present study for the standard deviations in the conditional distribu
tion and the marginal distrzbution respectively The regression Jines are
marked on the diagrams as well as their 95 / probability mits. The
hypothesis that the regressions should be linear 1s supported by the fact

=Y how

that the standardized deviations from the regression line ’

normal distributions by probit analysis Both the regression and the
correlation-coefficients differ significantly from zero by P > 999 4. The
intersepts with the ordinate axis oo, differ significantly from zero by
P > 999/ for the deternunations with 4 and 16 mM ACh. The MeCh
determunations are less reliable, and a, does not differ significantly from

Table 2
Statistical analysis marg aal dist b tio

Tho table shows the means and the standard devistions, smar 0f the
humo;lobm eouccuu-nl.lom and of the chollnesterass activities.

The as g 11b/100 mi whole blood mcnxymﬂ
ncdvidamupmcduunwllddxml.u t x ml wholo blood !
] Mean | Smer | o
Haemoglobin concentrations | 154 620 128
te cholinesserase ‘ ‘
cetykholino 381
}g.;n:l; metbacholine 210 0.5 136
Plasma chollsesterase 160 " | 9

5 mM butyrylchollno
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dmnncsta‘uc.AChE.thmumanmaluﬁmyuappmthtdyZmM
ACh mﬂ:uwmmnamolAChhnvcminhihimry:ﬁcuonthn
cnzyme.Thcplnmlahoﬁnuwucwﬂlshawunlymgh\uﬁmyuZmM

ACh as substratc were based on this princrple.
Lnourimtstxpﬁomwmxp{oyvdAmMAChmdlLﬁmMMtCh.
uth:ymfaundwbcﬂ::mmmmmmnpvclh:hlghu!mmy
1n investigations of normal whole blood under the

stances described. A 16 mM ACh concentration = used 1n the above
mentioned chohnesterase determmations conducied In the forensie
chemical section. An srhurary concentration of $ mM BuCh was chosen,
Magnesum foms will actrvate ACHE wathout affecting BuChE by
maXing the determmationy in & medium coniaining 150 mM sodivm
chlorids and 40 mM magnesum chloride (AuGusTIION 1950) o value
of [AChE] can be obtuned that constitutes a larger frachion of the total
meamured activity In our wvestigations magnestum had no cffect on

The erythrocyte cholinesterase is bound 1o the erythrocytes on examin-
mg whole blood from normal live individuals, a lmear regression can be
found between (ACHE] and the erythrocyte concentration, the latter
expressed by the huematocnt value (AucusTRasox 1955 Saane 1959).
It was not possible in our investigations to determine 1he hasmatoent
valoe, owing to haemolysis by using the hasmogiobin concentrabon as
reference, the lisear regresmon was also found on examination of post
mortem blood. [n the determinations with 4 and 16 mM ACh and with
MeCh almost equally high comclations were found between enzyme
ctivity and hacmoglobm concentration. An even higher degree of mutual
correlation wat seen {n the determmations with 4 mM ACh and with
MeCh (A/C In table 3). These phenomena, along with the fact that the
enzyme activities found with 16 mM ACh were at a lower Ieved than the
Aeterminations with 4 mM ACh (sub hibitson) were J to

mdicats that AChE b the
seics, dominating enzyme in these three amalytical

The Intersept between the lines and the ardinate,
B, i the
mmuo;mllmmmdmhmmwrmm»ﬂm

wiivity In pure plasma from the b
determined with the cor iy 0od samples

In whole preence

8 whole blood, [BuCKE] is lower than &y, owing 1o the

mmhﬂplm2MMhmbydnﬂn;f$
;hmzmmxeptbuwcmmammfmﬁmmdmcordxmuuh




84 H H. LAUSEN

Table 3
I analysis 1l ! distrib

The table shows tho equations for the regression lines, Y w ay + bx. For the coordmuta
given in the column y/x, the symbols used are A.uulynuﬁthlmlll:akhﬂr
B with 16 mM acetykholine C with 125 mM methacholine D with 3 butyryk
choline, magneslum present E with S mM batyrylcholine, magnesium absent. Hb desola
haemoglobln concentration Hb/Hb stands for b 5l fnh giobs
In whole blood sew f3 the standard deviation for the varistion about the regremion hut,
{.¢ the deviation of an observed actlvity y from the corresponding value Y on Lhe regra-
slon Uno u.lndumthouwd.udem:ruofuwudm.nmu.mdbo(dnrepmbnhﬁ
parumeters r i3 the correlation coclficient.

Tho haomoglobin concentrations aro expressed as g Hb/100 m! whole blood. The enryme
actlvitles are expressed as pmol acdd x min. 1 x whols blood !

Statistie

y/x Y =2+ bx | B | b | ot & ot
A/Hb Y=~ 2214+03x 138 161 037 002 QB
B/Hb Y=~ 2244+02x 137 125 o1 0017 o7
C/Hb Y=~ 028+4012x 136 053 o012 0007 a8l
D/Hb Y = 3360045 129 131 031 0919 -0
AJ/C Y~ 214 4 246x 134 132 029 013 08
E/D Y =~ —0024 4 1028x 113 039 0030 0.027 0%
Hb/Hb Yo~ 020+1012x 164 099 o021 0013 oM

Texss of sigeificance

tamrVa—HVI— t= (-0, t=0-0n t=(b—lin

As was to be expected, the phosphostigimine group showed low activitich,
and the fact that the group departs distinctly from the control group wil
be discussed below The activities measured which have been marked on
the diagrams, were not statistically examined. Some of the blood samphes
were not subjected to all five analyses

Discussion

Post mortem blood 15 often somewhat hacmolysed and the present
investigations were therefore made solely on whole blood As the two
cholinesterases wall both split acetylcholine, sclective substrates are often
used 1n whole blood analyses, such as methacholine for erythrocyte
cholinesterase and butyrylcholine for plasma cholinesterase (AUGUSTINS:
soN 1955) the substrates mentioned were used 1n three of our analytical
scnes. It 18, however possible even with acetylcholine as substrate to
obtawn & practicable standard for the erythrocyte cholinesterase activity
of whole blood for this purpese advantage 15 taken of the fact that the

ctivities of the two enzymes differ 1n their dependence on substrate
: tration Where as the plasma cholinesterase, BuChE, shows in
i:;’ﬁg activity with nsing substrate concentration, the crythrocyte
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plasma protelns 1n ssmpies with 2 hugh coatent of hacmoglobin such
determinations wese therefore not made. P

Owing 1o the fact that results are widely dispersed, we did not — for
mwm-m‘wmcpmﬂkinﬁwohmmm
a(halmbdmdmhmdmon.ahhouxhlllwﬁﬂm‘hﬂhmm
(hat these condiians will to & greater of less extent affect the [BuChE] 1n
human subjects. However Painiiia (1957) did not, In mvestigations of
phmﬁumpoﬂmnmblood.ﬁ.nda.uydu:cﬂ'acto[wthrmw

mmmuwmw.pmmwﬂmwumw
blood samples from legal autopsies and those from hospital autopsses.
mmpuﬁouumfo:bloodfmmlh:hmpmlyaupalon:shoﬂda
ﬂo?ceontspondmsmthnfoundfofwhol:b{oodfmmﬁv:wbjcax.
The regression line for blood from the begal autopsy group, however
showed a lower tlope, and thus groap had also a higher a,-vaiue than had
the hospatal group.

The legal antopsy group was thus found to be on a lugher level than the
hospstal group, hoth 1n [BuChE] and in hacrmogloin conceniralion 1
seems fore as if these p showed a b (The
varation in haemoglobin copcentranons found m the hospital group may
be partly doe to the sampling technique) It appears, from the avalable
information about the time miervals between desth and autopty that
approximately § of the hospatal antopsics were made within 24 houn
after death, whereas anly approximately haif of the legal autopsies were
made by this time. It seems justifiable to assume that the hacmoconcentra
ton mentioned was caused by slow post-mortem fiquid shufts, so slow that
in our invesugations they did not show themselves in samples taken from
tbe body within 24 hours of death.

To sum up the resujt of this analytical senes, 1t can be saxd that the
spread, and particularty the frequency of extremely low enzyme actvines
ws 30 pronounced that our {BoChE] determinations cannot serve as
suitable control material,

Stability of the enzymes Certam of the legal sutopsy blood samples
\mﬂo:tdunu:amdfnrwm:umcu?befmbemgfmun.Amphm
prcture, thowing the fized devistions from the ton Lnca
agunst the slormg time, confirmed the widely held view that thess enzymes

e stable, for no clear tendency 1o fal} be detected. exam
after being stored for oot For cxemgls,

pproximately 60 days at 2* five samples showed
(AG:EldeBnChE)vn]unlwandonorabov:thcmﬁmmn lines.,
Non phoiphostigmine poisonings
Thelcgln\nopsygrwpwmmcrlﬁdumsmmd
1soni)
with carbon monowde, or whh various drugs the pc\wnin:yw:l?\'mﬁ:g
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with a slope corresponding to that of the regression lae 1 fig. 4 The
verteal distance between the abscissa axis and the regresston line re
presents the average total activity for a given haemoglobin concentration,
and ths distance 18 divided 1nto two parts by the new Iine, the lower part
corresponding to [BuChE] the upper part, between the regression bne
and the new line corresponding to [AChE] For the concentratton 15 g
Hb/100 ml 1t was found that 1n the 4 mM ACh determinations {AChE]
constituted approximately 1 of the total activity and in the 16 mM ACh
determunations, {AChE] constituted approximately § of the total actty
Some reservations should be made about these figures, especwally a5 %
was determuined by extrapolation, but they are in conformuty with the
findings of FLESHER & Popg, 1/~ that JAChE] made up approxmmately
80 / of the total actsvity in measurements with 2 mM ACh.

We did not investigate whether 1n our matenial [AChE] mught be
affected by age, sex, state of health before death, and so on. Perry ef
did not demonstrate any clear effect of these factors. Reports in the
literature about live, both healthy and sick, individuals show that [AChE]
13 independent of sex and age and only siightly affected by illness (RIDER
et al 1955 SHANOR ¢t al 1961) However a fall or rise in erythropokss
will cause a corresponding change 1n the [AChE] (Sasing 1959) We did,
however investigate whether or not blood samples, taken at legal autop-
sies, differed from those taken at hospita) autopstes 1t was found that i
all three analytical sencs the two sub-groups were almost 1dentical with
the control group 1 toto

To sum up all three sets of [AChE] determinations gave an expression
applicable to the erythrocyte cholinesterase actwvity of whole blood, but
the 4 mM ACh determunations are preferable Application of 16 mM ACh
will involve a fairly high correction for non-enzymatic substrate hydrolyss
moreover at this concentration substrate mhibition 18 notceable Metha
choline 18 spht by AChE only at a slow rate use of this substrate will
therefore cause the total activity Jevel to be fairly low which may prove
nconvenent.

Plasma cholinesterase These determunations differ distinetly from the
other analytical series m showing a ncgauve regression of enzyme
activity on the haemoglobin concentration as well as by the frequent
occurrence of low values The negative regression 1s due to the fact that 2
nsing haemoglobin concentration {cell volume) wall enta a foli in the
plasma content of whole blood To judge by the low value of the correla
tlon coeffictent, the haemoglobin concentration would not be the propef
reference in this case the concentration of plasma proteins, especially the
cholinestergse-contaung fraction would presumably be a better refe-
rence. There seemed to be no suitable technique avadable for determining
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the d& of phospbostigmine pok 1t 15, however {easible by

diagm phospiosliy P atrol
2 cholinssterase actvity wihun the range of the co

ﬁw@ with reasonabls certainty the possibihty of a phosphio-

shgmine pofsoning.

Tt must therefore be conctuded that, in forensc chemucal favestigatons,

acomb of routinzs on.h:cryihrocyted;&:rhnum:afc

activity in whole blood aod b globin determinations w

u vatushle means of reveatng, or more frequently of excluding, evidence

of phosphostgmine porsoning.

Swamery

The cholipesterase actvity m autopsy Hood was examined m o watenal
indhuding & phasphazrigmune group ((5 samples from legal antopsies afier
pohionmg with parathion, eic) and a coaol groap (140 samples from
legal antopsics and hospital autop

The haremoglabla concentrations vaned from 1.8 to 28.2 g HH100 mL

The cholinesterase actrvity was determuned i whole Hood by automaiic
dirgtion. The erythrocyte cholinesterase actmity was determmed wih
scetyieholine (4 mM and 16 mM) and methacholtoe (12.5 mM) as substra
tet. The coatro] group showed a high correlstson with the hacmoglo
conceniration and a positive Linegr The plasma chol
activity was détermined with butyrylcholme (3 mM) a3 subsirate. The
control group 1howed a low correlation with the haemoglobin concentra
uon apd & negative hnewr regresson it included many very low valoes,

Whole biood samples from Irve subgects did pot differ from those of the
coniro! group.

The phosphostigmme group showed low eryihrocyte cholinesterase

activites with much overiap of the margmal distnbubon in the control
group. If however the b fob

" 100 Is Incdluded m the
etvaluation, the two groups differ dutinctly The plasma choll
amv(lmd:dnold&ﬂ'crﬂvmthmoﬁh:mhoimnp.

1t is concluded that, in forensic ch ) Joxe, doter
kxhcrﬂythrocmdmﬁnﬁ:mgmymthokbhodmddhm
uohﬁxﬂﬂprmavnlmundmm.bmmupeaﬁc.mmormmhng
of exchuding a d of plosphosugming p 8.
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by quantitative forensic chemical expminations By companng the
standardized deviations from the regression lines in our matenal, we found
that neither [AChE]} nor {BuChE] differed from those of persons dymg
from other causes of death. Any cholimesterase-inhibting qualitses that
these poisons mught possess must therefore presumably be reversible, so
that probable inhibitions are repressed under the analytical conditioas
employed, namely a 50- or 100-fold dilution of the blood and the use of
substrate concentrations that must be considered high 1n this connection
(JEnSEN HoLm 1961 JOHANNESSON & LAUSEN 1961 WINTERINGHAM &
DisNeY 1963)

Phosphostigmine poisonings
The matenal mvestigated mncluded blood samples from 15 cases of
poisomng with phosphostignunes, mostly parathion the irreversible
cholinesterase mhibitions caused by these substances manifested them-
sclves as low activities. A pnimary inspection of the {AChE] conditions
will show as 18 clear from figs. 1-3 that there is 2 considerable overiap
between the activiies measured in the phosphostigmne group and the
marginal distribution of [AChE] 1n the control group (the 95 /4, limuts are
scen to the night) But it appears that, when the haemoglobm conceatra-
tion 18 mcluded 1n the calculations, the conditional distribution shows
95 / Linuts that are much narrower and there is a pronounced dfference
between the phosphostigmine group and the control group In examinations
of whole blood with such greatly varying haemoglobin concentrations
as those found 1n our matenal, a mean value with its range, as used by
PerTY ef al (1958) can thercfore not be considered suitable basis for
companson. It deserves notice, however that 1n examinations of samples
from lrve subjects the variation 1n the haemoglobin concentration 18 $0
slight as to be neghigible mn this connection. Even in the conditional
distnbution, the phosphostigmune group is not completely distnct from
the control group fig. 1 shows a single value from the control group
among the phosphostigmine group valuet, and fig. 3 shows 2 single value
from the phosphostigmine group among the control group valucs. A
determnation of [AChE] in whole blood combined with a haemoglobin
determmation may therefore be considered a selective, but not a speaific,
means of recognizing phosphostigmine poisoning. A [BuChE] determina
tion 1n the available form scems, however to be less valuable, owing Lo
the frequent occurrence of exiremely low values in the control group
A fundamental prmaple in forensic chemical analysis, v/ that the cause
of a potsoning should be established by more than one examunation, also
lies here a demonstration of a greatly reduced cholinesterase activity
;P\P;holc blood 18 therefore not 1n 1tself sufficient to establish with certainty
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FEstimation of Vasodilator Drug Effects n Mice by
Measurements of Paw Skin Temperature
By
Wollgarg Richier
(Recwved March 3, 1964)

The of skin temperature is well lished clinically s
an indicator of peripheral blood flow etpecially i the dugnosis of
peripheral occlustve vascular drscase. A survey of the i to
be found in a recent review by BURTON (1948) and by Hanroy (1961) of
the physiology of temperature regulation.

Skin tempernture measnTEMENLS 10 VANOUY $petaes, in both conscious
and anaesthetized animals, have been performed for studying thermo-
regulation and penipheral dreulation. Among the speces used were rats
{WiNTER & FLATAKER 1953 Hemoux 1959), rabbats (Causmon & Funr
MAN 1947), cats (PErxna & Mao CHiu L 1947 Stadu 1950A Kunor
Bauck & HexseL 1957) dogs (HEumoway & Lumredm 1950 STROM
1950B  vaN DEr Gimnst 1956) and monkeys (DELoapo, Fuiton &
LivvasToN 1947). However skin temperature measurements fn con-
scous ammals for the study of vasodilator drug effects ssem ot to have
had widespread use.

The method p d here, hang 1 mice, allows the
detection of drugs thot increase peripheral blood flow by measurng paw
temperatures before and after drug adminiyration, It appears to fulfil the
requirements for a simple and rapid method of studymng penpheral vaso-
dahuanmdmdhydrup.Smﬂrmﬂhodhﬂpvmuﬁxfnctorymulu

dmgmﬂdmnmdﬂmhdmmqummmpborm
application will be desenbed.

Materhals and Method

mi-&A]’hnomdm&rn'mﬁhllFW;mmNMﬂmh.m
Apparerus. A mmuanyre ik of the thy whose resl
mmmwuwnwﬁm
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F g 1 Paatograph thowing postion of Lemparatme
mﬂ:‘ﬁld\hﬁml&hdh(mpi The thormision may be appled
(0 & sodar way 1o the plasiar skin of the hiod paw

mouws domng

contact Witk the skon. Temperature equibibchun i attamed wighm 30 s after platiog
the thermustor sgamat the palm, and tho maxbmum texperatusre o then read from the
salanomeies

< P !

The ety of
%as testad by determuming fore-paw temperature ko ten mico tvice st an Interval of
30 seconds

Norrm! paw thin iemperatures wan doiermmad in 30 moco of both e, wd
Thert {requency dembutuon was plotsed.

A possible difference between texcs was sudled by comparing normal paw skin
seperates in 100 sutles and 100 feales

Tie effect of satue myecison and handling o8 BEw tempetanits was studied 1o both
the quantriing and the sqrenig  ereon of the mathod, I order to extablrth tha
wpper hmut of normal paw skin emperatufe. § the quantttaihe method paw wampe
AoTe was meared 10 X0 growps of four nics emh, mersurenents being made before,
amd 15 30,45 and 60 mmuies shter nechon of 020l of 09 safine, [n the serecning
proctdure, paw wia temperaturs was measured m 30 ungle mucs before, and 30 minu-
\cs afir taline inxection

mw,dmmmummum@vmmm
sudied by mesnrements on 40 male mice.

mmw\mcrmmukmwnmumdthnfmmdhmd-pt“mmﬂhd

bfoes ang 15 30, 4% w0 6 mmrcles afier 3 < ndection of various doses of erpro-
200 1000 mace of four groppe,
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Top Thermustor unt

1) Tempoeaturo scasitivo thermistor tip

2) Glass tubo ining therml and

3) Protoctlve metal tube

4) Rubber cuff serving as handlo

5) Connecting cable to Wheatstone bridge, 100 cm length
Bottom Wh bridge d to therml

Geaeral viow of the electrical arcults.

spherical tip has a diameter of 0,75 mm. The thermustor s shown In fig. 1 and 8
available from Philips Ltd (Type B 8 320 05 P/2K2.) A more recent type may also
be wsed (B 205 CE/P 2K28)

A Wheatstone bridge and a gnlvanometer are used for measuring the changs i
resistance of tho thermistor The electrical cirant o shown a fig. 1 The bridge B
callbrated for measurements between 22-42° Within this moge, the temperaturs can
be read durectly from the galvanometer with an accuracy of 01 The rngo of the
instrument does not allow determinations of temperature below 22° )

Most experiments have been performed at room temperatures from 18-22°

Procedure for temperature meassrements The photograph in fig. 2 thows a mous¢
during measurement of tho palmar skin tomperature of the fore paw Tho animal I8
seized by tho back, & sufficsently Largs akun fold being taken between tho thumb and
index finger the little finger kecping the tal fixed. Jn this pouton the animal keeps
Its foro limbs exteaded and streiched away from the body The thermistor is placed
from below agalost the palm of ono fore paw This leads to cliatation of the gnp
reflex, 30 that the claws closo tightly around the tip of the therrmustor facilitating good

and thermistor unit b maoufactured on demand by M Lelf $ ahn,

) The bridge
Pl AB, Uppeale.
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nfwamar1ml’w M
TEMPERATURES OF THE FORK mw N MKE

.d\\\\“l

2y W W
25 1S M5 M5 M5 15 NS oAS

Fig 2 Dstriaton arowsd the resn of 1he viia trmperatures of the Sors paw
of $00 macy of both seres st rooT vemperaturey from 18-12°

ahecriise tonparsiure of the fors puw m *C.
and denation 250 313
0303, of st mesorcnenty fall ouiods the raege o 224  from the mokn,
Tangs of the detarmaisations
below I

the slightly bphanc top of the fore-paw temperature histogram shown n
fig 3

Expenmental results for the cffect of salme injection and handling on
fore-pa: P in the g ive method arc shown in table §
It u wen that & slight, but oot signfi nse due to In, and
handling ecours. When et drug cffects, therefore, tbe lower Lumuts
fora f rise of skun temp t m amy group of four mes at 1§
30, 45 and 60 mmutes after myection are 19 14 23 snd 21 respec
tnely (p = 0.05)

lnﬂwwwowdmth:mnhsfar\hueﬂado{:uﬂmmlmn
and handling on fore-paw skin temperatare of 50 mics were 1030 mace 2
mp L CNTEEYY dep and 10 6 no change
mlhmwmmuluonhclq}cawn.l'hclm;nmuhmminnuuof
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In somo exploratory expertments the cffect of ephedrine in decreasing paw temper
ature was studied In guinen plgs (sec discussion)

Quantitative method, For detmled dose-response and duration studies, paw temper
ature measurements were made on mice in groups of four before and 15 30,45 md 6
minutes after Injection of vanous deses of the compound to be tested. The mean valwe
from four animals was caleulated Rectal temperature was measured stmultaneomsty
For duration studics, measurements were continued until ths skin temperature kad
returned to normal vatues. Increases in skin temperature by at least 2.0° and decreaxr
in rectal temperaturo by at east 2.0* were considercd as significant effects at a ke
of P = 0.05

Screening method. The mouss paw temperature method has been mads part of 3
standard observation proccdurs along with determination of toxicity (RicHTER &
CAmrBELL 1962). Consecutive groups of three mice are {njected i, p. with the test canr
pound at doses on the fixed dose scalo (mg/kg) 1600 800, 400 200 cte. Skin tempert-
ture 15 mensured In each animal once befors and 30 minutes after infection. Ananuzal
showing & riso of tho fors paw tempernture of at least 2.0° ks considered & potitno
reactor

Any doss level producing at least two positive reactors is considered to induct &
sgnificant rise in skin temperature,

In thus way the presence or abserce of increase in skin temperature and the doe
rangs producing such effect may be rapidly determined for any compound. The lowest
dose producing a significant rise in skin temperature is designated the minimal effectn?
dose.

In o smilar way rectal temperature 18 measured 1n each animal beforo and X
minutes after drug injection Each animal with a decreaso in rectal temperature of at
least 20* 18 ldered to show a significantly lowered body temperature, Any dost
producing at least twa posltive reactors is considered to produce ty reguoced
body temperature. The simultancous determination of skin temperature and body
temperature facilitates the classification of observed drug cffects.

Results

Normal skin temperatures of the fore paw and effects
of some factors on it

Two consccutive series of measurements obtained on 10 muce gave
values of 253 £ 10 and 252+ 10 (m. +s.) For any siugle ammal
the difference between the first and second measurements did not exceed
03
The distribution of fore paw skin temperature values of 800 mice of
both sexes, collected over two years of testing, 15 shown n fig 3 It
seen that values arc distributed around a mean of 250 witha standard
deviation of 13 Of all measurements, 088 / fall outside the range of

m
iég;;,::;n of fore-paw skin temperatures in samples of hundred
mﬂcuﬂdfcmﬂcmmmhgnvethcvnluuﬂé +12 and241 09
The difference 18 not statistically signuficant. It may however account for
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&hmmwnffwundwmwaﬂlhdr
nmparalrrrmmdbyamadﬂﬂwmq

Sun-temperatures of the fore and hind paw were determmed 1n 40
mNnﬁ;mﬂmnleﬂdbefo\md.Lh:munvﬂuumdm
standard dewations amownting to 247418 snd 245 £20° se
wpestively

A!t:rn.dmiu.&tﬁuonolmsodﬂuordmp,itmobﬁcrvcdthalthn
anpaﬂmeofthcfompuwdnysmumorethulhnlufm:hmdp:w
Results with aocpromazises fn table 2 flustrate these findings. The differ
ence 18 more pronounced after lasge doses.

Dose rexponse stdies on drugs by the quantitathe method.

Dase respose curves are shown a Fig. 4 for the skm temperature
wncreasng, 1 ¢ vasodiator effect of low 3. ¢. doses of acepromazine,
reserpec and tolazoline. The cxpetiments demonstrats that acepromazine
reserpine and tolazoline at soch levels produced siguficant vasodilation
without a sgnil & in rectal temp Results with acepro-
msnne appear of spectal mierest, becawse they show that vasoditation can
be demanstrated at doses lowes than those producing depresnon in rectal
temperature. This means that vasodilation is a more specific ugn than
rectal tempersture depression fn charactenung actpromarine and numiler
phenothiazines.

The effect of large doses of scepropazine and tolaznline on paw skon-
temperatnre and rectal temperatore 13 shown in fig. 5 Results wub ace
promazine show that vasodulation could be obscrved in spite of a marked
decrease 1n Tectal temperatore. 1t 13 also evident that even large 3, ¢, doses
of tofezoline d d rectal temp only moderately The vasodila
uag clect of these two compounds was maximal at 20-§0 munutes after
1. ¢ myection and lasted for about 160 mmutes after injaction.

Effect of dnag adminisiration on fore paw temperature

Wt the  screerung™ procedure
Todctcrmmetbcdhcrmﬂmdnswvlthc test proced:
s o o demminaling pomes of the preent (s procedur,
typeal cy of the more ly employed dru mraorm.—v
Thn:miummmuchAdgmﬁam;namwlupawan(mpa
aLT:;Zu\xmukm;mmofvﬁwdihwmty(kacumonL
a 22 compounds of vanous dry;
10 relans ¢ srength, wat found. M, ot e g wior wetbvy —y

st of these drup are
compounds, kaown 0 wterfere with catechotamings N'y:ﬁa‘_’mm’:

oy
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Table 1

Influenco of a single saline injection and of repeated handling oa
fore paw temperatore {n 30 groups of four mico each.

Minutes after a L{n'lu i. p. injection of 0.20 ml of
7 saline

o 1slm|4s|w

Paw skin temp C

m s 24607 249408 48306 251109251208
Mean increass above

Irutial value of paw

temperatore in C - 03 0.2 05 s
Lower limit for signif

lcant riso In skin

temp as Cabove

initial paw temper

ature (p = 005) - 19 14 pX) 21

03 wath a standard deviation of 41 0 For any single mouse, a redw
uon of 17 or an imcrease of 2.3 15 considered as a sigmificant change
1 paw temperature (p = 0 05) For routine purposes o nse 1n fore-paw
temperature of at least 2.0 was considered to indicate a significantly
wcreased blood flow

The significant decrease mn paw temperature obtauned 1n gunca-Pgd
after ephedrine njection 1s shown in table 4 (sec also under Discussion).

Table 2

Comparnative skin temperature rise of foro- and hind paw after
different doses of acepromanne.
Measurements wero made In 1-  groups of four m}much pcr doso lnd bc{uro, and l5v 30,
45 and 60 anum after injectio  of test P
uslly occurred from 15-30 minutes after 5. ¢ Lnja:uon.

A omarine Maximum rise {n ok 0 Excens fore
Experiment cedp:m n temperature in € paw lcmg.
ne. mg/kg e Fore paw J Hind paw mse i

1 002 14 [ 11 +0.3
2 ato 43 2. +17
1 .10 33 17 +16
0.25 41 -0 +2.1
4 05 s 64 +24
: 0.30 75 45 o
_6, 100 60 17 +43
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c Y 2 30 &0 50 [
6 +— :
4 m ACEPROMAZNE 0.0} mg/kg e 4
o a1
2 1
» a

2 2
0 -1l k-] &0 50 &0
MINUTES
Fig 4

uares fore paw temperature. — Curcles rectal temperaiurs.
Al timo in minules after inpection. Ordinate mean deviation from pretreatmeat
(empenaturo in &
Determinations of the skin temperature of tho fore paw and of rectal temperatare el
dogh near-thresbold doses of acep rne reserploe, and \ize. Ons group of four
mice cach was used doso lkevel. Room tem, uro 21 22

lwrplwl:mpcnmmupo.os +2.0 or move.

Si t docreaso in temperaturo at p 0.03 —19 or more.
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{ Toble 3)
1 1
Cooponsd Davg Cavegory

: Muscs reiaxant B
:me Paw mosche depressaat - -

irmathyl-umancbeline. T
Dl Loca asscaticte -
Drncthhoquns _
Ladocarss
Procanks
Peatsiraaod Convahuve agant
Frycknms

Hestemme ana l

Cotumn 4 the p L D30 valors (14 k observaiion tuma)
-

) ore settmatcd by Injectlag groups
xh dosss of the seals (g/kp 1.5, 1, 6,12, 25, 59, 109, 200 %0,

Xept at environmental temperatares of 18- 22° only few drugs produce &
igruficant rise in body temp In the course of a systematic invest
gauon of 65 drugs belonging to vanons types of chmlcally used drogy
(RicuTeR & CAMPBELL 1962) only three were found to possess a strong
alongenic effect 10 mice and to wcrease body temperature sgmficantly
they were soprepatine, amphetamine and sirychnine. The strong calor-
oo action of moprenaline has been reported previomly (Moore &
UnDERWOOD 1960) and that of amphetamine is also well known,
Except for these drug categonies, all others prodocing an increase in
shun temperature do 50 by increasmg local blood flow In resting ammals
at narmal room temperatures, increased local blood flow is generally due

to vasodilaton.
The e rel :

between 1k temp changes and
blood flow are comphicated (Hanpy 1961). This ls, however of little
iraportance 10 relation to the method described here, snee increased skhn
:-;;?auurehhaeonlymmdhwrormmbloodﬂnw Clmscally
vasodlators produce a marked msc 1n skin temperature extending
munvnmngmnpo(dmck\th.slmnupmpmmlnmmmpounds
rn:ylhmbed.cwctcdbyl}mprucnlpmc:dure.

The determusation of desrense 1 I temperature a3 an indcator of
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Table 3

Peripheral vasodilating properties detected by the mouse paw
temperature test on varous cllnically used drugs.

1 2 Vasodilaung schos,
minimal effectne
pressed 1
Compound Drug Category dose, &2
per cest
mkg | oflp
LD%
Acepromarine Tranquilizer 0.06 ol
Loxsuprin Sympatholytic [\ (3]
Tolazoline - 0s 1.0
Noradrenaline Sympathomimetic 13 80
Rescrplne Tranquillzer 10 Py
Chlorpromazine - 30 20
Nuphazoline Sympathomimetic 3.0 40
Ladrenallne - 30 610
Phenoxybenzamine Sympatholytic 60 10
Azapetine Vasodilator 250 160
Apomorphine Emetk 250 160
Promethazine Tranquilizer 250 610
Tetracaine Local anuesthetic 250 610
Imlpramine Antidepressive agent 50.0 610
D{pmmme Antihistaminic 50.0 610
Isop Sympathomimetic 1000 160
Aminophylllno Plaln muscle depressant 100.0 o
Pethidino Analgesic 100.0 61.0
Caffclne CNS stimulaat 2000 670
Atropine sulphate Parasympatholytic 200.0 670
Hyoscino HBr - 400.0 610
Trimothadlone Antlconvultive 8000 no
Ampbetamine CNS stimulant -
Cocalne -
Plpradol - -
Pentymal CNS depressant
Meprobamate - -
Neallymalum - -
Pentobarbital - -
Phenobarbital -
Thiomebumal - -
Hydroxldion - -
Carbacholin Parasympathomimetic
Neostigmine - -
Benactycine Parasympatholytic - -
H: ne methonltrate
nll - - -
gp cﬁlm Sympathomimetic -
Yohimblno Sympatholytic -
Acstylalicylic acid Antunflammatonc analgeslc - I -
i . S
0
Pheay o Anmalgaic ‘
;‘fﬂr&hj‘;ad ;\_m}d:p:m!ve agent
Rlordlazzpoxide i - -
Diphenylhydantoln o ‘3"“"‘"’“
Phensuximide Histamin antagonist ‘ -

Antazolino
Chiorphenimmine
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{Totde 1)
Vusodilstlng actsoa,
! z iabal ofective
doer, cxpreend a3
Compousd Drag Catepary o cont
mgkg of
Losh
I
m’“ Mugcle relaxant { LT
:;""'h' Plup mocs dcprosant ‘
mﬂ' Lol ansasthetle
|
Lusocrme
Procase . 1 |
Prasetrazol Copvalsive pext l !
Hotawme ) Yast | ‘
i |
Rurbatiarston

oo 700 420, 05,

kept at eavironmental temperatures of 18-22° only few drugs producs a
rfh nse lo body In the course of a systematic investl-
pwon of 65 drugs belonging to vanous types of dimcally wsed drugs
(Ricuten & CaurnsiL 1962) only three were fonnd to possess 2 sirong
calorigenac effect in nuce and to mercase body temperaturs sgruficantly
they were soprenaline, amphetamine and strychnine. The strong calori
peni action of isoprensline has beca reported previously (Mooke &
Urneawoon 1960) and that of amphetamac 15 also well known
Except for these drug catzgones, all others produting an merease 1
sk temperature do so by mereasng bocul tlood fiow In resting ansmaly
al normal room temperatures, increased local blood flaw is genceally doe
10 vasodilation.
The rel ips between skin temperature changes and
blood Bow arc complicated (HARDY 1961) Thus is, however of hitle
Lmportance 1 relation to the method described here, since tnercased skin
iﬂmpemnmuhcmaulyanln&moro!mauxdbloodﬂowamhuy
mtd\uod)hmnproduceamrhdmelnskinmpauu:cmendma
o653 varywg Tange of dose Yevela, Simflar propertues in new compouads
Ty s be detected by the present procedure,

mmmgmmkﬂiw.‘mmdmmd
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Table 4

Vasocomstrictor effoct of § p cphedrine on guinea pig
detected by decreaso i paw skin tem

Male guinca pigs, weighlng 300-500 g, are nied. To facllitate messurements of prv
temperature, an anshitant holds tho animal immobilized with fore limba extended.
Flgures in the tablo aro mean deviations from initlal temperaturo in €. In 11 grocpe of
4 animals cach, the normal paw skin temp © at a room temp 0f 23 was fornd
to be 33.9 £ 08 Io aay treated group a temperature decreass of 17 of more s
contidered as Indicating & vasoconstrictor drug effect.

Nun}bor Time in min after
° Lp Injection s lo 13 el
anlmaly
4 Saline group +06 | £0 +07 | 409
4 Ephedrine group (Dose 5 mg/ky) ~2.3 —14 —46 -0

vasoconstrictor aclion 1n mice 18 more difficult, because of the low paw
skin temperature, 250 of this gpecies at normal room temperatures.
Animals that normally have a high paw skin temperature would therefore
be more surtable for measuring vasoconstrictor drug effects. Exploratory
experiments on the guinea pig, which normally has a paw skin temperature
of 33-35 confirmed this view The results in table 4 mdicate that a marked
decrease 1n skin temperature of guinea pigs 13 obtamed within 15 minutes
after ¢phednne injection.

The psychoactive phenothiazines and the adrenolytic vasodilators,
tolazoline and 1soxsupnn show a high degree of specificity by the paw
skin temperature method desenibed here For chlorpromazine and acepro-
mazine this 1s emphasized by the fact that they produce a skin temperature
increase at low doses that do not depress body temperature, reduce motor
activity or induce ptosis (RICHTER & CAMPBELL 1962)

Azapetine and 1soxsuprin also induce skin temperature mncrease at lo%

oses.
¢ Among the easily measurable signs in mice, the nise in skin temperature
seemns to be surpassed in specificity only by the mydnatic effect of some
icholinergics

an;;ath gymglat.hlcoly(m and sympathicomimetic drugs mnduced sigruficant
fses i skin temperature  exemplifying the complexity of vascular
P The :1.;[1{1’1% described makes 1t possible to detect both strongly and
weakly active vasodilators. Besides the drugs used clinically with a well-
known weak vasodilator action, such as aminophylline and caffeine, weak
vasodilator action has also been found 1n some compounds conventionally
not classified as vasodilators such as apomorphine and trimethndione.



YASODILATOR DRUGS, PAW SKIN-TEMPERATURE 103

it
simple, W and semsitive method for detecting and measuring
qu:nhuﬂvdyr:fmdﬂlmr drug effects In conscious mice by determination
o‘pakaint:mpenmrcuddmbed.mmrmalpﬂvskmlcmpcnmm
mdcmmmedinw)munndthccﬁccudvaﬂomfadononitm
:mdtd.Oulof&ldmcaﬂymcdmfumdrupofmmusm&sodﬂ.
npmduocdnugmﬁmntinﬂuuinpawshntcmpamm:mmmou
lc!htcompoundxmdud-cd4ndrmdytu,2:y1npﬂhﬂmlmcﬂu.3nupr
tranquilizers and apomorphime.
Thepwafulpcnphﬁdudmolymmtmncﬁhnpsychoamvtphmo-
thuazines, acep and chlarp could be d rated at
doses lower than those producing reduced motor activity depression of
body temperature or plogis.

Acknowledgements

The valoable cnticsm of Dr Dag Campbell, the advice of Dr Harry
Hmt on the measuring device and the silful asustance of Mrs. Tula
Orstading are gratefully acknowicdged.

REFERENCES
Burtos, A. C. Teaaperaturs of skin, messursesent aad s 83 lndex of
$hood 0w | Methads in Mool Roscarck, edicd by V R
vel. Publsery, Chicago, (948 146-
Cruzos, ) M. &F A Polrmas Prodocucs of

vasdalar of plxe and plastxc Ipoot tuchemia by e
i oycios mikcrosphires by graded yurm

Stnnlatio  of wres 13
changes foflowing s ablailon. Fed. Prec., 1347

Liiati Therma! Yieomolor rmpoxia la
dop. Am J Phyoel, 1350, 162, 301 307

Héroex. O Compurion batwsen tetsonal and thermal sechmatlon fa whas
s 11 Swfscy «sd i viro of
the tiic. Caned J Burchen, 1959 37 1247 128 A

hood, H W K Brbck A H. Hypotalumutenperatyr und Hum-
fuiciNatony dor wicnarkotserion Kaizs Arck. gos. Phynel 1937

Moo R E &M C.U Caloclgaec of caterhol denrva-
m-umulrbn&lmul.mr

Forkme, J F & Mao-Chis LI A sadden Toll fa Ube site wmparstoss of
dn-\lN1::tﬁ.:T;ymhmmptnapoudmmld.rd.h-r__

frron A1 the Scand

om gt of Purascnlogy Gobenborg. 1940 u
mﬂuhm.,}:“’““""mn w0dilator roapowss to Bypo-

(A 1ha AL ke Pymol. Scand_, 1930, 20, sappl. 10,



104 W RICHTER

Strom G Effeet of hypothalami blood flow 1o the
unancsthetized do;. Acta Plydol Sc-.ld.. 1950, 21 271 277 (B)

Yan der Gbiast M Etude thermométrique des reactions vasomolrkes

cutanées du chlen apris déconnexion semitive par ganglioncctonl

spinake. Arck. int Physiol., 1956, 64 92-112.

Winter C. A. & L. Flataker The relation between shun temperaturs and
tho effect of morphine upon the responso to thermal smofl in e
albino rat and the dog. J Pharmacol. Expil. Ther., 1953, 109 133188




Aeta pharmacol. et toxicol 1964 21 105-115

(b4 Department of Clinical Chemistry Unhensity of Luod,
Frea Geoeral Hospital, Malmd, Sweden-

Disturbance of Porphyrin Metabolism
and of Liver Catalase Activity in Guinea Pigs and Rabblts
By

Birgitta Haeger-Aroosca
(Recerved Marck 7 1964)

mﬁndinjd:’.amm&wnn(wﬂ)mnhcpaﬂcamhsc
activity 13 decressed 1n rats and rabbits poboned wath apronal NFN
(= sedormid ) kd to mvestgations mto the actwity of this harmo-
peotoin in other types of porphyns. Though hexachlorobenzenc(CeCle
proved to hisve no demonstrable cffect on catalase actrvity w raty (SCrwD
1560), dicthyl 14 ditydro-2,46 tnmethylpyndine 3,5 dicarboxylate
{DDTD) was found substantially to suppress the sctivity of the catalase
in rats (DE MaTTED & Pmow 196Z) and in rabbits (HAEGER ARONSEN
1961 b).

The present supplementary investigation of the effect of C¢Cly on the
catafase activity m gumea pigs and rabbits was prompied by the obser
vation of 1nter-specacs diff m ptiblity to this pound
(Dt MATTED €f af 196()

Judpng from the Dterature about the effect of lead on vadous steps
n the wynthess of haem in the erythroblast (for review sec Haecen
ARONSEN 1960), 1t 13 not known whether the synthesss of liver catalase 1t
affected by lead, 1t was therefore conmdered wseful to study the actrvty
of thy enzyme 1n lead poisoned

The b hyrinuna” described by SToxv (1895) insulphonat-
ponsoned rabbits could be explamed by an | d of copro-
PoTphyTin (WALDENSTREM & WENDT 1939). We have stndied the excretion
of porphynos agd thedr precursots, as well as the catalase actraty 1n the
Iner of wiphonal-poisoned rabbits.

lluknownlhuB—amlml,L#unmlc(AT)mpp{mmmw

1 rats (HO o7 of 1955 & 1936), a3 well a3 that of S-ammolacvilic
anddthydnxmmk:ﬂ'iu{kacwmwm It was therefore

thought worth whik 1o study AT for any effect on porphyrm metabolim.
A Pt bt gugn. vol. 11, Camt. 1,

'
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Each of 10 rabbuts n-m)\um:nnthmhanamhkcﬂonu(A/
wmhm(%m&hiﬁdmmlﬂmdhdmmﬂ:hw

Fncnbuu(Notll-U)mwmnﬂphmﬂhdo-ud&Lumb.w The
Mmﬁmulzfnmwhmwmmmwmh
shown in flg. 3

n.mmx—mw-wmmmmd}mum
(Light & Co) In 1/ squeoua solution. The doss was
wa the back.

The 24-bosr cutputs of urinary S-aminolscvalle acld (ALA) ), porphobatinogen

{r20), (UP)y and (CP) and of feacal CP and proio-

wphyTh(PP)hwnthu%Hmdmmimdmbmmﬂm
minction of CyClg smd the dxy after oach dote of the compound. Corresponding deter
ramatlons wers also made i all the rabbits afwer admunistranon of CeCly, sulphiont!
o Tamng-1,2A4triarole (AT). The excretion of PBG and UP in the uring wat,
hownar not desermined n the animals that received kad acctata, The animaly
wero placed la metaboliom cages 10 permd toparats collection of unne and facces.

mmwmwwmynmmml 30) were
Kulled tha day after the last doso of the test subsiance, and the lhers were removed
for measrement of the catatase sctrvity The coccentration of green porphyrine
the [her was determined m rabbey Nos. 21 30

wergh pat mmnmmmlxm\m)mhmmmmmmu
(0054-Q108). For estimation of the catalas actvity esch bomogenata from the

Funes pigs was dited with dutlied water to 02 4, 0.1% and 005 4, and esch
bomopenate frot the rabists was dikzied to 4 4,2/ and 04 /4.

The catalase actrvity wia determined by (he method of Fenarro (19493, Exch

The other methods med have been previoualy described (Haromy 1 Hargm-
Amoromn 1960, 1961 1962 a, b). -

Regults
Guinea pigs
Thgauhscmnuyfcuudinthnh\mdalppa:mllyhnhhy;um
CiQl are given 4A
and B, respectively Tb:numbuo(mﬂﬂmalaoanBO;dr:Ccs‘t?powd
wusmamuz/mwmmmmuﬂwmo%—
0.20 In the two groupt.

The valucs found for the urinary aminclsevulle acld (ALA.
Phatilisogem (PRG). uroporphyrin (UP)-ndmpmporphyr(m (C)l;)‘::::i

*) AVeraviuoos wed AT J-axumo- |
Ur - cr““‘“""’,",""“,,,’*“‘*‘“‘""““"‘“‘"‘

.
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Material and Methods

Seventeen guinea pigs (11 males, 6 females), weighing between 0.4 and 03 1g
and 30 rabbits (14 males, 16 females), weighing between 2.6 and 3.8 kg, were med

The catalase activities of the livers of 8 apparently healthy gumea pigs (Now 1-§
were estimated. Nino guinea pigs (Nos. 9-17) were given hexachlorobenzene (S
chardt, Milnchen) 1n doses of 0.4-0.9 g/kg body weight (b.w) The substance wa
suspended in 15-20 mi of water and given by stomach tube. The dosags scheme w
shown n fig. 1

Ten rabbits (Nos. 1-10) were given hexachlorobenzene (CClg) in doses of 14-23
2/kg bw The substance was suspended in 15-20 m! of water and grven by stomxh
tube. The dosage scheme 13 shown in fig. 2,

i

H

]

[

it

9%
T,

a

El

¥
H!li:
i§

Fig. 1 Doses of hexachlorobenzeas (CeClg
given to 9 guinea pigs.

i

= Gyl g

;%:n:n et

T LA

Flg. . Doscs of bexachlorobenzene (C4Cle)
siven to 10 rabblts.

»an SR “
e b
Danamaaa— a4
ey a
P s

e
e A3

Fig. 3. Doses of sulphonal glvea to 5 rabbits.
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Fig. 6 NallOy

7 Meea eneery Zibowr acteon wid (ALA),
m oparphipna (UP) kad coproporphyna (CP) a3 wel &3 of faccel CP and
wvi,;r-(mgml c.co—hmmdnmmhm

The concentratron of “green porphynoy™ In the Liver was normal in
the two groupt studied (C and D).

Figs. 7 9 and 10 give the mtan vatucs found for the urinary excretions
of ALA, PBG UP and CP and for the faceal excretions of CP and PP
In groups A, C and D the mean urinary ALA and CP aod feecal CP
and PP in group B are ghven in ig 8

lumupAthuuaunmolUPdePmthcmmdo(CPm
thafam\mxﬂ;hﬂymud.mfum!PPmmbsmnﬁlﬁyin-
atased. The mrinary kaels of A.L\mdo(CPwmmna:anoupB.
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LSS R84 ) MTPary
v e warc

» » =
o rrcuas
Fig. 4 NaBO; d ition related to ton of Uver

A.'8 normal guinea plgs.
B. 9 hexachlorobenzens intoxicated guinea pigw

_» anfofon

flanf an |
n 7 -

Fig. 5. Mean unnary 24-hour axcretion of 8-aminolagvulic scid (ALA), porpholallnoge
(PBG) uroporphyrin (UP) and coproporphyric (CP) as well a3 of faccal CP and proio-
porphyrin (PP) by 9 hexachl. H guinea pige. Arrow

first day of treatmeat with CyCle.

faccal coproporphynn (CP) and protoporphynin (PP) are given in fig. 5.
All of the components studied were excreted 1n normal amounts except
ALA, which was shightly higher
After 34 days treatment with C4Clg the ammals appearcd to be
tired, After a few more days they showed a coarse tremor of the imbs
All the animals lost weight during the expennment.

Rabbits

The values found for the catalase actwvity of the livers of 10 animals
given CsCle, 10 given lead, 5 @ven sulphonal and 5 given AT are plotted
mn figr. 6A B Cand D It 13 clear that the catalase activity was largely
normal (071-048 milmoles NaBO; decomposed by 05 ml of 4/
homogenate) in the first two groups, slightly depressed 1n 4 of 5 rabbits
1n group C and substantially decreased in all 5 ammals 1n group D
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Thn:mmmtofCPacm:dmlhcm‘lncingroupCmsomhm
hmmmnwupﬂn&mlPPmmﬂymm the arumals on the
firt day after admimsicring suiphonsl, but then retumed to normal.
mnmmmwmmmmmmmupn
were exareted 1n roughly normal amounts

After 2 weeks treatment with CoCly, 3 of the animaky (Nos. 1 2apd 7}
Mvdnuuolotmlsmpwmsmthcfotmofmmmdwuh
armmmmlm.m‘mmmmmw
Qa(appmrrdmknmhndlpoarlpwlmoﬂguﬂanndmmupadom

Discussion

Table 1 shows the excrenion of porphynns and thar precursors, &s
well a3 ths concentration of PP in the erythrocytes and the actwvity of
Tver catalase, 1n patients with porphyna acuta miermittens (PAT) and
in different specics of animals treated with apronal, diethyl ( 4-dihydro-
24.64nmethylpyndine-3,5-dicarboxylate, gmseofulvin, hexachloroben
enc, lead, sulphonal or 3-amino-1,2,4triarole,

Administration of the first five compounds, which are not chemically
related, leads 10 & comssderable disorder of porphyrin metabotnm. In the
rat and the rabbit, treatrent with apropal, DDTD  griseofulvin sul-
pbonal or AT leads to & more or less substantial suppresnon of cataiase
actvity 1n the liver Administration of CgClg to the guinea psg or rabbit
1, however not followed by any change in hepatic catalase activity

{n pone of the types of experimental porphyna bitherto produced do
the symptoms and biochemical pattern coincide aith what 18 seen 1n
hereditary acute intermuttent porphyna in man. The forms of porphyria
mast closely resembling human porphyria are thoss produced by apronsl
and DDTD But mn thete expenimental porphyriss the catalase activity
W reduced, which does not oecur fn human acute porphyria (Gray 1950).
Nuxhq—dothaccnmpoundnpmduc:mztypuu{mumbpuldlwrdm
wcen in PAL mtucamlvdthtpmmlpioducupdphmlpanhm
o rats with pyridoune or pantothenic acid deficiency (De MaTTES 1962)
is noteworthy cspadaﬂydnoclhmtwuwumimmnu:unryforth:
TM?NM(MM&WTWS&

s mﬂ““““‘m oot wi dev o o mle s dely ivomg

porpiyTinuna, but not with abdominal or neurological tymp-
wm:n(‘scmnnl%o Ceman. & Ozex 1960), whereas the laboratory

E lpdnhhbmatu&cdmﬂwhhnﬁuohﬂmltympmmx,parﬁc

ﬂymummurmumaudmomnymmmmcmn
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Flg. 8. Mean urinary 24-hour excretion of $-aminoleevnlic acld (ALA) and copropor
phyrin (CF) as well a3 of faccal CP and protoporphyrin (PP) by § kad (Pb-
Intoxicated rabbits. Arrow indicates day of treatment with lead.

A i
- aﬂ_.nuﬂn_aﬂ_.n.
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Flg. 9 Mean urnary 24-hour excretion of &-aminolacvulic acld (ALA) porpbobdipogea

(PSG) uroporphyrin (UP) and coproporphyrin (CP) as well ay of faceal CP aod pt;;

porphyrin {PP) by 5 sulphonal-ntaxicated rabbits. Arrow Indkcates first day of treat
with sulphonal.

excretion of &-aminolasvulke scid (ALA) obillnogen
Fig. (0. Mean wa‘;}hn‘fd coproporphyrin (CF) as well as of r.mrox:?h-ug prodllo-
(®BO) umporpb s amlinotriazolo (AT)- Intoxicated rabbits Arrow lodicates fing day
porphyrin (PF) bY of reatment with AT
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RoumaTox 1963) or lead (VIGLIAN & WALDENSTROM 1937). The con-
cmmﬂmolPP)mth:mdbbodccmuabolnauwdluth:twoknm
types of heredutary aﬂhmpomrphpcrphvﬂm namely congeaital par
and erythropotetic protoporphyna.

wﬁmmmormmmhmmﬂm“‘dm‘d‘“
are probably localized matnly in ths liver (S & SCHWARTZ 1952
Gowneexo 1955 RicHARDS 1960 Scuwm 1960) In DDTD ntoxicated
gemes pugs, the actinity of ALA wynth 1n the mitochondna
of the liver cells, but other enzymes mvolved in porphyrin beosynthesis
retam ther normal actvity (GRanicx & UsaTA 1963) The mate of
synthesn of porphyrins 1 thess ccils I pormally dependent on the
activity of ALA synthetase. It 8 therefore only natural that any mcrease
in activity of this enzymo sthould be accompanied by an increase in the
rate of porphyrm synthesns.

The soppiession of catalase actvaty m apronal intoxicaton can be
traced back to the inhibited synthess of this enzyme (SCIMID & SCHWARTZ
1952 & 1955 Scmum ef ol 1953 ScMD ef af, 1955). Whether any
cansl relationship ensts between the low catalase activity in certain
types of experimental porphyrna and co-exuting dutorbances of por
phyrin metabolran b shll obscure.

As expected from previons {nvestigations (WALDENSTROW & WENDT
1939), the rulphonal-ponscacd rahbits showed a tlightly increased nnnary
cxeretion of CP and a normal urmary excretion of porphobilinogen. The
moderately increased excretion of CP and the slightly decreased catalass
activity 1 4 of the S experimental amumals were probebly due to Liver
damage by the drug. Sulphonal by stacif thoy produces porphyrinuna but
oot porphyna. Latent acute Intermuttent porphyna can, however become
manfest after ngestion of sulphonal, and this & what probably occurred
mmcwmuduaibcdbySm(lﬁsg)mdSm(lB?l).

Iavestigatlon into the effect of aminotnazole on porphyrin metsbolsm
15 rabbuls revealed that all of the metabokites stodied were excreted in

anmnummhlblwrycﬂcqofATnnumhmuamwuth:
Inver was clear in our material,

Swmmary
bylnf o EF ‘;_dh'"hb“"hfp‘ﬂcm(hhﬁldﬁwmmnﬂ‘med
1achloroh N
rabixts affected by -{nmw orw-a.;;:’cmtyn:
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Table 1
[ ion of &-aminolacvulic acid (ALA) porphobilinogen (PEG), ra{Un
and copre-;;mhyﬂn (CP) In urine, of CP and protoporphynin (PP) In fasces and of FPia
red blood and hepatic catalass activity in paticats w{m acuts {ntermittent porphyme
as well as In animals with different types of experimental porphyrie

Lher
Porphyrinmetabolism Urlne Facces REC | oo
e
wk
deraoged by ALA PBG UP J cP CP’ FP | PP |\gy

Porphyria acuta

Intermittens ++ ot N+ 4+ N | N
(PAD)
Apronal
Rabblts, rats + +++  ++ > + + ++| N |-

Diethyl 1 4-dihydro
2,4 6-irlmetbylpyridine
3

S-dlcarboxylate
(DDTD 2,46
Rabbits + ++4+ +++ ) +++ + 43+ N -
Rats ++ 4+ ) 44 ? ? T -
Griseofubvin
Rats ++ [++ (P + Fo ||
Hexachlorobenzens
(CCl ?
Homo N [t |++ |++ | N NOX
Rabbits, rats + )|+ ) I++ ++ |+ | ++ A
Guinea pigs, mice (+) N N + N
Lead ?
Homo 14+ N [(H +1 N | N |+++
Rabblts, rats,
Guines plps F++] 4 4 ++ | N N J+++] N

honal
Sm;f;;br}u ‘N!N N (+)'N)N"(_)

3-amino-1 2,4-triarole
AT)
¢ Rabbits N

(+) to +++ = Increasod. N = Normal () to — = Decroased
1 = Information not available.

) Chicfly mads in ntre ( om PBO

) Terminal rise in the rats.

& Scinap 1961) but only shight cutancous reactions. Though the unnary
excretion of porphyna precursors 13 largely normal in man guinea pigs,
mice and rabbits, it may be terminally increased In rats (De MATIES

faecal hyrin
ot af 1961) In contrast to other species studied the facea po_:p o
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shghtly 1ncreased amount of 3-aminolaevulic acid (ALA) m the urme,
whereas the rabbits excreted porphyrns in increased amounts m both
urine and the faeces The rabbits treated with lead showed a metaboic
reaction, with markedly increased unnary excretions of ALA and copro-
porphyrn.

In the rabbits, admunistration of sulphonal or 3-amino-1,2,4imrok
led to a shght or substanual depression respectively 1n liver catabie
actiity Moderate coproporphyrinuria was observed in the sulphonat
poisoned animals, but all of the porphyrins and thetr precursors studied
were excreted 1n normal concentrations by the rabbits that receved
triazole,

Acknowledgements

Thanks are accorded to Mrs Manann Nilsson and Miss Knstma
Broman for sklful technical assistance The investigation was supported
by grants from the Assurance Company Folksam, Stockholm, Sweden

REFERENCES

Cetingil, A 1 & M A Ozen Toxic porphyria. Blood 1960, 16, 1002 1011

Do Mattels, F Studies on experimental porphyria. In Les maladler dx
m des porphyrines (11 Colloque International de Blologle do
Saccley) p. -81-286. Parls, 196.. Presses Universitaires do France.

De Mattes, F & B E. Prior Experimental hepatlc porphyria caosed by
feeding 3 S-dsethoxycarbonyl-1 4-dlhydro-2,4 6-trimethyl pyridine. Com-
parlson with sedormid porphyria. Biockem J 1962, 83, 1-8

De Matteds, F & C. Rimuington Disturbance of porphyrin metabollsm
caused by griscofulvin in mice. Brit J Dermar 1963 75, 91-104

Do Mattels, F, B. E Prdor & C. Rimungton Nervous and

wing hi hik Aatere (Lond)
1961 191 363-366.

Dounce, A. L. & R. P Shanowise Liver catalaso of tumor bearing and
leprous rats. Camce Rex 1950, 10, 103107

Feinstein, R. N Perborate as substrate in a new assay of catalase. J sl
Chem. 1949 180, 1197 1201

Goldberg, A. Fato of porphobilinogen adnunistered enterally or pareater
ally in the rat. Biockem. J 1955 59 3744

a 8. & G Umta Increase In activity of S-amunolevulink acd
synthetass in liver mitochondria induced by feeding of 3,5-dicarbethoxyh-
1 4-dibydrocollidine. J Blo! Chem 1962, 238, 921-827

Gry C.H Acule pgrphyrh. Arch. Interm. Med. l950.nu. 459470

B. Urpary add and por lo dHTerent
H"'r;rp,, of porphyria. Lasces 1958 1 606608,

Huacger Aromsen, B Studiey on erinery excretion of 8-aminolacvolic acd
and othor haem procursors in load workers and lead intoxscated rabbits.
Scand. J Chn. Leb. Imest 1960 12, n;-a)l_ 47

Hacger Aronsen, B Porphyria {nduced in x;nbbu by Fbthoyri I.Mhydlro-

é-trimeth: ne-3,5~dicar
4 s ?torphydn and protoporphynin. Acté
169

vulic add, porp cop!

f “r cn:nll961 "l;ylﬂ in hyria ta intermittens,
msen, B. F porphyrins in porp acu

Hasges Aro tarda ‘and Intaxlcatio plombi. Scend. J Clin Lab

culanch
?:,ﬁyll-l;éz a, 14, 397402



PORPHYRIN METANOLIAM DISTURBANCES

H Mumwwwlwmm
?mumxsﬂ%zzw Aes pharmocel. o4
w D A & W T Myfron Production of catalass changes
Hﬁ.&uuimmwwmgu \E.m-m
w D Apphcun & H. T Pylrom ects
Hew ﬂ&nouc.mmud meqndn‘nlﬂyﬂlu&

9-23.
LL&LMW o and rat doe t
haxhln:mhzndqmn. Wmnm i 499
Mchasdts, F )’—T‘rzaﬂﬁlut

Aol H

salkowsks, B Ubar Vork und Nachwea des Himatoporpoyrim tm
H.un.chbI‘b:blCH-.!”l 15. 56309

$chald, R Cotaweos porphyra tn Tarkey New Espl, J of Med 19%0
U3, B398,

Wchad, B & £ Schwartz Distarbasce of cataluse matabolsm n exped-
wental pophyrit. J Lak Cha. Med l’th,-D.)B—

Schud, K &k § Schwartx Hepatic type
prodscad by sedonoed. Prec. Ex?.MhNH.l”Ih,ll 635-68%

Shd, B & 5. Schwarz Stxdies of 10me her heow

‘ml

phyTd s expanmantal sedontid porphyT. [n! Ferply e

5ol merabaliim, Cibw fonoted N Mnm““{mu,

n&’*{;‘rn & 5. Sckearty Bxpertacntal porphyrie. IV Stadscs
M

of v chtalass and

and other e carymsas 1 sadormud porpityna. J Bl
(‘h-_l”i. 17 43274 ®

Schmad, R, 3 $ch artz, J F Fipw & M Kidder E:pu'hnulhtplﬂ:
PoPbyns  Excraeve porphyon formaon
it et catuless restaboliams. J Lab C2a. Mad 1! umm
Sholoan, M. P & D Richart Unuzstos of saccinate
-ndfwhn-tymh-nsrd.h-\-lmu.m

Stokvi, B Ov

I Overinen kiearstofien ta wrise vas seken Nederl.
Tiidschr wlmﬂ.mn e =~
o, B 1 Zor Pus der

?

akdengtrvon Untersachos din Porpiryrine
bem Satumama Drwt Arch K,
Waldenatrges, | & 1 Weeds Med 193 lllllzl!l

ey Zuhe Heppe-Sepler  Phynel. Cham. 1”9 m



114 BIRGITTA HAEGER ARONSEN

slightly increased amount of d-ammolaevulic actd (ALA) 1n the unne,
whereas the rabbits excreted porphyrins 1n increased amounts m bah
urine and the facces, The rabbits treated with lead showed 2 metabolic
reactron, with markedly increased urinary excretions of ALA and copro-
porphynn.

In the rabbits admumstration of sulphonal or 3-amino-1,2,4-trmk
led to a shight or substantial depression respectively n lIiver catahse
activity Moderate coproporphyrinunia was observed 1n the sulphosit
poisoned animals, but all of the porphyrins and their precursors stoded
were excreted m normal concentrations by the rabbits that recened
trinzole
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From the Department of Medicine Karolinska Sjukhuset, Stockbolm
{(Professor Henrik Lagerlsf M D)

Effect of a Quaternary Phenothiazine Derlvative
(Aprobit®) on Gastric Secretion
By
Ake Haongren

{Recelved March S 1964)

It has long been known that quaternary ammonium compounds have
both ganglion blocking and anticholinergic properties (LonGINo ef &
1950 ABpOT et al 1952) Quaternary substances of the phenothinzine
group such as 10<{a-dimethylaminopropronyl)-phenothiazine methobro-
mide (secergan @) possess sumlar properties (DAHLBOM ef af 1953
WIEDLING 1958) These substances have been used to treat disturbances
of gnstromtestinal motility and secretion (KIRSNER e af 1953 KIRSNER
& PALMER 1953 ToMeNIUS 1957)

In 1960 CARLSSON ef al described a hustamine antagonst that can be
chemucally charactenized as a quaternary oxyethyl derivative of prometba-
zine-110-phenothiazinylmethyl)-ethyl 2 hydroxy-ethyldimethylammo-
nmium chlonde (aprobit ®) Since this phenothiazine derivative has no
sedative action 1t 15 suitable for day-time medication Of 110 pateents
who received aprobit ® for allergic manifestatrons, one reacted with
nausea and vomutting. Otherwise no side-effects were observed Xerosto-
mua and mydriasis did not occur

In amumal experiments aprobit J§ was found to have an antiacetylcholine
action, which also included some ganglion blocking action along with 2
brief antiadrenergic effect (ALBANUS ef a/ 1961) These pharmacological
observations prompted me to study the effects of aprobit gt on gastnc
secretion 1n human subjects

Method and Naterial

hour
parent basal gastric secretion (LEVIN er al 1951) was determined for one
ot wmhldfuledfurtwclvchounEaduubjcclwmm&edwﬂhmdmlbouX
mdm].ub!.rldon of aprobit @ the interval between these tests being ono week. Aprobit
a
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o intravencwdy In a doso of 0.1 mg per kg of body weight. During the test
;ﬁmhawm:wmuwmmmm)m
pamed down to the pyloric amtrum. Swallowmg of saltva was provented by a alin
wpinior The fasting gk secretion was aspiactad for 1 avinates with & syrioge.
Aprobit © was then ingected, and the duodenal tnbo was coupicd to a continuous
water-6tion system at a pefative preavre of 43 mm H for 60 minudes. The aspirated
Jasirc scretion was collected after thres periods, each of 20 minutet, and its +olume
‘and ackdity (coloemetri bration of pH) were n

Ten haalthy peryoas (fve make and fve females) were tested Nooo of thom had
arry history of gratric symptoms Thelr ages ranged from 21 to 27 years.
Supplamentary experiments wers made on & olher healthy persoms (nine males
and ond ficrale) in the same ago grocp. The method was the same, except that aprobit
@ wn gnen by mouth, 50 my threo thmes 0o the day before the test and 50 mg two
hoars before the test. Each person in this series underwent two control tests, cos
befars and one afier the aprobit test.

1n two more persons the effect of fnfra enously edministerad aprobnt @ oa gastric
socretion was analyred after stimghation whh histamine (0.01 my/kg body welght by
smbcutaneoos nfection).

Ststestical anatyns of the rosults was by Stodeot s 1-test,

Resuits

Immediately after it of aprobit ® all the test
tubwmxhrm;dnuumnnumcmpuhcmu(ﬁa.l).mblood
Pressure was not affected, and no xerostomua or mydnasis was observed.
Thclotdmlumco(bualmrﬁcmcuouduﬂngomhourmtheﬁnl
mof@mmmﬁSmLAﬁammwb}emonohpmb{l@
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Fig. 2. Total gastric secretion (ml) during 1 hour from 10 })cnom without {A)
and after (B) intravenows 1njection of aprobit ®.

17
L]
-
-
0

Fij

=N

A B
n o2
10 -] 8
- -
N =L =g
20 20 40 40 60 min

3 Mean volume of gastric

secretton
in 10 persans durng 20-minuto perdods without (A) and after (B)

4, Moan of t
A = controf tests

intraveaous injection of sprobit ®

-
o
o
@

328

\

otal HC1 (mEq/litre) during 1 bour in 10 perzons.
B = after intravenous [nfection of aprotat &.

LI L LT LE LT
111
L



EFFECT OF APROBIT @ ON GASTRIC SECRETION 19

eon'upondma\olmmthnnmepc:wmmmml(ﬁg.l).m
u”* fovariably dimi d after ini; 1o of aprobit @ The
fall was greatest in the 20 to 40 mmute period, when the total volume way
43 ml, compared with 166 ml when aprotut ® had not been given (fig. 3)

When aprobit @ had been given by mouth, no statistically significant
difference was found between the two contral tests and the aprobit test
in total volume of gastnc secretion the respective values were 743, 457
and 493 mi Five of the ten test subgects, however showed diminished
secretion after ngestion of aprobit @

The effect of aprobit ® on production of hydrochloric aad s ilustrated
in fig. 4-6. Both the total HQO production dunng one hour (fig. 4) and the
peak value in any 20 minute penod (fig. 5 table 1) showed great reduction
after intravenowns njection of aprobit ® This reduction was
marked m the 20 to 40 mmuts fractlon (fig. 6), for which the figure 2
mwEq per htre applied to only one of the test subjects and the remainder
tad achlorhydna.

When aprobit @ had been given by mouth, the values for total HQU
showed a trend In the same direction, bat the differences were not statisti-
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cally dignificant (fig. 7). However achiorhydna was found in five of the
1en test fractions from the 20 to 40 munute period and 1 three from the 40
to 60 munute

The total gastric acxdity showed the same trends #s the values for free
HA (8¢ 8)

Table | presents statstical findings for the volume of gastric secretion
and the amount of free HQ In the experments with intravenously ad
munutered aprobit B

Two persons received histamune 1n customary dose in order to stimulate
JA0C secretion  aprobit B did not affect thedr secretion.
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Discussion

Quantitative evaluation of gastric secretion requires a method that
prevents escape of secretion va the pylorus as well as admxture of
duodenal secretron and swallowed saliva (Turs 1938) These requirements
can be met with the Lagerlsf Agren double-lumen tube plus a sana
aspirator But the procedure then becomes unnecessarily ttme-consumung
for pilot tests in which the object 13 only to demonstrate possible antiseere
tory effect of drugs One must heep 1n mind however that when a single
lumen tube 1s used 1t 13 not the true, but the apparent, gastrc secretio
that is measured Thus can nevertheless be adequate when the conditions
are identical tn all tests and only one relationship 1s to be determned.

Histamune-induced gastnc secretion 1s not subject to the same fluctua
tions as the basal secretion on different test occastons in the same md-
vidual (IHRE 1938) But m healthy persons below the age of 30 years the
basal secretion dunng one hour mn the mormng 15 parallel with the
secretion in response to test meals or istamme stimulation (LEvIN et o
1951) Individual fluctuations of basal secretion from time to tume Were
discussed by KIRSNER & PALMER (1953) although ther¢ ts no precise
anthmeucal correlation sausfactory reproductble results for the mndrvidual
subject may be obtained under identical conditions of study

With these considerations 1n mind the results in table { can be assessed
Intravenously admimstered aprobit ¥ greatly reduced the total volume
of gastric secretion Maximal reduction was found 20 to 40 minutes afler
the ijection when the difference from control values was highly ugasl
1cant. Free hydrochloric acid hhewise was significantly less after it
venous injection of aprobit ¥ with the greatest fall in the 20 to 40 minute
period, when mine of the ten test subjects showed achlorhydna. The
effect on gastrc secretion was transient which could be attributed to b
intravenous route of admuustration and the low dosc of aprobit &

The rapid tutiatron and short-duration of the effect on gastric secretion
and the absence of side-cffects 1 these experiments suggest that climieal
trials are advisable for nvesugnting the spasmolytic effect of nprobit 8
for instance In roentgenologic studies of the bihary tract

Omlly admumistered aprobit ® produced no statistically significant
depression of gastric secretion from that of controls, although a tendency
to reduction 1n acidity was observed. Quaternary ammonium compounds
are known to be slowly absorbed from the digestive canal probably
besause of thelr high 1omzation at the prevalent pH (Leving, BLai &
CLark 1955) In aumal experiments aprobit ¢ was less well absorbed
\han promethazine (HANSSON & ScHMITERLOw 1961), and this can cka"‘)’}
the weaker response to oral compared with intravenous administration
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aprobit ® In upumunpmbk@mmcnforomdayonly It
hno(po!ﬂblcnzglﬁcntm]udp whether or not longer medicanon or
dewﬂdhﬁmmﬂhmﬂm:ﬂﬁc@ﬂymm&;
lpmbll@chnmﬂymcﬂllin,ror duodenal ulcer Ad y
pmlongcdnnﬁmdntywnhmnddc-cﬁ:asmmyﬂbccnobmntdmth
other substances of sunilar type (K & PaLuEz 1953)

Noae of the quaternary ammonum compounds in doses free from ude
effects prod i di sian of 1 incinduced  gastric
sceretion. Thus 1 found to be true also of aprobit @ The striking atropine-
like effect of aprobxt § on gastnc secretion appears before any possible
effects on salivation or pupils become discernible. Xerostomia and
mydrans were oot found m the present expenments. The pulse rate,
haowever showed o transient rise, The tranuent fall in blood pressurc
reported from amma) expermments (ALRANUS ¢7 o/ 1961) did not oceur in
the human subjects in my cxpenments.

Sommxry
The inhibitory cffects on basal gastric secretion of the quaterpary
mp 1-{10-phenothi imethyl)-ethyl-2 hydroxy-cthyldimethyl
ammonium

chlodde (aprobit @) was investigated m human subjects.
Intravenous fasection of apeobit @ was followed by decrease 1n the volume
and acdity of the secretion. Thus effect was transent but statlsucally
dgnsficant. Nine of ten subjects, non¢ of whom had any hntory of gastnce
symptoms, showed achlorhydria 20 to 40 munutes after the mjection. Oral
adminntration of sprobkt & did not sgnificantly alter the volume or
acklity of the gastne secretion.
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Names approved by
The Nordic Pharmacopoeia Council')
(NFN Names)
(Rocsned March 6, 1964)
The Nordic Phar P Council its approval of NFN2)

sames for the substances m the list below These names may be vsed
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com\noncoxmomofm:Nordlcmnoqummcopodumd
offical formulanes or m addends to any of these

The substances for which these names have been approved are identfied
by giving their chemical names fint, dly the most Iy used

Names, approved by WHO and thurdly & selection of the best known
registared trade names and otber names of pharmaceutical speciabiics
{preceded by the letter ) applying either 1o the substance self or to
salts of it or to prepamations of which it s the active principle. Tha in-
formation i1 given 11 & similar manner to that in the Coundl $ publication

“NFN-navne 3) both in volume of information and in use of abbrevia
tans)

Names appeored tn 19637)
NEN-name Other Nasey
A crols

vl
(BANpINN UgAN)

1A P

@ Dumdior Dymetar
(Aoudiabetc)

e dhbsmcamy 24-Driest ol sd-14)
tobum MY nagv hbuass  BAN Sodrua Dibsoata, pINN Natru dibouay
(RANPINN) (odism galt).
® Aduon, Bacanicy, Becaniyl
f (Actiwms ¢)
Arvdam forcoticum PP Bu(1-carboa: \"Nm,dhyi -
i ’—YWM torpkins scid
A pivisheois u:x,mumu
Notdse ! Norde " Rorduks Farmayop-nimsdea™) for the
) NFNomg ne, 2ad

b Addaotua 1441 Copesbages. Hetuogfor, Reykjn ik, 0o and Stockiol,
Abbtratos  UBA! adicares,
Mol Auocion Uned Bertes Foaro a2 the wome e porovad by tbe Anenca
poros »d 1
5 mww‘ﬁ::}:-mdu‘“nl Niaadled
ALY g, vl 11, by 7
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NFEN name
Acidums tyropanoicem

Other Namaex

23 Buty jdon2,4 6-tri-lodobenzylbutyric sdd

sodium salt natrli tyropanoas pINN Nairli tyropanoas, USAN Sodium Tyreps

(pINN USAN)

Acomiaridum
(pINN)

Aethy !l cartrizoas
(pINN)

Aethyli dibunas
{BAN pINN USAN)

Amfecioralum
(PINN USAN)

Amfomycianm

(BAN DCF pINN)
Angiotensinamidum

(BAN DCF pINN USAN)

Aprofensm
(PINN)

Atropini oxidsm
(PINN USAN)

Azatepum
(pINN USAN)

Azashkioprisum
(pINN UBAN)

Bamipis m
(BAN pINN)

Bandasolam
(pINN)

Benxindopyrixm
(pINN USAN)

noate (sodlum salt)

® Bllopaque.

(X ray contrast medium)

(2 Iond yihyd hviinh cetlc ackd
® Phcnoxalld.

(Chemotherapeutic)

(3 5-Di Ido-2,4 6-tri-lodob yloxyacetlc sad
ethyl ester

PINN Ethylls cartrizoas.

(X ray contrast modlum)

3 6-Di-tert butylnaphthatonesulfonke addd-(1)

cthyl csterd)

BAN USAN Ethyl Dibunate, pINN Ethyls dibuass.

(Anttussive)

2~(2,2,2 Trichlorcthyli Ino}-1 phenylp

USAN Amphecloral.

® Acutran

{Anorcxigenks)

Anublotle, produced by Streptomycet canus-

BAN Amphomyan DCF Amfomycl

N1 [N [N [N{N-(NZAsparaginylrginyljvalyd-
Lt 1.phenyl Ipo = valyhy-

tyrosyllvalyl] propyil-3-p
pertension I[-asp-B-amide.
BAN USAN Angloteasin Amide. DCF Angio-
tensipamide.

R Hyportonsin-Ciba  Hypertensin N
(Hyportenslve)

.,2 D phenyipropionic acid (2-dicthylsainocthylester
(Spasmolytic)

Atroploo-N-oxida

PINN Atropinl oxydum. USAN Atropine Oxlds
Hydrochloride (chioride)

@ Xtro.

(3pasmolyuc)

P P Bis(anridinyl-(1)}-N-ethyl-N-(1 3 4-thiadlarolyk
-(2))phosphunamide Amtopd.
USAN Azrctepa
(Antincoplastic)

61 Methyl4 1y1-(5)
(Antineoplastic)

i 1 meth; P

4N

® 3o entol
{Antallergsc)
2 Bearylbenrimidazole.

(Spasmolytic)

1 Bearyl 32 pyridyl-(4)-cthyl)indole.

USAN Benzindopyrine Hydrochlorlde (chlorida).
(Psycho-scdats o)
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NEN-stmt Other N et
Bearegy rronem 3 Soxy 11 5
Senside PINN ol USAN Beazo-
brosidin pyrronam Bromide (aromide.
(RINK) {Antcholnargic)
Besspporyionam 4-Beazryh1-(1-mubpipiparidy{(5-3-pbenyt-
(pINN) - pyremiincse{IL
@ Reabloml.
e smitanad (21,2 Dipacayiatboxy)etsyljmmethyl
broande. ebanzonl beomadure
(PINRY NN Bibmmoard (bromide.
O Lysobux, Modlpoctol, Sedober
(Anttoave)
Rrome3-chioro-2
(FINN,USAN) P Vinymos
(Fuogicide, apnbacterdal)
complan of (ot and
(OCF pINN} DCF  Broméhdnamlioe.
(Hypsotsc)
Bromsabomu 2-{4-Bromophenylfindasdione-{1,3).
GINRURAN © Habmoos.
(Anticoagnlant)
Benzowe 2ad (5,7-0i0mo-3-aeatb )} quuncly-{F) misr
(pINN} (Antbectarial)
Brerickouksmm 3 7-Drtrowo-$-by droxyqulnolne.
@It PINN Broxyquinotorum.
(Antibactenal)
Bucenmen g
(BAN,BINN) ¢ Hybrozybotyryl)-4-pheosddine.
2{Potyk 1 45 1L
Lo (Prycho-cedatra)
GINK) N-Tort-tutyt- N, | -trimetiny -2 propyylarsina.
(Anubypurtesha)
“a N2 Drakylamlaceyly Lpbenylgiyane
FINT wopearyl esier
® A acan, Licosts,
Coprramycimm Astiblodc,
GINN U1AN) prodaced by Streplamycss capesolon.
Cotomioum 10012 H
PINN USAN) e oAby ety ot
URAN Carpbesazmae Maicata (s
T Proksasise dralease)
Uy chosadarivgy
Cre N-Beazyhriiranacet mldog ma,
(BANpINN} >
Clloracyrimn
(DCPENN) ‘Wumm,

(Corvnary wsodilatoe)

w
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NFN rame

Chioralodolym
(PINN)

Chlormadixonum
acetfc acld ester
chlormadinonl acetss
(pINN USAN)

Chlorpredaironnm
21 acetic acld ester
chlorprednison acetas
(pINN)
Chlorproethezinum
(DCF pINN)

Chlortalidonum
(BAN pINN USAN)

Cintr 2ofum
PINN)
Clsmadinonum
acetic acld cater
clsmadinon} aceias
(PINN USAN)

Clofedancizm
(PINN)

Clafenataminzm
(DCF pINN)
Clometocilliavm

(DCF pINN)

Clom{fensm
(BAN pINN USAN)

Other Namas

2 Methyl4-(2,2,2 trichlora-1-hydroxyethoxy)-
peatanol-(2)

BAN Chlorbexadal.

® Lora, Mechloral, Mecoral,

(Hypnotic)

6-Chloro-17a-hydroxy 3 20-dloxopregnadicos{44) =
6-chloro-17a hydroxy-6-dehyd

pINN Ctlormadinont lcuu. USAN Chlormadincas
Acetato (acetic acld ester).

(Progestogen)

6a-Chioro-17a,21-dihydroxy 3 11,m.u+oxo»

pre (14 = Gachl

PINN Chloroprodaison acetas (21 acetic acld esietk
{Glucocorticold)
2-Chloro-10-(3-diethylaminopropyf)phenothiazins.
@ Neuriplege.

(Antparkinson ageat)
2-Chloro-5-(1-hydraxy-3-oxououndetiny-(1)>
benzenecsulfonamide,

BAN USAN Chlorthalidone.

® Hygroton

(Dluretic)

3 4 S-Trimuthoxycinnamamida.
(Paycho-sedative)

6a Chloro-17a-hydroxy 3,20-dloxopregnadleae-
(1 4) = 6a-chloro-17a hydro y l-dehy

pINN Clsmadinoni acotas, USAN Cumadinons
Acotate (acetlc add ester).

(Progaatogen)

1-¢* Chiorophonyl)- 3-dimethylamino-1 phmﬁva-w"
1) - l—chlom-a-(z-dmahymnlmqhy{)wzhyd
BAN Chlophodianol USAN Chiophodiano!
Hydrochioride (chlondo).

® Deugon, Refupl, Ulo

(Antltugsive)

1-(144-Chlorophenyl)-1 pheaytethoxy)-2
~hiethylaminosthane.

® Kelthon

(Antlparkinson agoat}

6243 +-Dichlorophenyl)y-2 mﬂhoxy\mumxdb)-
3,3dimothyl 7-oxo-4-thla 1
~[3,2,0)heptanccarboxylic lud—(") = (3 4-dlchioro-a
metboxybenzyl)penscillin.

® Ruxapen.

(Antlblote)
2-Chloro-1{4-(2-dicthylamiooethoxy)phenyl)

1 2-diphenylathene.

BAN Clomiphene. USAN Cloouphene Citrate
(dibydrogen oitmate),

{Goonsdotrop-inhibiter)
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Otber Nomes

2-Chioro-9-{3-(H{2-bydroxysthylplperasnyl-
{1)propyiidcasiilsanthans.

@ Sochpod

(rychoscdurve
Lﬂmrwp-a.l.z-uwuﬂ-hmn-mm-
estratnane-(1,3,5(10)-

PINN Cloxmstrsdwod acotxs (Recetc wcid aster).
® Geasoval

(Omroge)

3-020-179-(2.2.2-tricbboro- 1-hydroxyrhony)-
sndrocteos{4).

PINN  Cloxotestosteronl acctas (scatec ocid seier).

)
Cpclubarrelun 21 HydrorycycloheryDbmyric acid.
(DCERINN) © Hebocol
(Cholarsc)
Croepsutunism ¢ Chioro-} 7 safamoydh
(RARPINN,USAN) iydro-2H-.2.4-bentotus fastosdionds-(1 1k
P Navidro, Nevidrix,
Crelopyrroaum \ Etbyb Lachyb-3
rowde T
brunidom HNN Cycapyrmons brozndam, USAN Cyclo
(PINN USAN pyTroaiam Browsds (bromide).
(Antichottaergie)
€ ™ ¢Chloro-{sotborora-(S}yH-T)-T-4atiamayh
(PINN.URAT) 3 iy dro 21,3, bsmaotidadireseiczide 1 1),
& Anirydron
(Drarooc)
Do femien N N Bual2-chioroetdy §-N -(Hpdraxypeom T
GINN) e i
$ Muaroa
Deptropinem

(PINN)

Dexwracky racimmm
roducn tak
y

(ARtianoplastsch

31011 Duydro-SH-dibesanle g
eptem HS)-oxyRropase,

% Roanne

-2 Azauno- 1 {4k ydraxy-3, 5 dhrdaphanary )
334dopbenylipeapron ead = 33,3,

(BANDINN USAN)

(BANBINN.USAN)

ANN Daurothy rousan

-Chioro-meatiy| ol
2] Fl-one-3- L
1.1 4 pbeeyk1,3 dibydro-

T Vilom
(Prycho-sedatrre)
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NFN mamse

Diazoxidum
(BAN pINN USAN)

Difencioxazi um
(DCF pINN)

Dimethadionum
(pINN)

Dioxamatam
(BAN pINN)

Diprofenum
(PINN)

Droxipropinxm
(BAN pINN)

Dydrogesteronnm
(BAN DCF pINN USAN)

Eploextriolzm
(BAN pINN)

ipropidiaam
(PINN USAN)

Etgmusilum
(PINN)

Etandransm
(BAN pINN USAN)

Etebanecidum
{BAN pINN)

Erhomaxanam
(BAN,pINN)

Etryptaminnm
(BAN pINN USAN)

Etybenstropixsm
(USAN)

Other Nawas

7-Chloro-3-methyl 1,2,4-bonzothladlezine
dioxide-(1 1)

{Antlhypertensive)
1-(4-Chlorodiphenyl »2-morpb
DCF Dipheachloxazine.

® Olympax.

(Sedative, entibistaminic)
3,3-Dimethyl-2,4-dloxoaxazolidine.
(Anticonvulsive)

(2 Methy! 2-nonyl! 1,3-dioxolanyk(4))-
methanol carbamidic acid ester

{Antiparkimon agent)
Dipheny ic acld (2-dlpropylaminoathy }-esier
(Yasodilator)

1 [14242 Hydroxyethoxy)ethyl)-4-phenyt
piperidyl-(4)]lpropanone1)

BAN Droxypropine pINN Droxypropinom.
(Antitussive)

3 20-Dioxo-98,10a pregnadicnc-(4 6) = 6-
~dehydro-98 10a progesterone.

® Duphaston, Du aron, Gestatron Terolut,
(Progestogen)

3 168,17p-Trihydroxyestratriene-(1,3,5(10))
pINN Epiestriolum.

® Actriol

(Against Acne vulgarls)

11 Duy2,3-epoxypropyl)-4 4 bipiperidioe.

® Eponate.

(AnUnooplastic)
3-Cyano-5-dimethylamlno-3-phenylhexano =
4-dimethylamino-2-sthyl-2 phenylvakeronitrik
(Antituszlve)

N N Dicthylvaniliamide.

BAN USAN Etbamivan

® Emivan, Sevanil, Vandid
(Analepuc)
4-Dlethylsulfamoylbenzo ¢ acld
BAN Ethebenecid.

® Urdlm

(Urlcoauric)

(£)»2
(Psychoscdative)

342 Aminobutylndole.

USAN Etryptaruns Acctate (scciatel
® Monase

hylf-eth 4
Y Jl

(Moncamine ox; inhibitor)

3Diph hoxy-$-ethyl

pINN Ety 4 USAN y P
® Pomalid.

(Antlchollnergic)
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NFN-maras Other Mamas

SO OByl -S-echyb

FWN) L&s—wwmmm -
1-(3-betoxy-2 hy
ocd.
® Gyl
(Aaticonvulve}

Franbarelam 22 Hydromyphoayl-1,) 4-caxdlarois.

(OCF pINH) DCF Phiaadaszoia
& Hyprawl
(Hypaond)
Fombaintcton 2 Phaytbatyric actd (-(-octiyl-2-pheny-
RANPINN) morphouno ey Dexter
PAN Pbmbutraais.
Fescenfesunam 3-Phexyl-N-atkytmorborras mise-(2)
(BANpINY) T Enucl
(Peycho-anlepic)
Fenaxarabuma 2-(2-Lopeopyiph N
(DCF pINM) (Vasocoestnctor Jocal nssrhenc
F (1 Methyk2
(ARANED BAN ¥ 7 PINN
@® Dranne
(M wosmise
Femremdeion { Phonyt-2 (yridsi{(2-amino) 5
(DCF pINN USAN) USAN Phmyramidol Hydrochionds (
® Ansleus
(Anxigmc, anicoavulerre)

Ferrustrace manatrizm Iro (1N)-ctulate of the moncsodun salt of NN N
tetnkliearbo ymethyl)cthylenediammon = Lroo([TT-
chalaa 0ad sodioms salt of sthylenadiamimetrtruacrtic
ak
BAN Sodirs Irooedetats. pINN Nairn ferodetas.
® rlaolo ytroa

P (Troatrmeat of tron
““M"&“&lhﬂm’.;m

(o Pregomme-(4)16, 1 T-acsonide = 6a-laoro-16a-ydroxy.
hpdrocoriuone16,17-acatoatda.
BAN USAN Florusdrsoolons. pINN
cordam Fhudrosy-
(. Cordraa, Drecisoa, Drocort.
Flesssluden )
€a-Flsoro-11p,16a,1 a2}
Pt s tuiininnat
o PINN Flaouchds
GINNUSAN) @ mm”ﬂ:ﬂuuun Floa:solide Acctats
{Ghacacartscold]
(DCFpNN E:’:“Whmwm

(Astscpalepuc)
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NEN-namse

Fluroxenum
(pINN USAN)

Frharidum
(pINN)
Garglcfenam
(PINN)

Glycopyrronum
bromide glycopyrroal
bromidam
(BAN pINN)

Glycyclamid m
(pINN}

Glyroburolum
(DCF pINN)

Haletarolum
(BAN pINN)

Heprolamidum
(pTNN USAN)
Hexaffwonxm

Other Names

2,2,2 Triftuorocthyl vinyl ether
® Fluoromar

(Anacsthetic)

N lsonicotinoyl N vaniliylidenchy
(Chemotherapeutic)
4-Isobutoxybenzole acid (3-dlethylamine-1,2
~dimethylpropylpester

® Ganglerone.

(Antkholinergic)

11 Dimethy! 3{cyclopentylphenylgiycoloyk
oxy)pyrrolidinlumhydroxide.

BAN Glycopyrronium Bromide. pINN Glyco-
pyrronll bromidum (bromide).

® Robinul, Tarodyl Tarodyn.
{Anticholinergic)

1 Cyclohexyl 3-{tolyl(4)-sulfonyljcarbamide.
® Cyclamyde.

(Antidlabetic)

N-(5-Lsobuty! 1,3 4-thladiarolyl-(2))4-
~methoxybenzenesulfonamide.

BAN lsobuzole.

® StabinolL

(Antidiabetic)

5-Chloro-2-(4( -diethylaminoethoxy)phenyl-
beazothiarole.

BAN Haletbazoke.

® Episol

(Fungicide)

1 Cycloheptyl-3<totyl-(4)}-sulfonyl)carbamide.
(Antidiabetic)
Hexamethylenbis(fluoreny(3)-dImethyl

bromlde
bromidum
(PINN)

Hexaprodol m
(PINN)

Hydromasinon m
acetke acad ester
hyd.rormdl.nonl acctas
(pINN USAN)

Indopinum
(pINN USAN)

ydroxide).
pINN Hexafluronul bromidum, USAN Hexa
fluorenium Bromude (bromude).

® Mylaxen.

(Curarisng)

(1 Amunchexyl) -a-(1
benzhydrol.

(Paycho-analeplic)
6a-Chloro-17a-hydroxy-3 20-dioxopregnene-
~(4) = 6a-chloro-17a-hydro yprogesterons.

PINN Hydromadinon: acetas, USAN Hydromadinon®

Acttale (acetic acd ester)
(Progestogen)
31 F h
USAN Indoplne Hydr
(Analgenc, sedative)

14 Anndol




NFN-»ame

Inecuwdl moesives
{pTNN}

Intarfarvesm
(BAN pINN)

Trapropic, T
(NN USAN)

Jofend) lasnmt
(BAN.pINN,NND)
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Other Namas
Inostol bemanicollnd scid eatar
USAN Inosstol Nisamie
P Hexasiod, Limodid
(Yasodiator)
A protain formed by the Mataraction of anbmal colls with
muses capebis of confering o animal col rebiance
o virus bnfection.
.3 DuooibyH5-{2-muby}-2 phenoxyproponsmido)-
T-oro—d-tida-1 ol 1

scid-(2) = a-phonoxybopropylpenialia

USAN Potxmiam Lsopropdiiia (potamiom ssll).
(Antbone)

104 odopbeayiyua dacnois acd iyl sstar
BAN,NND Iopbeadylata pINN Tofendytatom.

® Lawrodin

L (—>2-Ambeo-1

(PINN USAN) PINN Levard TEAN 1
Succlaats (saccinate).
® Cydrd.
(Sympatooumenc)
(=)3,3- Dimetyy - T-cuo-6-(2-phancxy butyr

(PINN) oty A e -pho
8ad{(D) = (—)a-phenoxypropytpealalia
USAN Potstizn Lovopropyiallin (polassam saif).
¢

Uebaamarum 2 Sac-botyL2 ax

(BANHINNUSAN} o ester
D Capla. Promine
(Piycho-setative)

Pkt 3-G2-Chloro sy (- 2-matiy -1 -qok "

PINF) (Hypaote, wetnestve)

Mefechararmmm

(DCFPINN) {2-Croropheny -4} 4-dumathary phanathyl):
DCF  Miphichloranne,
(Pryubo-sediairig

Metarsews trm lwlbwhmu

(BAN.DCF pINN) 132 Jpbeayl)
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NFN name

Meraciinomycizum
(PINN)
AMestranolum
{BAN DCF pINN USAN)

Metacyciinum
(BAN pINN USAN)

Metaglycodolum
(PINN)

Meotmfaransm
(BAN DCF pINN)

Mistandienonsm
(BAN pINN)

Metenolfonwm
{BAN pINN)

Matetoinim
(BAN pINN USAN)

Mathyldop m
(BAN DCF pINN USAN)

Maiicillinnm
(BAN DCF pINN USAN)

Mejofolis m
(PINN USAN)

Aorasonsm
(BAN pINN)

Other Names

Actinomyein D
(Antincoplastic)
17a Ethynyh173-hydroay 3-methoxyeiratritor
{13,510
(Ocatrogen)
4-Dimethylamino-3 $ 10 12,1.3 pentahyd
-&mahylum—l 11-dloxo-1 4 43,5 38,6,11 I-l—

Ida~(7}
BAN USAN Mebacysline,
® Rondomyein.
(Antibotic)
2-3-Ch henyl)-3-methy diol-2.3}
{Psycho-sedalive)
4-Ami hyk2 phenyl 2H py {3
BAN (DCF) Methamphazons.
{Analgoskc)

178-Hydroxy 17a raethyl-)-oxcandrostadicno{l 4)-
BAN Motband] USAN:

® Diapabol Gedbol Vanabol

(Anabolic, androgen)

178-Hydroxy ! methyl-3-oxo-Sa-aadcostens(}>

DAN Mothenolone.

® Pnmobolan, Primobolin-depot.

(Anabolle, androgen)

$ Ethyk1 methyl 2,4-dloxo-S-phonylimidazoting =
S-ethyl-1 mothyl 3-phenylhydantoins.

BAN USAN Methetoin

(Antcplloptle)

L 3(3 4-Dihydroxyphenyl)-2 mothylalampe. Metyldops-
BAN (DCF) USAN Mctihyldopa.

® Aldomet

(Anuhypertensive)

6-(2,6-Dimethoxybenzamido)-3 3-dimethyl 7-0x0-
4-thia 1 azmblcyclo[3,2,0fheptanccarboxylic acki-(2) =
(2,6~dimocthoxyphenyl)peaicillia.

DAN Meabwilin DCF Méthwallioe sodiqus.

USAN Sodlum Mothiculin (sodium salt).

@ Belfaclilln, Colbenin Dimocillin Lucopealn, Sufy
fopeain, Staphdlin Synt<allin

(Antibiotic)

1{4-Chlorophoacthyl}-6,7-dimetho y 2 methyl

123 Llw:hyd.mhoquumune
USAN ) H, 4
(Anslgctsc)

2,3-Dimethy-4-((3 metbyl 2 phenylmorpholino)-
methyl)-1 phenylpyrazolone-(3) = 4-{(3-mathyt-2

4

pheny
(Analgetic)
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NFN-aame Othar Names
& Morpholinecarbaxnidoylgrasidine.
USAN) (Ath i)
(AN (=) > Methaxy-1T-cuatiyh-6-sicotinoytoxy-
Nococodomn - i {T) = &
d {(Apituastve)
Koracymechadsicm Acstic acid Uf £)-6einylamino-dd-dipbenyt
(BANINN) cptanyHI)osier
{Asalgeric,
Lnam S (> Mehyhmisopropylidase)-10,11-dibydro-
(BANQINN,USAN) SH-hbearo{s.deyclobeptons.
USAN Nortrpeylins Hydrochloride (chiorids).
@ Aveatyl Hydrockiande.
(Prycho-anakpoc)
1 1
(BAN $TNN) BAN Noxytkiola pINN Nonyuofinuwm.
2,3-Dascthary-6-sonkcotinoy Ty drazoao-
free octhytbenaoke achd = toaicotinoyl
achkd hydraroos.
£ Jahunda.
Chamotberaputic)
A (, Hydroxy-6 3,30, 6-Lruneikyl-
GINN USAN) dodacabpdro-] 2ad{7-
actons = 17B-ydrosy-176-Dethyk-3-0x0-2-0La
® Amvar
(Anabotx, asdrogmm)
Oximesaervanre 4ITE- 17 > 4
{BAN,DCF pINN) BAN, (DCF) G pINN Oxy
@ Orauabol.
(Anabolic,
Orportimms 3.6 byl (2-(A-pheay
(PINN,UIAN) {1)ethyDmdola,
PINN Oxyperuase. USAN Oxypertios Hydro-
chionide (chloride).
(Prycho-sedairvy)
#a-Flooco-11B,17a,21 tnkydraxy-16a-nathyl-
(MANDCF §INNUSAN)  3,20-duopregaadume-(] 4) = 6a-#noro-160-methyl
USAN Fanostbasose Acstais (21 acesic acad ssters.
© Duar Haldrate, Haldrons, Metilar
{Glococorbeoud)
Prmoknam 3-lmino-3-phoayle xemisdmone-(4).
(BANPINN) ¥ Hrioo, Kebemad, Prozol, Roayt, Tradoa.
)
[ TP T D-3-Mercaporaline.
(RANINN) BAN o-Penkallusune.
e {Aszumcoplest)
;-‘;.;;_. 21 1 +-bennod
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NEN nanwe

Py
(PINN)

Piparetatum
(BAN DCF pINN)

Polymoxylinum
(BAN pINN)

Polythiaridum
(BAN pINN USAN)

Presylaminam
{(BAN pINN USAN)

Pridinolum
{pINN)

Pristinamypeinum
(DCF pINN)

(PINN USAN)

Propatylnitratim
(BAN DCF pINN)

Propinetidixam
(pINN)

Propyromarinum
(DCF pINN)

Priocybinum
{DCF pINN)

Other hames

4-Dimethylamino-3 6 10 12,128 peataly
(42 hyd-mxyﬂ.hyl)p‘lpatz{uyl—(l))md.hﬁ]-&nujyl-
1 11-dioxo-1 4 4a,5,52,6,11 12a-octabydroasphtiaceos
carboxamide2) = N [(4-(2 hydroxyethylpiperaziss
~(I))methylltetracycline.
® Ambravein Valtomicina,
(Antiblotic)
10H Pyrido[3,. b][1 4]benzothiarnecarboxylc
acid(1022 piperidinoathoxy)ethyljater
BAN Pipazethate.
® Lenopect, Selvigon Theratuss,
{Antitonive)
Poly(methyleaebis(hydroxy
@ Anaflex.
{(Antibacterial)
6-Chloro-2 methyk-7-sulfamoy! 3-((2,2,2-tri-
fluoroethyHhiomethyl)3 4-dihydro-.H 1,2,4-
-benzothladiarinedioxlde-(1 1).
@ Reacse.
(Dluretic)
~(3.3-Dipbenylpropylamino)-1 pheaylprop
@ Sogontin, Synadrin
(Coronary vasodilator)
1 1 Dipheny}-3-piperidinopropanol-{1).
® Rudinol.
(Anuparkimson agent)
Antiblotic, produced by Streptomyces
pristina spiralis.
Propionic sad (1,2-dimethyl-3 phenylpyrrolsdiny -
«3))ester
USAN Prodilidine Hydrochheride (chlodde)
® Cogeosc.
{Analgesic)
Ethyl -(hydro ymethyl)propanediok(1,3)-
trimtric acld ester
USAN Propatyl Nitrate.
® Etrynit, Ginx.
(Vasodilator)
Proplonsc acid (1 phenethyl4-(propyn( »yD-
piperidyl{4)eter
(Antitussive)
I Methyl 11 phenothin yH{10)}<a bonyk
ethyl)pyrrolidini mbydroxide
(Anticholinerpsc, ganghon
Phosphorkc cid mono-(3-(2-dimethylami oetbyl)-
Indolyl-(4)ester
® 1 docybin.
(Paycho-somumetic)
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NFN-aamt Other N mex
ook B (S-bydroxry-by yhb-mattryl
GINN) pyridy-(3)mahyiduatide
® Boooe.
(Prycho-pharmakoa)
Refmreman 2 Bromo-! 1,2-triffworosthyfmecthyl etber
(PINNUSAN) (Amamtherc)
Rufocremsan s Astiblotic, produced by Sireptomycss rafochroms geam.
(OCEPINN) Antipecplastic)
Secamalan &Sx-bdyl-i-nkyl-l.t,s-umnhaalydmmmwm
S-gac-batyl- S-etirytbarbtone and.
DCF Sechutabarbetal sodique (sodim 12k).
pINN UIAN
Sodinm (sodtam sal).
@ Buthol, Paxttal,
(Hypaotc}
. 7 RA{+2 Mathoxypbesylpipanaziny{Dymbith
(pINN USAN) SH-1,3-dwisiofd, -(andole
ULAN Solyperuss Tartrass (fartratn).
ympatobyie)
Spararraem 2,4-Dwaouno-$-{4-chlorophenyl)- - oathyh 1,35
ENN) Arazmpuof$, Shaadecademe(1,3)-
)
fPINN) BAN Salphusrm.
® Eovorml
3 Motbaxy-2atfasbandopyranoe.
ENR P Kellnas
(Chanotherapostc)
© Mohony-2-mmbyi4
RN ® M

Solfemeroium
(BANpINN USAN)

Selfut mepmm
(INN)

3 mctumn
(PINN UBAN)

Tochotbiariere
(BAN DCF.pINN)

Tefturangm
L)

P Nuprie, Salfune, Subfuso, Tardamed
(Coaotierzprsnc)

4 Dectiyh 2puilantamidos taiss,
4.4 (Exeyensdaery)bm(N-bexyh N-oa
bemrylasuss).

USAN $ymaetces Hidrockloride (chlomde
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NEN mams Osher Naumes
Pipacyelinum 4-Dimethyl 3 6,10 12,128-pentahydrozy-N-
(PINN) [(4-2 bydroxyethyDplperaziny(1)pmcthylHs-actin-

1 11-dloxo-1 4 4a,5,54,6,11 12a-octahydronaphibacrs-
carboxamide(2) = N [(42 hydroxyetbylpiprannh
-(1)ymethyltetracychne.
® Ambravein, Valtomicina.

(Antiblotic)

Plpazetarum (0H Pyridol3 2 bj{} 4}benzothiazinecarboxyl
(BAN DCF pINN) acid-(1042-2 piperidinoethoxy)ethylesier
BAN Piparethate.
® Lenopedt, Selvigon, Theratuss.
(Antitussive)
Polymoxylimum Poly(methyleachis(hy hyl) 1de).
(BAN pINN) ® Anaflex
(Antibactertal)
Polythiazidum 6-Chloro-2-methyl-7 sulfamoyl 3-((2,2,2-rk
(BAN pINN USAN) fluorocthyl)thiomethyl)-3 4~dihydro-2H | 4
benzothiadindnedioxide{1 1).
® Rencte.
(Dluretic)
Premylaminum 2~(3 3-Diphenylp £ I-pheaylp
(BAN pINN USAN) ® Segonun, Synadrin
(Coronary vasodilator)
Pridisolum 1 1 Dipheny! }-piperidinopropanoh{1}
(PINN) ® Ridinol
{Antiparkinson agent)
Pristinamyei m Antbiotic, praduced by Streptomyces
(DCF pINN) pristina spiralh,
Prodilidizum Proplonic acid (1,2-dimethyl 3-phenylpyrrolsdiogh
(PINN USAN) -(M)ester .
USAN Prodilidine Hydrochlorid
® Cogenc.
(Analgesic)
Propatylnitratam 2 Ethy! 2-(hydroxymethyDpropansdiol{1 3)-
(BAN DCF pINN) tnaitric sad ester
USAN Propatyl Nitrate.
@® Etrynit, Gins.
(Yasodilator)
Fropineridin m Proplonic acad (1 pheaethyld-(p pyn-C)yl-
(pINN) piparidyl{(4))ester
(Anutussi ) )
sinsn 1 Methyk-1<(1 phenothiazinyl<(10}carbony
ﬁ:g(;‘:lNN) ethy)pyrrolidinfumhydroxids.
(Anticholinerpic, gangll  blockiog)
F acxd mono-(3-(2 byl
Fallocybiex ;N) Indolyl-(4))ester
(DCF pl B indocybin

(Psycho-somumetsc}
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From tho Plrst Medical Service, Sahlgrenska yukhoset,
Unheruty of Gixeborg, Gotcharg, Swedet.

The Effect of a p-Adrenergic Blocking Agent (Nethalide!)
In Vitro on the Metabolism of Adipase Tissue

By

Fer Bthoiarp
(Recerred Murch 19 ($64)

In the search for a f-adrenerpsc blocking agent, 2 wopropylamine [
(2 maphthyl) ethanol bydrochloride (nethalide @) was synthesized and
found to produce an effective blockage of myocardial adrenergic recepiors
(BLack & STEPITENSOR, 1962) without adverte physiological effects. The
drug was in thn wmvestigation found to be frot from sympathicomimenc
scthity

Sambom & Bitirronr (1964) found a change in frec fatty acld patern
after work load m human sobpect takmg nethalide. One possible explana
on to this was an effect of Nethabde on the metabolism of adipote thsue.
Adrenaline and its analogues have py d effects on such metsbofism,
They ncrease fatty acd output from adipose tissue (GOADON & CHERKES
1958) n spute of an increase 1n glucose uptake and 14C04 production from
Hlucose 6-14C which gives an increase of fatty acid estenfication to glyce-
fol-phosphate (CAmLL ef af 1960). The effect on fatty acid output 1s thus
8ot broutht about by a decrease in triglycende synihesls, bat by a true
increase o Upolyns, as indicated by an output also of glycerol from ade
pose Lssie (LEMOCK ef af 1959). The tgger mechanism for this appean
t0 be 3 lipase, whose activity has been shown to be stimulated by adrena
line (Rizack 1961 Bibaxtomr & Furman 1962 BRantoRr 1964)

Bocause of the sensitity of adrpose thstuc to adrenaline, it was thought
of iaterest to study 1he offect of nethalids on the stages of carbohydrate
Wuwmﬂholﬂmml&mcmhrﬂmﬂmdymmuumd.
mlmwlmww;;"umw Pronctualo
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NFN name Otker Names
Then! closylas N N Dimethyl N2 pheaoxyethyl}N 2-tesglanmosna
(pINN USAN) salt of 4chlorobenzencsulfopic acld.
PINN Theni closylas. USAN Thenlum Closyhuie.
® Bancaris.
{Anthelmintic)
Thiohexamidum 1 Cydlohexyl-3-((4-methylthiophenylsallo-
(pINN) nyl)carbamide.
(Antidiabetk)
Tlfencillinum 3,3-Dimethy! 7-om+(z pbmyilhlun:umldn)-
(pINN USAN) 4-thia 1 Y boxyll
acld-(2) = (phenyhhlom:thy‘lrponld.ﬂln.
USAN P Thiphenclllin (p stk
(Antbiotic)
Tolazamid m 1-(Hexahydro-1H-azopinyH(1))-3-(tolyk
(PINN) ~(4rsulfonylearbamido)
(Antidiabetk)
Tolpentamidam 1-Cyclopentyl 3<(tolyl{(4)-sulfonyl)urbamide.
(BAN pINN) (Antidiabetic)
Tozalimo um 2 Dimethylamino-4-axo-5-phenyl 2-oxazolloe.
{PINN USAN) USAN Thoznlinone.
{(Psycho-analeptic)
Triamterenum 2,4 7 Triamino-6-phenylpteridine.
(BAN pINN USAN) (Diuretic)
Trimedoximum 11 Trimethylenebis(4formylpyridinium-
bromide trimedoriml h dloxls
bromidum (Anticholinceterase antagonist)
(pINN)
Vimblastimum Vincakeukoblastin, alkaloid isolated from Vincs rosct
(BAN pINN USAN) USAN Viablasgtine Sulfate (sulfate).
® Velban Velbe
(Antiscoplastic)
Viny malum (1 ylbutyl)-2,4 6-triaxo-5- 1h,
hydmpyrlm}dlno ~ 5(1 methylbaty]-S-vinylbarbitude
BAN Vinylbitone. pINN  Viaylbitalum
{Hypnotlc)
Xanskiolnm 2 Chloro-9-[3-(4-(3-bydroxypropy!)pipers-
(pINN) doyl)propylilthiaxanteae.
® Daud.
(Psycho-sedative)
Xantocillinam Antlbioue, produced by Peuclibum notatum.
(BAN pINN) BAN Xanthocillis.
Xeuysalatam 3} Phenylsabicylic acid ('I'-d:ah{ilxnjllnoahyl) ctor
(BAN pINN) USAN Bip H
(Antibacterunl)
(+)-Threo-21-ethylamino-2 phenykethyl)-
Z)H';"{;:m tetrabydrofurane = (+)-threo-a beazykN
GIN ~etbylietrabydrofurfusylsmine.
USAN Z blorld

(Psycho-analeptsc)
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Table ]

uv.nymmm,cmuam..upum
udGhtnuUpuhhlllWynll Pads Iocubated b
Denuom. [

umbcr of
ndn.uda+
Nctballda | Adreasflos | N
l ° lsxxo-m ¥ 0m | 30 1070
3 X 10¢M
Fary scd redeased (nEq/p 270 431 742 L33
L0.46 (§) +0.40 (5) +0.66(5) L0.66 (6)
Giyoorol redeased 130 160 100 6.43
(eEal® +020 (8 =0.40 (5) =033 () £0.52(6)
Lipes aciy ¥, €43 152 10109 10.03
{ EarAlehy 1051 (4) 2008 (§) +0.62 (4) +£1.33 (4)

Glacoss wplake 136 140 448 23
i 1046(6)  X040(H =041 (6 04O
]

Nethalide strmulated farty acid (p < 0.01) release and lipase actvty
(p < 005} 1n the absence of adrenaline from the flask. Adrenaline gave 8
more pronounced stimulation (p < 0001), and the addition of nethalide
10 adrenaline gave & further increase in fatty acid release (p < 002), but
ot in hpase activity

Glycerof refease followed the pattern of lipase actiity viz an mcrease
after nethalide only (p < 0.01), & further increase with adremalms only
(p <0.001) and no ucrease 1 release by adrepaline afler adding
octhafide. Glucose uptake showed no mignificant changes after nethafide.
Ithumcdnﬂaadrmhne(p<0.(m)mdupmdmumdmlhaldrc-
naline plus nethabide flasgk, d with adrenaline alone (p << 0.001).
Meﬂ’a:um:koxhovnmﬂ&lwhutlhelppmdmnuﬁncamyo(
the \ime-activity curves for 3 hoors Is seen.

The effects of increasing concentrations of nethahde on the metabolism
of adipose tssue stimulated by & 5 x 10-4M concentration of sdrenahne

- —
fand Laalad

Fig 1 Efact of Adremihas a8d Nethalide on Ret
CW,(D“,,,‘E{"“D.‘“_"“F"Mth
A Mg, T b 1.
ey
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Experimental,

200-250 g male rats of the Wistar strain were behcaded, distal parts of the epddy-
mal fat pads being then removed and placed in Ringes s sofution at room termperature.
They were then immediately cut into preces, which were randomized, weighed and
Incubated.

Tho {ncubation medium for faity acid and glycerol release and ghucose metaure
ment consisted of 5 m! Krebs-Ringer phosphate buffer with 4,/ scrum albumin
{Armouc Fraction V). Thbo final pH was 6 3 Glucose, when present, was at a concen-
tratlon of 5 6 mM Incubations were performed in a Dubnoff type incubator at 7 4°C
:\l:h air as gus phase. Fres fatty aclds, glycerol and glucose were determined as 0 and

ours.

Lipose activity was assayed in o system consisting of equal parts of enzyme, ob-
talned by bomogenizing the fat pad in a Potter Ehvehjelm apparatus in krebs-Ringet
phosphate buffer and subseq Nlection of the turbid water phase between the top
fat cake and the sediment after centrifugation (BMaNTORP & FurMaN 1962), and 2
mixture of such composition as to give the final concentrations serunt albumua, 4
K HPOy NagHPO(I 1), 0.005 M NaCl 06 M Edyol™1) Q& / (concentration of
triglycerides) Incubations wero at 37°C and fatty acids were determined at 0 and 2
hours,

Incubation for measuring 14CO; and labelked lipid from ghicose 6-14C was per
formed in 2 ml of Krebs Ringer bicarbonato buffer pH 74 in the presence of 11.2
mM glucose. The veascls used were 50 ml cylindnical flat boitom tubes (Hagedorm
tubes) scated with a rubber stopper holding two glass tubes closed by rabber men
branes. After 2 hours of incubation at 37°C, 0.3 m! Hyanune?) was injected through
one of the glass tubes 1nto a 1 mi beaker held in a stalnless steel wire foop Through
the other glass tube 0.2 ml of 10 N HzS0, was thea injected [nto the mediunt
After 4 hours, recovery of 14C0; in the benker with Hyamine was complete, as tested
In separate experiments with NaHI4CO; The beaker was then placed in 10 ml scio-
tiltatlon sofution (0.4 / PPO3) and Q.01 / dimethyl POPOPY) in toluene) in a glass
vinl and radioactivity counted In a Packard Tri-Carb [iquid scinudtation counier

Incorporation of label Into liplds was measused in the system mentioned. After
incubation the tissus was cxtracted as described by FoLau et af (1954) The chlprolorm
phass was washed twico with water the last wathings being peactically frés from
radicactivity Finally a measured portion of the chloroform solution was
Iz the counting vial, and 10 ml scntillstion solution were added Counting was then
pecformed as described above.

Glucose was determined enrymatically (Laviv & Linna 1962) glycerol by pertodate
oxidation as described by CARLSON & WADSTROM (1959) and fatty acids by the method
of Dotz (1956) with Nile Blus s indicator

Statistical significance was assessed by tho (student ) t test

Resnlts
The effects on fatty acid release, hpase activity glycero? release and
glucose uptake at 5 x 107°M concentration of both adrenaime and
nethalide are shown m table 1
1) Riker lfbo_'nloda. Inc. (SchenLabe), Northndge, G-hfarnuh;):r:m Roh

5 p yl-cresoxyetboxy

Haas)
Joxazol (Packard)
i)\ ﬁﬁﬁzmnhyl-s-phmymumm-benm) (Packard)
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Table 1
MMN&WNmeAAdMGlymﬂ Redeass, Lipase Activty
ko Rat Peds Incabated n Vicro. Mean & Bundard
wd cnwaa Uptake E&M-Hyﬂd N o
.
Nethalids | Adrousfine | Nethalide
° 5% 10-6M | § x 107¢M | 3 X 104M
i 5 x 10¢M
acd rescasad 1% 4 1@ [X]
tad =y 1046 (@ ' 2040(5) | £046(5 | 2066(8)
Ghycerol reexsad 10 160 100 43
Ee 2020(6) | +040(5) | =053 (© | 0526
Lipes scinily  (EGFA/gbY €43 152 1019

1003
1091 4 =088 (4) +0.62 (4) 133 (4)
Glocost wpake (mgp)

136 1.60 A4 231
_046(6) | 040(D | xQ61(5) | =044 ()

Nethalide stimulated fatty acd (p < 0.01) release and Lipase activity
{p < 0.05) 1n the absence of adrenaline from the flash. Adrepalme gave a
more prondnced strmutation (p < 0 001), and the addition of nethalide
0 adrenaline gave a further Increase in fatty acd refease (p < 002) but
ot in Ipase actty

Glycero! relense followed the pattern of lipase activity vz, an mcrease
aher nethabde paly (p < 0.01), a forther increase with adrenaline only
(p<0001), and no increase in release by adrenaline after addmg
ncthalide. Glucoss uptake showed no significant changey after nethalide,
lthnuxdmundrmaﬂm(p<0001)nnd:pmdmmdmlhndm-
maline plos nethalide flask, compared with adrenaline abone (p < 0.001).
These effects are also shown in fig. | where the spproximate fineanty of
the e activity curves for 3 hourt is seen.

The effects of increasing concentrations of nethalide on the metabolism
dﬂdrpoulksm-ﬂmuhmdbyns x 10-5M concentration of adrenaline

& b ./
A A=

Fig1 Elmafwmmy,u,,, d,“

Erdﬂrm-lrnr-au\/m

At P s, e, 7L, ot 3. -
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e/
L

h i

Atreaire 0 3 3% S0t 5wt st on
Nethalise 0 o 1%t it vwt st o
4. Effects of Adrenaline and Nethalide on Metabohsm
of Rat Epldldymal Fat Pads in Vitro Open columns  Fatty Acld Release
Hatehed columns  Glycerol Release. Solid columns Glocose Uptake.

are shown 1n fig. 2. Ata 3 x 10-6M concentration of nethalide a decrease
1n glucose uptake was seen. Here fatty acd releass mncreased. Glycerol
release did not seem to be affected, however before nethalide concentra
tion reached 5 x 10-SM With this concentration fatty acid release also
fell abruptly

The results of conversion of glucose 6-14C to 14C0O; and Liprds are seen
1n table 2,

Adrenaline 1ncreased both incorporations (p < 001) Nethalde 1
creased conversion to 14CO; (p < 002) Incorporation into lpids was
sgnificantly increased only at 5 x 10-6M concentration (p < 0.01) Both
concentrations markedly blocked the adrenaline cffect (p < 001)

Table 2

Effects of Adrenaline and Nethalide on Conversion
of Glocois 61 C to 14CO; and Lip1d 14C by Rat Epudxdymd Fat Pads.
Means + d. D of 6 Deter

Adrenaline (10-4M)

0 Adrenaling Netbalide T Nethabide

104M
Sx106M ! 5 x 105M | 5 10M 5 107M
| |

0.10 0.43 026 027 015 009
0 +0.04 +0.12 I 019 | =009 ! =10 =0.04
om .73 033 039 0.09
Lupid i&l‘: +0.14 ' =012 2009 2010 +0.03

hu]uupmuoduumol;lumn#“Ccon erted 10 1400 or Lipid-14C per gram (wct
weight) tissus per hour
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Discasslon .

Thas 2t was found that nethalide d ”';\:Elh induced
glucose uptake and lipolyss in adrpose tssne ro

Awmﬁmupmkedmmhhﬂflﬁﬂ reestenficaton
aflesting fatty acd output, snce glucose 1 inghyeeride-glyostol
precursor :ym tssue (Vavasax 1961). Glyeerol once liberated
&mmgmudoumtmtobcabkwwmlntb:n-mmﬁm—
ton of fatty scads, becawse 1its actrvation ia not conssdered possible n
adipose tissne 1n the absence of glycerol kinase (WIELAND & SuYTER 1957).
1ts drffuuon out of the tissoc thus reflects lipolyss.

Th:panﬂdchmsuof;lycuolr:luscfmmth:mmanduwc
sctivty scem to suppart the hypotheus that the lipase i question pro-
vides the tgper mechankm for lipolyss 1n adipose tssne (Rzack 1961
BbeNTORP & FURMAN 1962)

With thets concepts in mumnd, the nethalide effect on edrenahne si
mulated metabohsm could be mierpreted as follows. Glucose uptake 18
tnhibated at somewhat lower concentrations than 1s lipotyms. This first
bringt abont an increass 1n fatty acid output and then, at higher concen-
tations, Ipolysis 13 also whibited, and fatty acad output conscquently
decreases shruptly Nethalide alone stimulates glycerol release.

This mvestigation thus tends to show that the increase in glucose uptake
effetted by adrenafine on adipose tissuo can be intubited at concentrations
of methalide lower than those mterfering with the adrenalme Lipolytc
effect. This seems to indicate that the adrenaline effect on glucose uptake
Is ot necessarily only a consequence of its effect on lipolysis and the
accumulation of fatty ecds (CaniLt et af 1960).

Futsemo & Onb (1563) recently studied the effect of nethalide on the
adremaline-induced changes of fres fatty oad concentration in the artenal
plasma of the dog. They found an werease m fres fatty acd concentration
afer mfuson of pethalide and a d in adrenaline response thereafl
These resalts seem to correspond to tho 1n Vitro findings in our work of &
fipolytic effect of nethalide and a block of adrenahine-induced Lipolysis,

The changes after nethalide on free fatty acld concentration of human
Plsma (Scinfioen & BximNToRr 1964) could possibly be explamed from
1be resalts obtaned. The free fatty acd patiern during and after work
M“W“ﬂ]’ﬂywoflmpokum(pmumblymduadhy
zhmmlmﬂhnhndfmfmmmdnﬁbuﬂmo(blood

The free fatty

Peak bhas been observed to duminish after trestment with
ﬂtlhalid.ealh:;hdm(&:mboa&ﬁ)cnm)lrlm),\hjchmuldbe
Qﬂiﬁdbv:l?’cuk:anofﬂpobmmampmcuwm,uanomem

~
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Summary

Nethalide was found to diminsh the effects of adrenalne on adipose
tissue metabolism The increase in glucose uptake was found to be abo-
lished at approximately equivalent concentrations of adrenaline and
nethalide At higher concentrations lipolysis was decreased as iadrcated
by a decrease in glycerol release Fatty acid release at nsing concentra-
tions of nethalide first increased after the effect of nethalide on glucose
uptake and then fell abruptly afier the effect also on lipolysis at higher
concentrations This could be explained by nterference between glycolyss
and lipid metabolism in adipose tissue,

Nethalide alone seemed to excert a small stimulating action on lipalysss,
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Asetylcholine, Histamine, 5-Hydroxytryptamine and
Catecholamine Contents of
Mammalian Penile Erectile and Urethral Tissue
By
O Peofthf and A. Vartiaimes
(Recrived March 10, 1964)

The erectile tsue of the mammalian perus is formed of clastic fibres,
uastnated muscle apd arteres and vems of different wze, all swrrounded
by a collagenous tunxca albuginea. This structure is activated by means
of the parasympathetic fibres originating from the sacral cord (EcKHARD
1863 Gasxeip 1887 LanGELY & ANDERSON 1895), On the other hand
it n known that m some antmals erection s alto mduced by stimulating
those fibres of the hypogastne nerve origmaung from the umbar cord
between the 2nd to 4th lumbar vertebrae (ECXHARD 1863 Frangoo-
Frang 1895 Bacy 1935). Tt has been suggested that only the dilatation
of the different-sized artenies 13 necessary for ercction (Ecxuarp 1863
Kns 1921). Moreover the comstnction of the detp vens may be equally
tuseninl (Drysacit 1939) As mentioned above, unstnated muscles are
present 1o the walls of the cavernows mnusokds (Hau & Leeson 1961)
‘hkhmdmuthnlh::rtcﬂhbuﬂsih&msd\uphymﬂuhﬂmh
(NXousKY 1879) Because of these findings the occurrence of different
bologically actrve amines and that of choline sn the 1
penile erectile timue have been investigated.

Methods

Whie Liborstory rabbets s tighmg betmomn 283 6 kg wore wied. Tha

snumaly
;ﬂ’lulnﬂmmnm:ou They wero kulled by Dow on the neck and by bleedung
om \he neck cueis. The pens was ranoved unmedstely and the corpus ca er
o m?;mm-mmmmnm

andimy traac ren
3 Completety 3 pomsbla. All specnens were further treated o el
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The oxen afso used as test animals were at beast one year old and of the Ayrure
breed. Tha animals were killed in a slaughter house by perforating the frootal
and bled by cutting the neck veasels. The | wero d ed {mmedhatet
afier sleughtering and treated (urther within ons hour The tumca albuging wa
removed completely from around the corpora cavernosa and glans penf. The mrethd
mucous membrane, which ay a rule was eauly separated, was removed from the
corpus cavernosum urcthrie and handled as a separate specimen.

Noradrenaline (NA) and adrenaline (A) were determined by the method of Bext
LER et &l (1958) for purilying the extracts there was used a sodium-formed Dowex
30 X4 1on-exchange rerin from which NA and A had been eluted with N-HCL The
catecholamune content of the cluate was cssentially determined Auorimetrially
described by v EULER & Listarko (1961) on the Amunco-B pectrophotofuotk
meter with activation wavekengths of 400 and 440 nm and fluorescence wavelengihs
of 510 and 540 nm, respectively (uncorrected nstrumental values), The results were
cakulated by the procedure of VENDSALU (1960) The fluorescence charactenstes of
the extracts were similar to those of authenthic NA and A. By this method tho re-
covery of NA was 89/ and that of A 83 /. None of the results presented hero bave
been corrected for recovery

The determination of dopamine (DA) was carried out by the method of Bearut
et al. (1958). From the 10n-exchangs resin NA and A were first eluted with N-RO
and then DA with 2 N HC1 in the latter fraction dopamine was determined spectro-
photofluorumetrically by the method of CArLISON & WaLpecx (1958). The fluores-
cence characteristxs were found to cofrespond with those of authenthic dopamine.
The recovery by this method was 60 /.

To determine hutamune the method of BArsouM & GADDUM (1935), as modified
by Copr (1937) was used. The histamine content of the purificd extracts was estimated
biologcally on tho guinea pig ileum. Mepyrammne prevented the coatrachoas
induced by the test samplex. The recovery waas 71 4.

S-Hydraxytryptamuns (SHT) was extructed by the acetone-heptanc method (KXax!
& PAASONEN 1959) The activities of the extracts were estimated biologially oa &
rat fundus preparation (Vane 1957) The recovery was 754, and
(Deseril @) provented the contractions induced by the test samples.

Acetyicholine (ACh) contents of the tizio extmcts were cstimated on tho frof
rectus muschke peepartion by GADDUM 3 superfusion method (1953) as modified by
AHED & TAYLoR (1957) This method is senutive enough to estimate the extremely
low ACh-concentrations. The Ringer solution used for superfusion included NaCl
0.65 4, KC1 0.014 4, CaCl; 0012/ NaHCO3 0.0 ;. For tho extraction of ACh,
3 'ml of thu solution (without NaHCOy) were used, and the pH was adjusted 0 4
with 001 N HCL. Physostigmine salicylato (10 pg/ml) was added to both superfusion
and extraction solutions. Becauss tho recovery of ACh is independent of whether
tho tissucs are ground or cut to small pseces (ROTsCHUH 1934) the specumens wert
cut. The extracts were botled on a hot water-bath rorﬂw,m!:m‘ﬂ.@mm"‘:g
oeutralized, and the ACh~content was d dlat: Phy
Wmmﬂ;wﬂmdmbowmmc(lwuﬂ) completely blocked tho contrac
tions Induced by the test samples They alto lost their activity duning the boiliag 12

alkaline solution.

| noradrenahine bitartrate and 1 adrenaline (Onon Oy)
¢ hydrochlonde (Sigma Chemical Co ) S-hydroxytryp-
ulphate (Fluka AG) acid histarune phosphate (British

The drugs used

J-hydroxytyramin
tamupe creatinine
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Drug Houses, Ltd) acetylcholme chlonde (F Hoffmann-LaRechs &
Co) physostigmune salicylate (C. H Bochringer Sohn) Deseril @ (Saz-
doz AG) scopolamine hydrochlonde (C. H Bochringer Sohn) mepyr
amine maleate (Star Oy)

Results

The acetylcholine, hstamine, S-hydroxytryptamme, noradrenalme,
adrenaline and dopamune contents of the penule erectile tissucs of ox and
rabbit are given in tables 1 and 2. Table | also glves the corresponding
concentrations of the specimens taken from the urethral mucous mem-
brane of the ox (pars sponglosum urethrae) It has not been possible to
demostrate the presence of dopamine paperchromatographucally in the
pende erectile tissue of the rabhit.

Table 2
Acetylcholine, histamine, S-hydroxytryptamine, noradronaline and adrcoaline conteats,
iIn pg/g £ SD of the peniks erectile tisue of tho rabbit Numbers of specimens s
paronthesls.
Substanco Corpus cavernosum penls Cow:dhm
I
Acetylcholine 047 £ 0.24 (8) 233 + 080 (D
Histamino 086+ 0.28 (12) 439 & 2.15(6)
S-Hydroxytryptamine 0.22 + 015 (9) a73 £ 033 (D)
Norudrenaline 028 £ 005() 115 £ 035(6)
Adrenaline 0.04 + 002(8) 0.17 £ 013(8)
Discusston

By stimulating the parnsympathetic fibres onginating from the sacral
part of the spinal cord, BAcq (1935) was able to show that the volume
of the erectile tissue of a dog grows This reaction was potcnuated by
eserine and inubited by atropine On the other hand HEN'DEL'.DN[;‘;
RoEPKE (1933) could not prevent increase n pende volume by means
atropine admunistered during the nerve sumulation. According to these
{nvestigators, the stimulation of the dilatory nerve fibres of the pems
released locally a tissue hormone, whose action 13 potentiated by aan:;
but 15 not unequivocally abolished by atropine The discrepancy 1n
action of acetylcholine 13 to be explaned first by DaLe s (1914) ombsm'ach .
pons that large quantities of acetylcholine cause crection, w.

o
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hhfhn:dbym-m:.mdmdlybyﬂnﬁﬂmnfﬂmm&
Rm:mudnmmﬂndmyldmlbointh:pammuofth:tcsz
lnimrlcrwu‘]:wmmmcdmmrﬂmcdonofmtyld\mmcnabo

because it could not be found in the ercctile tissue of the
ax.Huﬁcvu-thhohscrvnﬂonanusobcmmpm:dmmnnmn
there 15 no active function m the erectile tissue, but that 1t 1s only a blood
depotnLhapunvemlc.ThuuooutmdﬁctadbyLboob&auﬂnnlhn
In the walls of the cavernous sinusolds of the penis of some mammals

vated by the sutonomso system and during erection relaxes together with
the muscles of the walls of the helicmous arterles (Hau & LersoN 1961).

The ok of histamine as a substance with a potent effect on smooth
muscke 1 interesting. According to v EULER & Astron (1948), shmula
ton of the postganglionic sympathetic fibre releases hustamine

they
usmed that ocgans could be stumulated in ths way by
fmtating certain nerve fibres. In estimating the local sigmfi
hstamine, it st be bered that tho hi content hed

m this study 13 low compared with that found by v EULER & PURKHOLD
(1951), for wstance, in different tasues of the cow According to them,
1 1 also probable, taking into sccount the high histamine content of
some nerve fibres, that at beast a part of the histarnme found in different
perrpheral organs is derrved from these postgangfiome sympathetic fibres.
As 10 Shydroxytryptamune content, the penis is an organ in which
the concentrations are quito small This substance has hardly any active
role 1n penile erectile trasue.
The predoml

halami,

o the ox is d inc, as 15 usnal 10
fumingnty (SCHOMANN 1958 BERTLER & ROSENGREN 1959). As to the
vascactive effects of dopanune, it 15 known that 1n guinea pigs and
mbHuilMunbloodpm(Hun&Clmmlw’)mdlhlt
0 dogs it 18 a renal vasodilatator (MCNAY ef @/ 1963 ). On the other
band 10 the last named test animal it decreases femoral blood flow
(McNaY et of 1963b). In rabbits the proportion of adrensline int the
ludmmmmumm“umlhmphuﬂm

urethral mucous mem-
gated. In the

nosum penss of the ox po ACh and COTpus caver

and SHT wero found. The pred rather small ‘lmnu.n::‘(‘hhum'lm
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ACh histanune and SHT were also found there, the amounts beng higher
then m the ox. The possible role of these brologrcally active substances in
the erection mechanism has been briefly discussed
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From the R h Lab y of H. Lundbeck & Co. A/S
Ottiliavej 7 Copenhagen, Denmark

Hydroaminacrine IT
Effect on Morphine-Induced Respiratory Depression in the Cat
By
V Dyrbergl) W Hoougs and Sophos H. Jobansex!)
(Received Aprit 10, 1964)

Previously the effects of hydroamnacrine on the actions of some depo-
lanizing neuromuscular blocking agents have been nvestgated (DYRRERG
et al 1962a & 1963) Hydroammacrme 18 also known to have some
respiratory cffects. In anumal expenments, hydroamnacrine has been
shown to stimniate resprration that has been depressed by morphine
(SHAW 1960} In expenmental mvestigations on normal human subects,
hydroamunacrine has been found to have vamable stmulatory cffect oa
respiration (DYRBERG ef al 1962b) On account of sts respuratory effects,
hydroaminacrine has been recommended for use on patients with respima-
tory depression after anacsthesia and for routine use along with narcotic
analgesics to muumize the respiratory depressant effect of these agents
(STONE ef ol 1961)

Our experiments were carried out manly to compare the efficency of
hydroaminacrme with that of nalorphine, a specific narcotic antagonsst,
on morphine-induced respiratory depression.

Technique
Cats were anaesthetired with a maxturo of chiornloss (46 my/kg body wewght) and
urethans (460 mg/kg body weight). After tracheotamy the respiratory rate apd vohume
were contnuously recorded, the latter by means of a Guldemerter gas meter (1912
The (emnoral vein was cannulated for infections.

Results

The results of the mdvidual experiments are shown 1 table 1 Mor
phine (3.625-1 mg/kg 1 v)caused an average reduction in respiratory
hetln, C b Co oty Hosphal 1n Geatofte, Hellerup.

1) Deper of A v
Nerrmark
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Table 1
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volume to about 50 / of the inutial values and of respiratory rate to about
66 /, After subs dmnistration of hyd atne (I mg/kgi v
ghen 15 minutes after administration of morphune) respiratory volume
w13 practically mnchanged in three of the animals, but considerably
uxTeased 1n one (from 51 to 79/ of the Imtial value). In this animal,
respiratory rate was similady increased (from 38 to 71 / of the initial
salue) In one of the other animals respuratory rate was also increased,
but in the rematung (w0 anmals 1t was practically unctanged.

When the effect of hydroaminscnne was weanag off, about one hour
hter malorphine (0,3 mg/kg) was mpected, and now respiratory
mnute volume was in cach cass restored to near normal value, averaging
99/ of the initial value. Respiratory rates were restored to on an aver
age, 94/ of tho mitlal valoes.

Hydroaminacrine (1 mg/kg) was ghen to two cats that hiad not been
metreated and produced an increaso in respatory munute volume of
:::Ddn/,.\lthanmu'memmoofll/inomalnndnodnnptu
other

Discurssion
The daim that hyd rine 13 & reluble stimulator of respy
Fd!“ulelupponfromomﬂp:ﬂnxnumlymon:oﬂh:fonruhun
l}‘mhncnlﬂamnimpmwdwhcnmpinﬂonhadbecndcprmedbythe
xﬂonofnmrpmnc,mconm‘nhlhzconmtmlmdmauﬂymf
mhdn;cﬂ’cuofnalorphlncindmﬂa:u@mxumkwryme
\nhamcdbyhydmammmhxint-ocux.bmmmumdmphmory
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rafe has an adverse effect on alveolar gas exchange when unaccompanxd
by an increase i respiratory munute volume Further the effect of hydro-
anupacrine on resprration 18 of relatively short duration compared wth
that of nalorphine, which has been found to last several hours (Houas,
unpublished results)

The finding that respiration 15 stmulated when hydroammacrme
fiven alone pomnts to this drugs being more of an analeptic than 2
specific narcotic antagonist The effect of nalorphine grven alone 18
respiratory depression

In cats as in man (DYRBERG et af 1962b) hydroaminacrine appears to
be an unreliable antagomst of opiate induced respiratory depression.

Summary

When given after a dose of morphine, which depressed respiratory
volume to about 50 4, hydroaminacnine :mproved afveolar ventilation
somewhat in one of four cats The effect of nalorphune on the same s
was consistently to restore the respiratory volume to near normal When
given without pretreatment with morphine, hydroamunacnne wncreased
resprratory volume moderately

The experiments indicate that the stimulating effect of hydroaminacnas
on morphune-depreased respiration 1s unrehable, n contrast with the
respiratory effect of nalorphune under the same conditions.
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The Effect of Drogs on the Duration of Toxie Symptoms
CsmtdbySublethalDosuoancalAna&beﬂu

An Experimental Study on Mice
By

Juml Helsonen
(Reca o March 23, 1944)

Recent 1nvestigations have shown that many drugs administered before
other drugy may affect both the duranon and the efficacy of the latter’s
action. Thus has often been foand to be the result of an mhibatory or
sumulatory effect of the first compound on the actwity of the drug
metabolizing enzymes in the microsomes of the liver (CoMNEY & BURNS
1962). The action is directed especially at enzymes ondatively metaboliz
ing vanous drugs apd requinng the p of reduced tnphosph
pyndine nucleotids (TPNH) and oxygen for this process (REauER 1962).
Some drugs, however have gho been found to affect the actinty of other
kinds of microtomal enzymes. Thus, for cxample, phenobarbital stim-
ulates the | ine-hydrotyzing “procat ™ in the microsomes of
the rat [iver (REMagR 1962, 1963) and fproniazid, on the other hand,
&cts as a0 whibitor of this “procainesterase” (Fours & Broois 1956).
Since the toxic action of a local anaesthetic 13 affected in part by its
fate of metabolisay, 1t teemed justifiable to study the effect of vanous
d:upanxhedmuunonoxknmpwmumadbymummhﬁu
Three of the aml Aamlde group wers chosen for
stody 1 e docarme, mepivacane and atancst B (a-n-propylammo-2
methyIproplonanihde). It it known that kdocalne 1 axdatively metabol

1zed by 3 mucrosomal enzyme system that requires the £ TPNH
54 oxy gen (HoLLUNGER 1960). presene ©

Methods
Make 1o muce weithing 20-24 5 werw oyed. The
el o8 room empetais
‘T:oc;.;::n temperatures of the niics wers measored Ih:mn:u;ml
hw.‘:mummd.ﬂamm‘mohmd betwcan tho premedicatad and
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A comparison wax first made of 1the duration of the toxic state afier 8 sebiethyl
dose of lidocaine (175 mg/kg s.¢.) (n mice that had been premedicated with varkas
drugs and {n control mice. The dasc of lidocaine chosen was sufficient to camse low
of the righting reflex within a few minutes and to produce a stase similsr to genent

hesla (Feang & S 1963) wath respiration maintaioed st o sausfit
ory lovel. Before as well as after the narcosis proper thers was motor resticunts
and weakness and also convulsions. The duratlon of the taxic state was defioed
a3 the time b tho in} of the lc and the return of the rightlng
reflex. Tho latter was regarded as pasitive when the animal was able fo stand vp sod
after being laid successively on esther fanks was able to get up again.

Tho inhibitory action of dsugs on the microsomal enzymes of the liver has generafly
been observed immediately after their admunlstration, whereas a possible stimalatory
actlon has manifested 11self slowly reaching 2 maximum about 4§ howrs afier sd-
minfstration of the drug (Conney & Buwea 1962) Henco in our study the drogt
were administered generally 1 or 48 hours beforo the experiment.

Tho Jocal anscsthetics used were lidocaine hydrochlonde (sylocan & Asteh
meplvacaunie hydrochborido (carbocaln @  Bofors, Nobelkrut), crtanst @ hydro-
chioride (Astra)

The drugs used in premedicotion were barbital sodium, phenobarbeal sodwm,
pentobarbital sodium, thropental sodfum (intraval @ sodium May & Bakes), nibe-
thamide (cordion ® Medica) bemegrido (megimids ® Nicholas) chlorduap-

axide (librium @ Hofl: LaRoche) chlorpr ino hydrochloride (largactil &
May & Baker) meprob hloramphenicol sodi ccinnto (ch hen &
Bochringer & Sachne) ¢ d phosphate (Hodls LaRoche) isonuazid (nm-
fon ® Hoffmans-LaRoche) and b L-ethionine (Mann Rescarch Lab, New York:

Tho local anacsthctics and ine wero dissolved in physiologicel saline a3

phy
the other drugs in distilied water The volums infected was 0.1 ml/I0 g, cxeeption fof
meprobamate, which was given in a volume 0 4 ml/i0 g

The cffects of phenobarbutat premedication on the cumulative toxicity of lidocloc,
mepivacaine and citanest were also studied Repeated Intrperitoncal jajections of
each local anaesthetic wero grven to elght control mis and to cight mico that had
recerved 90 mg/kg of phenobarbital 48 hours previously Each local anacstictic was
given § tunes, according to tho reguncs lidocatns, 40 mg/kg at 20 min. latervals,
mepivacaine, 30 mg/kg at 15 min. intervals, and citancat 70 mg/kg at 15 min iater
vals, The volumo of tho individual doses was 01 mi/20 g.

Results and Discasslon

OF the drugs given 48 hours before the expertment only phmobﬂﬂ)ﬂﬂ

and barbital shortened the duration of the toxic symptoms produced by
ne (table

hd;c:clordgng to I)DORmAN and GoiDaaum (1947) about onc-third of 2
dose of phenobarbital 1s decomposed in the mousc body in 24 hours
even If a part 13 excreted unchanged i the urine, it may be :m}l: o
that mnute amounts of the drug are still present In the mouscl:m h:no-
after admimstration Such @ comparatively small amount o ug‘.d e
barbital might be assumed to decrease the toxic symptoms prod
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of 38 hours phenobarbital hay
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the experiment did not shorten the

the farry small amounts of phenobarbital

befare

admigiiered a few hours
tion of the toxic state caused
o3 that reduce the di

dura

local anacsiheties. However

by bdocune,
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Controls Premedicated
v v Y ¥
N Mmonll
[T 1]
120ma 8 “ Lot

[ wme wetncted IR eexses ae tex [ oK ddiad ",

Fig. 1 Cumulative toxicity of citancst In cight control mice and in dght mice preme-
dicated 48 hours earller with phanobarbital (%0 myg/kg). Esch horlzontal line reprosests
tho behaviour of ono animal during and after repeated intraperitoneal injectioas of
citanest Singlo doses (70 mg/kg) weeo given at 15 minutes Intervals (arow)  _J

Ethionine 1s a strong whibrtor of protein synthesis, and 1ts use has
made possible inhibition of the stimulatory action of certan drugs ea
the enzymes of the liver microsomes. (CONNEY & Burxs 1962). The
stimulation 18 believed to be based on an 1ncreased formation of enzymes.
Ethionine stself did not affect the duration of the toxic state, but gwvea
half an hour before the administration of phenobarbital it was capable
of mfubiting the shortening effect of phenobarbital on the duration of
toxic symptoms caused by ldocaine (table 1) This seems to ndicate
the stimulation by phenobarbital of the enzyme system that metabolizes
hdocaine

Thus assumption 1s also supported by the results obtained in the cumul
ative toxicity experiments The toxic symptoms after lidocaine, mepiva-
caine and citanest appeared at an carlier stage in the control muce than
1n muce given a premedication of phenobarbital The symptoms i the
control group were also more severe and losted longer Flg. 1 shows the
effect of phenobarbital on the cumulative toxicity of citanest. Sunilar
results were obtained with hdocaine and mepivacaine.

On the other hand, a number of other drugs did not affect the duration
of toxic symptoms caused by lidocaine when they werc given 48 hours
before the expeniment (table 1) However KAaTo ef af (1964) among
others, have observed that thiopental, pentobarbital chlorpromazint,
nikethamide and meprobamate for cxample, have a stimulatory effect
on some of the cnzymes 1 the microsomes of the rat liver These sub-
stances are thus able to sumulate the metabolism of for wnstance, pento-
barbital, hexobarbital, meprobamate and strychnine. The foct Lhi;m
drugs did not affect the duration of the toxic smtzh eau-:c:;_l bl{! 1
may be dus to dissmulanitles 1n their abihity to sumulate varlof cnzymes
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Conxy & Bumaa 1962). There may also be a species difference. The
iwmcmcuboﬁm haob);.rbm.L for mstance, copsiderably more mpdly
lhanthzm(mmml%z).mdniswbemum:dmnmbnma:
mbducdfmndonothnv:um:wmmuhmxhcmmmomﬂmzyma
1o the same extent a3 substances of a similar type, but with a sdower
nrate of metabolle breakdown.
lprmnﬂdﬂakm&ﬂml%).mnhud@mﬂﬂ)md
dxhnmphmml(DmN&Folnll%l)inhﬂitLh:mmbolnmor
numcrous drugs, for mstance, certain barbiturates, When these drugs
mmlhombdmmcapmmmtm:twncmtcm\ucdbylﬂo-
caine was clearly proloaged (table 1) The effect of Iproniaznd does not,
however show any correlation with its inhibitory efiect on Fuih?
ondsse (LAROCHE & BeooiE 1960). Investigations to be curned out
later may posaibly shed Light on the ion whether the prolonga

of docaine marcous by these drugs is due to a slowmg down of the

of jts metabolism.

Summary

Phenobarbital and barbrtal administered 48 hours previonsty shorten
the duration of toxc symptoms caused n mice by lidocaine, whereas
promand, somand and chloramphenicol given 1 hour previously prolong
e ymptoms. Eth s capable of ighibiung the shortening effect of
phcoobarbital on the duration of the tomc state caused by hdocame.,
Pheoobartatal edmunistercd 48 hours previously dlearly reduces the
cumulatne toxkaty of lidocaine, mepivacame and citanest. From the
mnlunucondndcdlhnlhenrmybcmmhlblmyoxsmnuhmry
effect of certam drugs on the metabolism of these local anaesthetics.
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The Effect of Adrenaline on the Toxicitles and
Absurpﬂomquﬂ(Cltan&@)andSomeOthuLocnl
Amaesthetics studied in Mice and Rabbits
By
A Astrdm, N. 1L Permen aod B, Urteegren
(Racanvcd Aped 2, 1964

The addivon of a 1etor to sl of local hetics 13
inown not only 1o increase thear efficiency but also to decrease their
toncty 1n chinical wse. As a result of vasoconstnction at the ite of
wgction a high concentration of the agent Is maintained for a longer
penod of time in the nerve structure, thuy prolenging the duraton of
anacsthesa and also at certain injection sites increasing the incidence of
ansfactory anaesthesla Since the rate at whuch the local anaesthetic
agents enter the systemue arculation i redoced by the local vasocon-
sinction, the tystemx toxcaty 1s decreased.

studics have repeatedly counfirmed the observation
first made by BRAUN (1903) that the sctivity of local anaesthetic agents
18 dbya ictor such as 1 On the other hand,
the vasoconstrictors have only exceptionally been found to decrease the
toxcly of these agents m kaboratory ammaly This fact has recently
been ducussed by Avant & WEATHERSY (1960), who found that only
with tetracaine did the addition of adrenallne produce a highly significant
reduction 10 systemie subeutansows toxctty m mice,

The purpose of our invesugation has been to study the effect of adren-
Ihmon\h:mmmncnyornncwloalmmhcmngmLo-mcLhyl-a
propykaminopropaonamilide, (1. 67 Citanest %), which was synthesized
by Lutorixn & TLGN(R (1960) This has been compared with Lidocaine,
Poame and \tiracaune. Acute wbcutaneous and intrayenous toxiaties
ha\cbccndctammlnmm,mdthemuo(nbwrpdonfmmdlﬂ'mt
Wjertion sites have been studsed m mice and rabbats.

A e o s, vl 31, oy 3
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Methods

Acute subcutancous toxicity was determuned on albino inbred muce (DSS, 17 2 g
fasted for 24 hours befors the test. Tho solutions of each agent alone and 1a the
presence of adrenaline were studfed on the samo day on the same batch of anmals
kept under identical conditions. At least four different dose levels were wad for
cach agent alone and along with different amounts of adrenaline. During the obsa
vation period (24 hours) 10 aumals were kept in the same cage. The LD30 vabm
were cakulated by the graphical method of MiLLER & TAINTER (194). The sigaificance
of the differences 1n taxiclty observed between the agents alonce and with adremime
was cakculated by Student s t test.

Acute ntravenous toxicity was determined on the same strain of mice, hept and
observed under the same conditions as those for the subcutancous serxs. Tetracant
was used In 0.025 £, lidocame, L 67 and procaine in 025 solution. Injections wert
made 1n the tail vemn at about 0.1 mlfsccond. Adrenaline was always used at a coo-
centration of 1 400000 The results were statistically analysed by the same method
as for the subcutancous series.

Determinations of the plasma concentrations of Ldocaine and L 67 1 mico and
rabbits were mads by the method of Woons, Cocxmy FORNEFELD MCaAHON & SERVTHS
(1951). The blood sample was centnfuged, and to § ml plasma 6 ml tohcoe 3nd 2
ml 2 N NaOH were added. The mixture was shaken for 20 mun, After centnfugaon
4 ml of the toluene phase were transferred to a scparating funncl and extracied te
with 2 ml 1 N HCl and once wath 1 ml water The aqueous phase was transferred 10
a second separating funne! containing 4 ml toluene and 3 ml 2 N NaOH and shalea
for 10 mun. To the toluene phase was added 0.4 ml bromocresol purple sobiod
(23 mg bromocresol parple dusolved in 50 ml toluene), and the optical desslty of
the solution was measured at 420 mp. A standard cune was mado with ideancly
umtcdphmmmpblowhlchknownnmunuo{dnlocalmaﬂkﬁclvmlm
been added. The agents wero gh en subcutaneowsly to mice, 100 mg/kg as | sofution,
and the adrenaline concentrations were 1 200000 and 1 80000 The blood obuined
from five animals at 15 mm. was pooled to yield a sufficient quantity for the anahss.
Four groups of § animals were used for each agent. In tho rabbits (2.0-3 0 hg) blood
was obtained by heart puncture performed twice i cach rabbt, once before and 3R
at one of several tmme intervals, up to 2 hours after the injection of the Jocal 42
acsthetxc agent. Injections were made either subcutancously or submucosally into the
buccal fold In the oral cavity as deseribed by Haxnisci (1933) By both routes te
dose was 20 mg/kg of the local anacsthetic agent (2 solution), and the adrenalme
was added at concentrations of 1 80000 or 1 200000.

All Jocal ansesthetic agents were dissolved as hydrochlondes, and the pH »3
adfusted to 6.5 All toxscity figures are for the local anacsthetics as hy
Adrenaline was used as bitartrate, but the doses gnen refer to the free base.

Results

Acute subcutaneous toxicin m nuce For each Jocal :mmlhﬂ:;
1 the toxiaity both without and with different amounts of add
under 1dentical conditions. The results are
der to heep the wyected volumes, and hence the
as umform as possible, 1t was necessary to use

solutiol
adrenaline was

shown 1n table [ In or
amounts of adrenaline,
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Table 1

Effeet of sdrcualine on the acak subculancous toaskaly 1o mics
o of a0 local aasemthotcs (LAY

0 LA o + 003
4. [ % | 1e 045 1002 | Q01 »p>0001| 008
@ 1200 | 0435002 | 001 p>000i| 003
0 1100 041 + 0.0} p< 1 ale
» 1% 038 + 002 E(w‘ QJ9>
Tanas 0 | 0 003 + 0.002 0
sy o | 1400 006 £0004| p <0001 203
I s 1 200 007 + 0.003 P < 0,001 007
© | 110 | 006 £000}| p <000 a1z
) 1% 007 £ 0004| p <000l
LDso

) The of ndreoelis a thas crbes of mice was 4.6-35.8 ry/kg, a1 detormined
o8 3 [roups of 60-90 animals

different ions of the local h The less toxic apents
L 67 and procaine were used in 4 4, lidocaine 10 2/ and tetracsine in
Q5 / solutions. In the table the amonts of adrenaline in the LD30 dose
e gnen separately
Only with tetracaine did the added wdrenaline reduce toxkaty at all
concentrations studsed. For all the other agents the toxaty tended to be
mereased by the added adrenaline. With L 67 the increase in subcutane-
ﬁnmfnlybcqmeunummlly highly sigmficant only at the highest
With g adrenali

there was no progressive incresse in toxcity
ﬂflhcpmﬂlnenndhd.oumasoluuons.slmﬂaﬂy the reduction In tetra~
e loucity was littie mfluenced by an eightfold

by ghtfold increasc in adrenahne
hmﬁmmuhklrorthemxhnyofudouingmdLﬂﬂmcm
Hnoodl:rmnuhthoupmbudyom}nmbyWn:anu(l%O).
oveet 1t should be noted that the experiments were performed In

b g

from 1 400000 to 1 50000,
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such a way that direct comparssons of the results presented in table 1
can be made only between each agent by itself and with different amounts
of adrenaline For the different local anaesthetic agents different batches
of muce were used at ume intervals of one week or mare. Thus, although
the LD50 values in table 1 indicate that L 67 alone was less tox than
procaine alone, 1t is not legitimate to conclude that this 15 generally true.
Durect companisons of these agents usually show that procaine is some
what less toxic than L 67 1n a separate study made in our laboratoncs
conforming to the recommendations given 1 the Pharmacopoels Nordica
(1963) we found the following LD50 values for procamnc 08 + 0.04
for L 67 06 & 006 g/kg.

Onset of toxic syaptoms On subcutaneous njection of docaine into
mice toxic symptoms appeared afler a shorter latency period than
occurred with L 67 A special study of thus difference was made on
groups of 12 nuce, which received LDS0 doses of the two agents without
adrenaline under the same conditions as in the tests summansed in table
1 Convuluions were observed 1 all antmale. With L 67 they occurred
after 44 4 04 pun. and with lidocaine after 19 & 01 mun. Loss of the
nighting reflex was observed after 6 6 + 05 (freq 11/12) and 2.5 £ 0.1
(12/12) mun. respectively The addition of adrenaline, I 200000, roughly
doubled the latency ume for toxic symptoms from lidocoune, wheseas
with L 67 the latency tume inereased only by about 20-25 4

The effect of adrenaline on the development of toxic symptoms after
subcutaneaus hidocaine 1pjection was also studied 1n a small senes of
muce 1n which the heart rate was conunuously recorded (by ECG) from
the time when the amumals became scdated Five animals received 400
mg/kg lidocamne (2 / solution) subcutaneously and another 5 ammals
the same dosc with adrenaline 1 200000 (01 mg/kg) Of the group of
5 ammals recerving kdocalne alone, 4 died within 38 min. and thet
heart rates fell from an average of 400500 beats/mun ot 10 mup to Jess
than 100 beats/mun. within 15-22 min Of the group of five recciving
Iidocaine plus adrenaline 4 were still alive after 90 mun The overnge heart
rate of these anmals was 500 beats/mun at 25 min and decreased onfy
slowly to about 400 beats/mun at 60-70 mun Although this was not
evidenced by the LD50 deternunations (table 1) these resulfs indscate
that adrenahne retarded the rate of absorption of lidocane o

Acute intravenous foxicify in mice The volumes ordinsnly inect
venous toxicity studies on mice are of the order of 0.2-0.5 mf
n of adrenaline 1s used along with the local anae-
unt of adrenaline stself may therefore be large
effects ot cven deaths, Throughout our sfudy 2
drepaline 1 400000 was therefore used. The

1 mtra
1f o high concentratio
sthetic solution, the amo!
enough to produce toxic
Jow concentration of a
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Table 2.
1 400000) 0 the acals (arw ewees toxkclty ta mkco
umdm}imbﬂl AL,

k3
+*
E3
+
+
_ 4o +
|
Le1 R AS0 & ‘
ey Ed 1 400 75 +23 oL > p > 001 004
Thi dﬂ:ﬂlﬂnuhmo‘mﬁm&lm4nﬁk‘nm
et

dose of adremaline thus ranged between 0.02-0.04 mg/kg, which was
1/5-1/10 of the L. v LDS0 dose for our strain of mice.

As shown in table 2, all the local anaesthetic solutions tested tended
to become more toxic when adrenaline was added, The toxicities found
under the conditions applied 1n thus study are of the order of magmituds
to be capected if the toxierty of each individual local anaesthetic agent
bs added 1o that of adrenaline.

Phn-na concentrations [n muice Plusma snalyses werc mads after

of hd and L 67 alone or along with adren
aﬁm,ahlﬂ\douofth:lnmllmsx}mucmlbuni\udmumm

that toxx reactions would be produced. The blood was collected at a
l‘:\mleh\‘Em touc mmomwmmmmnlyobsuwd(nﬂm 15 min.).
i

plus the ion in the plasma at 15
Table 3
Cmdwwtu)nwﬂluujfolndmmﬂumlsﬂnmu

m.mo(lm-u‘klhm
- of st
- Adreaaline Conceniralion
2 V30000 1 1 000
Ldocuse 184 a1( 4 -
s ‘l 5.3 s ”,lt}ig(( -¢ g; 21:07@=4x5)
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Table 4
Concentrations of local ansesthetlcs (LA) in pg/ml (base) fouad la at diffgent
times after subcutancous Injection of 20 my/kg Into
LA 'l"lrnu after Concentration of adrenaling
n; n
ﬁu zaro | 10000 | 1o
Lidocaine 10 45 62, 67 1t a6, 08
20 48 58 63 17 18 12, 2
30 3539 49 18 20 16,30
60 1.5 17 28 1432 18, o4
90 0.7 09 12,17 f, o0
120 0.5 07 07 09 15
L 67 10 0.7 09 14 09 15 04 04
20 10, 14 23 1122 04 06
30 09 13 20 16 19 06 12
&0 04 06,12 1116 07 13
90 04 0.5 07 as o7 ot 09
120 02,05 0.6 031 a8 o6, 0.8
A Subcutaneous series B Submucosal serles
]
& 4 LIDOCAINE
IS
2

o

Lez

PLASMA CONCENTRATION 1N pg /eml
wor o

Q

x 60 90 1o 30 &0 90 20
TME N MN

Plasma adren-

concentrations of lidocalns and L 67 alope or aloag w th

f‘].l'- ! nm?‘n":m times after 3 beutancous (A) or | tra-oral sobmucosel (B) Infections
e of "0 my/kg.

f figures in tables 4 and 3
.M_fw—uc;ldmmo or L 67 without adrenaline.
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Table 5
duffereat
wancibetscs in pg/ml (base) foand s pluma at
Wﬂmmlcﬂ M(M)“ Joction of 20 my/kg into rubbeis.
T aftss Cosceotration of adreasllsc
A \ e rexo | 1o | 1 9000
Ldocales 3 55 12 13 37 89
1% 10 &9 L4 5744
n 39 48 413
B 13,38 43
@ 16 24 15 27
0 oy 18 01,10
120 a7 11 ad 06
b
Lé H 52,33 3.2, 34
% 10 27 e 28, 37 50
2 26 8 12, 2.7
30 1.5 17 14, 20
0 Q7 10 12,13
%0 03, 0.4 04,06
120 02, 03 02, 04

min. was somewhat lower than that observed with lidocame alooe
(001 > p > 0.001) As shown m table 3 the L 67 concentration, how-
ever was not affected to a signficant degree. It should be noted that an
increase 1n adrenalme concentration from 1 200000 10 1 80000 dad not
Qe any further reduction in the plasma concentration of lidocaine at
15 munutes. The table also shows that for docane the plasma concentra-
tions are about twice as high as for L 67 at 13 mun., which would seem
10 indicate a sower rate of absorptlon of L 67 whether alone or in the
presence of adrenahne,

Plagna concenirations in rabbits.
A Subc sertes Solutions of hid and L 67 (20 mg/kg of
solauons), with or without adrenalme, were injected subcutaneously
mio the backs of rablats. At least 2 rabbits were used for each test, at
tme intenvals of 10, 20, 30 60, 90 and 120 min. (total, 106 anmah),
In the atsence of adrenaline the highest plasma concentrations were
O&mn:d‘nhhdomn:andtbc\oucuwuhLﬂ(mban).Thmresulu
are m gescral agreemnent with those obtained on mucs (table 3) The
addivon of adrepalme. 1 200000, clearly reduced the plasma conceatra
ton of hdacatoe. Here also an increase 1n adrenaline concentration from
lﬁmwomlwomumcdmrnnhamdualonlnphmmncmun
honofﬁdoqxx.ﬂmmcmnlunorlhccommmmrmmubh4
are shown graphically in fig. 1 AL

»
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B Submucosal series The serum concentrations of the same local
anaesthetic solutions were also studied after intra-oral submucosal -
Jection mnto the buccal fold The same expenmental procedure as m the
subcutancous series wasapplied 20 mg/kg of eachagent beinginpectedin2 /
solutions The results are given 1n table 5 The mean values of the cor-
centrations found are shown grophically 1n fig. 1 B Contrary to the
results obtained 1n the subcutaneous senes, the addition of the vaso-
constrictor at the concentrations studied did not sigmificantly reduce the
plasma concentrations of the local anaesthetics. Here also the serum
concentrations of L 67 whether alone or in the presence of adrenalme,
were clearly lower than those of idocaine.

Discussion

The results obtaned 1 our investigation have shown that whea
different local anaesthetic agents were injected subcutancously mto mes,
only tetracaine became less toxic if given along with adrenaline at con
centrations ranging between 1 400000 and [ 20000. For the other
agents studied viz. procaine, idocaine and L 67 the addition of adrea-
aline esther produced no change or caused an imecrease n toxicity These
results are in good general agreement with those obtauted by HouER
(1952) for lidocame and procaine and with those found by AVANT &
WEATHERBY (1960) also for tetracnine

A companson between L 67 and hidocaine m equally toxic dosss ™
the absence of adrenaline showed that, after subcutaneous wnjection mio
muce, the toxic symptoms developed more slowly from L 67 This would
seem 10 Indicate that L 67 1s absorbed from the mjection site at a slowet
rate than bdocame. The analysis of the plasma concentrations of the 140
agents after 15 nun (table 3) supports thus conclusion Ths difference
1n rate of absorption of the local anaesthetics as such would seem to b
the first factor to be considered when trymng to explain the effect of an
added vasoconstrictor upon the toucity of various local anacsthetic

utions.
so§1‘h: addition of adrenaline did not reduce the toxicity of hdocune
and L 67 when these agents were mjected subcutancously into mit
With idocaine, however adrenahine delayed the onset of toxic wmpwm
and the plasma concentration at 15 mun was lowercd The fact that ”
effect of adrenaline did not reduce idocaine toxicity may at [cast "

be due to a relatnely slow rate of d;:gmﬁm;xcc]m o&:h:n:colﬂ:’%\:";m
adrenaline to L 67 solutions not delay
‘:yild::z;so{o a sumilar degree, nor did it significandy affect the plasmd
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concentration {$5 min. after the sub 1k This dffe
bmc:nhdoumcnndLﬂmlybelnmdyd\mmth:dlﬂmoeln
absorpson rate of the local hetics as soch. Lidocaine, being more

npsd]ynhsorbcd.wun}dbcupeﬂndlobemmnﬁcﬂ:dhythnm
constrictor than the more slowly absorbed L 67 However the difference
mmy ako bnhp:nducmvmausdogwo{mu&onlunofthc]xal

amacsihetic agents against the 1ction produced by 1f
1t has been shown on tsolated stnps of mbbit sorta that the contraction
prodoced by adrenaline 13 d more by L 67 than by Ldocane
(AsTROn 1969)

When discussing the role of adrenaline i the toxicity of local an-
assthetic solutions it would seem pertnent to consider its local as well as
mmlanlccﬂ'mmmtzmlcaﬂ'mofabwrbedudrmalmclndudc
a enh of systemb lation, and thus in turn could tend to
cause a more rapid distribution of the agents, for example to the brain.
The systemic effects of adrenaline would thus tend to counteract the
retardation of abtorption caused by the local action of adrenaline. The
systerie effects would seom to be a factor of particular mportance in
small aumals like mice, in which the total amount of adrenaline per kg
body weight becomes relatively high when local anacsthetic sotutions
with clinically used adrenaline concentrations are inyected. The observa
tion that an eightfold increase in adrenaline concentration caused pract:
cally a0 change in the LD50 valocs in mice (table 1) may be explicable
by tins dual sction of adrenaline. The ugmificance of the sze of the
expenimental animals has indeed been indicated in some previous studies.
Thus Lupuena, Horee, CouLston & Droseck (1960) found that the
addition of L-nordefrin (Cobefrme §), 1 20000, increased the toxaaty
of mepevacaine when injected snbeutanconsly into muce, but redoced
the toxlerty by the same route in guinea pigs and rabbits,
The balance between the local and the systequc effects of local an-
acstbetic soluth i drenalme would be cxpected to vary with
the type of tissus inyected. The significance of thus factor was cmphasized
by the results obtaned from plasma analysds in rabbits receiving the
iapections submucotally in the oral cavity Under the conditions of these
cipenments, adrenatine did not retard the absorption of bdocalne at all,
Thus result may be 4 with that ob 1 in dental mfl
anaesthens m man, when adrenalioe bas been found to delay the ab-
mwsmn s indicated by the increase in anacsthetic effect (. g Huldt
The touaty of sotutions of kocal hetics drenal
thuis seems 1 depend upon several factors the rate of absore
absorption
wwwmﬁmdmmmmw\um;ﬁ
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action of adrenaline and the balance between local and systemic effects
of adrenaline The latter effects are 1n turn greatly influenced by the
experimental conditions the amount of adrenaline gven, the sue of
the ammal and the properties (vasculanzation) of the tissue mto wheh
the mjection 1s made. Finally the toxicity of a local anaesthetic, whether
with or without adrenaline will be affected by 1ts pattern of distnbusoa
and rate of chmnation (metabolism) in the organism. Major differences
m these properties have been demonstrated between L 67 and hdocune
(ASTROM, PERSSON and Ross, unpublished results)

Because of the complex interaction between these vanous factors i
different expernimental situations, 1t 1s difficult to find a pharmacolopeal
model of climeal relevance for the testing of the toxicity of local ar-
aesthetic solutions contamming adrenaline The results obtained m ths
nvestigntion indicate that LDSO values derived from taxiaity studies
muce have only a limited value for the prediction of toxicity to mas.
The use of experimental ammals larger than muce would scem to offer
certain advantages, but when transferning the results to the conditioas
In man great caution must be exerted, and due consideration must b
given to the difference in  scale factors

Our mvestigation was undertaken with the primary purpose of studying
the effect of adrenaline on the toxicity of L 67 compared with that of
lidocaine In the different tests conducted adrenaline had the same
qualitative effect on L 67 as on lidocaine, but quantitatively its actioa
on L 67 was less pronounced From the results obtained it may also b
concluded that, since the cffect of adrenaline on absorption seems {0
vary with the local anaesthetic agent, the optimum concentration of the
vasoconstrictor for its toxicity and probably also for 1ts action, may be
expected to vary with the type of anaesthetic agent used.

Summary

The toxicity of some local anacsthetic solutions alone and n the
presence of adrenaline was studied after subcutancous or mlmvcnoll:
administration to mice and the rates of their absorption by nuce an

bits were determined.
ml’)1'11:: lower toxiaity of L 67 than of lidocaine was confirmed. th(
injected subcutaneously mto mice, adrenaline ncreased the toxiaty an
L 67 in a manner similar to its enhancement of hdocane toueity
these experiments only tetracaine toxicity was reduced by adrenaline. of

On the basis of absorption studies, 1t 15 concluded that the ucuonm
adrenaline 1n local anaesthetic solutions depends upon several facto
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soch as the rate of absorption of the local amacsthetlc jtsalf the modifying
effect of the anaesthetic on the local vasoconstnctor action of adrenaline
and the balance between the local and the systemic effects of adrenalme.
The latter n turn, depends on the experimental conditions, ¢. g. tho
total amount of adrenaline given, the size of the anmal and the type of
tussue inpected.
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The Oxidation and Bromination of some
Phenothlazine Derivatives

By

Colin McMartin and Harold ¥V Street
(Received April 7 1964)

In 1953 DubosST & PascaL reported the formation of a red solutiod
when concentrated sulphunc acid was mixed with a solution of largactd
@ (chlorpromazine) Thus reaction was used by them to determing colorr
metrically the amount of the tranquillizer 1n biological fluids. When usiog
this reaction 1n a study of the excretion of fluopromazine (vesprn &k
STREET (19622) observed that the coloured solution formed by chlor
promazine 1 50% sulphuric acid exhibited characteristic ultraviolet
absorption curves He tabulated the ultraviolet absorption curves for 6
phenothuazing derivatives

In three excellent articles, Bora & Cotzias (1962, a b and ) have
reported their studies of the interaction of trace metals with phenothiazine
denvatives. They demonstrated that chlorpromazine and several other
phenothiazine denvatives gave nse to coloured products on treatmeit
with any of the trivalent cations of ron cobalt and manganese. For 2
gven denvative, each of the cations yiclded the same product They
suggested that the divalent sulphur 1n the phenothiazine molecule was
essentual for colour formation, beeause no colour was produced when
these cations were added to the sulphoxide of the phenothiazine dcnvuu‘fd

Using absorption spectrometry oxidumetric titration, electrolysis ﬂ"‘c
clectron spin resonance spectrometrv these workers claimed to hnl';
\dentified the chromophore formed from phenothiazine dcnvu(i\l’ahmi’
the action of the cations Fe3  Co3+ Mn3 Cc' or the pm:dplha\
amon S Oy as a semiqunone free- radical 1on They SUSET;‘ old 2
furtber oxidation, involving the loss of a second clectron would y
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" thiomum
evakently oxdmed quinosold form’ (T) and that this phenazo
kmwuldyraalnhmmrwformthc;u]phond: (11) according to the
equaton 1n fig 1

2 !
CocERce R
i !

et | 1

It was suggested that under the mild condions employed thus reaction
would be Irreversible.

Bowdenmu(l%Zc)f\mh:rsmcdlthwh:nlh:frtcmdm!
was DOt bllsed by d wd‘ P “dI: 1on™
occurred 1nto an equimolar mixtnre of the onginal phenotmazine derrva
tne and the phenazothionrum son (T) which would presumably give mse
at ot to the sulphoxde 11, ding to the eq m Fig (1)

The possible formation of a free radscal 1on by the action of certain
aidams on phenothiznpe denvatives has also been comidered by
Forrost FoamssT & BerGer (1958) 1n a note on the metabolites of drugs
derrved from phenothuazine. In a later i PIETTE & FoRREST
{1962) studwed the efectron paramagnetic resonsnce of {ree radicals in the
ondation of drugs derved from phenothuazine in vitro and concluded
that the first peoduct obtamed by oxdation of phenothlazme dervatives
s 3 poutive 1o radical and that this radical 1s responsible for the coloured
reacon products observed,

[t was observed by Fers & Kauman (1959), that addution of concen-
traied sutpbunc acid 1o (presumably an aqueous solution of) the sulpbo-
xde of chlorpromanoe yiclded a “red reaction product” Working with
fuopromazine, STRLET (1962a) also suggested that the sulphoxde of
Suopromazine reacts with 50/ sulphuric actd to yield s sofution whose
I b cunen id 1 with that grven by fluopromazine
mdfmio/mlphurkndiFun.b:rwpponrocthcmppouumLhn
the taiphoaide might be converted to a coloured radical s also contamed
inlh:nmdebyBom&Cmm(l%lc).who;um:dthuthc
cquauo:}ln Fig. (1) (vide snupra) might be reversed at 2 sufficently

phores from chlorpromazine
andfmmiuwlp{mxldeinlhepmolmmcnmmd which
128 been reported by prevsous wotkers. acid,

At Prategus, et 21, o 1
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While investigating the comparative colorumetry and ultraviolet spectro-
photometry of chromophores of these types, prepared from vanow
phenotluazine derivatives, we noticed a paper by Lucas & FapErkiewicz
(1963) concerning some tests for {dentifying phenothiazie tranquilhzers.
They stated that their most important contnibution appeared to be m a
colour reaction nvolving bromune and concentrated sulphuric acid, whxch
with phenothiozine denvatives (except trfluodenivatives) produced an
immediate stable violet colour having an absorption maximum at 580 mp.
Trifluocompounds gave a red colour with a peak at 540 mp. They gave
no detatls of the ultraviolet absorption spectra of these solutions.

We were greatly interested 1n this reaction because 1t scemed to us that
at least one function of the bromine would be that of electrop-acceptor
Thus removal of a single electron from the parent phenothiazine denvative
would yleld a free mdical 10n, which itself could give nse to a sulphoxde,
by loss of one electron But the bromine mught have a further role to play
It might also bromunate the phenottuazine denvative, Such brommatioa
could perhaps take place i the parent compound, in much the same way
as phenols arc brominated, or 1t could take place subscquently Further
the presence of concentrated sulphuric acid might give nise to 8 free-
radical 10n of this bromunated phenothiazne dervative

In an attempt to explam these observations, and because we felt that
some further light might be cast on the problem of identifymg meia
bolic phenolic denvatives of phenothiazine we have studied the products
of bromunation of & number of phenothiazine tranquillizers

Experimental Procedures
The procedures described below wero carried out. When details of a procedure have
alrcady been published, only the reference to the relevant literature is given.
De-lonused water was uted throughout.

1 Treatrnent of phenothiazine derivatives with bromine %
For thelr “bromination-acidulation spot plate test on solid materhal  Lucas
FasERKIEWICZ (1963) recommend the use of a saturated solution of bromine WI"‘:‘

prepared by adding 25 ml of liquid bromine to 100 ml of water contawing 10 ml
chloroform. This mixture 18 allowed to stand for 3 1o 4 days during which 1t is shaken
least 10 tunes daily
* We bave used the simpler but equally effective procedure involving lumtm:,‘
by ification of a b b Jmulu.re,whlchmpfq"mdm
{ving 3 grams of p bronﬂdeandouimmofpouxilulnwm
100 ml of water This solution was labelled  Brominating Mixture A” *“Bronuns
Mixture B" was prepared by making & (1 + 9) volume dihution of A with water

Procedure
Dissolve 60 mg of phenothiazine derivative 10 60 ml of 3 N;wlpiunc n;i?.::j
lution into 6 X 10 ml portions, in tubes labelled a b ¢ d, 0 an: A
d-ll;ir:;:ﬁ;:h(mum B and 5 N-sulphuric ac1d to theso tubes a3 given below
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Volama () of
e 1 o ‘vm(nna

SN-H;SO
113 w7

» 278 174

< 139 6

4 i 343
156 4.44

4 ] e

mmmdmmb:.m-ﬂwuwmﬁhmﬂmﬁmdm
lddl!m‘\.olﬂo/pouﬂmnhydmndl.wolmdthh'ﬁhmmlofdhﬁinl
wpanating fomned Mtnthnhmhlwmud.mnoﬂmddh:xdlhchﬁ
wphm.md&yth-ahcrbydnﬁn(vuhxmom;olmhydmmmdlnm
Iﬂpbau.TnmluﬂJmldntﬂ'cnndmlmbe.Thmmdhnympmmthhmd
the remaintng etber extract to dryness on & bosling water bath.

1L Properation of romophonotkiazme derivativer.
Dimchve 50 mg of phenothlarma dervatne in 50 ml of S Nesulphuric scid. Add 3.5
) of “Brommatmyg Mixture A {  sopre). Mix, and allow to stand foc 30 minutes

244 1) m1 of N-¢odsum hydroxide, and shako with 100 ml of sther Separate and dry
1he ether solition with sodrom sutphate Evaporats to dryness 2 % 1 mi portions of
this drued ether extract separately on a bolmg water bath. Use the redidoes obtained
For plottng the absorpuioe cunve kn 0.1 N-sulphur acid and for chroontography

&wmmdmmmmm&y_m-wmw

W1 Chromascgraphy of products of bromine treatesent

dr,lcub\ﬂh pH 4 6, and & rowng time of 17 minutos,
chrocatograpty the papers m & stream of warm ar Locaso the spots
the papers B by mspection 10 254 ma radanoa and the by bnmenion -
%0 per oot mfpone eeed by in cold
TV Elemensal Anady set

Thwhb:nmmdthnpfmuhnmdqhm\amddnnﬂnd
tnely by the oxy method of Sasmaara (1938 & 1956), iy
MacDosaLp (l(%l) and by Hagae, Hamrov
Qualitaing veat for the presence of bromine was ako carried dezcribed
btier worker, o the absor s nmphbyw
il tang tolntion in the flask after combuation of the in

Sampies w 10
eyt andrinary mmmmmm-u;“\:d‘hhnmnm(umx

we
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xide. After combustion, the stoppered flask was set aslde for 15 mmutes, and the
contcnts were transferred quantitatively with water into & 25 ml measurmg cylmier
After thorough mixing, I ml, portions of this solution were diluted to 5 ml wih water
and used for anafysis, The absorption spectrum of the final coloured solntion obtamed
by carrying out the procedure for total halogen content was plotted from 400 ma o
550 mp against 2 blank taken through the eatiro oxygen flask procedure. Cakebe
tions of halogen content were made from readings taken at 470 mp

Results

The pattern obtawned after chromatography of mixtures a to ‘T’ (se¢
Section [ of Expenimental Procedures) 13 illustrated 1n figures 2 and 3 for
promazine and chlorpromazine respectively With chlorpromanne, the
first stage 1n the action of bromune yields two spots, ~ one with an Re
value corresponding 1o that of the unchanged compound and one with
an Ry value corresponding to that of the sulphoxide Both spots appeared
as o pink colour on treatment with 50 / sulphuric acid. Further action of
bromine asshownbyruns b ¢ d and e on the chromatogram, goié
rise to two further spots besides those seen tn o One of these additional
spots had an Ry value of 07 and gave a violet pink colour with 0/
sulphunc acid the other Ry value 055 showed up as a mauve colow
50 /4 sulpburic actd Fuaally 1 P there was almost complele conversion
to the compound of Re 0 55 wath only traces of two other spots, on¢ of
R¢ 07 and one at the origin.

HRYTMT FROWT
- oy
1] os
5008 B
os ‘ A @ LIEE ]
-as 6 ® @ @ os%
¥ 04 [ é
~81 LR}
~q1 (13
Rl ot
» L L] ' [ d
ub
Traclngt 7 a chr gram of prod biaincd by treallng Promaxist ¥
I 7 minutos run in sofvent of goetate/HCT buffer pH 4 6 at 93 C. Whatman No J

paper {mpregnated with Tributyrin.
P = Promaid B o paner ey 244 u.hl::dmenhym“mllbwwﬁ"ﬁg:

unds located on ps my P) n
C?c.mmﬁfﬁ,soﬁfgk-mu b R Red M = Mae VUPE =
Viokt/Pink.
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As for Figare 2, bot for Promaziae read Chlorprowazine.
JRRIPILL, Sty L di- raadin Cotdems bn 0% Ha%0 ¢ -
Tk =Pk, O m Orasgs R o= Rod M = Mazve] VWP = Viokt/Piak.

Promazing yiclds resuts smular to thote of chlorpromazine (ses
fig. 2), the final product under [ showing essennally a singlo spot of
R: 0,62, which appeared as a manve colour op treatment with 50 / sul-

Simdlar results for ch phy of the ‘" solutions were obtalned
with mepazine, prochlo: romanne.
The peeparation of the bromochlorpromazine derivative

yxlds a product showng on chromatography a single spot of Ry value
0.35, correspoading to that found mn the ‘T mixtares. Flgures 4 and 5 show

S

o Eem e w G,
e PO % WL R,

o~

» - -« -
T

o ™ -

Frt 4. Ukra-Yiole abrompaca af Use “T" oxtecs
dmhnlwwmmmh”puo&“b‘lm’m
(contmnoas hae).
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xide, After combustion, the stoppered flask was set ande for 15 minotes, and the
contents were transferred quantitatively with water into a 25 ml. measuring cyfinder
After thorough muxing, 1 ml portions of this sohution were diluted to 3 ml with war
and used for analysis. The absorption spectrum of the final coloured solution obtained
by carrying out the procedure for total halogen content was plotted from 400 mq Lo
550 myp against a blank’ taken through the entire oxygen flask procedure. Calouls
tions of halogen content wero mados from readings token at 470 my.

Results

The pattern obtained after chromatography of muxtures a to T (st
Section I of Experimental Procedures) 18 illustrated tn figures 2 and 3 for
promazne and chlorpromazine, respectively With chlorpromazne, the
first stage in the action of bromune yields two spots, - one with an R
velue corresponding to that of the unchanged compound and one with
an Ry value corresponding to that of the sulphoxide. Both spots
as & pink colour on treatment with S0 / sulphunc acid. Further action of
bromune, as shownbyruns b ¢ d and ¢ on the chromatogram, gave
fise to two further spots besides those scenm a  Onc of these additional
spots had an Re value of 07 and gave a violet plak colour with 50/
sulphuric acid the other Ry value 0 55 showed up as a mauve colour 12
50% sulphuric acid. Finally in £ there was almost complete converson
to the compound of Ry 0 55 with only traces of two other spots, on¢ of
R: 0 7 and one at the ongin.

LYY B
gf: @@O@;g

Fig. 2 Tracings of a chromatogram of products obtained by uuun& Pmmlﬂﬂ"N‘;g
bromlne 17 minutes run in solvent of acetats/HCl buffer pH 4 6 at 93 Whatman

paper impregnated with Tributyrin. secteal
P = Promazine PO = Promzincu;_l&houdc. For significanceof a b ¢ ¢&y 1,500
Compounds locsted on paper first in 234 myu light end then by dipping in 50 per coal 20
Colours in 30 H3504 ~ Pk = Piok O = Orango R = M = Mauve VPR
Viol
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Pig ) Asl Funn ‘rt for Proranring resd Chlorpromrine.
e = Gceneom Coloars tn %% Hy30u1 -
i Zracom Orupxl—ld M = Maure VPk = Vieket/Pmk.

Promazine yields results mmilar to thoso of chlorpromazine (seo
fig. 7), the fina] product nnder ‘T’ showing essentially a mngle spot of
R:0.62, which appeared as a nawve colour on treatment with 58 / sub
phine aad.

Sumiter resufis for chromatography of the " solutions were obtained
with mepanne, prochlorperazine and laevomepromanne

The largoscale preparation of the bromochlorpromazine derfvative
yizlds a product showing on chromatography a single spot of Ry value
035, corresponding to that found 1n the ‘" muxtures. Figares 4 and 5 show
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Flg. 5 Ax for Figure 4 but for Promazine read Chlorpromazine.

the ultraviolet absarption spectrn of such products obtamed from Promt-
zine and Chiorpromazine, respectively In 01 N sulphuric acd, the cune
18 of a shape smular to those of the spectra of sulphoudes of phenothia
zine denvatives (see Fig. 6 curve () with an additional peak around
256 my. In this medum the solution 13 colourless. The solutton 1m %/
sulphuric acid 13 blue 1n colour besides displaying a maxumum at 560 mi,
1t shows a sharp peak at 287 my with a shoulder at 280 myt. This peak &
sumdar  shape, but not 1n wavelength, to that obtamned by plottng (b
absorption of the red-coloured solution prepared by muxing chlorproma
zine with 50 / sulphuric acid which curve 1s shown for compansoa
purposes n Figure 6 (a)

fa v "
L

0 ST CRUAPRGMADWE W WL K30, '
e CLOMMOMAIIME WIFHOCOE O B0

/! :

B
TN

ta3
“L__ = m-‘: ™Y - o
WATLINSTH my
Ultra-violet absorption curve of (a). Chlorpromazins in
0 ;Féﬁ :upburlc ackd (continous line) and (b) chlorpromarins sulphaxide
per {n 0.1N-sulphuric acid (broken line):
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Table |
z N:‘nhuaf
R T §
s 3 £ = Mols
&L g3 Peducad 0
Coespownd g ¥ 1»— % 33 4% be Preocsd
% “5§ T O:O kg
T« 18- t:hk
3 8 25 2 2 <3 € k@i
Hydrochionds m Nop.l:n‘ 14 1120 O 0 1 1 o
w 440 | Pomdive 1l 120 x 048 O04Y O 11 2 1
)
m p331 Nopuv“ \1.1! 1720 1 o
e 1
m #H4 | Poutree 13 Y20 x 30| @ 1.31 34 3 2
sy % ml

) AD mmerorements wirs made al 410 i gt & “Teepeat blank

Reqults of the clemential analyses for halogens are summansed in
fable 1

The infra-red spectrum of the brom-chlorpromazine derfvative was
plotied as & thin flm depotdted on & sodim chloride plate and 13 shown

mfg 7
M
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O 20w
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Arrpuon thecimmn of ot cbttoed by ring
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Discussion

The results of chromatographing the product obtained by treating the
phenothiazine derivatives with bromune suggest that the first step m ths
reaction is the formation of a sulphoxide. With chlorpromazine the second
step 18 the formation of two extra compounds from the suphoxide. As
mcreasing amounts of brormuine are added, the compound with the higher
Ry value disappears leaving (apart from a very small spot of Rt 07)2
single spot on the chromatogram at Ry 0 55 This compound (R 0.55) has
been prepared m larger quantities and some of 1ts properties have beea
exammed. Ultraviolet absorption measurements of the compound i
0 1 N-acud (see fig. 5) yield a curve resembling that given by the sulphoxsde
of chlorpromazine (sco fig. 6 curve (b)) but with mgmificant shifts of peak
wavelengths towards higher wavelengths. In 50 /4 sulphuric scd, the
ultraviolet absorption curve (sce fig. 5) resembles that given by the sole-
tion obtamned by treating the sulphoxide of chlorpromanne with Y
sulphuric acid {f e that of the free radical of chlorpromazng), (se¢ fig. 6
curve (a)) but again with significant shufts of the peaks towards highet
wavelengths

The results of eclemental analyses for halogens (by the oxygen flask
method) indicate that the compound of Ry 0 55 contams two bromine
atoms per molecule It 18 therefore suggested that this compound (Re 055
may well be the sulphoxide of a dibromo-denvative of chlorpromazine.
Further 1t 1s tentatively suggested that the compound of Ry value 0.7
may be the sulphoxide of a monobromo-dertvatrve of chlorpromanas
In the type of chromatography used, Ry values of 08 07 and 0 55 could
be conaistent with the sulphoxide of a phenothiazine derrvative containing
0 1 and 2 extra halogen atoms per molecule, respectively / e the Re value
would decrease as more bromine atoms were incorporated mto the
molecule.

Additional evidence suggestive of the presence of a sulphoxide group
13 provided by plotting the infra red spectrum. SALZMAN & BRODIE (1956)
conudered that a strong band appeanng at 1020 cm ! in the spectrum
of their metabolite of chlorpromazine, but not in that of chlorpromazrne
1tself was possibly due to the presence of a sulphoxide group on the nng.
The mfrared spectrum of our brominated compound (sec fig. 7) shows 3
strong band at 1020 cm-!

The ease with which bromnation occurs in these phenothiazine denva-
tives may have some bearing on the formation of the phenolic urnary
metabolites of chiorpromazine studied by FisHMAN & GOLDINBERG 1963)
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Sapunary
describes the effect of addition of bromune to vanous pheao-
&ﬁnmmmmmmgfmmmmmmwm
d by let and 1frarcd spectrophoto-
mnmdmwonvithsoymlphmcmd.mmn!uwmnhu
chior reacts with bromine to glve, Jmually chlorpromanne
Mmmmmmummmmmnwumo-
and then to & di-b 4 h
Th.nmcwhwhlchbmnﬁmﬂonoccunnuybeofumumm
mu:ﬂb:;tbcpmumwnm:dwilhlherurmzﬂondphenobc
metabolstes of phenothlazine denvatives.
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Inhibition by 5-Hydroxytryptophan of Insulin-Induced
Adreualine Depletion
By
N. E. Andén, A. Cartweon aad N. A. Hillarp
(Recaived Apell 13, 1965)

Bv a fluorescence method for histochermeal detection of certaln cate
cholamines and try d d ghe perve tracts have
been demonstrated in the spina) cord, {(CamissoN, Farcx, Fuxe &
Hotasp 1964). The cell bodses are locafized in the braw stem, and the

arc highly d { a. in the sympathetic lateral column.
In the mouse the pathways contammg $-hydroxytryptamme (5-HT) seem
to dominate quantrtatively over those containing noradrenaline (NA).
These findings prompied us to investigate the influence of S-hydroxy
tryptophan (5HTP) a precursor of S-HT on the depletion of adrenaline
(A} cansed i the mouse sdrenals by insulin hypoglycemis.

Material and Methods

Whits muce of ether sex weighmg betwsen 20 and 35 g wers maed All anmmaly
corpt those w the pormul group were fasted from abowt 18 hours befare the
experement,

subcutaneously at & doso of 50 my/ky (I
30 s befoce the Lrsulia and then 23 mgk {freo base)

spociTophoto-
0.4-0.3 md aamphes of blood fram the cut carotad arteces
ton of 1T 404 shurns. The ‘wars coliected for determin-

Amounts of 5-HT in the adrenaly

(EDTA & ware de b e plasa
cuchangs chromalography (Bextioy 1961} Blood ghicoso

meawred y after il oo fooceiaon wcce

1959).
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Table 1

The adrenal of ad (A) nordrealine (NA) and $-hydroxyicyp

(5-HT) and the blood concentrations of S-HT and giucoss in unfusted and fasiad mcy

a8 well a3 )n mlco treated with Insulin $ hydroxyiryptophsa (S-HTF) plus tosudia of SHT

plug lasulln Al values given aro means +'s, 0. m The Agurcs in brackets fadicate avnber
periments.

"

of ex,
Adrenals Blood
4LHTw | Glecaen
NA SHT in 100 mi
A In uafpels ’ ng/palr wgpalr | B[R
Unfasted 463052 (32:0;2 0.0 ~1) ’ 130233
® ® @ m
i
Fasted 574037 4oicual)J a0 { ~1) l o260
12 i O] o _
Insatin 244015 [31+019 0.0 0.0 1 3 213
@n @n @ 9
S-HTP + Imulin | 43 +0.34%) | 25 £0219] 19031 0939 | Mz
an T @ 17 4
w162

(T

$-HT + Inaalin }2.31;040’) Micus!)? 16 £034] 439
[CR)] a3 ®

1) Analysls not parformed.

2) Single value.

) Highly significantly (p < 0001) different from the lnsulin group.

4) Almost signlficantly (0,02 < p < 0 03) dulfervat from the lnalla group.
%) Not st ty (p > 0.09) different from the insulin group.

Results and Discussion

In agreement with carlher findings, insulin induced hypoglycacoud
produced o marked deplction 1n adrenal A apd a moderate one 1t 3
NA (HOKFELT 1951 OUTSCHOORN 1952) (table 1) Treatment with S-HIP
sigmficantly reduced the depletion of A. This effect was probably not due
to o peripheral site of action since injections of 5-HT were nefficieat by
thus criterion 1n spite of the fact that the blood concentrations of S-HT
after 5-HT treatment were hugher than after 5-HTP treatment In the
doses employed S-HT but not 5-HTP enhanced wnsulin hypoglycemi3
(Kosavasar Ur & WARASHINA 1960) Evidently S-HTP did not prevent
A depletion 1n the adrenals by counteracting wnsulin hypoglycermid. In
fact the hypoglycenuc symptoms tended to be emphasised by S-HTP
with an mcreased nomber of deaths. o

After treatment with S-HTP and S-HT there was an accumulayon
ST 1n the adrenals. The equal or larger uptake after S-HTP despite 8
tower blood concentration indicates that the amino acid enters the adreno-
medullary cells more easdy than the amine The S-HT has been shown to
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adrenomedullary ules in rivo (BERTLER, ROSEN-
mmﬂ 1960}Mxybe?h?d.camsemNAeontmtaﬁcr
S-HTPMSvHTul!kutpanJydmmdkphcemm!byS-HT
Th:s-hydmxwrypmmfnﬁgicﬁbmmth::ympmh:ﬁcmlumnoflhz
spiml cord descend malnly in the dorsal half of the lateral fumculus
(Canvzson, FaLcx, Fuxe & HiLane [964), where the inhibitory pathway
to the sympatho-adrenal p ghonic neurons 1 Jocalized (LD1, WANG
& Y11938, ALEXANKDER 1946 UvNZs 1960) The exatatory nerve tract is
Localized in the ventral half The redoeed A secretion after S-HTP may be
explained if S-HT acts as an mhibatory ! to the h
adrenal neurons. The A hypersecretion after insulin s
regulated from a reglon in the brain stem caudal to the superior calliculi
(CrotE 1963). There may be S-hydroxytryptamumergic nerve terminals in
thy area (Fuxe, unpublithed results, 1964) The findings presented here
40 not therefore exclude the posability that the reduced A secretion after
S-HTP s dus to e supraspinal mechamsm. However the spinal S-hydroxy-
typtamunerglc mechanksm i1 much more likely to be respansible for the
observed phepomenon, as it 18 situated distally to the supraspinal mecha
o,

Samugary
Traatment of mice with S-hydroxytryptophan markedly mhibhted the
msnfin-induced deph of adrenating in the adrenals. Siner S-hydroxy

tryptamme does not produce thus effect, 1t i3 probebly due to a central
Dervous mechanium, It is likely that the S-hydroxytryptamine in the Iateral

homdthefplnﬂmrdmuumh}dhmqmmmortoﬂrm
Patho-adrenal pregangtionic neurons.
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TheUpuhofGlncosebyAmtaInﬂnmmamryOedema
By
Lastlo Srpormy Jeas Schoa and Has Lasgrird
{Racened Apr 16, 1964)

induces ch sristic changes in the permeability of the
pillary wall to fecules. The ph can be investigated
by comparmg the uptake by the skm from the blood of substances of
dfferent molecular weaights at various times after fnltiation of the -
- y reaction. Tn previous studies the exch of water electro-
tytes and serum albumin between oedema fluid and plasma was studied at
different stages of the mflammatory process.

Dunng the instial phase of inflammaticn the demand for energy in-
creases in the mflamed tissoe, A specific uptake from the blood of poten-
tial energy-producmy tubstances rmght therefore be expested. The problem
has been attacked by stodying the uptake of 14C-glucose by inflamed skan.

Methods

Mals alomo cuce of & ungle sram, woghing 22-26 g, were used. Tha fur on the
back was Gt with an elactric ciipper and the siin depniated with barbom salphide, On
the next day 50 i of 1 MC-glucows soltion b 1w

fbefled, The Radsochomncal Comire, Amercham, England) was injected mto a tat
wem Fre mumutes later two arcas were marked out on the skin
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tion 100 pl of the clear supernatant were added to 4 ml of the scwtilktion medwn
described by Bray (1960) The radioactivity was measured i a liquid santillauos
counter (Isotope Developments LTD)

Knowing the dilution factor and tho weights of the total samples, the total radio-
activity of the skan samples could be calculated. The weight and radioactivity of e
oedema were determined as the differcoce between the cedematous skin sampke and
the corresponding control sample (cf LanoaArp Sciou Szroany & Hvinmexa
1964) Tho ratio between radicactivity per unit weight oedema and per unkt weigat
plasma was calculated. This ratio shoukd be exactly ono if the ocdema i3 dus sunply
to an extravascular accumulation of plasma.

The percentage recoverks of radioactvity fram skin and plasma samplcs were
determined by adding known amounts of 14Cglucose to skin and plasma sumpics. No
statstically significant difference was found between the cifickncy of mesunng
14C giucose added to 14 skin samples and 10 plasma sampies (p > 0.1 by test).

Resalts

In table | the ammals killed 5 minutes after nduction of ocdema are
listed according to the weight of the oedema, m descending order The
total radicactivity of the oedema and the actvity per mg of the comres-
ponding plasma sample are indicated In the table. The ratio between
counts per minute per mg oedema and counts per munute per mg phsma
was calculated for cach wndividual ammal. The average ratio was 097
wndicating that a dynanuc equilibrium existed between ocdema glucose
and plasma glucose duning the Initial phase of ocdema formation

Table 1

The ratio between radloactly ty of experimentally
induced xcuto inflammatory osdema and plasma § minutes aftes intravonous
1njection of 14C glucose.

wetght of | MG, | o fer (| SO Ty |Coa per my octent fud
anlmal (9 (mp) ocdems flukd plasma Cps per g
238 92 ’ 104 110 103
245 92 84 0.85 107
240 92 92 0.89 112
255 56 &0 112 096
220 56 37 0.78 0.8
278 35 3 | 0.63 093
26.0 41 22 068 a.68
240 42 36 | 118 113
2%0 36 31 o7l , 121
220 k1] 19 094 066
a.97
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Table 2
Deframcs bain sea total radsaactivity of the tressed mumple s0d the correxponding coatrol

aitation nﬂ:nmlmyprocﬁ.lﬂﬂ.lldm&" had
Mu%wgw-mMMMmmmmph
E stmflar vatees Obained froo 7 ancmale wub H]dabelled buman
mwdﬂc-ﬂma—mm:dd(u results from  provioas
cps (treated wide) pa par
—cpu (control ude) mg plisma
T e | meas
maan Lem-
UC piacose (= -1 & 43 10
\;‘Chuuﬂ.n(u-nn 14 F— ) 34

1n 7 antmah killed 1 minote after initiation of the inflammatory process,

between
the total radicactivity of the two samples was found, in contrast with the
fndings on animals Injected with 13M[-albumin instead of 14C-glucose
(table 7). (The i]-albumin findings, unpublshed, were obtained 1n an
adtier study (Lanoaixn, Scoou SzromNY & HviDmemo 1964).

In the expermmental arcomstances med, the sze of the ocdema reached
i 2 hours after mitiation of oedema. At this time practicaily
all of the injected glucose has been removed from the plasma and from
the oedema by way of total dustmbution and metabolism. Low counting
Tates were therefors obtained on samples from 10 anmals kilked at this
bour bot ao signs of eccomulation of ghxcose dunag o late phase were

Discasdon

Previons studwes have mdicated that acute infl y ocdema flusd
hlh:hﬁlumOrplmaamaAmvama&Szmrlm)
uttptdnrln;mninmulsmumunhetnﬂnmmwrypmomwhmthc
l&mmtm:ubmbnmphm(m&lwmmlm
LaxooAno, Seuou, Szpomny & Hvipssxo 1964) From then on, however
the protemn content akso can be accounted for in terms of extravasated
Phsma.)vloulikdynuultn—ﬂlmtcofphsmb{ormcdmxdnlly Shortly
after however Lhnupmuy“ubemmupcxmnblemullphsmxmpo-
mtnd‘imhum:ﬁuindummlofoedmndmmkcquﬂihdnm
thbct\tmﬂcdummdphsm;pmtum.l‘h&conctpthwbsﬂnﬁued
A pharmtmiegicr, wl 1, e 1

"




188 SZPORNY SCHOU AND LANGGARD

tion 100 ul of the clear supernatant were added to 4 ml of the scintillation medwm
described by Baay (1960) The radi ivity was d in a liquid
counter (Isotope Developments LTD)

Knowlng the dilution factor and the weights of the total samples, the total ado-
activity of the skin samples could be cakulated. The weight and radioactivity of the
ocdema were determined as the dufference between the osdematots skin sampl and
the corresponding control sample (of Lancaiap ScHou SzromNy & Hvinaena
1964). The ratlo between radicactivity per unit welght ocdema and per unit wegk
plasma was calculated. This ratio should be exactly ono if the ocdema is due sioply
to an extravascular accumnlation of plasma.

The percentags recoverles of mdioactivity from skin and plasma sampks »at
determined by adding known amounts of 14C-glucose to skin and plasma Rmple. No
statistically significant difference was found between the effickncy of measog
14Cghucose added to 14 skin samples and 10 plasma samples (p > 0.1 by t-test)h

Results

In table 1 the ammals kifled 5 minutes after induction of ocdema are
listed according to the weight of the oedema, in descending order Th¢
total radioactivity of the oedema and the activity per mg of the corre
ponding plasma sample are indicated 1n the table The ratio betweat
counts per minute per mg oedemna and counts per munute per mg plasmd
was calculated for each mdmvidual ammal The average ratio was 097
indrcating that a dynamic equilibrium existed between ocdema glocost
and plasma glucose during the initial phase of oedema formatlon.

Table 1

Tho ratio betwean radicactivity of experimentally
laduced acuto Inflammatory oedems and plasma 5 minpiss afier iplravenaus
njectio  of 14C glucose.

Weight of Counts per | Counts per flmd

Welght of | ooqemg fluid | see.of | soc. of | mg _CECELI%J
antmal (8) (mg) codoma fluld | plasma P4 per mF
33 92 104 110 103
3 92 “ (¥t 107
240 92 92 09 112
255 36 60 11 0.96
20 16 37 078 on
273 55 n 063 093
a 2 0.68 a.e8
260 5

40 42 56 118

260 36 3 0.71 [ 121
220 3 19 054 066
Averago ) a.97

e m.
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Table 2
eonirol
Dnraace becwsen Lotal radiosciivity of the treated rimple and the cocmspoadlal
%nmmmumwmuwﬁh- bad
g‘ anﬁmwaﬁn::;vm mmml samples.
LY “C-glacoss are hncladed
ps (treated 3lde) cpe per
—cpa (coatrol ude) mg plasma
mean e,
Crglucos (8 = ) ~1 & A8 10
Ul-dh-.nﬂn‘: -7 W& 93 36

In 7 anfmals killed [ minute after {nrtiation of the inflammatory process,
0 oedema had yet developed, as indicated by the nsigmficant dufference
In weight between the two samples. In these anmmals no differcnce between
the total radioactivity of the two samples was found, In contrast with the
fnding on animaly injected with 13!] albumin instead of 14C glucose
(table 2). (The Bil-albumin findings, unpublished, were obtamed 1 an
eutier study (LAnoGARD Scrou SzromNY & HvIDBERG 1964).

In the experimental circumstances used, the size of the ocdema reached
13 saxmumn 2 hours after inibation of ocedema. At thus time practcally
a8 of the mjected glucote has been removed from the plasma and from
the oedema by way of total distribution and metabolism. Low counting
iley were therefore obtained on samples from 10 ammals killed at this
bour but no eigas of sccumulation of glucosc dunng the ats phase were

Discomlon

Previoos studies have mdicated that acute i Y oedema fluxd
5 a balk filtrate of plasma (LaAnGGARD, HVIDBERG & SZPORNY 1964)
Cucept dunng the mial 15 munutes of the mfAsmmatory process when the
Albumm content is lower than 1n plasma (AscrHED( & ZWEFACH 1962
Lavoakeo Scuou, Szromey & HviDRero 1964) From then om, however
e protcin content also can be accounted for in terms of extravasated
thhmﬂldymum—ﬁlmmofphmufomrdlnlﬂnlly Shortly
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by the study reported here, with the finding of a complete equiliberan
between oedema and plasma glucose $ minutes after mitation of the
wflammatory process.

The uptake of glucose from the blood by inflamed tissue 18, however
of interest also from another pomnt of view It 1s well known that some
substances do not always move according to concentration gradients o
gradients of electrochemical potentials The significance of energy supply
for active transport has been emphasized by Rosexema (1954)
Yorrey & Courmice (1956) showed that proteln leakage through the
capdiary wall 18 greatest i tissues with a high protein metabolism.
ARARI (1957) painted out that the mitial local reaction to trauma coukd
be an activauon of mtracellular regulators, such as the mitochondns,
mn order to increase energy utiization by the stimulated trssue cells. On
the basis of these theones an excessive uptake of glucose, as the most
important source of energy might be expected in inflamed tissue. By the
method applied however no accumulation of glucose could be demon-
strated, either 1n the 1utial phase or later In a previous study 1n wheeh
13f-albumin was arculating before treatment with xylene, an accumuls
tion of radioactivity preceding oedema formation could be demonstrated
at the site of mflammation (LANGGARD Scuou SzporNY & HviDBES
1964) This phenomenon was thought to be duc to the so-called “endothd
activation (JANGSS 1961) The figures in table 2 indicate that the phenoa-
enon 1s specific for protem and that glucose accumulation does not
constitute part of the initial wflammatory response.

Summary
The uptake of glucose from the blood by wnflamed skin has been studied
n muce after intravenous injection of 1+C glucose. An accumulation of
glucose at the site of inflammation did not precede ocdema formation
and could also not be demonstrated at later stages of the inflammatory
process. Five minutes after imuauon of the inflammatory process a ‘m‘;
of dynamic equilibrium existed between glucose 1n oedema flud an

plasma.
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Acetylcholine in the Brain of Morphine Tolerant
and Non-Tolerant Rats

By

Torkell Jéhannesson and John P Loog
(Recelved April 27 1964)

Many authors from SLAUGHTER and his assoctates (1940 a, b, ¢) to
GORDONOFF (1963) have argued 1n favour of a cholinerglc mechanism of
morphine and related substances. Recent investigations have, howewer
cast serious doubt on this hypothesis about 1ts analgesic action (Jéilx
NESSON 1962 JGHANNESSON & SCHOU 1963) On the other hand, the resulls
of SCHAUMANN (1956 1957) and PaToN (1957) showing that morphine
can reduce or mhibit the release of acetylcholine from nerve endings 11
the 1solated guinea pig intestine, indicats that morphine may somehow
mterfere with cholinergic mechamsms and probably affect the acetyk
choline content of the tissue These authors did not measure acetylcholioe
contents 1n the intestine, nor did they perform experiments on intesine
from morphinc tolerant amimals.

In the hterature available we have found no records of experiments 18
which the bramn levels of ncetylcholine were compared in morphine
tolerant and non tolerant ammals. In our investigation we have therefore
determuned the amounts of acetylcholine extracted from brains of mor
phine tolerant rats at two intervals after the last dose of morphine. We
endcavoured thereby to measure acetylcholine 1n the brauns of tolerant
rats 1n the excitatory state as well as in the carly abstinence penod
(cf MARTIN ef al 1963) For companson we determined the levels of
acetylcholine 1n the braims of rats that had never received any drugs and
also in the brawns of rats that had been given one injection of morphme.

Materlal and Methods
nimalr For theso expenments wo used male Holtzman rats (190-280 g), kept
AI tant tal d and having froe access to water and £
commercial food peeparation Normal rats are below described :u A’mn—wl:mnl-
Morphine toleramce tn thorats was produced by i of morphue
(nt.hnmomlnundlmhoc\mmnoruchday ni; ! for appy y
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4w=hl':chhbcﬂoutmammdﬁoh1!ﬂr&ﬂydmodlbcdm;mmfdﬂdw
w3 IUm;’k;ld.ly-ndﬂnﬂnﬂdxﬂy&um;bomumdks
Th:-daum{awmﬁﬂmnﬂ-huo.mnumﬂyplmdm—mzm‘ddu
mmhmmmwmmmwdmalummmmm

chobos determination (sco below).

The mme procechirs was applied to the tolerant rats. Foartcen tolerant raty wore
ingecied with appranaasely 37 my/kg of morphune oa the tvenmg of the last day 1
the tolerance penod Seven of than wero kilked for analysis 20 bours later wheress
the romabung sesen Tats were then reimecied with thus doss of morphine and kiffed
Zhous later

Finafly sevan noo-tolerant mits wers piven 37 mg/kg of morphine. Only threo of
ther wero alrve 2 hoos laser Theso were then killed and thelr bralm were removed for
wrtyicholme as descnbed.

waa performed, with slight modification, as described by

respooses wers blockerd
The resutts wers by Studens’s ¥t tast (S anecom 1936)
Results
The resuls are given 1n tablo ! The concentrations of acetylcholine
*a on an average between 2.0 and 2.2 ug per g wet beafn in 3 out of 4

Boups of rats. In the fourth group the morphune tokerant rats killed
thnaﬁamclandoseofmorphlnz,mylchoﬂnelppamdmbn

Mmlfnctlmounulnlhnbmn.m&hamuncﬁncﬂm'nmnb&ms
188 ug/g. None of the mean

values differed, however significan
fromommotbcr(P)ODS) y

Discussion
In our invesy,

pﬁonnommptmmadcwdnﬂ':mnunabct
\lﬂmupnm‘ dmmmmmmthdrmnmuofuwﬁ&“mdmm
y The results therefore refer to the ykeholl f
whole braing, °
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Table 1

Acctylehollne contents of wet brain (1g/s + standard deviaton)
of morphine rokrant and non-tolcrant rats, with P valoes for differences

from controls,
Acetykholine v
Experiments INo An]nnhl gt & vd) l P Valaa
Controly 7 213 £ 038
Marphine ( 2 hr )t 7 204 £023 0.3-05
Marphine (20 by )1 7 133 +025  al-02
Morphine ( 2 br 2 3 212012 o1-08

! Morphine tolerant rats glyen the last doso of morphine 2 or 20 houry befors aek
choline extraction,

2 Non-tokerant rats that recetved morphino (37 mg/kg) 2 houn before acetyichohes
extraction

In the brams of rats ulled without any previous admunstration of
drugs, the brain concentration of acetylcholine was on an average 2.2
ng/g (table 1) Thusisina good agreement with the results of HIRREN et al.
(1957) They used albino rats of both sexes and found 1n therr control
group a mean concentration of 2.4 ug acetylcholine per g total brau. Therr
test object was the rectus muscle of the frog.

HERREN ef al admumnstered 10 mg/kg and 200 mg/kg of morphine by
Intravenous injections to their rats. The animals were killed 15-20 mmutes
later The acetylcholine contents of the bram were significantly mereased
after the hugher dosage of morphune, but not after the lower dosage. The
increased amounts of acetylcholine in the brain after the hugher dose coukd
be due to a resultant cholinesterase nhibition In our expenments the
non tolerant rats were given a dose of morphine far lower than the lughet
dosc of the drug given by HERKEN er af It was therefore to be expected
that we should not find ncreased amounts of acetylcholine n the bruns
of the three non tolerant rats given morphine (table 1)

When morphine 1s admumstered to morphine tolerant rats, they will
be found in an excitatory state 2 hours after the injection, whereas cxhaus-
tion 1s the predominant feature 20 hours later This was found by MARTIN
et al (1963) and was also apparent 1n our rats.

The levels of bran acetylcholine were found to be approximately the
same, whether the tolerant rats were killed 2 or 20 hours after the last
mjection of morphine n fact they did not differ significantly from those
found 1n the brains of rats that had never received morphine. The rats
were hughly tolerant to the analgesic effect of morphine at bolhc:jlmﬁ
after the last 1njection 1n the tolerance period (our own unpubhlshlh“r:
sults) as well as to the lethal effect of the drug (¢f experiments). It
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(mmnnhhlythumy)dwhminthcbmnncamdlyconxacd
mh\h:mnlmdc:cﬁonoﬂhndeorwmlhcﬂ;mmds)mpimmo(
orpl k 2nd ab in the rat, It should, however be
mﬁodthunﬂthe available methods for determinmg the amounts of
mykimlm:intmnu.ueverycrudc.Murphlnemimthmaﬂcd

ficantly the of acetykeholine at certain sites of actlon i the
ssues, cven though It could not be detected by a general extraction of
the depaturated tmsue samples.

The rednced release of sceiylcholine from the small intestine of the
guinex g caused by morphme, as shown by SCHAUMANN (1956, 1957)
and Patow (1957), cauld be & phenomenon pecubiar to the intestines. In
thus connection the expermments of La BARRE (1924) should be mentioned.
He foand, in experiments on the intestines of the rabbat, that the effect
on the gut of motphine (among other opium alkaloids) was connetted
with the amounts of choline in the tusue, These experiments could there-
fore indicate that morphine somchow interacts with cholmergic sub-
stances in the intestines.

Sompary

Acetylchotine wat determined i the total bruns of morphine tolerant
s, of non-tolerant s grven ono wjection of morphune and of rats that
had never recerved morphme. The gross brain concentrations of scetyl-
choline were not significantly different 1n these groups.

The results indicato that acetylcholine 1n the rat bram is neither cansally
comnected with the analgesic action of morphine nor with the develop-
meat of morplune ol and absti P 10 this species.
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From Hauplatkeiing Blologle, Battelle-Institut ¢V Frankfart/Mala,
Chroale Toxicity Studies on Phemcetin, N-Acetylp-
Amisophenol (NAPA) and Acetylsalicylic Acid on Cats
By
H. Eder

(Raconed May 13 1964)

The compaubility of phenacetin during chrome administration has

Ingestion of prep henacetin have been

Ph in b & ly repl H acetyh inonhenol
(NAPA) Ths sut mpan[rom,,‘ whhhh:uasuung
toxic effect, 18 an intermediary bolite of ph

4
to
belhemnleﬂcujvephnrmumloﬂmlpﬁndplcofphemcmﬂ,hnof
lower toxiaity

This paper reports results obtained 1 ammal expenments and is a
coambution to the discussion on the relative toxiaty of phenacetm and
NAPA on chronic admimstration. Sipce acctylsalicylic acid, which was
lnuuduccdlona-pnmmﬂgmcmﬁpymxc.nppunmbnpmmgm
tmportance d with

P 1.4 1t was
included 1m the studies.

Mathods

Cats wor wacd 2 tet anmaks, alce they aro especially semithe to changes In
blood pugments (Lasten 1949).

A prelunary study thawed that a daily dose of 200 me/kg phenacetin, NAPA o
acrtyhalicyli acwd ndounstered orlly on throe succemive days was too high At the
;“MMMmmewmmwmm

mhmmmﬂmellmﬂnmmmmM

Groop A (CatA 110 A 6)

for 4 wocks
neetyaleylic acd

25 mykg ally
Group P (CatP1 0P 6)
phenacetn

subsequently
Grop N (Ct N1 N ‘;m‘nh N
NAPA dally
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Owing to their insolubllity in water to increase the possiblllty mors effective ad-
ministration the substances were adminiatered In the form of tablts or puces of
tablets. Each tablet contai d 200 mg test subx

At tho beginning of the cxperiment the animals, after several weeks obscn ation,
were found to be healthy and considered sustable for expenimental use, Duning the
whols investigation the animals were held in roomy boxes, scparated into groups.
Male and female anlmals were cvenly distributed {n the groups and kientdied by
carmarks. During the entire expenmental period they recelved a standard dict, cxe-
sisting, apart from milk, of raw horsc meat or horse-meat stewed with rice. The body
weight of the cats was checked weckly

Blood and urine cxaminations were carried out before the drug adminatratioa md
subsequently fa the fifth week, In the twelfth week and at the crd of the experiment

The namber of erythrocytes was determined as usual in the Biirker chamber The
munher of reticulocytes was determuned In the Ehelich counting ocular by tho Schudd
technique. The Aaemoglobin concentration of the blood was determined by meams of
the Zelss haemometer Somo of the results were chocked by a photometne proche
(oxyhacmoglobln method, Hg filter $78 my) Generally the methaemoglobin (e
&lobln) concentratfon was determined by the method of Kicse (1947 (e hacruglob
is reduced by addition of Na-hypodisulphite, converted to COHb by Introduction of
CO and determined photometrically With difference measurement a calibratioa cunt
is not required the finding s have been glven as extinction values, We also rikd ©
apply the cyanide micromethod of Evelyn and Malloy (WiLkmson 1960) but bave
found it to involve even greater methodological error than the CO method, and »¢
therefore did not use {t in further studies The crearinime content of the scrum was
determincd by the photometric method of PorreaL ef al on the basts of the durectiocs
for uso of the ph E dor” The proth time was by
means of the “micromethod Gelgy  which Is a modification of the Quick method. The
coagulation timo was not calculated, since only relative changes in prothrombia ¢
wero of Interest Tho specific gravity of urine was determined by means of acrometert,
and the urinary albumin was determined on an arbitrary scale with sulphasaliyle
acid At the beginning of the investigation the urinc was collected In mcuhﬂlf‘:
chambers. Later catheter specimens were drawn off under Pernocton ¢ (-Bromally
butylbarbituric acid-Na) narcosh (40 mg/kg intravenous) from male and femak
animals, by which means they could be obtained readily and conveniently

Results

Duning the first four weeks of the chronic toxicity test dmily doses of
25 mgykg of the test preparations were admunstercd Changes 10 l:;
clinical picture and 1n the behaviour of the test ammals were not obser
dunng this period. It can be seen from table | that there were no subﬂa&
fia} changes 1n haematological and other findings. Eight weeks after
daily dose had been increased to 50 mg/kg daily a repetition of thess
determinations did not show any effect on the arumals 1n any of the three
groups, and the expeniment was therefore continued for a further 14 wctmk;

Durning the entire test penod the animals showed no changes in nol i
behaviour Further there were no sensory changes There was inftally
steady ncrease n weight, but there were differences between the groups

.



CHRONIC TOXICITY OF 3 ANTIPYRETICS 199

Table 1
Clinical Obstrvations oa Cats (Mesa Velum of the Group).
the end
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Az about the 23rd test week atmost all animals in the NAPA group showed
2 decreased weight due to loss of appetite Up 10 the end of the test penod
they ook less food than the animals in the two other groups.

During the experiment altogether 11 cats died, four of gronp A, three
of group P and four of group N The first deaths occurred in the 12th
weeX, when ong animal of each group died (A 6, P 4, N 2). P 4 probably
died from shock dunng the withdrawal of blood, the other two antmals
died one day later 1t s possible that theso deaths were abo connected
with the withdrawal of blood. The antopsy findings provided no further
mdhnowu.mthclsmmkwuuA4nndP2dnLAmopsydlowcd
lhncnxA-lpmbnbtydbdrmmpucumonhCuPZdndmcrloum
‘dihlhldhc:nobscnvdlnhdm‘lnglhcpfwedln;dayl.
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Cat N 1 died 1n the 24th week Apart from otherwise normal autopsy
findings, the liver showed strong marmoration In the 27th week cat N4
died and further deaths occurred 1n the 28th (P 1) and the last week
(A1 A5and N 5) The gross pathological findings on N1 N4and P1
would allow the conclusion that there 1s a relationshup between the
medication and death, but 1t 1s legitimate to assume that the thres anmals
dying during the last week had been weakened by the withdrawal of
blood duning the previous expenmental peniod

The results of the haematological and other clincal tests are shown 1
table 1

In the course of the experiment the number of erythrocytes of the
amimals in groups A and N increased the amumals of the phenacetm
group on the other hand showed a decrease.

In accordance with the changes in the number of erythrocytes, an i
creass in the haemoglobin content was observed n the cats of the aceyk
sahicylic acld group whereas the haemoglobin content decreased 1 thos
of the phenacetin group The ammals of group N did not show any
changes.

In all three groups the number of reticulocytes decreased to half the
initial values or even lower in the course of the experiment. According 10
ScHERMER (1954) this may be explained by the fact that young cats have
far more reticulocytes than older aumals As normal values SCHERMR
indicates 2 to 3%. Thus the values obtmned 1n the last examinatons,
expecially those for group A were below normal.

The creatimne content of the serum of all groups showed 2 steady
decrease during the experiment.

In all three groups the methacmoglobin values decreased dunng the
expeniment. The reverse reaction would have been expected at least 1
the phenacetin group Since repeated determinations furnshed the samé
values, the comparatively low methaemoglobin values towards the end
of the experiment must be regarded as correct.

No nfluence of any of the three test substances on the prothrombin
time was observed

In the course of the expenment the specific grawty of the unne of all
amumals increased slightly but thus finding 1s of little importance, simee all
values arc within the normal range (1020 to 1040) In all three groups
shght protemuna was observed The increase m specific gravily was
probably attributed to the protein conteat of the unne o

The animals that died 1n the course of the experiment and those kill
at the end of the expenment by mtravenous injection of a barbiturate were
subjected to post mortem examination However 1n some of the cats lll:c‘
had died dunng the expenment (A 4 A 6 P2, and N 2) a comp
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was not conudered advisable, since 12 or more hours had elapsed

wbctwmth:timcofdmhmdiudmoveryundwmlymahmphad
fare taken

dﬁfdmmmcﬁymumpluwmulmfmmhm Kidneys, laags, spieen
mdmpn:mh,nndfmmth:bmddmofmomxmnhmhhmpmhn-
hpulﬁndmpmthosehvmmdk&dn:yssmubl:forumnnuoum
sommarized in table 2. The resulis of the mAcToscopsc examunations are
0t shown, smee they did not furnth any useful information.

The most important result of the comparative lustopathological findings
BMhpoupstdenﬁydqmcnﬂouoﬂh:ﬂmmdcmmom
changey occurred, whereas in group A (scetylsalicylic said) 2 moderate
fatty degeneration was observed only in one of five animals. Three or four
animaly of the phenacetn group showed faity degeneration and one
necroses of the liver and three of the six animals of the NAPA group
showed moderate to severe fatty degeneration of the liver and two of
them even severe necrotic changes. In the two last-mentioned animals an
affecison of the irver parenchyma could be regarded as the cause of death.

The pathological changes 1n Kidncys and the other organs were found
1 all test groups. There is no evid of any influ exerted
by the three test substances on the histological plcture.

Dhsexusion

Several authors have reported that formation of methsemoglobin was
observed 1n man and animals after the admmistration of phenacetin
(LOTER 1943 GuepeR and Listen 1946 Bomeus & Saxoeenc 1954
ENGELHARDT et al. 19%9). However SCHAUR ef of. (1953) failed to produce
patholopcal blood pigments in rabbits with pheascetm. According to
errmcznmmccumdwummmuhnnmmb&oodpimmu
ﬂhwdbyphcmncunmd,mdlngmsnun(l%a)th:ymthnd'ure
Partcularly smtabls for toncologcal cxaminations. Neveriheless, we did
Djlubsmtmywlnlhefmmlhondmhmﬂubmlflu

g quantities of ph to cats for several
moeths. The methacmoglobin concentrations did not differ from those
NluimhnvenNAPAamyblﬂcyﬁcmd.Thneﬁndlnpnmmm
!hounbuhudbyhmsqlndal (1958) who did not observe any
Wd? \Rt\tenpbma:eunmdNAPAinLhmxeﬂ'eﬂ:onlhnllfe—ume

“ﬂhnln&:mnnln:phﬂmv.unmobunedby\nlnm

Cur y anonal,
mU:kluuon]o;!ﬁmWo(mhahxhwodumﬂurmlh(c;Sm

5 PLETSGER ef of. 1958 Mscyew & STup!
Only TibLN e1 al. (1956) found evid Tor the b o{“—n 1961).
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Cat N 1 died in the 24th week Apart from otherwise normal autopsy
findmgs, the liver showed strong marmoration In the 27th week cat N4
died and further deaths occurred 1n the 28th (P 1) and the last weed
(A1 A5and N 5) The gross pathological findimgs on N1 N4 and P1
would allow the conclusion that there 1s a relationship between the
medication and death, but 1t 1s [egitimate to assume that the three anmals
dying duning the last week had been weakened by the withdrawal of
blood during the previous expenimental penod.

The results of the haematological and other clinical tests are shown m
table 1

In the course of the expeniment the number of erythrocytes of te
ammals 1n groups A and N increased the ammals of the phenacetin
group on the other hand showed a decrease

In accordance with the changes in the number of erythrocytes, an
crease 1n the haemoglobin content was observed in the cats of the acetyk
salicylic actd group whereas the haemoglobin content decreased i thost
of the phenacetin group The ammals of group N did not show any
changes.

In all three groups the number of reticulocytes decreased to half the
mutial values or even lower 1n the course of the expenment According (0
SCHERMER (1954) tlus may be explained by the fact that young cats have
far more reuculocytes than older amimals. As normal values SCHERMER
indicates 2 to 3%,. Thus, the values obtamed 1n the last examigations.
expecially those for group A were below normal

The creatmune content of the serum of all groups shoned 2 steady
decrease dunng the expeniment.

In all three groups the methaemoglobin values decreased dunng the
experiment. The reverse reaction would have been expected at least 18
the phenacetin group Since repeated determunations furmshed the san®
values the comparatively low methaemoglobin values towards the end
of the expertment must be regarded as correct

No influence of any of the three test substances on the prothrombin
time was observed

In the course of the experiment the specific gravity of the unne of all
anmals mereased slightly but this finding 1s of little importancy, since all
values are within the normal range (1020 to 1040) In all three groups
shght protemunia was obscrved The increase in specific gravity ¥as
probably attributed o the protemn content of the unne led

The ammals that died ml;.hc course of the &(mm;nt;lar;lg l(hor:tck\im

ment by intravenous injection of a 1l
at the end of the expery cxmiumlxon Ho“cjmr 1n some of the cats that

1 t morterm
;1;1‘;)6;:3 doum the expenment (A4 A6 P2 and N2) a complete
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ncphrhh;m-:;pplymgtomnptepanﬁonconmmmsp}mmﬂn.
Becently Emarno & TALan (1961) reported pephric changes
Iodneys of rats, which they detected by histochemical methods. Stmilar
changes were aho observed on admmistering phenscetm or NAPA. The
m!uohumdmuurcrperm(onmummnhm’lhn!lhmnppcm
to be specacs dufferences and that the results of animal expenments are of
mmornnpomnccro:mddkauﬂondmardwumh:pbctwcmthc
abuse of phenacetin and Intershinal nephrits 1n man.

Yet the histopathologcal findings on the Irvers deserve special attention
In generul, p and especialty NAPA, appeared to be more touc
than fsalicylic aad of admb d to cats. Nevertheless, oning 10
the small numbser of anmals used 1n the expermment unequivocal condlu
wons cannot be drawn. It Is not yet possible to discuss validly the mecha
usm of thrs affection.

Apart from these result, the toxicity study has again shown the general

dlficulties that have to be expected from the wse of cats in chronke
tonerty tests.

Sammary
I On chronrc oral admmistration to cats, N-acctyl-p-ammophenol
(NAPA) cansed severe affections of the liver Phenacetin adminmtered 1n
tho same doses also cawsed affections of the liver afthough of less seventy
1n genera), NAPA appeared to be more toxic than phenacetin m cats.

kxdneys caused by phenacetin, NAPA or acetybalicylic aad. Haemato-
logical findlngs also especaally the methacmoglobin contents were not
markedly affected in cats by any of the three substances.

3 Oncbmnwndrmn}sxnﬁonmnulh:nmnmmmlohmtylmhcyﬂc
acid s apparcatly of lower general toxicity than phenacetin or NAPA.
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Table 2

Summary of Histopathological Findings.

Liver

Light acute congeation

No pathological changes
Moderute fatty degencration

No pathological changes
1

Moderato acuto and chronic
congestion

Acute congestion. Flll{
of

|

1

Ridneyt

Light cloodiness of the tobalm
Some plomerall
Sweiling

No patbological changes
Single b;

yaling
ng of tho tul
epithelium

No pathologial changey

Dulatation of tabull,
yall in the tubuli

Focal necrosis

Light fatty degeneration

Modcrato acule congestion
Marked fatty degencration

Acute congestion, marked
fatty degenerauon, sporadic
MCYETO DCCTOBCY

Moderato fatty depeneration

Acule congestion, moderate
fatty degencration,
lymphocytic infiltrations

Early cirrhoses, severo fatty
degeneratfon, sehero necroses

No pathological changss
No patbological changes
No patbological changes

Pyclonephrius, cortical ocdemt

Marked cloudy swelliog,
ditatation of tubul

dod acute No patlr | changes
depesition of pigments
Acute congestion No pathologial changes

) Dicd during the test period
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th after spplying to mice a preparatl ing phenacetin
ﬂﬂy EnaLpo & TALANTL (1961) reported nephrtic changes 1
Lidneys of raty, which they detected by histochembcal methods. Similar
changes srere abio observed on administermg phenacetm or NAPA. The
results obtamed m our expenment on cats agam show that there appear
10 be species differences and that the resahts of anlmal expenimeats are of
winor fmportance for and discusslon of the relationship between the
sbuse of phenacetin gnd mterstital nephritls 1 man.
Yet the histopathologscal finding on the Livers deserve specral attention.
In geoeral, phenscetin, and especially NAPA, appeared to be more tane
than lic acd 1of sdmh d to caty. Nevertheless, owing to
the small number of amumals used 1n the experiment unequivoesl conclu-
sons cannot be drawn, It is not yet possible to discuss validly the mecha
s of this affection,
Apart from these resalts, the toxiaty study has again shown the general

difficuttes that have to be expected from the use of cats in chrome
(omcIty tests.

Semmary

1 On chrome oral admunistration to cats, N-acetykp-aminophenol
(NAPA) canted severe affectsons of the Iver Phenacetin administered tn
the saune doses alto caused affections of the liver although of less seventy
In general, NAPA appeared to be more taxie than phanscetin m cats.
L Histopathological findings did not show distinet changes in the
Lidoeys cansed by phenacetin, NAPA or acetylsalicylic ack. Haemato-
lopeal fichingy abso, especially the meth: bl were ook
markedly affected 1n cats by any of the three substances,

lOndnonirldmmmuonmcauthcnmgnmotmofmtymhcyHc
+3d 5 apparently of lower genenal toxlaty than phenacetim or NAPA.
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Catechol-O-Methyl Transferase Inhibitors. In Vitro
Inhibition of the Enxyme in Mouse-Braln Extract

By

8. B. Ross asd O Haljasmas
(Racaved May 16, 1966)

Favourable findings of the therapeutic effect of some inhimtors of
monoamine oxidase (MAO) have prompied a search for inhibitors of
other patt for the inactivation of hol For the

lating and exogenomsly suppiied 1 olaml
catechol-O-methyl transferass (COMT) 18 of great significance (AXELRX0D
WeL MaLiEars & Toscicx 1959), and this enzyme also seems to be
ible for the 5 bolism of drenaline at sympathet!
perve endings, whereas MAO inactivates catecholamines keaking out from
storage granules (Axtinod & Hertrg 1961 Broom & Costa 1962).

In the investigation to be reported below several classes of compounds
were stndied for their capacity to inhibit COMT ir vitro

Methods
COMT activity &1 fro was determined by the method of Axrixoo, Alsexs &
Qe (1959) with minar modifications (Ros 1963). Moume brains ware homo-
aned m ooe volume of otonsxe KCl solntion wieh  MSE
Portion of the from the
0 0) was incubsted at 37°C for 90 min. with 2.8 mpmol

A messured
(14.000 g for 20 min,
pL-noradrenalloe-

Dormetanephring
mmmumd-mdmmWaA
Tha radioactivity m 3 ml of the organi phise determined by Uguid achtillath
courtmy (Packard TnCarb). i b
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Table 1
taiubason of COMT by caiechol dezyativat 1t mmmmn{.uw
ora o srcmhm-m;l“& sctrvatoes was detarmined at 30 per cest Inhibitioa
a
poma asd comparsd ruhlhudpympnnl. oesd a1 standerd inhibitor
HO_OH 50 per | COMT
cent  |mhibeting
Cowpousd inlubdlon) potecy
\ CcoMT| (a-mpl»
a C a lo kot =1
Catochol H H | H 2 ao7
Hroplkl OH H H|H -1 10
H OH H | H Bs | 0007
Tl | @ a ata 23 | of
Terabromoestechol B Br Br | Be 10 | o3
3 Metbarycrtechol OCH, H H | H 2% | o8
3 Metiylatechol CH H H{H 1 @il
H17, CHyCONHZ H H [ H >0 <002
H13o H CH;CONHy H | H 3 Y3
H 1757 H CH;CONHY Br | H 12 als
H 238 CHIC;
CONH H H | B >1000 | <0002
0 H | H ot
ww H COOH H H 210 001
Abytroxybensoie
Lo COOH H H | H  >1300]|<0on

Catechols witk muclear substitution

Substitution of the catechol molecule considerubly changed the COMT
Inhitatory capacity (table 1). Thus, pyrogallol had ten times the potency
of eatechol, whereas hydroxyhydroquinone had only onc hundredth of
the Inhibdory action of pyrogallol. The carboxyl group in 3-posthon (23~
dihydroxybenzox acd) ciimmated, and 1 4-position strongly reduced,
the inhibatory effect p:o&ocnmchuiclmdhndomh\mdmdiho{ﬂxpo—
tency of p; llol. Pr idehyde and 3-meth
mumumwdsmuduamdbywm
mdonetiyl m the -position (H17/77) dlimlnnted the Inhibltory effec,
whereas (he comp with the carb Idomethyl group in the 4-
positson (H 13/49) was still about half as actrve as pyrogallol.

Some 4-ibstituted carechols.
Since are the natural substrates f several
or COMT
Lsubn;h tated catechol denvatives were studied for thelr capacity to inlubit
enryme. Table 2 shows that 3 4-dihydraxyphenyl-substtuted carbo-
X)lklddn:mpoorinhﬂimoﬂhccnzymlcmﬂhyhnono(nund:m

-
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or triplicate. The ation of the campound resulting in a 50 per cent Inhnbioos
of the COMT actlvity was determined graphucally

The Michaells constant for the enzyme reaction with noradrenalmo as subsiraie
was determined by the method of LINEWEAVER & Buax (1934) The substrate concen-
tratlons 1n these experiments were 28 56 11,2 and 22.4 mumol per m! and the
{ncubation time 30 mun

Results

The product formed and extracted under the conditions used was tested
by paper chromatography with n buthanol acetic acid and water (8 2 2)
as solvents It had the same Ry value as normetanephnne. In fig. 1 (e
enzyme actvity obtained has been plotted as a function of time, and 1t
appears that duning the first 30 minutes the relation was almost linear At
a substrate concentration of 56 mumol/ml the activity of the eazymé
obtamned from 1 g braun was about 20 mpmol normetanephnne per hour
With the S adenosylmethiorine concentration used the Michachs con
stant was 2 X 10-5M Thus value 1s hugher than that found by AXELROD
ALBERS & CLEMENTE (1959) with adrenaline as substrate and rat bran
extract as enzyme, but it 13 considerably lower than that found by CroUT
(1961) with noradrenaline as substrate and rat brain extract as enzyme.

HORMETANEPHRIME FORMED mpmoles
e
o

10 0 90
TIME IN MIN

tract.
Fig. 1 Timo curvo for Gmﬁhylmon of norddrsa:ﬂnn I:yI mouse brain ex
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Table 3

Iahlion of COMT by tome 3 4 L
meunr«wl

ONT
H g

Compoaod o CO (p-rm:’)-
N « [mumoualiel =100

HiH | H| # o &3 o3
"?E:‘E;.u HlOH| H H H H 41 003
A

% H [QH[CH H H H 41 a0s
Hioajn| o (B H| 1B az

ot N-Trionethylaor

adresafine H{OH| H | CHy |CHh CHy 16 at

ot-Hoprotartnol nlon ulcurhe| H H [ 63 a3

Adreralove o ! H| ¢cH |H H 90 o

1

Some pyrogallol derivatlies.

Substitution of pyrogaliol aflected the COMT mhbitatory capacity in
the same way as substitution of catechol (table 4). Thus, e g galhic acd
wa3 3 poor mhibrtor On the other hand, the esters of gallic acd were even
sircnger inhibators than pyrogallol. 2.3 4-Trihydroxybenzole acld had
about 30 umes the potency of gallic aad, and 2,3 4-trihydraxyacetophe-
none was a3 potent as pyrogallol. Gallamide had about 1/jp9 and 34,5

ydroxyphen,

tnk; ylacctamade about !/z5 the activity of pyrogallol
Table 4
Intubrion of COMT by some pyrogatiol -
Expenmeata! condsdons a3 (or tubie |
OH 30 per | COMT
¢ Ho. OH
1:; co
[ C, {rmol/mliol = 1.0y

Gallc sod cool H

13 £ Tnbydrouybenzon st H cooy “3 o

Calamas coNy i
Mo Ty droxyphem lsceiaaids | CHCONH

Metkyl exier of i scd COOCH

H
| micr of
.)“‘T"‘_‘?’ Balia acd CO(})lC;H ho H

:
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Table 2

Inhibltion of COMT by some 3 4-dihydroxyphenyl derhatnes
Exper{mental conditions as for table 1

HO OH 0 percent | COMT
Compound Inhibldon nbibaiag
of cOMT P27
C4| lc. mpumol/ml 109
3 4-Dihydroxyphenyl

acetic acid CH;COOH H 30 0.0
Hydrocaffek acld CH1CH;COOH H 75 00
Caffele acld CH = CHCOOH H b2 007
L DOPA CH;CH(NH)COOH H 7 03

p-DOPA CH;CH(NH)COOH H >1000 <0.002

1-a Methyl. DOPA CH;C(CHNH2)COOH H  >9%0 <a.o01
Esculetin Q.COCH = CH 26 (54
4-Mcthylesculetin O-COCH = (;SCH;)- 18 12

3 6-Dlkydroxyindoke CH = CH NH 260 0.008
H 17/53 CH(OH)CONH, H 16 13
H 17/87 CH(OCH;)CONH, H 21 10
H 22/07 CH(OC;Hs)CONH, H 67 o3
H 2721 CH(CHy)CONH; H 6.7 03
H 22/41 CH(C;H5)CONH; H &1 03
H 22/44 C(CH,),CONH, H 30 007
H 22/59 CH(C3H180)CONH; H 93 02
H 22/54 CH(C3Hyn)CONH; H 13 ol
H 22/38 CH(C4Hy-nYCONH, H 96 [
H 22/98 CH(C4Hs-130)CONH; H 30 0.7
H 22/93 CH(C4H3)CONH; H 26 0l
H 17/47 CH = CHCONH; H 40 0.3
H 13/48 CH3CH;CONH; H 21 10
H 12735 OCH;CONH, H 13 0.07
H .87 CH;CN H 44 (3]
H 17/50 CH;CONHNH; H 65 03

line L DOPA on the other hand was a good mhibitor D-DOPA like
L-a methyl DOPA, had no inhibitory power at the concentrations tested-
Several anudes were considerably more active than the corresponding
carboxylic acids, most of them, even more active than catechol The most
potent was 3 4-dihydroxymandelanude (H 17/53) Esculeun was almost
as potent as pyrogallol 5 6-Dihydroxyindole on the other hand wasa
r mhtbitor of COMT activity

The inhibition of the enzymatic O-methylation of tntiated noradrenaline
olamines 13 shown 1n table 3 Isoprotcreno! adrenaline
re more active than non radroactive nomdn:nnhn:_ lun“;

orephednine To obtain 50 per cent wnhubiion o

34::];:3;?); t_r:puatcd noradrenaline by nactive noradrenaline eight
i the normal substrate concentration was required, mdicating that
S:Tubsun(c concentration used was far from the opumal

by various catech:
and dopamine W
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Table 7
cinolies dermvatives.
i of CONT o L7l

Compound
|
|
. H ‘ H ’ 14 13
S o Foirony- o “ o
i iryenaidzme i | oW | em | ms o001

1 4 1 i

propyltropotone (r-thujaplicin) and 4-tropol
mxdc were about as potent as pyrogallol under the conditions used

& Hy droxyquinoline deriratives

Since all the actrve COMT ihibeiors mentioned above have meisl
chelating properties, 1t secmed 2also 10 test some other metal
chelators of vanous structures. 8-Hydroxyqunoline was 50 per cent more
potent than pyrogallol as a COMT hibitor (table 7). 57 Dibromo-8-
hydroxyquinoline was only one fifth as potent as pyrogallol whercas

S-hydroxyquinaldine had no COMT mhibitory properties at the concen-
trations tested.

Compounds with no COMT whubitory capocities

Several known metal chelators were tested and found to be inactive as
COMT inhitators, eg EDTANa; «a-dipyridyl, o-phenanthroline,
L-hyd i hihtocol, juglone, o-pyridone and o-hydroxy-

All these pounds were tested at concentrations about
a hundred tumes higher than that of the substrate, The concentration of
oagneuum chlonde used was oearly ten times higher then that of the
o8l compounds, and the chelation of thrs metal lon was therefore far
from complete in these experiments.

D lomo & MAVRIDES (1962) have reported that 3,5-dnodo-4-hydroxy
benzo acd 13 2 COMT mbubitor i vrre We found no inhibstory effect
of ths compound when tested at a concentration one hundred times
tugher than that of the sub

At this 10n 3 S-diiodotyrosl
aho w13 inactive as & COMT inhubitor
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Table 5

Inhibidon of COMT by somo o-dihydroxy substituted flavosokds.
Experimental conditions as for table 1

Ol
cour
- OH Boper et fuyiuiog

on

Compound Cr Cq -Gy ~C1< poteacy
dco’l‘g {pymfznd
Ry Ry = R;-Ry< ° =18
|

D-Catochin OH H CH(QOH)-CH< 16 13

Dihydroquezcetin OH o CH(OH}CH< 21 10

Quercetln OH 5] -C{OH) = C< 10 02

Rhamaetin OCH;| © C(OH) = C< 70 0l

Cyanidin OH H = C(OH}C< 42 0.05

o-Dihydroxy flavenolds

AXELROD & LarocHE (1959) have discussed the possiblity that the
catecholamine potentiating action of o-dihydroxysubstituted flavonoids
may be caused by the infubitory effect on COMT of these compounds.
As shown 1n table 5 p-catechun was a potent inhibitor of enzymate
O-methylation of noradrenaline, being even more active than pyrogalieh
Dihydroquercetin was as potent as pyrogallol quercetin and rhamnett
had about one fifth of the pyrogallol activity Cyanidin was still lets potent

Some tropolone derivatives

BELLEAU & BUREA (1961 1963) have shown that 4-methyltropolon¢
and some other tropolones are potent inhibitors of COMT in ritro
fnvivo A few tropolone derivatives were therefore studied for their COMT
mhibitory action by the method used. Table 6 shows that 4-methyk

Table 6
Iahibitlon of COMT by some tropolons derivatives.
Experimental conditlons as for table 1
MT
S0 per cent |15 bling
1 hbation
Compound | Hé of COMT | PO
( Ca mymol/ml | aﬂ",
1
CH; 2t 10
4-Methyltropoloss I CiicHyn 26 a1
4-lsopropyltropo CH;CONH2 32 a
4—Tropobﬂm“‘ f
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are orkentated i & planar manner In D-catechn and dihyd tin
which lack thus ethylene group the catechol part of the molecule can
totate more frecly to other plancs.

The COMT whibitory effect of 8-hydroxyqumoline does oot seem to
ha\tbecnnponcdbdorc.Thucompo\mdnknownmbeamn;mm
chelator but ft is evident that this property 13 not in 1tself sufficent to
prodwtcominhlbfﬁm.nnam:nlothﬁknnwnm:ulchchmn
lacked inhibstory effect. Thus, 8-hydroxyqumaldine had none 1t causes
peesipetation with several metal 1003 but not with Al*++ and with Mg+
except st pH values sbove 8 (MERIT & WALKER 1944). No soluble
complex between $-hydroxyquinaldine and Mgt secems to be formed at
pH 7.8, since no change {n ultraviolet absarption of 8-hydroxyqunaldine
was obtamed in of chlonde at this pH (unpublished
observation). These results scem to support the concept that Mg+ takes
am actne part in bmding the substrate to the enzyme and the methyl
donator as proposed by Senol et af (1959) Senoy, ToxUYAMA &
Wireop (1962) bave d ated that EDTA inhituted the actrvity of
punfied COMT 1n the absence of Mg+ In our expermments EDTA ata
concentration one tenth that of Mg+ had no inhibiting effect an COMT
1t may be that EDTA chelates Mg mn the solution more readily than it
rescty with the metalcontaning COMT enryme. However besides
chelating properties all the mhibitors of COMT 3o far known have
bgands with poytions similar to those of the hydroxyls 1n the catechol

molecule Thrs property may be of great ugnificance for the COMT
Inhibatory potency of & compound.

Sammary

Compounds of several classes were tested for their whitatory effects on

COMT sctrty m extract from mouse brain [ 1itro with tntited nor
adrenaline as substrate.

Thcmmpolmtmhhmmm&nofplhclud,mhln,#
oeths descal 3 4-dihyd delamude, &-hydroxy f

y and
%ﬂmmm\mumumdwmmmm\t
Compounds with kow mhititing actvity were gallic acd, gallamide,

mide, D-DOPA, Lo-methy-DOPA, 8-hydro meco:
xyqulnaldine, nic

and 3.5-<duodo1-hydroxy benzoic acid. Severnl metal chalating ns':g

also had no COMT-inhitating effect ¢y EDTANa,
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Discussion

AXELROD & THOMCHICK (1958) have shown that several catechol
denvatives are good substrates for COMT in vitro Several of the com-
pounds tested probably mhibit the O-methylation of noradrenaline by
this substrate activity of their own Presumably compounds that are good
substrates for COMT should also be good hubitors of the enzymate
O-methylation of noradrenaline However the relationshup between
Inhubitory capacity and substrate actvity of some of the compounds
tested does not seem to support this assumption. According to AXELR0D
& Tomcuick (1958) protocatechuic acid and catechol are better substrates
for purtfied COMT from rat hver than catecholamines In our fesis
protocatechwic acid had only one tenth the inhibitory action of catechol
on the noradrenaline methylation and was aiso less active than the
catecholamines tested. The differences between substrate actity and
nhibitory capacity may at least i part be explained by the different
enzyme sources used

SENOH ef al (1959) have proposed that the most nucleophilic hydroxy!
under the conditions used 1s methylated by COMT The nucleophilic
nature of the hydroxyls depends on changes 1n the electron distrbution
mnduced by various substituents of the catechol molecule, Catecholamuns,
¢ g have been shown to be 90 per cent methylated 1n the meta hydroxyl
whereas 3 4-dihydroxyacetophenone 15 about 50 per cent methylated 1n
the para position (DALY AXELROD & WiThop 1960) The differences
COMT intubitory potency of the compounds tested may therefore in part
be explamned by different affinities to the enzyme, due to changes of the
electron dustribution 1n the molecules The poor inhibitory effect of galle
acid as compared with that of 2.3 4-tnhydroxybenzoic acxd may be an
example of this.

The binding of the substrate to the enzyme and S-adenosylmethionmne
seems to be mediated by a metal complex formation as suggested by
SeNoH ¢t al (1959) That 2,3-dihydroxybenzoic acid and 2,3-dihydroxy
phenylacetamude (H 17/77) have no mhibitory cffect may be due to the
strong hydrogen bond between the carboxyl group and the adjacent
hydroxyl i the former compound and between the carbony! group and
the hydroxyl 1n the latter This hydrogen bond considerably decreases the
metal 1on binding capacity of the hydroxyls

That D-DOPA had no intubitory effect 13 apparently due to stenc
factors, snce L DOPA was a farly good inhubitor It 1810 be remembered
that Lo methy-DOPA also had no inhibitory effect on COMT

Stersc interference of the compounds with the cnzyme complex may 31;‘17
explain the differences 1 mhubitory actions of the o-dihydroxy substitut

.
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From the Rescarch Laboratories of AB Astra, Sodertilje, Sweden.

Catechol-O-Methyl Transferase Inhibitors.
In Vivo Inhibition in Mice

By

S. B. Ross and 0. Haljaxmas
(Reccived May 16, 1964)

Catechol-O-methyl transferase (COMT) seems to be the enzyme
pemerpally involved m the bolism of holamines at sympathetic
nerve endings (AXELROD & HERTTING 1961), whertas monoamine oxidase
(MAO) mactivates catecholamines leakmg out from storage granules.
Inhibxtors of COMT are thus of pharmacolomcal interest, as exerting a
potential action on the sympathetic nerve system. So far only few COMT
inhibitors have been studied n vivo namcly pyrogallol, catechol and
4-methyftropolone (AxExoD & Laxocue 1959 Wik, Arcue &
ARNOLD 1960 CrouT 19612 BELLEAU & BURBA 1961 1963 CaRtsson,
CorroDl & WALDECK 1963 CARLISON & WALDECK 1963)
In a previous investigation (Ross 1963a) a mecthod was developed for
rapsd determination of COMT inhibatson a viro in mice with simuitaneous
ding of the stimul or inhb effect of the pound tested
oA adrenergic f-receptors. By this method the COMT-mhibatory effects of
comnpounds of several clasces have been investigated, and the results are
reported here. The in vifro imhibitory effects of these compounds have
been stndied previomly (Ross & HALIASMAA 19642).

Methods
COMT inhibition in peripheral organs.
ThCOLﬂmhlb{mnmpenphrmlorpmlanwwudclumm:dby
rcmrdn:;lh:pmhug&ngaﬁcctonhcvmommmponndjonm:hyu:dh
mduaudbykopmlnmollnmlh:mcdmbcmmdhoduwdhu
bemdumbedhnmmupapcr(Rcul%}n).mmmpmmdswbe
tested were injected £p 20 mmutes before £ v admmistration of 10 pg/kg
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Resuity
COMT inkidition (n peripheral organs
Ohhr. pounds tested, the tropol were the mast active

Hnduced tachycardia m mice (table 1).ﬂndmp
hmmmntvuhlhcnu:kadcobﬂ" hibation of 4
Iu vivo reported by BELLEAU & Bumsa (1961) In aur test 4-lropolonn.ccm
mide was slightly more active than the methyl dervative and the 1sopropyl
derrvative less active.

Ross & HALIASMAA (1964a) bave shown that 8-hydroxyquinoline wmhi-
bets COMT In vitro This compound was found also 10 mhibit the enzyme
10 some extent in penpheral orgam i vivo (table 1)

D Ioao & Mavemes {1962) have reported that 3,5-dhodo~+-hydroxy
benzoke aad was a COMT inhubator it wirro That this compound akso
had some in vivo action on this enzyme 13 ndicated by 1ts 1soproterenol-
polentiatmg acnon indicated in table 1

Pyrogailol had one fifth 1o one tweatscth the activity of the tropolones
11 3 COMT 1phibltor m peripheral organs in viro (1able 2) The ortho-

Toble 1
Cumnhuwou. 3y Rpathomunslic sffect and adrenarpe f-receplo  blockang weno  of
o e e e

d tach dis was taken a3 COMT inhibileo 1a
up.zu EDX0 it iag/1g wes e dowe of the compasad, raecied P2

u::om salphats, 10 cauhing 3 tmes e normal doration of

COMT rahubrios 1a braun was determuned by rocordtog the

Hir
P

scInty 1 brun
txract froom mxce 1th the compound 30 mun. befars pﬂ.ans.EDiUu
m&doun;m-d Gacreariny the smryoM activily by 50 par ceat.
mmauu.dnh\:-mh:mwmmmm raa !
. nh
4 e e otac oo W able cfect
Wockray cffect EDSO 10

was taken as Proceplor

w mghy was the m.‘m,a, e ctercastmduced
of Uk beart raue by 30 per cent, nopn la
taghet doss wmtad  khoat effect

L

= effect Could not be evaloated () = not

COMT 1olitunion \ Syapatio- |
Compound - mumctc effect] S-receplor
Penpher n
Ehlgo  Brm Ensoi nyig ED30
+Methyarop
P Hropolon 2 = | a0 ' 00
I—II i1 1 3 o0 oS NS
{""“"-‘-Mdm yoerzow 1 o | i 1 >100
2% ) !

)
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1soproterenol sulphate The heart rate was determimned by ECG recordings
of 10 sec, at five-minute tatervals, and the duration of the tachycardia nas
defined as the tme from the myection of 1soproterenol to the moment
when the increase in heart rate had slowed down to half its maxmum value.
The COMT mtubitory potencies of the compounds tested were compared
by determining the dose producing a threefold increase 1n the normal
duration of the tachycardia As a rule, three different doses of cich
compound were ijected each dose being tested on three mice,

Sympathonumenie effect and adrenergic
B-receptor blocking action

Beaides the peripheral COMT hibitory potencies of the compounds,
therr sympathomumetic effect on adrenergic f-receptors and thewr -
receptor blocking power also were determined by the method previously
deseribed (Ross 1963a) The compounds were regarded as having 3
sympathomimetic action of their own when they caused a distinct increase
1n heart rate and the dose necessary to produce such an 1ncrease was
determined A reduction of the increase in heart rate induced by isopro-
terenol was judged as a B-receptor blocking effect and the dose reduwing
the 1soproterenol response by about 50 per cent was estimated

Reduction of COMT activity in mouse brain
The inlubition of COMT activity in mouse brain in /1o induced by 3
compound was determined by estimating the COMT activty in vitro of
centnfuged brmn extracts of muce that had been pre-treated by s £p
mjection. Unless otherwise stated the mice were killed half an hour after
the wyectron The brmins of four mice were pooled and homogenised 18
an equal volumes of ice-cold 1sotonic KCl The homogenate was centsl
fuged at 14000 g for 20 minutes at 0 C The COMT activity of the exiract
was determincd by the method of AXELROD ALnsms & CLEMENTE (1959)
with some nunor modifications (Ross 1963a) Tritiated noradrenaling,
2.8 mpmo! was used as substrate An aliquot of 0 | ml of the extract was
taken ond the final volume was 04 ml Each extract was submitted (0
two or three determunations two separate tests being made for cach dos¢
of the compound. The inhibition of COMT activity was expressed as
percentage of the enzyme actvity of untreated muce A graphuc estimate
was made of the dose mhibiting the normal enzyme activity by 50 per cent.
The compounds tested were 1n part, obtained commercially and, 1n part
thesized by Dr H Corrodi AB Hissle Gdteborg, Sweden (coo
- ds marked H 1n the tables below) The COMT imtubitory capaciics
f,’?“,f)‘m, of the latter compounds have also been tested by other methods

(CARLSSON, CORRODI & WALDECK 1963)
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substituted denvatives of pyrogallol v/ 2,3 4-tnhydroxybenzox 2ad
and 2,3 4-tnhydroxyacetophenone, were slightly more active than
pyrogallol Gallic acid, on the other hand was considerably less potent
1a intubitory effect has been shown to be insignificant also i virro (Ross
& HALIASMAA 19643) The 1sopropyl ester of gallic acid had about the
same potency as pyrogallol (table 2)

One of the most active compounds of the o-dihydroxyphenols tested
was D-catechin whose potency was slightly ugher than that of pyrogallot
3-Methoxycatecho! caffeic acid and protocatechualdehyde had the same
potency as pyrogallol (table 2)

Several o-dihydroxyphenylacetamide denivatives were studied for ther
peripheral COMT mbubitory effects (table 3) When the acctamude group
was 1 the ortho position (o one of the hydroxyls (H 17/77 and H 29/55),
the compound had no intubitory action These compounds have been
shown to fack inhubtory action i viro also (Ross & HaLiassAs 19643)
On the other hand, severa!l of the 3 4-dihydroxyphenylacetamide dermva-
tves, were as potent as pyrogallol H 17/87 H 22/41 H 22/54 and H 2293
being even shghtly more effective Judged by their effect on heart rate.

COMT inhibition in brain
As appears from table [ the tropolones were considerably less potent
as COMT nhibitors 1 brain than they were in perpheral organs. Some

Table 2

COMT inhlbiion, sympathomumethc effect and -dmmﬁc B-recepor
blocking action by o-dlhydroxyphenyl denvatives [n mice

‘ 1

) COMT Inlubiton Sympatho- | Adresergk

mumetic effect| f-receptor
Dose I blocksdo

|

Corapound b— —
[ Penpheral { B ain EDSO maig ED%
) I
techol 50 { 50 50 [ ol
,E;m,,u.,l 100 J 125 o
3Methoxycatechol 100 200 2% 50
3. Mcthylcatechol 100 250 100 0
Protocatechualdeh 100 50 100 ;_”
Protocatechuls acld 200 300 Frog prod
Cafelc scid 100 2% 2 P
0 500
%’%Tr.f‘hdydmxybcwlc aad | 0 g ) :ﬁ | 1:;;
Daprapolcser of gallc acd 120 % = 5
henone
2.3 +-Tnhydroxysectop o) 350 0 ¢ %0
mﬂ‘:‘;’w 330 100 (10?
00 )
12 Meibyl-DOFA [ Pt (o ~100

) See legend to tablo 1 for explanation
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Noc had 4-tropol de any 1ops L ing action at
ncnhishﬁdfﬂi(ublﬂl)

Duwration of the COMT inlubitory effect

The duraton of the penpheral inhitatory effects on COMT of some of
the most potent substances was also investigated. As judged from the
soproterenol potentiating actlon (table 4), 40 mg/kg 4-tropoloneacetamide
grien 1.p. bad a marked peripheral COMT mnhibitory effect $ hours after
mpection. H 22/54 500 mx,fkg ip- had somc COMT inhibitory effect
2 hours after njecti dmirustration of 200 mg/kg pyrogallol,
3-methoxycatechol, v.bc isopmpyl ester of gallic acid, protocatechnalde-
hyde or D-catechin, no COMT inhubitory effect could be observed 2 hours
fater

The duration of the COMT-inhibitory effect in the brain was also
studied with three substances. Table 5 shows that the effect of pyrogallol
21 a dose of 200 mg/kg 1p reached s maximum dunng the first 30
munutes after the mjection and then decreased rather rapidly only one
thrrd of the enfyme actnrty being blocked two hours after the myection.
The effect of H 22/54 on the other hand, lasted much longer in brain
than in peripheral organs 4 hours after the injection the enzyme activity
was sull two thirds blocked. The day after the injections the COMT
actrity was normal. H 13/49 was kess long-lasung in effect than H 22/54

Table 4

Durstssn of the papheral COMT-trubnory effett of some COMT-intubitors
T coarpoands are mmjcrted [t the Lmes noted befors admlarsiration
Hotoristimiie P ore ralion of Bopeotercact

o the 1od s
the CONT-satubrtory cffecy. Each doss was testad oa thrvs anusals,

1 | Tioe befors
Compound Dova Dwration of
I mgnx l edmlaisiraddon, | EEYELLA,
go-tm 1
Togalel
1 11
L ot

s SYTHEEEE
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of the pyrogallol dervatives 11 2,3 4-trihydroxyacetophenone, the
1sopropyl ester of gallic acid and also pyrogallol itself were the most
potent wmhibitors of brain enzyme activity i vivo (table 2) The carbon
acid denvatives of pyrogallol were less active in braun than in the penipheral
organs All the catechol derivatives tested were less effective than the
most potent pyrogallol denvatives (tables 2 and 3) While le-methyl
DOPA has been shown to have no inhibitory effect on COMT  vitro
(Ross & HaLiAsMAA 19642) 1t had some mhibitory action in mouse
brain /n vivo (table 2)

Sympathormimetic effect and adrenergic g-receptor
blocking action

One purpose of this mvestigation was to search for potent COMT
inhibitors that have as few side-cfiects as possible. For this reason the
sympathomumetic effects and the adrenergic B-receptor blocking actroas
of the compounds studied were tested As shown in tables 1-3 several of
the compounds reduced the tachycardia duced by 1soproterenol ths
effect was considered to be an adrenergic P-receptor blocking action
(Ross 1963a) Among the compounds causimg p-receptor blockade at
doses lower than those producing COMT inhibition may be mentioned
esculetin 4-methylesculetin  gallanude, H 17/53 and H 22/98 At these
doses the esculetins and H 17/53 had a sympathomimetic effect as weil

BELLEAU & BURBA (1961) have reported that 4-methyltropolonc has
adrenergic B-receptor blocking properties and MURNAGHAN & MAZUR
KIEWICZ (1963) have shown that at high doses 1t antagonuzed the lethal
effect of adrenahine and the vasodepressor achon of 1soproterenol 1a cats
In our test no blockade of the 1soproterenol induced tachycardia w33
found with 4-methyltropolone at doses as high as 100 mg/hg1p (fig- -

A :]

c
Eroe  I50PR (METHYL 150PR
2600
Foo
W00 e
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=
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10 018 TIME IN MN
4 L ° 1 fnduced tachycardia in mit
Flg. 1 The actlon of ey O soproterenol sulphte, 10 pigl B “Methy hrope-
Means of (hree eier oy befora liopr erenol - Iphate, 10 ughe
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mume present 1n mouse brawn in viro the compounds blocked the forma-
mnoflhﬁcmabohw-t:bmuthcmmndosduthmprodudnz
COMT inhibinon 1n our experuments.
Scm'nlo(th:compounduxhﬂaimgoodpmphﬂ-alcﬂ'mwmmuch
hscﬂ'cctmmbnxn,xizthcmpolonﬂ,n—mlechmmdu#uihydmxy
benzolc aad. The small effect observed 1n beain may be due to the diffi-
cutty of theta substances penetranng the blood brain barner
On the other hand, the COMTuntubstory effect of L-g-methyl-DOPA
mbams h pected, mnce this compound has been thown to
have no sumilar effect in viro (Ross & HALAMAA 1964a) A posuble
:xphmuonhthaxmninhﬂndonu!COMTinrlmwupmduccdbyth:
decarboxylation products of @ methyl DOPA, 1/z a-methyldopaun and
a-methylnoradrenahne these have been shown to be present in bram after
sdmmntration of e-methy-DOPA (Caxrsson & LiNDQvist 1962), and
hyt drepaline 13 8 COMT nhubitor i vitro (Ross & HaLADAL

1964a).

In contrast to BELLEAU & BURRA (1961) and MURNAGHAN & MAZURKIE-
wicz (1963) we found the tropolones tested to have no adrenergic
Preceplor blocking action. Since 4methyltropolopo seems to have a
papaveripe like action (BeLieau & Bumma 1963), 1t may be that the
reported antagomsm of 4-methyltropolone to adrenaline induced toxkcity
mmdw&:nmdeprmmofmpmmmolmmhnon

Stveral other compounds tested blocked the adrenergic f-receptors in
{be sams dose range as that cauung COMT mhibmion. These
szeo1 1o be unsuitable for studymg pharmacologieal effects when COMT
Is Inhitted. No such sideeffect was fonnd with pyrogallol, the ssopropyl
esier of gallic acd or 2,3,4-trihydroxyacetophenone, or with several
;tdihydmxyphmh bemﬂncemmldadeﬁnum These Last named

ever have shown to block the enzymatsc b tion
%hmm&mmmmamwm(c«m
C‘m&w;umlm Root & Werniaus 1963 Ross & Hatsaauas

Although the tropokones tested seem to be wseful for
vgaficance of COMT nhibstion 1n perrpheral organs in u‘f-amgg :
ot suited for evaluation of the role of COMT mnhibition 1n the brain,
ﬁuudMWmmmFordezM

Ul 3 seem 10 be the most surtable COMT inhibitors. Unfortanately

Mﬁpcch]}ylbncs!uxofpﬂicwd,mmmpunmﬂymu;
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Table 5

Duration of the COMT blocking by somo COMT
inhibitors action In mouse brain ia 1iro

COMT actlvity was determined in tho extract from four
pooled brains. Incubation time 90 min. at 37 C. Subutrate
concentration 2.8 mpmol noradrenaline-7-3H per 0.4 mL The
raice wero beheaded at the times noted after Lp Injection of
the compounds tested. Two Independent determinations wero
made. COMT activity hs expresscd as a percentago of that
of untreated mice.

COMT activity as percentage of normal
Hours after

the injection gallol  H254 | H1349
mg/kg 500 mg/kg | 1000 my/kg
1 2 16 7
1 21 21 10
2 o4 16 16
4 - 33 100
17 - 100 -
Discussion

IZQUIREDO & KAUMANN (1963) have shown that the COMT inhibitor
pyrogallol prolongs tachycardia induced 1 dogs by 1soproterencl,
whereas this effect 18 less marked if tachycardia 13 produced by adrenaline
ot noradrenaline The same findings have been reported from studies on
mice (Ross 1963b) MAO inhibitors had considerably less action on the
duration of isoproterenol induced tachycardia in muce (Ros$ 1963a)-
The results obtained by recording the prolonging effect of vanous com-
pounds on tachycardia mduced by 1soproterenol m mice agree well wath
the COMT wnhibitory effects of these compounds in vitro and also with
the results obtamed by other methods of determining COMT mhibition
i vivo (AXELROD & LAROCHE 1959 CARLSSON & WaLDECK 1963) 11\;
supports the conclusion that the prolonging effect on 1soproteren!
induced tachycardia i -mice 1s a good measure of the COMT inhibitory
effect of a compound in penpheral organs. It 13 probable that the cﬂ::;
chiefly mnvolves the enzyme 1n the liver wh;:;csgt)hc Tughest actvity

AXFLROD ALBERS & CLEMENTE
beglnf;upc‘:v(mmﬁgnuom have been made into COMT iulu'biumllotz
bramn in ¥ivo CROUT (1961b) studied the in vivo action of pyrogallol
this enzyme 1n rat brain by a method simular to ours. Qur results on muce
se agreement with those obtamned by him. Cartsson CORROD! &
ow good S85CC ed the action of the 3 4-dihydroxyphenylacetd

sh

LDECK. vestigat
wde dcnvglt?\i)::l the amount of normetancphrine and 3-methoxyly™®
mt



COMT INHIBITION I¥ Y13 O 223

mme present 1n mouse brain ix viro the compounds blocked the forma-
won of {heso metabolites at about the same doses as those producing
COMT mhibition m our eXperunents.
Scwmloﬂhcmpound:uhihitmggoodpmpbaﬂcﬂ'mmmudx
Jess effective In braln 1ir the tropolones, D-catechin and 2,3 4-trilyydroxy-
mmmmﬂcﬁmohmcdmhmnmybcmttolh:dﬂﬂ
alty of these substances penctratmg the blood-baain barrler

On the other hand, the COMT-nlubitory effect of L-a-methyl DOPA
1m brun is somewhat unexpected, smee this compound has been shown to
ke no smitar effect v ritro (Ros & HaLIASMAA 19642) A postible
explanation 15 that the fnhibition of COMT 81 rivo was produced by the
derarboxylation products of @ methyl DOPA, i e-methyldopamin and
e-methylacradrenaline thess have been shown to be present in brai after
admmstration of o methyl-DOPA (Carisson & Linpvist 1962), and
a-owthyh drenaline s & COMT mhibrtor i ritro (Ross & HALIADEAA

19640).

In contrast to Bateau & Bunra (1961) 20d MURNAGHAN & MAZURKIE-
wicZ (1963) we found the tropolones tested to have no adrenergic
Breceplor blocking action. Smce 4-methyltropolone seems to have a
pepaverinedike action (BELEAU & Buzea 1963), 1t may be that the
reported antag: of 4methyltropolone to adrenaline induced toxicity
@ mice and to the vasodepressor action of sopeoterendd In cats is non

Several other compounds tested blocked the adrenergic p-receptors m
the tame dose range as that causing COMT inhibition. These campounds
seem to be be for stodying phar logical effects when COMT
6 inhibited, No such sidecfect was found with pyrogallol, the isopropyl
aier of gallic aad or 2,3 4-trilydroxyscetophenone, or with several
34-dihy droxyphenylacctamids denvatrves. These last named compotnds,
bonever have been shown 1o block the enzymatic hydroxylation steps 1n
Wwyuuwofwadlolmmds—hydmxmmamm(axmm
m&w:\mlm Roas & WERDINIUS 1963 Ross & HALIASMAA

Allhou;thctmpolonﬂt:ucdlctmlobcchfulfor:Mym
ﬂmﬁam:oftohﬂinhhuonmmhaﬂommhﬁm th;z
M!wncdfornﬂmuonofthemkofco}vﬂluhibiuonmth:m
btamcoftbdrlowpouncthar.Forlhupurpose_Lhem'opuo{
derivathyex seem 1o be the most suitable COMT inhubriors. Unfortunatefy
‘hﬂe.cq)echﬂylhccuenofgxmcu:d,mmmmmﬂym
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Summary

Compounds of severn) classes were studred for their potencees as ihibs-
tors of COMT activity i peripheral organs and brain in muce I mro

In peripheral organs the tropolones had the highest potency but they
were considerably less effective 1n bramn. Pyrogallol the mopropyl ester
of gallic acid and 2,3 4~tnihydroxyacetophenone were the most effective
compounds whibiting COMT activity i brain vt vive

The COMT inhibitory power of several 3 4-dihydroxyphenylacetamde
denvattves was the same as that of pyrogallol in penpheral organs, bul
they were [ess effective in brain,

Many of the compounds tested interfered with other adrenerge
mechamsms, for example sumufation or blockade of adrencrgic f-recep-
tors 4-Methyltropolone was found to have no adrenergic freceplor
blocking capacity

For a fairly selective inhubition of COMT 1n the bram the most effecive
compounds seem to be pyrogailol and some dervatives of pyrogaliol
For mnhibition of COMT activity 1n peripheral organs m vive the trope-
lones scem to be most effective,
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Blocking Action of Sympathomimetic Amines on the
Uptake of Tntiated Noradrenaline by Mouse Cerebral Cortex
Ttssnes In Vitro

By

S B- Rosa and A. L. Reavl
(Recetved May 9 1964)

The uptake and binding of noradrenaline and adrenaline by tissues are
mportant for mactivauion of therr biological actions (AxeLrop WL
MALHERBE & TOMCHICK 1959 CrOUT 1961) DENGLER, SPiEGeL & T3
(1961 o, b) have shown that tritiated noradrenaline 1s actively accumulated
by tssues from cerebral cortex, heart and splesn in vitro when thes¢
tissues are ncubated with small amounts of this catecholamme. Symp
thomumetic amines, such as tyramune, amphetamne and ephednne, block
the uptake of noradrenaline Other pharmacologically active compouads,
e g reserpimne, cocane, imipramune, chlorpromazne and dibensyling, also
inhibit this uptake. Tt a previous study 1soproterenol was shown to have
but littie effect on the uptake of tritiated noradrenahine by mouss heart
tissue 11 witro (Ross 1963) The powerful action of COMT mhubitors 04
tho duration of the tachycardiac effect of 1soproterenol in vivo compared
with the effects of adrenaline and noradrenaline (TZQUIREDO & KAUMANN
1963 Ross 1963) may be explamed by the slow uptake of the formes 18
ussues. In our tvestigation several sympathomumetic amunes were tesicd
for their blocking effect on the uptake of triated noradrenaline by shect
from mouse cerebral cortex

Methods

of tritiated noradrenaline by cortex tusus from mouse brun w Hme
mmmbyﬂrmhodofbmﬂm SrmaeL & Trrus (1961a) About Km:?
dmumnmmmwlnzmdkmﬂmxmummﬂmﬂlu
rmmmlnumﬂmﬂnb‘l-lﬂpdnﬂ(l 6CpamLNcwEnzl-mdeka-rODm)~u
and diferent amounts of the campound were tested {n a Dubooﬂ‘anubawrmm
atmosphere of 93 5/ Oz and 63 CO; for one hour at 37°C. After incubation
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(Packard TrCarb Amtoasalysator). The scatilistion
tobucos soluthon of 043 3,4-diphenyloxazols and 0.01 / Iyly-
bexzrma. The ratho of joa of tritkted ling s tha dlicea to that in
the e wes taken & a mossure of the sccmalation of nocadrenaline In the tine
hmmmmdmmmmndmmumm
1o the formmuin

(ReRy) 100
Rel

bers R o the ratlo of tha comrol and Ry the rab in the praence of the inhibltor

graphically The dopes of the curves wers deser

concrntration-repono
tmined 21 relartve fgires by drvidiog the logarithm of the concentration into the value
for ohubation.

In several sxperaneats the kinctics of the uptake of tritiated norsdremaline by cers-

dexenbed by Lo & Bunx (19M4)

Figure 1 showa the time curve for noradremaline uptake 1 cerebeal
cortex, slices at & concentration of 0 1 mpmol per ml, The curve i almost
Mdmwmmmmwﬁﬁsmmwﬁmm:
resalts of DinoLem, SrieceL & Trrus (1961 8)

A3 thown in fig. 2, the rates of uptake of tntiated noradrenaling re-
l‘Lmﬁedtlh:cmm‘ y reactions ding to Michaelis Manden,
5,2 foaction was obtained when the inverted

plotted against the Inverted co The Mich ‘W-lndlxuwae

etermuned t, as
4 o Y e procedure of Lieweavex & Buxk (1934), was

Themoumofmndrmnlmxuu:umnhwdlumedm
exceeded the
mmuwmlnmmuhm&uvmpmm&mﬂunmmumol
:hawdmrld:mlmch)drochlcndupam] The ratio deereased, howe
or -lmhnuungmmmuounehuhmnmmnbuuwdna

e
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Fig. 1 Uptake of tritiated noradrenaling
by mouss cerobral cortex alices ay fupe Fig. 2. Rates of uptake of trithated mor-
tlon of ime. 0 1 mumol per ml noradre- drenallno by mouss cerobral cortex sliecs
naline-$H Krebs H t medium pH at four differeat norndrenaline comcentra
tons, - 0.2, 0.1 0.05 and 0.025 mumol
ml Incubation in 2 ml of Krebs-H
medlum at 37 C for 5 min. The Lnerted
uptake volocllics (means of three deler
minations) are plotted against the fnveried
concentrationt.

742137 C. Means of threw determinations

noradrenafine concentration of 0025 to 0 1 mumol per ml (fig. 3) Ths
result Is also in good agreement with the findings of Dengler and co-
workers.

The blocking actlon of catecholanmines

In a previous investigation noradrenaline and adrenaline were shown
to block the uptake of tritiated noradrenaline by mouse heart tissue when
added to the incubating medium in vitro whereas 1soproterenol had only
small blocking action (Ross 1963) As shown in fig. 4 the same results
were obtamned with cerebral cortex tusues Of the catecholamunes tested
L 3 4-dihydroxynorephedrine was the most potent nhibitor of noradrena
line uptake L Adrenaline was shghtly more active than L noradrenaline.
Dopanune had only one teath the activity of noradrenabine (table 1) and
the concentration response curve for this compound was steeper than
those for the amnes mentioned above br~N Ethylnoradrenaline was Jess
than one tenth as octive as L adrenaline, but the slope of the concentra
tlon response curves was the same for each pL N Butylnoradrenaline and
pL 1soproterenol were far [ess potent than adrenaline or noradrenaline
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wssu L o8 3 0
Fg. 1 Ravo of of ttlaed Hng in corebral corta slice 1o that
= the medicm xt In Krebe- Hemsadely
modxan for ome hosT a IT'C. Mewng of thres t cxch
- /
3 f Va
t T7 /
s / /
" ] W »
e/
F g 4 Inbomtion of of tnated
“W" per hvbuudmmmﬁumrumwnxrc.
“ Dok of ated.
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The blocking actions of m- and p-hydroxykated

phenyiethylomine deriratives
The m-hydroxylated amines were more or equal potent whibrtors of
{he paradrenaline uptake than the p-hydrorylated (g 5 & 6 table 1).
L-3-Hydroxynorephednne was as active as the 3 4-dihydroxy anafogue,
mdthnctwonmmmnkothamanpolmto[dlamlnﬂt:ﬂai

L-phenylephrine and L-norph phrne were iderably less active,
bui,ﬁke}hydmxyuo;ephcdmt.hldlhaunttypcofnmtrﬂumnam-
curves as naradrenaline. pL Hyd

on}yonnhndupolrnlumndmnnabuthadnmghﬂyucepqcon
centration-response slope than this amine. bL N Ethylnorphenylephrine
had low actrvity as & blocking agent for drenaline uptake.

Among the p-hydroxylated amines L synephrine had the least steep
concentrathon-respomse curve {fig. 6) and had only ang forticth the activity
of noradrenalme (tablo 1) DL—LHyd:oxyImpb:immmlhcmostpOtmt
of these amines and had a hat stecper ation-
tan syncphrme. bt Norsynephrine was more polaltthmsynq:h.rme
and had a stecper concentration response curve. Tyramins had about the
e potency as hrine and an even stecper response
curve. DL N-Batylsyncphrine had only a shght inhitory effect.

Lu._*

D“N'bh'-mp&n)

*un.
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The blocking actions of m- and p-hydrox)lated
phexyletkylamine deriratives
The mrhydroxylated amnes were more or equal potent mhibitors of
the noradremaling uptake than the p-hydroxylated (fig. 5 & 6 table 1)
L-}-Hydraxynorephedrine was as sctive as the 3 4-dihydroxy analogue,
and these two amumnes were also the most potent of all amines tested.

L-phenylephrine and L-norphenylephrine were iderably less active,
but, like 3-hydroxynorephedrine, had the same type of rather flat concen
trat curves as line, DL Hyd h ine was

only onc third as potent as noradrenaline but had a shghtly steeper con
centrabon-respomso shope than this amune pi. N Ethylnorphenylephnne
had low activity a3 a blockng agent for noradrenaline uptake.

Among the p-hydroxylated amines L synephrine had the least steep
concentration-response curve (fig. 6) and had only one fortieth the activity
of noradrenalme (table 1). p1~4-Hydroxyamphetamine was the most potent
of these amunes and had a somewhat steeper ath p curve
than synephrne. DL Norsynephnine was more potent than synephnne
nd bad a steeper concentration-response curve, Tyramine had about the
fame potency as norsynephnne and an even steeper concentration-response
curve. bL N-Butylsynephrine had only a slight inhibitory effect.

u » %o
Fa o/ k.
S Tohubuwa of upteke of witteted
7 2y droryply ek e hrmbeiond
o Imembaton mﬁmumhi’wu‘
* oLl '

® LM
D1 5 N-Etkymorphenylephnna.
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Snhibiion I per cent

¢
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i
Fig. 6. Inhibidon of uptake of tritiated
line by + ¥p hylamine dervathes.
I as describ d for fig. 4
A L Syncphrine, @ pL Nomynephrine,

# DL-4-H; xyamphetamine, 4 Tyramlne,
ODLNB{\‘;ymhynepKﬂn& e

The blocking action of non-hydroxg lated
phenylethylanune derivatives

Fig. 7 and table 1 show that of the phenylethylamine denvatrves tested
DL norephednine and pL phenylethanolamine had the least steep concer

tration response curves. More potent than norephedrine as nhubators of

. y |

4
i /’ /
I
ém g ’
° as ' \
o 0 -
Fg.7 Inhibition of uptake of tritiated
ine by pb fakylamine derivathves. Incabation condittons as descnibed
nor L for fig. 4
o pL phedrl ® oLt hagol
7 Ephedrine, 3 DL Amphetamine,
{ oi Degsyepbedrine, 4 Phesyiethylam ar,
oot R-Ethy kepbedrine.
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Tabls 2.

Iniihition of upiaks of tritisted porsdroniline by
Jecraars of soms sympatharmimctic Kiess.
Expirimestal coodrtions 1 In #3. 4

+ Noradrentlae. H
o Nondrsoaline

1344

3Hydrocyoorrpiednos ad L
o Hipdrexyaorcphedrmes 31 °

E‘é
g
g% ob

vﬂg
ans
b33
B=g

noradrenaline uptake were DL-amphetamine and bi-d hedrine.
L Ephedrme was slightly less active than norephedrne, but had a stecper

curve, P hanok was about 50 tumes
kst active than drenatine, and ph thyl, was m fact only one
third a5 potent #3 phenylethanol L N-Ethylephedrine did not
mhibit fine uptake until ath d times ligher

The blocking action of some sterolsomers

The mhubatory effects of sterassomers of some of the amines tested for
therr uptake of noradremaline were also studied (table 2). No difference
w45 observed between the L-form of drenaling and the and
D-norphenylephnne had the same potency & the L-somer or the racemate.
The L-somer of 3-hydroxynorephednne was, however considerably more

aine than the D-form D-Ampheiamine, on the other hand, was caly
slighity more active than its racemate.

The effect of MAO mhubition on the blocklng action of
some 53 mpathomimetic amines

Dtmnad(lm)ha\tm-nlhnmolnhmmuhumcﬁm
oa the uptaie of tntiated noradrenaline by brain shcey. However several
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Inhiuson 0 per cent

o1 1 -] w0 ml
Fig. 6. Inbiblton of uptake of tritiated
h Ahvd ¢

ycroxypheny hes.
a

Y
forfig. 4

1 L
A LS hri ® DL Norsy
# pL-4Hydroxysm, mine, A Tyramine,
@ pu N Butylsynephrine.

The blocking action of non hydrox)lated
phenylethylamine derivatives
Fig. 7 and table 1 show that of the phenylethylamune denvatives tested
pL norephednne and pL phenylethanolamine had the least steep conees
tration response curves More potent than norephedrnine as mhibitors of

/ ¢
7 L

20
B
H
|4 v
£50 /
H /4
¢ 1] 1 1\
° 100 -
Fig. 7 Inhibition of piske of tritdated
line by L ylamloe deri stives. Incubauon conditions as descnbod
N forfig. 4
o oL phedrl. ® oL Phenyk {aml
 Epbedri % DLA
ToD dri. £ Phenylethylaml,
O ot N Ethykpbedrine.
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muulthnxhcuwumulwonormunrdnomdmmlminumdim
bs cansed active uptake mechanism.

K]naxbyexpumnm determining the nitial veloclties of the uptake
ruﬂmndiﬂ'mtmmmﬂommd:mlethmmcmmwmcdnmnn
ndmihnothnofmmzymncmmon,ltnnythcreforebeexpruwdu

NA+CsNAXC—-NA+C

where NA b noradrenatime and C 13 8 hypothetical carrier structure.
The blocking effect on noradrenalino uptake produced by the symp
mimetic amunes tested may be caused by different mteraction mechamsms.
1) The amunes may be taken up by the same mechanism as noradrena
Ene.
I)mnmmumymwnhﬂuhypolh:ﬂulmmmndmbm
may not be taken up by ths mechanism,

3) The amincs may not interact with the uptake reaction, but may
[iberate triuated noradrenaline already taken up by the tissues.

No dfferentiation between the mechanisms proposed in 1) and 2) could
be achieved in our mvestigation, nnce the uptake of sympathommetic
uines tested was not wnvestigated. However non-radicactive noradre
naline must be taken up in the tissues by the same mechamsm as the
tatated amme and may inhibit the uptake of the latter m accordance with
the first alternative. Adrenaline has been shown o be actively accumu-
lated 10 brain cerebral cortex nssucs i Fitro (DENGLER, SPIEGEL & Trrus
1961b) and probably blocks the uptake of tritiated noradrenaline by thus
mechansm. These two amines belong to the group of sympathonumetic
amines having the flattest concentrati P curves for mhibition of
uptake of tritrated d It th fixhle to suggest that
amines with concentratwon-response carves of this type, eg 3 4-diby-
d phednne, 3-hydroxy drine and phenylcphnne, inhibit
the uptake of tritited noradrenaline by one and the same mechanism.
Thhumptmumpponedbylhcmrpmmman—m‘ponsem
Obumcdmthdfrpammc.whnchhubccnnhowmltobeaawelymkm
W by Ussee slices o itro (DENGLER et al 1962).

The thurd possibility umplies that the amines do not wterfere with the
W:mmh:nhnbmﬂbaneﬂ:ﬁtﬂlcdmmdmnlhedmdyukm
9p. CamLson, Hitarr & WALDLCx (1963) have demonstrated that
Yyrmine 1 taken up 1n wolated granules by a different mechansm from
Mcforndrmaﬂmaminomdmﬁne.mumlkzoftynm:mbymnu
b3 requires, in contrast to the uptake of catecholammes, no ATP and
My Tyrammc. which has been shown to be a potent casecholamine
Lberatmng agent in tho (BEmaBLAYA, BURN & WALKER 1958) and in vifro
(SCUTMANN & Pinurry 1961) also caused liberation of tntlated noradre-
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Fig. 8. Effect of MAO inhibitbon on the blocking action of soms sympathomimetic aminct
#galost uptako of ntiated noradronaline. Mice pre treated with 10 mg per kg Lt phest
praxne hydrochloride four hours before d itatd Incubatl i 1

s0lid une 0o pre-trestment
broken lins  pheniprazine pro-tredtment.

MAO intubitors blocked the uptake when added to the incubation medium
in vitro probably by virtue of a sympathommetic action of their own
Some expenments were performed to study the effect of MAO bt
uon on the blockage of noradrenaline uptake caused by some of e
amines tested The mice were pre treated with phenuprazine 10mg perks
ip four hours before decapitation, thus ehmunatng the sympathomimetic
action of this MAQ mhibitor Fig, 8 shows the amines that are good
substrates for MAO eg dopamine tyramune and phenylethanolamine
greatly to mcrease the blocking effect of the noradrenaline uptake when
this enzyme was inhibited by pheniprazine However amines known not
to be attacked by this enzyme, e g ephedrine and 3-hydroxyamphetamune,
also seem to be shightly more active - espeaially at low concentrations ~
after pre-treatment of the mice with phemprazine No changes 1 the
blocking potencies of noradrenahine or of 3 4-dihydroxynorephedrine and
3-hydroxynorephedrine were obtamned afier such pre treatment

Dbasssion

Several of the results obtamned by Dengler and coworkers (DLNGLER,
SeieGeL & TITUs 19612 & b DENGLER ¢f al 1962) were conftrmed They
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Campoxmdsm\h:ude—chxmufﬂnpmp:mhmmewmmbe
m’opot:mmblucldngdrupukadmmdmnd:mhncbybrdn
muunmlhmmthwmﬂ:nd:—ch‘mlnfolhﬂtymAnnwpm
‘unmcphedrmwbdiwub!mthlnnmphmmm&aptfor
Mycplrdrinc.omhydmxylgmupomhnﬁ-arbonmuumdmcwmy
The p d& 2d when the sut on the gen was larger
than a methyl group Dihydroxyphenyl dervatives were more potent
Lhmm—hydmxyimlogucs.wﬂ:hmmmmmmucuwmmﬂw
demwmofmmmﬂmommy
hydmxyimthchenmnnudcm.Thus.thaowmuwbelmnina
r:hbomh:pbdwmlhand:mﬁghu—mp&mﬂhnuhﬂngamommd
ke blocking effects of the amines studied by meams of the uptake of
tntated noradrenatine.

The uptake mechanimm stodscd docs pot seem to differentiate between
the t w forms of drenaline, since no duff was found
between the inhibitory effect of the L and p-isomers of noradrenaline on
the uptake of tntiated noradrenaline. This finding Is m agreement mth
that of KorN & Bripaers (1963), who found that both L and p-nor
adrenaline3H were taken up and bound by rat heart and spleen st
approximately the same rate.

DexGien, SpEGeL & Trrus (1961 b) showed that several inhibutors of
adreergle g-receptor e g dibenryline phentolamine and chior
promazine, ako block ths uptake of tritiated noradrensline by cerebral
cortex tissues /n vitro These findings, together with thoss for ths investigs-
bon reported bere, may support the hypothesls that ths o
Tospanse

of noradrenatine. The possibility that the a receptors constitute the uptake
mechanism studied 13 excluded, since the D-isomers of several sympatho-
mimetic amine had a strong inhibitory effect on the uptake reaction,
whereay the oeeceptor-stimulating action 3 weak. Another possible
explanation of the findings would be that an uptake of the sympathomime-
uc amine had to precedo the reaction wath e-receptors, But litthe s known
m\hmﬂﬂulmﬂmo(th:mmﬂcwmmﬁndhxpd
&\M&Smmum(l%l)bdhlcthnulcanwmnld:mpc
freceplons may be b ‘bound. An dlolar location of
&recepton i not uallkely in that event an uptake reaction of the amino
must precede the receplor response. However the blocking effects of
mmwmuwdwmmmm
(D'NHJLSW&Tmnl%lb)wrmwconmnlhuuplnmﬂon,
“?h;.h?cl;: ds have no ptor whilutory effect.
y mmlmlhcpomwnylhmlhgmzﬁondgtumnng

h‘nmnldlh:rympaﬂbmnmmlmmuwlh:amceptmmlybedos:;
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naline taken up by premcubation of tssues in vitro (unpublished obsena
tron) Tyramine 1s one of the amines with the stespest concentrabon-
response curves 1n our expenments. Other amines with the same kind of
response curve were amphetamine and phenylethylamine,

As shown from our results, there were no distinct limuts between ammes
with steep and less steep concentration response curves. All transitioaal
forms can be observed between the two extremes of adrenalne on onc
hand and phenylethylamine on the other Several of the ammes may have
a muxed type of action.

From the above discussion 1t may be suggested that the concentratios-
response curves relating to sympathomimetic amines with an “indirect
action on the receptors may exhubit steep slopes, whereas the curves of
the amines witha  direct”™ action on the receptors (BURN & TAINTER 1931
TRENDELENBURG 1963) may be less steep

Such a concept 1s supported by the results obtained. Ammes with 2
mixed type of action on the receptors, e g ephedrine and norsyncphms,
give curves with slopes ntermediate between those of direct” and “i+
direct amines Also among the direct” acting amines some varfations
1n slopes may be observed e g for adrenaline compared with synephrme.

Only few exceptions from this rule were found. According to the revie#
of TRENDELENBURG (1963) dopanune would act as 2 direct” amimne, but
n our experiments 1t behaved as an  indirect” one. However HARRION,
LeviTT & UDENFRIEND (1963) recently demonstrated that dopamine may
at least 1n part, act by release of noradrenahine this 1s more constant with
our results. In our expeniments the curve of DL phenylethanolamne had
a slope sunilar to that of synephrine and may therefore be classfied 13 8
predominantly direct acting amine BURN & RAND (1958) found that
the L form of this compound behaves asa  direct acting amune whereas
the D-isomer has a predominantly “indirect action.

Specific exceptions to the rule that direct acting amines had less stecp
concentration response curves were the amines predorinantly acung 02
adrencrgic p-receptors. Isoproterenol the most potent of such amus,
undoubtedly has a direct action on these receptors, but jts concentra
on-response curve had a relatively steep slope. It also had only a ‘hsh:
blocking effect on noradrenaline uptake probably reflecting its shgh
a receptor-stimulating action (BUTTERwoRTH 1963) which may be of the

indirect  type. N Ethylnoradrenaline on the other hand, had a slope
sumular to that for adrenaline and was also a relatively powerful inhubitoc
of noradrenaline uptake. In addition to 1ts p-receptor stimulating -:‘f“"“
{hus amine may thercfore be held to act on a receptors na d.lmd(c:\":g
N Butylooradrenaline, like the other -receptor stimulating anunes

had only shight blocking action.
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simular to the binding mechanism between the anunes and the hypothetical
carner structure 1n the uptake reaction BrLLEAU (1958) suggested that the
a receptor reaction 15 mediated by binding of the asune to some aad
structure of the receptors e g carboxylic or phosphate 1ons, The bindmg
of the amune to the carrer structure may be of a simlar type.

Sammary

The uptake of tritated noradrenaline by cerebral cortex shices from
muce was studied. Judging from kinetic experiments, this uplale 1e
sembles an enzymatic reaction

The blocking actions of several sympathomimetic amines on noradrena
line uptake were investigated and showed good correlation wath ther
a receptor stimulating effects §-Receptor sumulating amunes had only 3
poor mhibitory effect on noradrenaline uptake Concentration-flect
curves show that the “direct receptor sumulating amines exhibit kst
steep curves than those with an  indirect  mode of action. The corre
sponding curves for amines with 2 muxed type of receptor action bad
slopes lying between these extremes.
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Distribution of Chloroform-*Cl in Mice
By

G8ran Hellekant
(Received May 8 1964)

Although chloroform has been largely replaced by other anaesthetscs,
1t has not lost 1ts value altogether In an extensive clinical companson,
K. L. SEBECKER ef al (1960) found little difference between the effects of
chloroform (CHCl3) and fluothane and concluded that CHCL; remauns
useful for anaesthesia 1n many circumstances (¢ g when a rapidly acng
anaesthetic 15 required for a brief period)

One of the main objections to the use of chloroform has been 1t
apparent toxicity to the liver (GoODMAN & GILMAN 1955) Thus toxaty
1s greatly enhanced 1n animals depleted of the tulphur-contaning
acids (MILLER ef al 1940 VICTOR 1952 NAKAMURA ef al 1958). Since it
1 reasonable to suppose that the injunious effects of CHCI, arc due to 1ts
halogen component, the radioactive 1sotope, %Cl can be readily ent
ployed to study the changes in hiver concentration over time, €0
with the changes i other tissue %CI concentration and with the changes
1n %Cl liver concentrations m anunals depleted of the sulphur-containing
amuno acids after bref chloroform anaesthesia. A hnowledge of these
functions should clarify the toxic effects of CHCI; on the orgamsm.

Method 2od Materlals

Isotope a . w3t el
Jisd by the Radiochemical Center \
'l'hohalfll}:'!:;p)fclh44xlmmnmunmaudlbﬂﬂ-dnmbﬂbu1l4\lcv

imals,
A.ashxrtw mice of both sexes (av wt 23327 g range 16.529-31 720 g) were used.
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Table 2
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A compariton between the liver chlonme¢ concentrations m fed and
warved mice (fig. 2) showed significant differences (0.01 <p < 0.02,
Stndent s t-test, two-tailed) mmediately after the chloroform exposure.
Ten mmurtes later the difference was not stapstically sgmuficant (p > 0.1}
zmmmlﬁalhommmnmmdiﬂmuwm

Froups.

Discusslon
That #(CHinduced activity had dssappeared from the lver approxi-
ately 2 days after exp to labelled chlaroform 13 10 good agreement
with the reports of other investigators. SOUCEK (1962) bas stated that
chioroform admimstered apacsthetcally m entirly disstpated from the
orpaaism within a few days Further extrapolation of the curve of
CHEnowETH ef ol (1962) for respiratory elimination supports the predic




242 GORAN HELLEKANT

Statlstical Methods

The rosults were analysed by appropeiato statistical methods. Total counting ermon
duse to background varlation were calculated from the formula s.d. of sample countieg
rate

G Ca
Sl A i =
where Cs = total counts for sample in time T and Cp = total counts for background
in time Tr
In this investigation the standard deviatlon of sample counting-rate, when ot
stated, varied between 1 and 8 per cent,

Results

After bnef exposure to chloroform, the radicactivity of 3C1 per gram
lrver tissue decreased approximately Iinearly with time (fig. 1) tn a semt-
loganthmic plot When one considers background and mdividual van-
tions, 1t 13 apparent that after 50 hours 35C] had entirely disappeared from
the liver of many amumals. Activity measured after 5 days -+ 16 hours aan
be wholly attributed to background vanation which was +1.2 cpm/g 8
this point.

Changes 1n bram liver lung and kidney %Cl activity apparently it
creased noticeably over unmedsate post-<xposure values before decreasiod
toward zero as would be expected (table 2) However individual vans-
tions were too great for this result to be statistically significant. Of the
organs studied, liver 3C| concentrations were the most constant, thos o
the lung most vanable with time and among individuals at one tume.

Cfmnfg

—t om 2039 2 34 1W 2 D436 ol e

be liver The numbers in Lhaﬂpanlnd:ulunumberul’mlnlh
Flg. 1 D‘““,““”?:'sunaud deviations 10 brackeis. Tho tie axis (ordinate) It
in correspondiog £ loganthmic (sco Metbods).
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Table 2
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A comparison between the Liver chlonne concentrations fn fed and
saned mice (fig 2) showed sgmficant differences (001 <p <002,
Student s 1 test, two-tailed) | diately after the chloroform exp
Ten minutes fater the difference was not statistreally sigmuficant (p > 0 1)
and 20 mynutes after the exposurc there were no differences at all between
the groups.

Discosston
Tha:"G-lnduwduﬂmyhlddnap-pandfmmthzhvcrlppmm
stzly 2 days after exposure to labelled chioroform Is fn good agr
with the reports of other investigators. SOUCEK (1962) has stated that
chloroform sdmimistered ansesthetically 13 entirely disupated from the
Srpnism within & few days. Further extrapolation of the curve of
Cunoweni e ol (1962) for respiratory elimination snpports the predic-
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tion that exhalation of CHCIy will termunate between 1 and 2 days after
exposure

the lung at death Sunilarly the amount of activity before death hence the
extent of 3Cl accumulation 1n the lung physiological dead space™
would be expected to vary both between groups and among mdwiduaks.
It 13 reasonable to assume that, of al) such factors were understood, the
observed Increase m tissue %Cl concentration could be more readily
nterpreted.

The time course of ¥C( induced activity n the liver 1s a case n pownt
for here additional knowledge of elymination mechamisms 1s available
The speaific role of cysteine and methionine in preventing byver mjwry
after adminstration of CHCly (MILLLR er f 1947 GLYNN er af 1945)
suggests that the sulphur-contamning amuno acids are of cnitical importance
to the metabolism and elimunation or gt least to the nactivation, of
CHCly in the hver In this investigation 1t was assumed that a 24-hour
food defit would significantly dimumsh the liver tulphur ammo acd
store his assumption was based on observauons of analogous pheno-
mena in rats (ADDIS ef al 1936 LLar 1947) along wath the consideration
that muce mantfest tugher metabolic rates hence equivalent amino acd
defiaits would occur 1n these within a shorter deprivation penod Goto-
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scEMIT ef of 1939 found after one hour of exposure to chloroform, more
E\a’u\;urymnnnnr\cdfcrnmunlhmmfcdnu.
mxmunpmmhcﬂthnmdcpdwdalroodamwdgmﬂanﬂy
h@umwmum&dmmmﬁmmmﬁmm
exposure to CHCly of the assumption 1s correct, these results give me 1o
the hypothesis that during chioroform inhalston the concentranon of
*Clmm:hvuvubdkccﬂymmtomcHﬂ,nbwrpﬁonm\heleg.
cqualmfcdmdmntdmups.mdnrgamclywimth:conumuwonof
$H-groups availablz for combining in the liver Since stan od ammals hsve
fests available SH-groups than ones that have eaten, thelr liver CHCly
cootent 13 hugher mmediately after anacsihctianon. Then when chloro-
form 1ntake has ceased, the amount of 3CT found, {n the hver depends
solrly upon the SH reacton. At just this moment the rate of the reaction
becores primarily a function of chloroform conctnirauon and acoord-
mgy will be mors raped 1n starved than i fed anmals. Eventually the
Erver chioroform 1r both I3 reduced 10 such a leved that the SH groups
apun assume dommance in deterrmining the breakdown rate But smee
fiver stozes of sulphnr amino acids have been exhausted, the reaction cin
ocrur only as fatt as they can be brought from other parts of the body
and will be the same for both groups.

Regardless of the mechansm involved, 1t appears clear from those re
sulty that protonged food deprnivation before cloroform anzesthetization
should be avoided if liver tnjury 15 to be prevented.

Sazury

Msce were exposed to #CHabelled chloroform for 20 minutes with
the results that

1) Iner %1 content disappeared after app ly two days
b) An \mﬂplu:ncdlmmﬂmmmuonwmobsmadmlunz.
Kidney bnmmdlo:omctncmhwrmanppmxlmudywmmm
€) Mice deprved of food for twenty four hours showed greater Hver
‘ﬂacommutbnnfcdmmnhrornlcnnlommutu-nammhmn—
mhnmndu:tcdlhnﬂrfmddrpmulonpcmﬁbcfamdﬂomfum
txposure should be relathely short 5o as to avoid the Liver often
damage

assoctated with this
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Selectire Uptake of Some Catecholamines by the Isolated Heart
and its Inhibithen by Cocaine and Phenoxybenzamine

By

Nis-Erk Andést, Hans Corredl, Margarst Ettles, Flof Gustafusen
and Huary Permon®)
(Recorred May 16, 1964)

pine depletes the drenalne m th lly innervated
thsues (BERTLER, CARLSSON & ROSENGREN 1956 BURN & Rawp 1957
MuchoLL & VooT 1958). After reserping treatment the sympathetc
oerves do not release norudrenaline on clectrical stimolation or after
rbachollne (BERTLER, CARLSION & ROSENGREN 1956 CARLs-
S0 ef af 1957 BeRTLER ef of 1958 Musceort & YoaT 1958) Further
the sympathomimetio effest of 18 abolished by reserpine (CARLS-
3o et af 1957 BurN & RAND 1958 TrENDELENSURG 1961). In reserpme
treated animals an infoxion of noradrenatine or one of {ts precursors or
anzlogues may temporarily restore the response to electneal stimulation
of sympathetic nerves and to tyramine (BurN & RAND 1958 1960
Rocer & SEpvarL 1961 Griss & Nam 1961 Mooms & Moran 1962
Mk & v BuLex 1963). The sama results have also been obtained by
apenments on solated orgams (BERABLAYA, BURN & Warxex 1958
GILLIspir & MACKENNA 1960 CrouT Muskus & TRENDELENGURG 1962),
The starting point for the present investigation was the finding that
uopremaline, in contrast to noradrenaline and adrenaline, could not
restore the tyramne effect in isolated hearts from reserpang treated rabbits,
{L‘ufmhu:hownthncoulmmdph&uaxybmnmmpol:nmwd

poasss to noradrenall drenaline, but not o isopresafine
hb::mfmmmrmalmbhu.ﬁmﬂndtnppmmptcdmwin\cwpu
whether adrenalipe and i line could

late in isolated hearts
{l&mmrmlnbbmm-hdhamluo:phmybammmcnﬂ'w

) Prowest addims AB Draco, Lund
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Material and Methods

Male and female rabbits weighing 2-3 kg were stunned by a blow on the neck and
bled from the carotld arteries. Tha heart was removed a3 rapldly as possible,

frolated heart The heart was placed in a perfusion apparaws umilar to that
described by Kanr Rmu&Tu\m(lm)_Tbauppanrmumudhmmk
Ically In figure 1 The coronary system was perfused, as deacribed by Langendocd,
with krebs solution aerated by carbogen (4 / O3 and 6/ €O it had attamcda
temperature of 37°C in a heating coil before entening the heart. The perfuson was
Mcmtdbynumo(ndummomrpump(mro.hiumoddTB).mPﬂfﬁm
pressure was recorded on a tmoked drum by a mercury manometer and was abot
20mmHgdurlngthnupcnmmt."l‘heﬂawrnlcwu%nmllmm.md‘aw
constant by the pump throughout The suspended heart was surrounded by 8 waisr
Jacketed bath (37°C) which protected it from cooling. On the ymoked drum the
contractions of the heart were recorded by means of a pulkey and kner system and
the heart rate by an ondinate writer (constructed as described by A. Flelsch and manz-
factured by B. Braun Melsungen) The latter was operated by a relyy
whose ¢ircwit diagram s given in fig. 2. A light beam s recerved from the bulb (A)
nndhfoaucdonnpbotodiodc(‘ﬂ).ﬂmlc\er((.‘)hmud;cdlolhtmn.\v‘r:nth:
lever is in the down position tho beam ls interrupted, and no current passes throagh
the transistor (D). When the lever 1s in tho up position, the light beam will past
uninterrupted to the photodiodo (B) the current increases in the transister (D) and
tha relay starts to function. Thas breaks the contact between E and F and the ordmaté
writer returns to the zero level The diode (G) thort clrcurts induetion cutrents produced
1o the relay coil and thereby protects the transistor from overloading.

The sympathomimetic amincs were added 10 the perfusing fluid Just before the eolry
to the heart by injection or Infusion through a rubber sleeve, Cocaine and phenosy
benzamine were dissolved In the perfusion flud. After reserpine treatment and i the
blochemical cxpenments the catecholami ie drenali drenaline and
oprenaling, were given by means of a perfusion pump (Unjta 11 B, Braun). Otherwis
the sympathomimetic amines were Injected rapidly

- L

——t

F
perfusion of the solated heart by Langendorf™ procedure

{
Il D e eoll E. Photoclectnic el y
B Heart F O divato writer
Mcreury manomelcr G R bber leerve

C.
D Water packeied bath
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Fig. 2 Photoelectrical relay
A Bodb(31Y) C. Lover coamected Lo the heart
B Phowdodse, OAP 12 (Phutipe) D Traasetor OC 76 (Mhilips)
Fasd F Maks ead break 1n the rebay (H) TBY $5417-93
(3dwamm).

Mmmnmmmmm-mwmm
the freshly ksolated heart. One papiliury rncle was muspended in & water{acketod

‘Placement dynograph
(ype 3048 ser 103 sensativity 100 o 200 uY per an) The mroscie wa siimalased by

3V strength at & frequency of
1-2 rguuties per accood. W pletimum
Doexctxc ammes were added to the organ baah (volurme 50 ml) every 15 minutes and
Temained [n contact with the rasscle for thres minutes befors washing out, The Rimula-
tiow began some menctes before adding the hoent amines and
2 long 1 they were (n (he bath. Cocaine aod phenosybeammime were put Inio the
bath one mumts befors the catccholamimes.

Drug trearment Reserping was ghven intrapaitoocally fo the rmabbes on threo
commcoutve days Oq the et two dayx the rabbus reoetved | mg/kg and on the day
before the expermnent 3 mp kg The compounds wied m the coarse of the expermment

( —)»norsdrenalme {4 )-bitartrate, (—)so~
ortnalme L4 ~ Hortartraie tyramine hydrochloride, cocaine hydrochioride, phenaxys
The dowes refer 10 the salt, axcept 1ot the catecholamines,

bydrochloride.
hach are cakuluted s the frew hase. Unless otherw o stated the compoonds were
admnmicred 0 09 sodsam chiorido sofution

Bwchermcel determesaiioas At the end of Infution of the catecholamines the
coronary

m-n-wtdwtwhcmmabyk::hwmmlmwy
umudsm:un-ucm:dops—hﬂmntﬂmﬂ]mm The tiszne was homo-
genured 10 0 4 N perchions 3-5 rl pax g 10408} T0 10 ) of extract

nicort«c acwd and 2 g tetracemm-dnodium — o

were sdded. The sanmls 6.5) was
porificd oo Dowex SO cotumm (X4, 4.2 x %0 A
of and sdrenal

& RosenGar (1939) Loprenaloe way

Canzsaon
hadto by lmicd wih  somembat

dcanhmlum:um-w:ynldtmalhz.bu
law»ohmdnucmzmaddsmn
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Results

In the heart preparations from reserpine treated rabbits 1t was fousd
that tyramine in moderate doses was ineffectrve, as previously found
(fig. 3 for references, see above) If tyramine was given dunng an infusxoa
of noradrenaline or adrenaline the response to tyraminc obtamed was a1
by hearts from untreated animals (fig. 3) After the mnfusions of the
catecholemines had stopped the tyramine effect could still be obsened
for some munutes but 1t gradually decreased. Isoprenaline failed com-
pletely to restore the effect of tyramine 1n hearts from reserpine-treated
rabbits (fig. 3) The doses used of noradrenaline, adrenaline and soprens-
Iine gave about equal direct inotropic and chronotropic effects.

In hearts from normal robbits also it was posuble to demonstrate 3
qualitative difference between noradrenaline and adrenaline on the co¢
hand and 1soprenaline on the other Cocaine or phenoxybenzamine at a
concentration of 1 pg/ml 1n the perfusion flud potentiated the effect of
noradrenahine and adrenaline, but not that of 1soprenaline m the Langen-
dorff preparation (fig. 4 and 5) Nor did higher concentrations (10 pg/m))
enhance the action of isoprenaline. The potentiation of adrenaline was
always less macked than that of noradrenaline The noradrenaline effect
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o Alas (PR, 0.005 pg/min,) or sdrenslina (A, 004 jug/mia.). Nole (bt the r¥s
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phenoxybenzamine (PBZ. upper three tracings) or cocane (COC lower thres

was maximally enhanced to about four times the normal whereas that
of adrenaline was only to about twice The potentiated raponsdut:
noradrenaline and adrenahine were readily eliminated by stopping be
cocane supply The effect of phenoxybenzamine did not sccnr;nl;])m‘
equally reversible since the actions of noradrenaline and ad luc
although diminishing, were :n:mnccd f?r several hours or as long as
bserved after the end of its supply
© In the g;;rll}nry muscle preparations from rabbits 1t was found also ”LJha:
both cocaine and phenoxybenzamune at a concentration of 1 pg/ml mt n
hanced the effect of noradrenaline and adrenaline but not uudnd
bal]];r;:nhnc (fig. 6) Even higher concentrations of these compounds
150]
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In studies 1n which the uptake of the catecholamines was vestigated
the bearls were petfused with the amines for one hour with or without
the potentiating compounds The results are shown m tablo | In the
hearts from untreated anlmals from 12 to 28 per cent of the infused 6 pg
adrenaling was found in the beart five munutes after the one-hour long
sdminustration Isoprenaline was given in an amoont of 4 pg dunng one
bour This dose wasthe largest that the heari could sastam and was between
onc twentieth and one tenth of the dose of 2drenaline producing the same
facreass wn rate and force of tho heart contractions. The uptake of sopre
nahne was nugnificant, i ¢ 0o larger than the amounts of adrenaling
found 1n the untreated hearts by the method used. The uptake of adrena
hine was apgarently completely blocked by cocate and phenoxybenza-
Tmme 3l 3 concentranon of 5 pg/rml a the perfunien fuld.
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(AXELROD WAL MALHERBE & ToOMCHICK 1959  MuschorL 1960
WHITBY AXELROD & WEL MALHERBE 1961 STROMBLAD & Nicxerson
1961 ANDEN 1964) Also the perfused heart has been shown to take wp
noradrenabne (KoriN HERTTING & GORDON 1962 IVERSEN 1963). The
uptake of these amunes probably cocurs mn sympathetic nerves, since it
disappears after postganghonic dencrvation (HErtniNG ef al 196!
STROMBLAD & NICKERSON 1961 ANDEN CARLSSON & WALDECK 1963).
The uptake of catecholanunes by the sympathetic nerves has also been
demonstrated directly by a speaific hustochemcal fluorescence method for
monoamines (HAMBERGER ef a/ 1964) and by electron microscope auto-
radiography (WOLFE et af 1962)

It 1s well known that cocamne potentiates the effect of injections of
adrenaline (FROHLICH & Losw1 1910) or noradrenaline (FLECKENSTEN &
Bass 1953) Parallel with the enhanced responses to injected noradrenatine
and to submaximal sympathetic stimulation the half hfe of injected
noradrenaline in plasma is prolonged after cocune (TRENDELENBURG
1959) MACMILLAN (1959) suggested that the potentiation by cocane 18
due to a blockade of the uptake of norndrenaline and adrenaline in the
tissuc stores. Later 1t was expenmentally found that cocaine in fact
itubited noradrenaline uptake by the heart and other tissues (WHITRY
HERTTING & AXELROD 1960 MuscHoLL 1961 Iversen 1963) Further
phenoxybenzamine has been shown to potentate the effect of noradrend
line 1n the heart (FURCHGOTT 1959 Benrry & GREFF 1961 FURCHGOTT
& KIRPEXAR 1963) and to inhibit its uptake (HERTTING, AXELROD &
WHITBY 1961) Asis well known phenoxybenzamine blocks the adrener
gio a receptors whereas the response to noradrenaling in the heart 15 dut
to a stimulation of the B-receptors

It has been found that cocaine increases the output of noradrenaline
to the venous blood or the perfusing fluld when the sympathetic nerves
are stimulated at moderate frequences (NasuyTi & ANDREWS 1959
Hurkovic & MuscioLt. 1961 KIRPERAR & CERVONT 1963) However the
output 15 increased much more after phenoxybenzamine (BrowN &
Grrespie 1957 KIRPEKAR & CERVONI 1963) The larger output of nor
adrenaline after phenoxybenzamine may be explaned 1if the adrenergie
« receptors are 1nvolved 1n the removal of the transmitter (Blu)\’*’P‘c‘&f
GiLLESPIE 1957) However the blockade of the vasoconstrictor action p
noradrenaline by phenoxybenzamine may increase the elummation i
noradrenaline by diffusion 1nto the blood vessels (Roseil, KopiN 5
AxeLRop 1963) Recent experiments suggest that the last mention
mechamsm 1s of importance (CarissoN ForLkow & HAGGINDAL, un

rvations)
pu‘?h“thi;tuof the present 1nvestigation show that the potentiation of
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porsdrenaline and adrenafine effects by cocune and phenoxybenzming
15 due to s fairy specific mechank uch a5 thete 13 1o
o the wtion of soprenaline, dosely similar In Mructure. Smee & 18
peokable that a0l thees catecholamunes stumolate the same receptors in
the beact, it is not Tkely that the selective potentation of naradrenaline
and adresabine 15 due to scton of cocalne or phenaxybenzaguns at the
recepox ites, &3 has boen suggested (MAXWELL ef af 1959) While this
work was m progress, the same observations wero reposted by STAFFORD
(1963). She found thrs ph akso after ad: of guane-
thodine, The matnlity of isoprenatne to restore the action of tyramunt in
holated reserpine-treated bearts has also been desenbed earber (Ku-
SCUINIKY ef al. 1960)- The demonstrated lack of uptake of soprenahne,
ta contrast to the marked one of adrenaline, séems to offer x reasonable
explanation of these findings, The und e uptake of isopreaat
amof be due to the fact that the dose of Lifte used was h
smaller than that of adrenaline, wnce it has been found that the amine
opiake cakulated a3 a peroentage of the amount perfused dimimshes
when the quanyty of the amine administered increases (IverseN 1963)
Abo, with the histochemscal method for detection of moncamines it has
been observed that the sympathetic nerves fail to take up jsoprenahne,
whereas there {s in the nerves a marked accumulation of adrenallne grven
@ the camo dosg (SacHs, unpublshed observation} We hase found that,
after adminstration of a large dose of (4)-1s0prenatme (40 mg/kg i p
10 rats), there is an uptake of the administered amine by the heart and 2
depletion of the nocudrenaline to about half the normal I two hours.
Probably ib¢ titsucs arc thereby exposed to much more 1soprenaline than
they wero m the i Wifro experiments reported here,
It has been found that restoration of the response to tyramume fn
resemunc-treated antmals does not depend on replentshment of the nor
uiremaline stores (MuschocL 1960). This fact, ft has been suggested,
ficatcs that the action of tyramime 13 at least partly due to the presence
of extrancuronal poradrenaline (MuscHoLL 1960 huscanscy o7 al.
1960 Naoormy 1962 Sy 1963) However the 1nability to restore the
?‘Tmn:cmmngbyuoprmnﬂmlﬁammuntmmt,olbyum
after p 1l sympath (BURN & RAND 1960),
sepgests that the prumary site of action of tyramme s the adrenergic nerve

tenminals, The to tyramune, despite an unmeasurable or ex
Uemely small (Caout Muskus & TRENDELENBURG 1962) noradrenaline
?ﬁa\c.nwmpuiblev.ﬂhlbe\kvlhn liberates noradrenat
FOm A2 extremely ymall “availabke™ store (TRENDELENBURG 196] CrouT
Mux1s & Tavocinguag 1962),

Conlncd.oamprwmn}umheinmrpomumdmoummimmm
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1solated adrenomedullary granules (CARLsSON HiLLamp & WALDICK
1963) Phenoxybenzamine added in vitro 1s a fairly potent inhibator of thrs
uptake mechamsm (CARLSSON HILLARP & WALDECK 1963), but scems to
be ineffective in vivo (LUNDBORG 1963) Cocamne and phenoxybenzamme
have been stated to block transfer sites  situated in or very close (o the
cell membrane of the adrenergic nerve terminals (FURCHGOTT & hawer
MR 1963 FURCHGOTT ef al 1963) and tyramune has been supposed 10
act there too (FURCHGOTT & KIRPEKAR 1963) The tyranune effect 8
abolished by treatment with cocaine (TAINTER & CHANG 1927), as well 3
with phenoxybenzamine, even 1n the heart (BENFEY & GrerF 1961} The
“transfer sites have been thought the most important “siles of loss
of noradrenaline 1n the synaptic gap (TRENDELENBURG 1963). LINDMAX 3
MuscroLL (1963) have found that about 26 / of 500 ng noradrenalin¢
perfusing the rat heart for 10 munutes 1s taken up the tissue and (hat
the accumulated noradrenaline amounted to about 75/ of that not
appeaning 1n the perfusate Noradrenaline seems to be taken up n (B¢
tssues to a somewhat larger extent than adrenaline (WHTTBY AxgLROD &
WeL MALHERBE 1961) Our findings that the normal transmitter 0%
adrenaline, appears to be taken up better than adrenaline, and that the
uptake of 1soprenaline 13 neghgible, support the view that uptake by the
nerve termumnals 15 one of the most important routes of inactivation of the
adrenergic transmutter

Summary

About 25 / of perfused adrenahine accumulated 1 the solated rabbst
heart, whereas there was no detectable uptake of 1soprenalme. The lack
of uptake of 1soprenaline probably explains why this substance. in con
trast to adrenaline and noradrenaline failed to restore the sympathom
metic effect of tyramine 1n 1solated hearts from rescrpine treated mbb::d-‘
and was not potentiated by cocaine and phenoxybenzamine in the 1solat .
rabbit heart or 1n the rabbit papillary muscle preparation. The uptake ©
adrenaline by the ssolated rabbit heart was completely blocked by cocaine
and phcnoxybcnznmmc These findings are consistent with the hyp;
theses that 1) uptake by the nerve terminals 18 an mportant route
inactivation of the adrencrgic transmutter 2) cocane and phcnox)bciﬂ:
mine potentiate the effect of noradrenaline and adrenahne by block! IE
{his uptake 3) tyramine acts by releasing noradrenaline from the pos

ganghone sympathetic nerve termunals.
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From the Department of Pharmacology Univeruty of G8teborg, Sweden.
(Professor Arvid Carlsion, M.D)

On the Mechanism of Noradrenaline
Depletion by a Methyl Metatyrosine and Metaraminol
By

Nils-Erlk Andén
(Recedved Juna §9 1964)

The nssues can be depleted of the monoamines $-hydroxytryptamme
(SHT), dopamine (DA) and noradrenaline (NA) by drugs that seem 10
act differently both biochemically and functionally Two groups of drugs
have been extensively studied, namely a) the Rauwolfia alkaloids and
certain benzoquinolizines, and b) the DOPA analogues, a methyl DOPA
and a methyl metatyrosine (@MMT) The drug of the first group most
employed 13 reserpine. This agent depresses the levels of all the thre
monoamines to about the same extent and for about the same tume (for
references, sce SHORE 1962 CARLssON 1964b) Further 1t causes sedauon,
extropyramidal disorders and reduced sympathstic tone. Though a methyl
DOPA can chat sumilar but much weaker signs, «MMT fails almost
completely to produce them. Also the effect of aMMT to lower the mono-
amine concentrations differs from that of reserpine. There 15 a transient
drop of SHT and DA 1n the bram after adminstration of aMMT and
the NA levels 1n the central nervous system and tn the sympathetically
mnnervated organs are markedly reduced for several days (HEss et of 1961
PoRTER ef al 1961 SOURKES ef al 1961 CARLSSON & LINDQVIST 1962
CosTa ef al 1962a). The differences between the actions of reserpine and
of aMMT have prompted mvestigation nto the mode of acuon of aMMT
to reduce the monoamune levels. CARLSsON & Linpqvist (1562) found by

chromatography that aMMT 1s decarboxylated to a methylmeta
paper |
tyramune, which is subsequently p-hydroxylated to metaramunol (a mﬂhid
p-hydroxymctﬂt)’mml“") at the NA storage sites. The amounts obsmmc
of a methylmetatyramines roughly corresponded to the amounts of

Iavestigation were reported at tho Second Iaternauons!
mhmmmdﬁg ;luanalmuorhl::wc. Aﬂg\El 21 1963
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mbm;mnﬂyocunﬂu;mmml!ma,u the drop in amme levels
appeared to be due 10 duspl by the d ylanon products.
Homever L & ZALTIMAN (1962) as well as GESIA

nd.(l%zb)vmmhkmdaaau-mahﬁmmrynmindmm
thnhmnu:dthnlong-lnuugiouofNA.mpm-poseofommadyhu
madmhemtomvunmnwbu}nmnmmce—muhﬂmcwmmim
foancdrmmuMMTanbcfoundmammmunmchmmnﬁallyaqm
10 those of the lost aminea, Since UDENFREND & ZALTZMAN-NIRENBERG
(1967) 38 well as GESWA eraf (1962a) have found that inpections of

metareminol also can produce depletion of heart NA, a few experiments
were undertaken wth thy drug.

Material and Methods

Adakt rats, rabbets and grines pus weso used. The rats wero lalied by beheading
e, the cabbiia by the Intrevenous Injection of alr and the gulocs pigs by 2 biow oa
Une back of the peck. Tho brales asd hoasts from 3 ra, the bratm (divided into the
cevcbral the corpora striata, the braln stem and the cersbelium) from 2
rabbets 1134 the beasty from 2 guines pigs were removed a8 faat s posibie, The tssoes
verw rapedly extracted with 46 ml koecookd 04 N perchlocic ackd per g Cagefol
oral was perforroed by ao Ult-Tugax™ The precipim was
00 down in a relrigmaed centnfugs (10,000 x g, 10 min, 0'C). After filtration of
the eperasiand, the roidua wan with about 4 m) se-cooled 0.4 N per
chlork scad per g The two extracts wers pocied after meaturing thedr volumes,

Ta 18 wl of the total extract (L1 o 2%, sscorbee acfd and @2 o) 10, EDTA
« wire added. Then the sampie was treaied a3 deacribed by

& Lnoqvor (1962). The cution wes paformed Io 3 steps 4 md NNHOY +
12 N-HQL + 17 ml 2N-HCL For the NA asay | mi of the find and 3 ml of the
weoad chuate wear pooled The rest { the secood eluate was uwed for the determios.

bos of metararmmaol The third eluste ined the The DA
31001 wore paformoed oo measured volumes of the secood and third chuates.,
The cluzses ' were  drymem

oader roduced pressure et 37°C (external) in  rotstmg round bottom fask. The
Pevchg w s taken up 0 2 m redsiulied watts The sohubon wis tramfesred to 8 7.9 ml
Sas-stopprred comtnfup tube. The reat of the
b7 lhe mahod of Uotumnd & Zarrzuan-Niensao (1962) and Gowa 7 i,
{19624). There wero them added 0 3 mf 0.5 M sodiu borate bufer pH 9.3 2040 1 ml
Gabby roagear (@05 N2 s-trxchloto-p-quinooenning in 99/ cttanol, prepared
frably before wicl. After uncing for 10 munuizs the colour whs cxtracted with | mi
Wd (The botano! kad been purified by succewshve washings with oqual volumes
Wmnﬂummmmmmmwﬁ)wmwﬁn

Dtmmdmmnhdnhmnﬂphumdﬂmhrdhn

spectrophotometer

i oo The rmadmp were atways completed within 60
:’::‘hhtﬂlﬂ and e-mcthy a5 well a0 & reagent bBlank

munmhthum-qnmmumﬂuwnm)ud
etnzusol and of by Lerw hae of about 0160 and
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absorbances. The comresponding amounts of a-methylmetatyramines were cakeulaied

from the bellum and the other d tissucy.

ﬂwNAmddumlncduduuibtdbyBqum&Rmm(l”‘)
andlheDAbylhemcthodofCAle«&WAwm(l”!)umod:ﬁcdbyw
& Lnnqvist (1962) The SHT was assayed on measured portians of the thsus extract
as described by BerTier (1961) and CARLISON & LiNpQvisT (1962),

Results
1 Amine levels 1n the rat brain qfter aMMT

The time course of the changes 1n bramn amine levels was followed m
rats after intrapentoneal 1njection of uMMT at a2 dose of 400 mg/kg
(o form) The NA concentration dropped by some 80 / within 6 hours
and remained low then nsing slowly for several days (table 1) Metara
munol occurred in the rat brain as long as the NA Jevel was reduced, and
the amount of missing NA roughly corresponded to the amount of
metaraminol recovered However except at 6 hours the amount of
metaranunol during the first day seemed to be somewhat smaller than

Table !
Lavels of norad (NA) met 1 (MA) S-hydroxy (SHT), dopmz
(DA) and a methylmetatyramine (aMMTA) In the rat braln st various times after

-9
mg/kg intrapenitoncal pL-a methyl metatyrosine. The normal values are a crages -3
[ro‘l{:l.hm experiments on nine rats. All values are corrected for feco ery nd tlssus blank

( n bracket)
5 3 < 3. »
PR I ECIIE N S N <
FER SR PP SN NN
3E .8 <5 | =x¢ <-§ Es <& EdE 32
EF ZE |zg' Zg 7% Fs 1 85 [5%¢ 3
! | I 011
26 £011 ‘ 016 26 002 70 o4 {
0 Ra:oivcry Reco ery! Recovery ( Recovery R":‘I"“'
e -8 k] 90/ 5
6h 0.5 21 23 133 21 27 43 J‘
9h 06 20 14 70 2 121 53 150
h o8 19 15 79 — 33 19 0‘1
5» 10 16 1.2 78 26 64 06 g,o
36k 16 log 03 %0 o6
un 1s 07| 07 100 ool
2 24 02 01 ool
120h 26 00 ol .08
168 24 a1 010
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the NA lost. In the next two days there was an almost perfect storchio-
metne rep of NA by 1

Aﬁﬂm;wmnufa.hﬂfrthmmadmpnlwmlh:kvdsofslfrmd
DA In the rat bran (table J). The SHT concentration was maximally
fowesed or about 50 / of the normal at 3 hours. The depletion of DA was
between those of SHT and NA, both m time and extent. At no tune did
the observed quantity of a methylmetatyramune amount to the total loss
of DA and SHT Traces of a-methylmetatyramne could still be detected
43 hoars after the wjection of eMMT

The smallest dose of mirapentoneafly admmistered DL-aMMT peo-
ducing a marked reduction of NA concentration in brain and heart was
40 mg/kg. There was a NA deficit in brain of about 1 1 nmol/g 24 hours
after such an | and ly a inol level of 07
amol/g.

2. Antine kevels in the rat heart ofter aMMT

The levd of NA 1n the rat heart behaved essentially like that m the
nain after intrapentoneal injection of 400 mg/kg DL-MMT There was
amaxmal drop of approximately 80 / in the first 12 hours and thereafter
4 gradual risc for about three days (table 2). In the heart also the musing
NA seemed to be roughly balanced by the d inol. As n
the braln, there was an excess of metaraminol comparcd to the loss of
NAalﬁhnunandlhnmhaamndeﬁ:lt,thdiwumdmmmucr
n the coarss of time. At 6 and 9 hours rather lasge amounts of o-methyl-
metatyramine also were observed in the heart.

Toble 2
foiviniel A, (MA) ad
,';hll-ruh:nn Arioms tngy after 400 mg/kg batra, 1 auMTA

DL
ol NA rilas % a2 mag + o from threst Sxpeomoests. AL vaioes
cocrectad for recovery and ks blaak (1a bracked). e
Two afker NA  NAdaal  ua  (MAmoa OdMTA
MM,
wpces wencly mumos @ molg [\ o8 -m‘f‘ o {of the
i

NA defickt
e o | ! (0.33) @19
- = Reconery ~ Racovery =
(1Y nx »Y
[3Y 13 s 43 [£1} 13 9
12n 12 31 o1 ] 3 3
in 10 40 29 I o8
Hi 9 9oy Woyom 0.06
uu 22 2 ] nlow
L H H =7 " a0s
X8 bed 94 113 | ooe
1 u ot (X ooz -
T oy ! ook =
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0.225 respectively The samples obtained from tissues of untreated anmals had low
absorbances. The cor dmng of hyl! Ines were cakulusd
and are shown in brackets in the tables. The vatues of thess tissue blanks were ahvayp
sabiracted from thoss of the samples. The recoverles of 1-2 g of ammes added to the
tissues before homogenization are also given in the tables. All vahues were comered
accordingly In the rabbit experiments 1t was assumed that the recotenes were equal
from the cerebellum and the other examined tissues.

Tho NA was determined as described by BERTLER, CARL:SON & RoseraneN (1958)
and the DA by the method of CARLIION & WALDECK (1958) as modified by Cantsson
& Linogvist (1962) The SHT was assayed on measured portions of the thsue extract
as described by BerTLER (196]) and CartasoN & Lmvpgvist (1962)

Results

1 Amine levels tn the rat brain after sMAMT

The time course of the changes m braun amune levels was followed in
rats after intrapentoneal mjection of aMMT at a dose of 400 mg/kg
(oL form) The NA concentration dropped by some 80/ within 6 hours
and remained low then nsing slowly for several days (table 1) Metara
munol occurred 1n the rat brain as long as the NA level was reduced and
the amount of mussing NA roughly corresponded to the amount of
metaramunol recovered However except at 6 hours the amount of
metaraminol during the first day seemed to be somewhat smaller than

Table 1

Levels of (NA) met. 1(MA) 5-hydroxytryptamine (SHT), dopim
(DA) and u methylmetatyramine (@MMTA) 1 the rat brain ‘at -ancas (mes -ﬂ::‘m
myg/kg Intraperitonsal pL-g-ructhyl metatyrosine. Tho normual valucs are 2 eraged lbun-\
from threo cxperiments on nino rats. All ul.’luc:k-n; corrected for recovery and Ussuo

{in bracket,

<
1, o (@ 'z = 2 %% ﬁg
w2 2 2. 58 3
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nthcmbmnpamwe:nummcd.aboutﬂ/o(thdcpledeAm
lnhmdbyumu.hylnxmyramlnu.
Small of inol and e-methyt yramine Wwere
ab-sawdmuwbanmdthawmlsuhu.mpwdvdy although the
concentrations of the naturally occurring amine analogues in these sites
virtwally had returned to normal

4 Amcine levels In the guinea-pig heart qfter metaraminol

Upenruiend and coworkers have used the guinea pig heart an their
studies o the mech of the NA depletion by «MMT and metara-
minol (Uoexruznp CONNAMACHER & Hiss 1961 Ubenrrienp & ZALTZ
Ma-Nmensera 1962). For that reason, and on account of the high NA
catent of this organ, a few expermments were made on it. It was found
that, after wtraperitonesl injection of 0.50 mg/kg (3 0 nmol/g) metara
minol (Leevo-form, bitartrate, calculated as basc), the heart was severely
dtphcdofNAbmwu-lwnpid]yrcpknhbcd(tﬂb}c4) At 12 and 24

was & g to about 75 /
ufUtN.AIoaAm\aﬂqunnmyofnwmnmhwlwulencvmulshoun
vhen the kevel of NA was virtually normal

Table 4

LMHW(NA)MW(HMmMmm—p‘hnnum

Thaor-l.lNAvlhnnump
u-mmuwmvﬂmmm recovery and tsaos blask

(6 bracked).
Dore st me NA | NA ddfien wa |, WA
| mamolg | waemols | masoiy | 54
9 ‘ 130 & 0.60 20
Kecovery = Recovay =
’5 b3 15
“-Eil- e 26 e 73 13
”-n;zu ‘ i 14 ‘ el i
Rt 130 0o 11
& LR L & Py

UDOIIND & ZALTZUAN-NIENRERG (1962) observed that metara-
=m0l ingected intraperitoncally at a dose of 0.9 nmol/g (0.15 mg/kg)
?'OduccdinlshounnlouofnbouISumol/gNALnlhegmnupu.Thu

2t confirmed by us (table 4). A content of
m‘lnl;:bcmmng NA was detected.

nza-pig heart was about five timics by
‘dmmmcmiammcncnly dustnbuted throughout m&?orm
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After iyjection of 40 mg/kg pL-aMMT intrapentoneally there was a
loss of about 3 0 nmol/g NA 1n the heart at 24 hours, whereas the metars-
minol concentration at the same time was 2.5 nmol/g.

3 Amine levels in rabbit tissues 7 days after 100 mgjkg aMMT

An experment was carried out with rabbits becausc the group in
BRODIE's laboratory have used mainly this speczes in thelr studies on the
mechanism of NA depletion by aMMT (GESSA e al 1962b) In agreement
with these investigators it was found that the NA level n the bram-stem
as 1n the cerebral heruspheres was markedly depressed 7 days after an
mtravenous mjection of 100 mg/kg DL-aMMT (table 3) Gessa etal.
(1962b) have shown that the NA concentration in the brawn-stem begms
to nis¢ after this interval At 7 days the DA level in the corpus stnatum
and the NA level in the heart were spproximately re-cstablished

Table 3

Levels of dopamine (DA) o methylmetatyramine (eMMTA) noradreoaline (NA) awd

metaraminol (MA) in different parts of the brain and in the heart of mbbits, untreated of

treated with 100 mg/kg intravenous pL-a methyl metatyrosine (aMMT) 7 days before: All
values aro corrested for recovery and tissuo blank (in bracket).

Untreated aMMT 100 mg/hg Ly 7days

E

DA aMMTA | NA m MAI DAla [aMMTA NAls MAL "i

nmol/g | i mol/g | wamolry | mmol/p  wmol/p (i wmely smol/y el +:

<

15
Corporastriats - 131 13 -

bral

e 157 @O o1 a6 11 14

Braln stem 42| @D 63 07 23 M
Cerebellum R:c;)lvcry - -

Heart 4] (2 00 91 04 -

Table 3 shows that in the bramn-stem and in the cercbral hemuspheres
there were a methylmetatyramines i amounts approumately corres-
ponding to the emounts of missing NA Most of the « methylated amines
was metaraminol. The apparent excess of a methylmetatyramines 11 the
cercbral hemispheres and the corresponding deficat it the bran stem
1o the NA loss may be due to differences n the division of the

]cpor;nm from the untreated and the treated animals. If the amine amounts
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more, afler sdmmsstration of aMMT thero 1s an almost perfect stoichio-
mm‘ammgmwnmmmmummphmo-
menon occuts also afier admimstration of metaramimol.

The greatest difference between the condoct of metaraminol determina-
wmmbhbonmrymdbyUDm'nm:mdBmom'sgmupswems
10 be m the extraction procedure. Whereas we always use 0 4 N perchlone
nd.thcycmmth:mﬂnufmmth:mmbyunhmnpmuwnkm
0.1 N-HQL Further vmhnmogmlz:bymmmoflmmﬂn;m:mlknﬂe
(‘lﬂm—me")mdmtmthnglnnorplutlcpddaThcghnhnmo-
groizr often produces msuffiaent bomogenizatl pecially of the
beart and tough penpheral organs. Much less metaramunol than corres-
ponded to ths lost NA was found m the rat heart and braz 24 and 48
Eours after the inyection of eMMT (400 mg/kg L. p.) when po re-extraction
sih 04 N perchloric acd but otherwiso the same determination as
described here was camned out (results not shown). After extraction with
0.1 N-HQl and glass h £ hardty any inol at all was
detected, 1 agreement with the findings of GEssa er af (19622 & b). Nor
s metaraming] found m the gwnea-plg heart in the same gmounts as
with the astay method described 1n this paper (¢f UDENFRIEND & ZALTZ
MAN-NIRENRERG 1962). Thus, 1t scems that metaraminol 13 much more
frmly fixed to the tissues than the naturally occurnng monocamines. This
in \[tro finding may pomsibly contribute to explammg the long half-life of

1 in viro in add to the Ineflecti of the
moncamine oxldase and catechol-O-methyl transferase in the degrada
tloa of this amjne.

Whereas the level of SHT 1n the rat brun had apparcatly returned to
normal already at 6 hours, that of DA was depressed for about 24 hours
Afer mjection of aMMT The analogue of DA formed, { e a-methylmeta-
yramme, was pever found 1n amounts corresponding to the mussmg DA
The defiert may be even larger since part of the a-methylmetatyramine is
Probably situated in NA neurons at 6 and 9 hours (¢f the heart). Nerther
4id the quanties of metaramnol found in the rat brain and heart at 9
1 and 24 hours entirely equal the NA loss. The deficits observed may be
duz to mcompiete recoveries of firmly tmsue-bound a-methylmetatyra
mincs, but there Is at least one furtber explanation It has been obseryed
(hat e-metinyl DOPA gves aa almost parallel depression m concentrations
of SHT a0d ity scid degradanion product Shydroxyindolylacetic ad m
braln (Sixuan & Swrmi 1962 Roos & WERDnaus 1963 PLETICHER,
Buzxanp & Gey 1964) These results favour an inhibited synthesis. As
m“wlmldu:rbux)mcinhlhmdono{nmcudmpmg}rpn‘m
Juggested that
ST ] a-methy] DOPAlnhIhutAth:ﬂruncpmug,ynmof

¢ the hydroxylation of tryptophan in the 5-posiison (Roas &
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Discussion

The earlier concept that monoamune depletion by the a-methylated
amino acids 1s entirely due to decarboxylase mhibition became untenabke
when 1t was found that the synthes:s rate of the monoammes 1s aboat
normal dunng the greater part of the long penod with depressed NA
levels after aMMT (HEss ef al 1961 CosTA ef al 1962a) The former
vestigators also gave evidence for the view that the prolonged effect oa
NA concentration 15 caused by impairment of the tssues ability to
accumulate and hold NA An explanation of the aMMT action on NA
storage was presented by CARLSSON & Linpqvist (1962) They observed
by paper chromatography that after admimstration of oMMT there 18
in the ussues a metaraminol content approximately equrvalent to that
of the mussing NA. After mjections of a methyl DOPA the lost NA has
imstead been roughly replaced by @ methyl NA (¢f MAITRE & STAQELN
1963 MuscHOLL & MAtTRE 1963) From these findings 1t was concluded
that the drop in NA 18 at least manly duc to displacement by the amune
analogues formed. With the use of potent decarboxylase mhubitors, such
as @ methyl DOPA hydrazine (UDENFRIEND CONNAMACHER & Hess 1961)
or certain metahydroxybenzylhydrazines and metahydroxy benzylosy
amunes (DRAIN ef al 1962 BRODIE ef al 1962) 1t was soon proved that
the prolonged NA depletion after eMMT 13 mediated by the decarboxyla
tion products (UDENFRIEND & ZALTZMAN-NIRENBERG 1962 GESA ¢f al
1962a) However these mvestigators failed to detect a methylmetatyra
mines 1n amounts balancing the NA Joss, especially more than 24 hours
after the mjection of eMMT or metaramunol (UDENFRIEND & ZALTDUN
NIRENBERG 1962 GESSA er al 1962b) On account of the absenee of
storchiometnc equivalence 1t was suggested thatthea methylmetatyramines
act in the same way as reserpine on the NA stores. As is well known, 00
reserpine molecule can chminate several hundreds of monoamine mole-
cules (CARLSSON, SHORE & BRODIE 1957) Many of the expenments
reporied by UDENFRIEND 8 and BRODIE s groups (ss¢ also UDINFRIDND
CONNMIACHER & HESs 1961 CosTA et al 1962b BRoDIE & Costa 1962)
have been repeated 1w this laboratory In all instances metaraminol has
been found by paper chromatography (CARLSSON 1964a) 1n the rat brain
and heart 6 hours after 400 mg/kg ntrapertoneal aMMT 1 the rabbit
bram stem 7 days after 100 mg/kg intravenous oMMT and m the

ca-pig heart 24 hours after 02 mg/kg \ntrapentoneal metaraminol
The results obtamned by this scmiguantitative method of chcnmnﬂUO“r
have been wholly confirmed 1n our study In contrast to the findings ©
Up & ZALTZMAN-NIRENBIRG (1962) as well as those of GL“G
et al {1962b) the results given 1n thus paper show that at 36 hours, an
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more, after admmustration of aMMT there 13 an almost perfect stolcho-
metne replacement of the missing NA by metaraminol. The sams pheno-
menoa occurs abso after administration of metarammol
The greatest differencs between the conduct of metaraminol determina
tons 1n this laboratory and by UDENFRIEND s and BRODIE's groups seems
10 be m the extraction procedure. Whereas we always use 0 4 N perchlonc
ed, they cxtract the amunes from the tissues by such an agent as weak as
Q1 N-HCL Further wo homogenuze by means of 2 rotating metal knife
(Ultra-Twrrax™) and not with a glass or plastic pestle. The glass homo-
pouzer often produces msuffinent homogenization, especully of the
beart and tough peripheral organs. Much less metarmmunol than corres-
Poaded to the lost NA was found 1n the rat heart and bramn 24 and 48
boazs after the injection of aMMT (400 mg/kg L p.) when no re-extraction
*ih 04 N perchlonc acid but otherwise the same determunation as
dexcribed here was carned oat (results not shown) After extraction with
Q1 N-HCl and glass homogenization, hardly any metaraminol at all was
dctected, 1n agreement with the findings of GEma e af (1962a & b). Nor
a3 metanmunol found m the guinea-pig heart in the same amounts as
“ith the assay method described in this paper (of UDENFRIEND & ZALTZ
M*Nmmlm).hunmxthnmammmolhmm:hmom
ﬁmlyﬁmdtolhetmuathmthnnnmﬂymnmgmonmmmcsm
i“‘""ﬁm’-ﬂlsEﬂlyl?mﬂbl)'oomnbur.cme.lq:«lam.mglhalcmgh.u].f—l.d‘t:ol’
Detanming] fx vivo In addition to the meffectiveness of the enzymes
mmmmmmmﬁmmrmmmdemdn
on of this amune,
“hmhmddmmdwmbrnmhzduppamdymumcdm
::nlllrudynlﬁhmlhnofDAwud:pmcdfonbouchnun
) hkdmoanMTThelmlogmofDAform&d,ieumhylmeu
]).:mm,mmfcundinmmmumrrupondmgmthemmngA.
mh;kuﬁ;“m"b‘“r'{m‘*mw since part of the a-methylmetatyramune s
& e situated m Deurons at 6 and 9 hours (¢f the heart). Neither
qlnnmmofmam:mnolfwndinlhnmbmjnandhzann9

12ang
d‘2m2'1Imun&l:u.il’tlyct[uallln:NAkm.'l'l-.Lcd:ﬁch.lobservedmlyI:he

baaln (Suamsuan & Ssamn 1962
Bu & Gev 1969, Roos & Werpixius 1963 PLETsCHER,

results favour an inhibited synthews, As
Tcml:?lhmdtnrbox)km inhibitors do not cause a drop in SHT 1t was
Egeited whleQPAmh:b{ulhcﬁm;mphlh:lynlhuhof

SHT fe the hydroxylation of trypiophaa in the S-position (Roos &
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WERDINIUS [963) This view 1s strengthened by the finding that e-methyl
DOPA after a decarboxylase inhibitor still produces a drop 1n SHT and
DA and the long lasting lowering 1n NA levels 1s abolished (CazLssox
1964a) Later this hypothesis has recerved additional support by the
observation that o methyl DOPA inhibits liver tryptophan hydroxylase,
which may be related to though not identical with, the corresponding
brain enzyme (BURKARD GEy & PLETSCHER 1964) These inveshgators
found that oMMT 1s a weak mhibitor of the liver enzyme in vitro The
large loss of DA and, at 924 hours, also of NA compared to the amouats
of @ methyl metatyranmune and metaramunol detected, respectrvely may
be due to intubition of synthesis The inhibition seemed to Jast for as loag
as aMMT has been found at high concentration 1n the tsspes ¢ for
about six hours (UDENFRIEND & ZALTZMAN-NIRENBERG 1962 GESSA ¢!
al 1962a)

We have observed weak sedation and miosis of short duration afler
admuustering aMMT to cats, but only after repeated njections (ANDIN &
MAGNUSSON unpublished results) It was, however much easkr to detect
the enhanced reaction after a repeated dose when a methyl DOPA w2
used This was seen both 1n cats (sedation miosts) and rats (sedation,
ptosis) The second injection was given 24 hours after the first one, when
the appearance of the animals was virtually normal It has been abserved
that aMMT 1tself can produce sedation and counteract hypertension 10
man, but thesc cffects are potentiated much by pretreatment with a methyl
DOPA (HorwrTZ & S)0£RDSMA 1964) The mechanism of the
action after a priming dose of an a methylated amino acid 18 now being
wvestigated 1t will then be of interest to compare a methyl DOPA and
oMMT since both produce a long lasting lowenng of NA levels but duffer
1n sedative and antihypertensive effects.

Besldes the differences between reserpine and aMMT mentioned in the
introduction there 15 at least one other 1t 1s much casier to obtan 3
virtually complete depletion of tissue monoamines by reserpine In studies
on the functional sigmficance of NA displacement by metaramunol 10
cats and rats, the most severe depletion of NA was obtained after (%0
injections of 400 mg/kg intraperitoneal aMMT and 02 mg/kg 1atra
venous (—)ymetaramunol 48 24 and 4 hours before the experiment
(ANDEN & MAGNUSSON 1964) However even after this intense treatment,
about 5% of the NA normally occurring remained 1n the organs e
(heart, spleen, 1113, nictitating membranc) The function of the sympathe

unimpaired after displacement of about 95/ NA by the

nerves uppc:u‘cd pam that
roxumately three mes less active metaramunol It may be argued

o {ly normal sympathetic tone was due to the accumulation of

t:ggpf;::\?nu of a methylmetatyramines However deternunations of

—
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minnbylhennbodsduu-lbedmthupapammdcinufcwm
2d shoned am acceptable agreement between found metaraminol and
mHn;NA.Wclnwxlwm:dnfunchonalmalyluquhnsympuh:ﬂc
nenozs system when the NA displacement has been smaller than 95/
o0 nccount of a [ess intense treatment (for example aMMT 200 + 250
my'kg mbcutansowly 48 and 24 hours before, or aMMT 200 mg/kg
ntnipertoneally daily foc five days or metaraminol 2.5 mg/kg sntra
pentoncally twice daily for four days). At no Instance has it been possible
to demonstrate a detenoration in adrenergic transmission Sirmilar obser
vatoas oa dogs have been reported by STONE ef af (1962), although with
te doses wsed 1n their experiments the NA had dropped only by some
04 Thus, it seems as of the larger part of the NA storo m the nerve

termunals Is not 1 for normal tr i Expermments are in
progress to elucdate the mechanism behind this ph
Sammary

The noradrenaline levels In the rat heart and brum were depressed for
several days afier injection of g-methylmetatyrosine (400 mg/kg mtra
lly). The drenalme was replaced almost hi 1cally

by the metabal inol (a-methyl-p-hyd %
bours of more after the admimstration. At the carlier intervals there was
asmall deficit of metaramino] and a marked ons of a-methylmetatyramine
coapared to the losses of noradrenaline and respectrvely
vhich may havs been due to tnhubition of synthesis. The missing nor
was approximately replaced by stolcl L of
mnnm“nLhnrxbbubnmaho(lCOmﬂsu—mﬂhyimﬁnymue
mmﬂusly7dayx).mthcwma—p:ghwtlﬁermjccuano{'nrm
mﬂ(“%mgfkgmunpcruonaﬂy)mdinlhcmbmnmdhun
" lmﬂndmeo:u-mcthyim:mym(wwhuapauounlly)
melaimmol appeared 1o be so firmly fixed to the tissues that 1t was

Wlouuhrg:volumnofOANpa:hloﬂcadde

and metal
bomogenlzadon o extract h The displ of norad 'mby
Who‘mldﬁmmmmpakad:mmmmun.hmy

.ddi\ﬂ'mhmlhcfuncdomlcﬁmumcdbyu-mthyhl:dnmlm

ACLllf)"'lcdp:menn

Ths Imesigation was so

pported 1n part by Public Health Service

M&?NNBMJML fromt.th:lbom]lmummqueurolopc;l
Blindness, and Hissle Lid., Gotebory Sweden. For gencrous
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supphes of drugs I thank, Dr H Corredi HissleLtd (e-methylmetatyra
mine) and Dr K C Mezey Merck Sharp and Dohme Research Labora-
tones Rehway New Jersey USA ((—)-metaraminol)
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On the Relation of Tryptaminic and Serotonergic Mechantsms
to Amphetamine Indaced Abnormal Behaviour

By

A. Randrup and L Munkvad
(Recelved Junc 23 1964)

A previous paper (RANDRUP MUNKVAD & UDsEN 1963) described 2
certaun kind of abnormal behaviour 1n rats caused by amphetanune inke
tions This behaviour was distinctly stereotyped and could not be counter
acted by several powerful adrencrgic blocking agents, even in large doses-
It was also found that sumilar behaviour could be produced by the trypla-
nune analogue of amphetamine, a methyltryptamine.

These findings bring to mund the hypothesis of Vene (VANE 1560
GELDER & VANE 1962) who has suggested that amphetamune may act
upon tryptarune orS—hydroxyu'ypmnﬂne(urotomn)mccptonmthccenll‘al
nervous system. In this paper we describe our investigations into this
possibility Amphetamine and a methyltryptanune were 1njected along
with various substances having sttong anti tryptamine and ant-serotomn
activity Further we tested a number of tryptamine derrvatives that have
been reported to antagonize hyperactrvity induced by amphetanune and
to exert other sedative effects.

Methods

technaque was cssentmlly as described 1n our previous paper
gmmhwmmmmbmdwmmmhmurmmsuwwhﬂw“v
Wmm%mholiwmnalﬁo—lngmumrwn::
of Cross-aver t were, however always taken from ono consignment from
mgplhmdmdﬂmﬂmnﬂbcmhwhbonwrwdnmwbddﬂm‘vmﬂd’
&Hmwymmntwwmksﬂwm‘mphmdmummuamnwm
‘pmﬂngmmhnofdmndwywﬂekeptundcrmmtow
;::homﬁorhmbyomofdwnmhon(AR)orbyumdmldmmhadbldm
experiments.
e A ot ot e e )
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by memorwwm
T i ey aiwas 40 kg, 18 Bydrochxido of the Tacesnlc

mwmwmmmmmﬁymwnppuwm
ar dexnbed below

MMMMHOLMO(PWMWQQJT
1360~ Dotren 1962) 150 mg/kg (i3 the dsecheed in pr N
HyS049 1) were {0 min. befc ine (2 rats, oe dod within 24 hrt.)
lmqummcnmm(inn)urnm\n.ﬂnn) amphetamion,

Ao, 150 mg/ky w cre ghven 10 1min. before (2 rats) oc 44 hre. adter (2 raty) a-amthyl
trypamine at the latter momant the siaeotyped behavicar was fully developed
00 og'iog wers injected 10 min. (3 rats, 2 daed within 24 k) or 30 cun. (3 rats, coe
aed wathoa 24 b)) before a-methryttryptamnine.

Cm-h-n-&-r ® (STonz et ol 1961) 150 mgkg (the bydrochiotkde

hwmmwwmmwﬂm) st thiy
G the b loped 100 mykg wero ghven 15 mun.
Dm)alom(lmx)bdm:m:q;bazmlm

Aho 100 mp'kg was ghven 10 min. (3 rats) oc 30 min. (3 ran) before e-methyl-
Oypanme,

Pdremotyseryide POL - 148, (Broe, Dogrren. & Courrn 1960) 30 mp/kg
{fhe batartrato disachved tn 028 N HCT) wers [njected 10 mm. befare (3 rats), 30 min.
Scfor (6 ras) o about 43 mun. after (2 ) amphetamina, 10 mg/kg were ghven 10 min
befors mpbetaaine (10 ).

Bemmcscrine, BAS, soo fig. | (WoolLEy vaN WoiKlx & Suaw 1957) 100 meks
{0 bydrochloride dissolsed n wers Injected 13 min. befors (S ),
:‘:h-n:gavﬂmnunmmauuwmm 9 of theso 14 antmals

. Fad

N ¥ domrth; ocwanrerine, BAR, (Sisw & Worrry 1956) 100 my/kg (the bydro-
<hioride, domohved bn In propylenegtycol- IN Hy 504 9 1) were Injected 13 min. (5 raw)
# 20 me. (7 rutx, 2 ddied within 24 hri.) beforo amphetamice.

typannoe

Oftbe listed in table 3 (tho bloxalats,
"ﬂdhmlmwmmmmmmmm

2bem LN N (e & gheol) was iven
¢ xia. befory,

S-hydroxytryptamune (the lmkopnmhu,[mlnn:da,us.A. n
gh)mhmuy-ﬁh,mul (thohydmchbrldnlnm)!!mh.hdmux

lycol) was given 1 boar before
All drogs
tmohed CXInt amphetamine and oxypertios (tho latter dimolves slowly) wers

prelininary experiments wers sude, eszally oo aaly & lew aoknsls,

£od fel cxperanents with 3 to 10 ankmalt for each drug conbization. Crom-over

boca T M caed w T for thw fad pavey

mﬁ‘“"’mmmmmﬂhmmmm
ever défered, the

6 By boch typeg of number of rats gren above asd 1o the tebics B theoso

C‘WVMM
22 o s Forrma of groosing:
D07 131 by mome e mcuth asd of the peck
e it w11 i 3

of tho head with the forclinnbs, of
and body with tho hind limbs. Each
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of these forms was counted separately 3o that If o rat shifted from ooe form mio
another it was counted as showing a new grooming spell. Such ghufts often happened.
Six rats could be followed by ono observer another observer was present, recording
the rest of the behaviour

Results

The abnormal behaviour induced in rats by 3 mg/kg s.c. of D-amphets-
mune was described 1n our previous paper From about 30 min. to about
2 hrs. after the njection the behavioural features described below were
scen in all rats (155 rats so far except one that only displayed the constant
sruffing)

A. Constant and vigorous smiffing, which covers only a small area,
about two square 1nches, of the cage floor or the lower part of one of the
walls. Smffing 15 accompanied by movements of the mouth and licking
or biting the wire netting of the cage.

B Locomotion 1s only seen 1in o few rats and these always move
backwards

C. Pressing of body against cage walls

From about 20 to 30 mun. and again about 2 hrs. after the mnjection,
forward locomotion 18 seen along with constant sniffing of the cage
without movements of the mouth From 2-5 hrs. after the mjection pormal
activities (grooming, walking, cating and drinking) gradually replace the
stereotyped activity and the amimals finally fail asleep Closely
behaviour 13 elicited by 40 mg/kg s c. of a methyltryptamune, but with
this drug the abnormal behaviour begins Iater and lasts longer

The effect of antl tryptamine and anti serotonin substances

Of the flve substances with anti tryptamine and anti serotonin activity
only BOL 148 Is able to counteract the stereotyped behaviour (see tabke |
and 2) It is important to note that the effective dose of BOL 148 18 much
lower than the doses of the other drugs apphied BOL 148 renders the
antmals quiet, and the effect 1s much like that of the tranquillizers, chlor
promazine and haloperidol described in our first paper he

Although they lacked effect on the stereotyped behaviour several of
drugs showed some other effects on the rats (see table 1 and 2) which were
observed while the stereotyped activity was belng performed. It may also
be seen from table 1 that, though the smallest only partly effective dz";
of BOL shortened the ncmuggpcd f:ivny lnam: of the other drugs

f them cal mar] prolongation.
mgﬂﬁ&r drugs methysergid, cyproheptadine, BAS ond BAB were

gven at a dose of 100 mg/hg t0 3 rats with a placebo mstead of ampheta
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Table 1
mebstances 87tk ALy plamiss £nd £aHATORI propTUes
Hm'.(mmw’.‘cd\u)-y‘k;mdmw
Inbibitlon of| Othar effects on rats
Doss wgfkg
Subctance \ e auerectype treatad with
M 9 Body not preued agaimt éaps wall
}m?r};) % Forward moversast of 30w rats. N
hortontng of sereotyped behaviowr!
Crprobepiadrne 150 (O o2  Forward mavement, paws of forckps
100 (8} o6 wnﬁL-ﬂpl-ctdmﬂcI-‘h“Lvmhp
bebevioar)
Facone-tysapde 1) 11 Quist.
ﬁ(m 510 Forsard movenaut. Shortening of
stereotyped bhehavioor?)
Demumerina 100 (14) o/14  |Sedatlonf).
L MH-drmetiy - 100 (1) o2 th'n%ﬂﬂn of stersciyped
beadasarmec)

) The fgnre b parcoibescs taow the umbers of salmals for detaths of ysctions and
sunnal, sos wnder  Mathods
T [ohmboa meess that comilant sndfing, licking or biting I not seen ot ol for 0—4 hrs-
her umpbatamme.

% Mack sdfng, although sot comurnd b all rats 7 bre- after amphatamive, when 3
24 prca placebo + ampbetamne were oll

hcmmumypd:havhwlmmwmlnndm

+ wers

abernise performed normal actvites, sich 23 groomung, taung and
drinking. With BAB the rats stayed awake (hey wero quict m the cage,
bmlppnmdnmuwacnhmdkd.nus,mmotypedmﬂtywuml
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of these forms was counted seperately 1o that if a ot shifted from one form taio
apother it was d as sh g4 new ing spell Such shifts often happensd,
Six rats could bo followed by ane observer another observer was present, recordmg
the rest of the behaviour

Results

The abnormal behaviour induced 1n rats by 3 mg/kg s.c. of D-ampheta-
munc was described 1n our previous paper From about 30 min. to about
2 hrs. after the injection the behavioural features described below were
scen 1n all rats (155 rats so far except onc that only displayed the constant
suffing)

A. Constant and vigorous smffing, which covers only a small arey,
about two square inches, of the cage floor or the lower part of one of the
wallt Sruffing 13 accompanicd by movements of the mouth and lckmg
or biting the wire netting of the cage.

B Locomotion 15 only seen 1n a few rats and these always mow
backwards

C Pressing of body against cage walls

From about 20 to 30 min and again about 2 hrs after the inpection,
forward locomotion 13 seen along with constant smiffing of the cage
without movements of the mouth From 2-5 hrs. after the injection sormal
activities (grooming, walking, catng and drinking) gradually replace the
stercotyped activity and the anmmals finally fall asleep Closcly sunlar
behaviour 1 elicited by 40 mg/kg s c. of a methyltryptamune, but with
this drug the abnormal behaviour begins later and lasts longer

The effect of anti tryptanine and anti-serotonin substances

Of the five substances with ant-tryptanune and ant serotonin actmty
only BOL 148 1s able to counteract the stercotyped behaviour (se¢ table |
and 2) It is important to note that the cffecuve dose of BOL 148 is much
lower than the doses of the other drugs applied BOL 148 readers 1B
anurnals quiet and the cffect 13 much like that of the tranquikizers, chiof
promazne and haloperidol, described 1n our first paper e

Although they Jacked effect on the stereotyped bebaviour several of
drugs showed some other effects on the rats (sec table 1 and 2) which \;g
observed while the stereotyped activity was bewg performed. It m-‘l.Vd
be seen from table 1 that, though the smallest only partly effective x
of BOL shortened the stercotyped uccl;vny 1nom: of the other drugs

deed, two of them caused marked prolongation.
wﬁ?ghﬁ the drugs methysergid, cyproheptadine BAS and BAB h‘::i:
given at a dose of 100 mg/kg to 3 rats with a placebo mstead of amp
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Table 3
Efect of tryptasal thres with reporcd Rigiag cffect (sco tant) wpon
fats 1afoctod whlh 3 my/kg 1 of D-ampbeimine
Otber affocts oa
Sebstances Do muns] Hebhien o s
ol et Hour?) treatad rata.
N N-Gicthyt 110 o3
aypimis M((t‘))f) o4 rats dled within 24 b
FpbemyENN- 50-100 (4) o4
e ppanems | 200 fv) Forward movemant, all servived more
®» @ n 24hm
* 7;“(“ g: Ears and cxiremely Ted
140
@ ‘s dued ki 24 ks
N w @ I
Oxyperilae’) 4 | 41 |Grooming) and forward movemest.
n &) 3
L2) $es able |
RET 'S
9 Bos table 4.

1 1. Bww Lassa, Purosan, Copabagea, found 1oat 40 mg/kg vc. stmaltancoatly
“‘Um:mdmpmmmmm-dmnmﬂ‘uu&m

tme, inhituted the stereotyped reactions caused by amphetamine, as shown
o uablo 3 As we did not make quantitative measurements of peneral
acthity 1t s possible that the other substances reduco hyperactivity
withoat affecting the stereotyped behaviour The same might apply to
some of the adrenergic blocking agents studied earlier (RANDRUP MUNK
YD & Upsex 1963)

Oxypertine was the most interesting substance of thus groups. A dose of
4 mg/kg inhibated the stereotyped behavior pattern almost completely
cely during & perod from 30 to 60 minutes after the jection of amphe-
tamme did some of the animals display any appreciable amount of
saiffing. Even these animals, however somctimes paused with the nose
Oﬂ'lh:\unnnﬁn;mdnmtrlndnl;:dlnconsmlmdﬁus.tha
oayperune increased groomung acthvity (see table 4), and the mts ako
lhmadmu:hma\cm:n(mnfotwnddlm}an.Oxypannc,ﬂm.didnot
rmdulhenuuquhu\ch\tmpfeﬂomymﬂlchbmmm
of other major tranquilizers. With a larger dose, 20 mg/kg, snuffing was
mum WN(MSMLYMbmmnu movement, though grocmung was
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Table 2

Tho clfects of methyscrgide and cyproheptadine upon rats Injected with 40 mgig
s.c. of bL @ methyliryptamine. (3-(2 -amino-2 methyletbyl)-lndofc)

Inhibition of Other effcets on ras
Substances sercotype treated with
activity?) a methyltryptamioe.
Methysergide 130 &1 o4 Earlier ontet of walking aad steres-
100 (6) 0/6 typed behaviourt),
Cyproheptadine 100 (6) o6 Forward locomation, paws of forclep
sometimes placed on walls. Loser 19
retracted.
11) Seo tablo 1 »
3) Compared with 3 rats given placebo +a-methyltrypt and carlicr exp

with @ methyltryptamine.

Effect of some trypramines with tranquili ing action

For further investigation of the problem we chose some tryplamise
derivatrves that have been reported 1n the literature to antagonuze hyper
activity of mice nduced by amphetamune or methamphetamne These
mclude N N-dicthyltryptamine and 1ts 2 phenyl denvative (PFAFFER,
SATORY & PATAKY 1961 Bogsy LENARD & CzISMADIA 1961), serotonia
(KOBINGER 1958) and IN 461 (see fig. 1 Mirsny Wirts & O Dii 1959}
In oddition we tried oxypertine (sco fig. 1) which 1s reported fo have the
same central effects as chlorpromazine (WYLIE & ARCHIR 1962 ARCIEX
et al 1962)

Of these substances only 2 phenyl N N-dicthyltryptamine and oXyp<t

e (p(wro

SLAQTONN
HroRCKY
TRYPTAMME
et
Cryp. e o3 My hy oy OO
Hy [ N
any "

Fig 1
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Table 3
Efeat of et tives wih reported ring effect (108 text) upon
nuw‘nhlnmluormmyhuﬂx
Other effecta
Subetancrs D"““’F"‘l]mjg‘ i
& beha 20arY) troated ratg.
N Mcthyl 110 (3% o
Typammse 4@ &4  2randisd within 4 hrs
1yl N N- S0-100 (4) o4
dabyHryplanine 575 Forward mo euuat, all murvived mocs
@ 127 than 24 ba.
Spdrosy-tryplaniss 7;_14(1’)) o,-: s -
140 o Esn atremely
¢ 31t died wrtbun 24 Bec
un “w @ o
Orrpertine’) @ 11 Groomlng’) aad forward movemeat.
2 &) ys
R3) Sow table 1
Nimigl
5 Bos takie 4

% Jexs Lisote, Ferromas, Copmhagen, found that 49 givea sbpuitancous!
m”'ﬂlmdmﬂwwsﬁﬂﬁwnm 7

e, inbited the stereotyped caused by amph Ine, as shown
m 4ble 3 As we did not make quantiative measurements of gencral
athvily it v posaible that the other substances reduce hyperactrvity
mulimlnstheumtypcdbchavhw The samo might apply to
Boc

Vo & Unea 19607 king agents studied carber (Rarokur Munk
Hoﬂmm:wuth:maninmudngmbsunmohhhmup:.Adoscof
my/kg inhibited the stereotyped behavior pattern almost completely
ouly during a period from 30 to 60 munutes after the injection of amphe-
Edﬂwmﬁo{dﬁmlmﬂjduphymytpprwahlcmumd
eﬂmelrE\ﬂflllmn:(nmmh.lmwcm- sometimes pansed with the nose
oy wire netting and never jndulged 10 constant sudfing. Further
memmgmmy(mubhumdmmm
ender the movement in & forward direction. Oxypertine, then, did not
ol 131 a3 quiet a3 we have seen previously with chlorpromarine
major tranquilzers. With a larger dose, 20 my/kg, wniffing was
m‘h‘“m“m(sﬂp‘ﬂdym)‘ abscnt, but to was movement, though grooming was
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Table 4

Oxypertine increzses grooming of rats treated with ampbetaraine.
Crosy-over experiment with 2 x 3 animals, 2 weeks between the two experimeatal days
In 30 min —! hour after amphetamine, the animals showed maximum (though not constant)
snlffing when treated with oxypertine, When treated with placebo, all six animals sadfed
and licked constantly during the whols period 12 hours after amphctamine See also tert

Period after in] of amphetamine 30 min -1 h Th 2bm

No of grooming spells Oxypertine + amph. 33 £ 201 127 £ 41
Placebo  + amph 1010 10 08

Difference 23 + 109 Hnrxar
Significancs of Difference Not signif P = 0023

1) Standard eror of the mesn.

) In order to eliminate individual variation from the statlstcal evatuatlon, the ddfer
ences between ox; and placebo for each animal were first calculated (they were all
positive in both periods) and tha means of these differences then entered fn the table.

Discussion

For evaluating the negatrve results with the serotonin and tryptamine
antagonists (tables 1 and 2) 1t 15 important to know whether these sub-
stances are able to cross the blood brain barrier and thereby to have any
effect on the central nervous system. Methyserpde has been demonstrated
in the brain of rats after intravenous injection (DoepFNEr 1962) and
central cffects of peripherally apphed methysergide, cyproheptadine and
BAB have been reported repeatedly (CORNE, PICKRERING & WARNER 1963
GARATTINI & VALZELU 1962 VANE ef al 1961 KXwia, KAkt & TALA
1961 FANCHAMPS ef al 1960 STONEefal 1961 scep 83 MERCK SHARP
& DOHME 1962 JACUB & LAFILLE 1963 LAVENSTEIN ef ol 1963 SHAW &
WOOLLEY 1956 RINALDI 1958) With BAS the evidence 1s more doubtful,
but the sedative effect observed 1n our expenments has also been reported
in the literature as well as EEG cffects (WOOLLEY VAN WINALE & SHAW

7 RupY et al 1958 RINALDI 1958)

lg'i‘hc report of CORNE, PICKERING & WARNER (1963) is particularly rele-
vant to our problem. They describe an abnormal head twitch of mice (also
observed in rats) elicited by large doses (70-300 mg/kg Lp ) of the scrotonun
precursor 5-hydroxytryptophane. This activity was antagonized by methy
serpude, cyproheptadine, BOL and BAB (but not BAS) given subcuta
neously the ED50 bemng 4 1 mg/kg, 0.3 mg/kg, 3 8 mg/kg and 11 rnhg.:g.
respectively The effect of the small doses of the antagomsts m this o
twitch test and the equality between BOL and the other drugs are
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;hupwmnﬁwimcmrﬁulum\hnstmtypodbehxneurtat(mﬂu
1ad 7).
The Lack of effect of these antagomsts on the stereotyped actmvitics can
Ihﬁd'mhud]ybensm'bcdwdiﬁadtympcncmunglhcbloodbnln
barer

In:ﬂlmﬂnauuxmu]uhm\mahoboconndemdlhninpmphcnl
tss0es maovo than one receptor 1 scusitive to the actron of serotonm and
tryptamune (GADDUM & PICARELLI 1957 GyEmsEk 1962 WOOLLEY &
SEAW 1962 BUNAG & VALASZEK 1962 Marczyxaxy 1962). In the brain
there may akso be several recepiors present  at least it is known that tryp-
temoey clicat many different behavioural and other effects in the ceatral
nervous system (WOOLLEY 1962 COmNE e al. 1963 WADA ef af 1963
Mariey & VANE 1963 KARIX, KARKD & TaLA 1961).

The antagomusts listed tn table 1 &s well a3 dibenzyhne and dihydro-
epotaming (sc¢ RANDRUP MUNKVAD & UnseN), are all known to block
the so-called D-receptors of serotonin (GADDUM & PicameLuy 1957
Grexagx 1962). It has also been shown that methysergide and cyprohep-
tacine inhibit some effects of tryptamine (GARATIING & YALZELLI 1962
EXLE 1963 VANE ef al. 1961).

As to the so-called nervous receptors of serotonun (M-type of Gaddum,
Biype of Gyermek), specific autagonists have recently been developed
(GYBugx 1962), but thess have not been available in suffiaent quanuty
for our expesiments, and mformation about ther passage through the
blood-bram barner and posuble effects on the central nervous system s
ot yet available,

1t should, however be noted that GYERMER & BixDLER (1962), while
Rodying a senes of tryptamine derivatives, found that Iack of & hydroxyl
$roup in the S-position, as well as substitution of a methyl group in the
“poution of the side cham, strongly reduced the affimity for the B-
tecepioas. It is th unlikely that hyttsy whose mole
cle has both of these features, should exert ts behavioural effects via
the B-receptocy,

mﬁmumwu—:mn(mwu&mwmm
Antagonires some behavioural and EEG effects of S-hydroxytryp-
ghlne(WAmnaLl%J).lummnzxpexmmuvmhumpim(lj—
bthflfht&.ﬁ)nn)nfoundthuhdidnmmhib:nhntamtypcd
Vmindwulbylmphcumma.OnlheolhdhandmeEEGduyn—
d‘lmhnfndnmdbynmph:mmmhreporwdwbeeﬁcuhﬂymu
Mﬂ» \’Y‘UWD:’(BI.?DLEY&ELKBIMMORMMH
“"’bkhmthnm; loa or " of the EEG cort-
”’m““&‘{mry quisite for the yped beh

of the 4 um:ot:-p:dr‘- 5

by o
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Table 4

Oxypertine increases grooming of rats treated with amphetamine,
Cross-over experiment with 2 X 3 animals, 2 weeks between the tho cxperimental dyt.
In 30 min.~1 hour after amphetamine, the animals show ¢d maximum (thouagh not comstant)
sniffing when treated with ox; ne. When treated with placebo, all six anlmabs aufed
and licked constantly during tho whole peried 1-2 houny after amphetamine. See ao taL

Perlod after in). of amphetamine J 30 min.-t b ’ 1h hne

No of grooming speils Oxypertine + amphb 33 200 127 £ 41
Placebo  + amph, 10+10 10 £ 08

Difference 2109 nr+
Significance of Difference Not signif P =003

1) Standard error of the mean.

7) In order to climinate individual variation (ram the statistical evalustion, the difer
ences betwoen oxyperiine and placebo for each snimal were first calculated (they werwsll
positivo In both periods) and the meana of these differences then entered ln the table

Discosslon

For evaluating the negative results with the serotorun and tryptamne
antagomsts (tables 1 and 2) 1t 18 important to know whether these sub-
stances are able to cross the blood brun barner and thereby to have any
effect on the central nervous system. Methysergide has been demonstrated
1n the bramn of rats after ntravenous injection (DoepFner 1962) and
central effects of peripherally applied methysermde, cyproheptadine and
BAB have been reported repeatedly (CORNE, PICRERING &. WARNER 1963
GARATTINT & VALZELLI 1962 VANE ef al 1961 KAwsa, Karn & TALA
1961 FANCHAMPS er al 1960 STONEcfal 1961 seep. 83 MERCK SHARP
& DOIME 1962 JACOB & LAFILLE 1963 LAVENSTEIN et af 1963 Siaw &
WOOLLEY 1956 RINALDI 1958) With BAS the evidence 1s more doubiful,
but the sedative effect obscrved in our experiments has also been reported
1n the hterature as well as EEG cffects (WOOLLEY VAN WINKLE & Stlaw
1957 RupY ef al 1958 RINALDI 1958)

The report of CORNE, PICRERING & WARNIR (1963) 13 particularly rele-
vant to our problem. They describe an abnormal head twatch of mice (also
observed 1n rats) clicited by large doses (70-300 mg/kg 1.p ) of the scrotomnt
precursor 5-hydroxytryptophane This activity was antagomuzed by methy-
serpde cyproheptadine, BOL and BAB (but not BAS) given subeuta
peously the EDSO being 4 1 mg/kg, 0.3 mg/hg, 3 8 mg/kg and 11 mg/k.
respectvely The effect of the small doses of the antagomsts 1 this
twatch test and the equality between BOL and the other drugs are i
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dmpcmmmhuu:muulnth:ucrwtypcdbchnﬁourm(uhlu
1and 2

The lack of effect of these antagomsts on the stereotyped actnitfes can
(hu:(mhudlybcumbuiwdafﬁmhympemmﬂngwwoodbmn
barrer
Lumluannauurmdmtmnmahobcwwd:ndmminpmphual
trssves more than one receplor Is sensiive to the action of serotonin and
typlamme (GADDUM & PICARELLI 1957 GYBuax 1962 Woolley &
SHAW 1962 BUNAG & VALASZEK 1962 MARCZYNSKI 1962). In the braun
there may also be several receptors present at keast 1t 13 known that tryp-
tamines elxit many different behavioursl and other effects in the centsal
meTvous system (WOOLLEY 1962 CORNE ef al. 1963 WaADA et af 1963
MALLEY & VANE 1963 KAwR, KArkt & Tara 1961)

The antagonitts hsted m table 1 as well as dibenzyline and dihydro-
erpotamine (sce RaNnaUP MUNKVAD & Upsen), are all known to block
the so-called D-receptors of serotonin (GaDOUM & Prcameris 1957
GrerEx 1962). It has alto been shown that methysergrde apd cyprobep-
tadine fnhibit coms effects of tryptamme (GARATIING & YALZELLI 1962
EME 1963 VANE ef ol. 1961).

As 1o the so-called nervous receptons of serotonin (M-type of Gaddum,
Biypo of Gyermek), specfic antagomssts have recently been developed
(Gvenx 1962), but these have not been available in salficent quanuty
for our experiments, and information sbout thelr passage through the
blood-braln barrier and possible effects on the central nervous system 1s
o0t yet available.

1t should, however be noted that GYERGX & BivoLem (1962) whike
studymy » senes of trypiamumne derivatives, found that lack of a hydroxyl
oup 10 the 5-positson, as well as substitution of a methyl group 1n the
*posibon of the side chain, strongly redoced the affinity for the B-
m&;:ﬂmm unlikely that o-methyltryptamine, whose moke-
oy theso features, should exert {ts behavionrad effects via

mﬂrvpmc blocks the M receptons (GADDUM & PICARELLI [957) and
Antagonizes some behavioursl and EEG effects of S-hydroxytryp-
?mnvmuat 1963). In some experments wath stropine (1,5-
g/kg 5.c, 20 rats) we found that it did not inhibit the stercotyped
meuwdbytmphmmmmmnouuhudth:lmﬁduyn—
Sonkation induced by amphetamine Is reporied 1o be efectrvely anta
x?ﬂibywup{mmm&&mwm Therefore these results
lnd;:m that desynchrontzation or “activatian” of the EEG corth-
Wmm B0l 2 necessary prerequisite for the stereotyped behaviour
dupliation of tho amphetamine stereotyped behaviour by a-
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Table 4

Oxypertine increases grooming of rats treated with amphetamine,
Cross-over experiment with 2 X 3 animals, . weeks between the two experimentl dnt
In 30 min.—1 hour after amphetamine, the animals thow ¢d maximum (though not coxstant)
sniffing when treated with o: ne. When treated with placebo all st animals souffed
and licked constantly during the whole period 1-2 hours after ampbetamise. ¢ aho ol

Perlod after in] of amphetamine 1 30 min.~1 b, ‘ 1h 2hn

No of grooming spells Oxypertine + amph. 33209 17241
Placcbo -+ amph 1010 1.0 £ 03

Dilference Lxl0 MN7+£37
Significance of Differcnco Not signif P =005

1) Standard error of the mean.

2y In order to climinats Individual variation from the statistical evaloation, the diffet
ences between oxypertine and placebo for each animal were first calculated (they wereall
posluve in both periods) and the means of theso differences then catered in the Lable.

Discussion

For evaluating the negative results with the scrotonin and tryptami<e
antagonists (tables 1 and 2) 1t 13 important to know whether these sub-
stances are able to cross the blood braun barer and thereby to have any
effect on the central nervous system. Methysergide has been demonstrated
In the bramn of rats after mntravenous mjection (DOEPFNER 1962), and
central effects of penpherally applied methysergide, cyproheptadine aad
BAB have been reported repeatedly (CORNE, PICKIRING & WARNER 1963
GARATTINI & VALZELU 1962 VANE ef al 1961 KARJA, KARKL & TALA
1961 FANCHAMPS ¢f al 1960 STONE efal 1961 sccp 83 MERCK, SHARP
& DOMME 1962 JACOB & LAFILLE 1963 LAVENSTEIN ef al 1963 SIAW &
WoOLLEY 1956 RmALDI 1958) With BAS the evidence 15 more doubtful,
but the sedative effect obscrved in our expenments has also been reported
1n the hiterature as well as EEG effects (WOOLLEY VAN WINKLE & SHAW
1957 RuDY et al 1958 RINALDI 1958)

The report of CORNE, PICKERING & WARNIR (1963) 1s parucularly rele-
vant to our problem. They deseribe an abnormal head twatch of mice (als0
observed i ais) clicited by large doses (70-300 mg/kg1 p) of the scrotonnt

recursor 5_hydmxy1_ry-ptophanc This activity was antagonized by methy
}:crgldc q.pmhcpmdmc BOL and BAB (but not BAS) given subcuta
neously the ED50 being 4 | mg/Ag. 03 mg/h. 38 mg/hg and 11 mgAe,

vely The effect of the small doses of the antagomsts in this "
':f;ﬁ"m e cquality between BOL and the other drugs 3r¢
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methyltryptamine and the antagomstic actions of oxypertng, 2 phemk
N,N-dicthyltryptamune and BOL show that tryptamines can affect such
brain mechanisms as are essenual for the behaviour The evidence pre
sented mn this paper also indicates, however that the stereotyped beha-
viour 1s not chiated vig any of the tryptamine or serotonin receptors
hutherto descnbed. In contrast, the above-mentioned work of CorE et
al (1963) indicates that the head twitch studied by these authors is eb-
ated by the action of serotonn on D-receptors in the brain,

Many cases of amphetamine psychosis with schizophremform symp-
toms have been reported from the clinic (for references, sec RANDRUP
MUNKVAD & UDSEN 1963) 1t was this that onginally eliated our nterest
1n the amphetanune receptors of the central nervous system., Though well
aware of the differences between rat and man we suggest that it might be
1nteresting for both clinical and theoretical reasons to find a highly actrve
spectfic antagonst agninst the stereotyped behaviour of the rats. Accord
ing to the results reported 1n this and previous papers, there 1s no promise
n a search for such an antagonist among compounds that mhibit the
known tryptamine or adrenergic receptors. Substitution of a piperanne
nng for the anuno group in certain classes of amunes appears to give 8
better chance, This 1s illustrated i fig. 1 1n whuch 1t 1s shown that, except
for the piperazine ring, oxypertine 13 closely related chemucally to both
IN 461 and BAS The anti-amphetamine effects of these substances are,
however different. Particularly 1t should be noted that, whereas BAS
sedates the rats without mhublung the stereotyped activities, oxypertng
inhitats them and at the same time Increases some normal actvilies
(scc tables 1 3 and 4) A similar effect was observed wath two piperanine
denvatives of phenotluazine (perphenazine and thioproperazine) but
not all piperazines have this action the substance KSW 3019 a piperann®
denvative of chlorphencyclane, KSW 788 (SCHAUMANN & KURBIUWEID
1961) was found by us to elicit a behaviour much like that induced by
amphetamine (2040 mg/kg s c. 4 rats)

Summary

The abnormal stereotyped behaviour of rats nduced by amphetamise
can be duplcated or antagonized by different denvatives of tryptamune.
The strong serotonin inhibitors methysergide and cyproheptadine have
however no cffect on the stereotyped activities, and tus together with
other evidence indicates that the hitherto known receptors for serotomn

tagune are not nvolved

“gu‘;,f’;uom are made for possible ways of finding speafic antagonists
agamst this behavioural effect of amphetamine.
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From the Depariments of Hrstology Pharmacology and Zoology
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Some Observations on Adrenergic Connections betneen
Mesencephalon and Cerehral Hemispheres

By

L Berfler B, Falck, C. G Gottfrles, L. Lijuaggres and E. Rosengres
(Raccived Juty &, 1964)

In a former investigation (BERTLER ef al. 1963) 1t has been demonstrated

that destroction of the cerebral cottex of the thalamus did not produce any
sigrdl Wi in the dopamine level of the caudate nuckus. In
continnance of this work the Influence of metencephalic lesions on the
cholam tents of the hemisph and the di phal
been studaed, particularty with the object of localizing dopamune in the
smia In addition, some observations on the focalzation of adrencrgic
$nuctores m these areas are reported.

Materlal and methods

part of the
and the admemt part of the telencephalon wers excied
h“"""‘“l‘:':‘_ Ccrom-section weto medo in pigroos between the

~ Tesioe,

lexlony wers ovoked b the ventral part of the by the sterootaxic

"ﬁrmm am&q»mm(l%nmmmmdmm

“:‘-ﬁhnhhhu&wmmthl halon wers i

o o8 her the operation. Tho caodate pucked and the veatral mesancephalon

T;t:mumhmhmmmhndhhu:hmhﬂy

oy Pmdmmwwhmdm
{1938) and B, & (1935). The o
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Table 1

Catecholamine conteats of different parts of the plgeon brala,
Each sample consisted of pooled parts from three animaks.

Brain part } No. of deter NA, up/s } DA, ugg

Telencephatlon, except paleo-

striatum and ncostriatum 3 0.27 (0.19-0.34) 035 (0.30-009)
Paleostriatum + ncostriatum $ 0.52 (0.41-0.69) 13 (1 2
Dicncephaton 3 0.38 (0. 6-12) Q.08 (0.00-0.14)
Mescncephalon s 0.89 (0.78-1 09) 0.05 (0.03-00%)
Arca of mesencephalic fluore-

scent cellsl) 3 52 (3403 0.67 (0 $4-0.560
Cerebeflum 3 0.16 (013-018) 0.01 (0 00-0.04)
Medulla oblongata 3 0.50 (0.30-0 72) 0,03 (0.00-0.10}

!) The part of the mescncephalon containing most of the Auorescent cells w bose termluab
are found in the pakostriatum and neostriatum

Results

As will be seen from table I sigmificant amounts of NA were present
1n all the parts of the pigeon brn examuned, / e the telencephalon, the
diencephalon, the mesencephalon the cerebellum and the medulls
oblongata. The highest concentrations were found in the diencephalon
and the mesencephalon 1 the latter the concentration was espectally high
in the ventral portion

Most of the DA was found 1n the telencephalon, where 1t was mawiy
locabized 1n a part roughly corresponding to the paleostnatum sugment
tatum and neostnatum In the other parts cxamuncd there was a faudy hugh
concentration of DA 1n that area of the mesencephalon contaimng most
of the adrenergic nerve-cell bodies sending their axons wnto the corpus
striatum (see below)

By histochemucal exarmunation of the pigeon brain a bilaterally symme-
tnc cluster of nerve-cell bodies showing a green fluorescence of moderate
intensity was observed in the antenor part of the mesencephalon. ﬂ‘;’(
aggregation of cells had an clongated form It appeared at the fevel y
the root of the oculomotor nerve below the nucleus ruber and ran bac
wards to end laterally 1n front of nucleus 1sthmo-opticus. The PFOC““’;
of the cells showed remarkably high fluorescence and could, 1n contr-ll:c
1o the adrenergic pretermmnal neurons m the mammalian bram
followed in senal scctions A large number of these processes were ‘frc-.dn

through the nucleus as smooth fibres, to leave 1t at its most ved
to s a broad bundle merging with the median forebratn bundle. Within
&a:nfclcus there also occurred a large number of 1ntenscly green fluore
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wcent fibres of the “termunal™ varicose type having the same appearance
um-dmapcmminahmthenummahanbmh(tnmdd 1962
&IMLTh:prnnnﬂnllpamor\huownsmuldnatbnobuntdm
Lh:ﬂnmucmmkrosmpc.msmomhﬂuomccmﬁhmspfmdnn
frn shape i the sagrtal plane laterally In the hypothalamas, to (urn at
the tevdd of the antenior commissure 1mto the corpus stnatum. They could
be followed for some distance Into the paleostrintum a3 slender bundies.
Of the four subdivisions in the corpus striatum, the paleostnatum prmi
trvum showed a sparse amount of intensely fluorescent varcose fibres
having the same app as the 4 d g terrmunaly
A fow scattered fibres of the same type but wath somewhat weaker
fiorescence, also appeared m the hyperstnatum. An area corresponding
to the paleostratom augmentatom, and to at least the mam part of the
neostnatum, showed an mtense green fuorescence, which at a low magnl
feation seemed 1o be just as diffuse as that found m the mammalian
andate nocleus (CArLSsoN ef ol 1962). However at higher magnifications
the fluorescence could us 4 rule be clearly sten to be confined to closely
packed fibwes. These fibres were much finer and more nchly vancosed
tham those scen in other parts of the striatum.
In the pigeons submitted to unil 1 g between the dien-
ephalon wd tel halon, the tel talic ¢ ion of DA was
kower m the operated tham m the unoperated sde in ths four anmmals
used (table %) In two of the experiments thern was also a decrease of NA
on the operated side.

Inﬂlcncnmlnbb:t@-nmnh)lh:mmmﬂquAinmedght
cerebral hemisphere plus the d phalon was found to be 031 006
Mg (averago + its standard deviation) the corresponding value on the
left de was 0.31 -+ 007 ug/g. The DA concentration in the same bram
“10.51in9p;lgonlhen;hlnd.ﬂlndo.ﬂ;{:ﬂwpg/‘onmom
Dd:.hth:mmhﬁ&mﬂuaﬂmﬁm:ephaﬁclmouthz“mn—

o,

Table 2
Catecholaniae coxtent w tha
Porsc Al ULsicnal veeon betmern e oot e O tbe
Two animale waed for each detsrmiastion.

Exp ur k—ﬁ‘““‘"ﬁ_ DA sy
P wide op. ke
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an
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Table 3

Effect of unilateral lestons in the ventral mesencephalon of the rabbit on the
catecholamino content of cerebral hemisphers plus the dicoeephalon.

NA ug/g DA, ngg
Exp. nr
op side unop. side op. sido l unop. elde

1 613 038 0.3t 057
2 010 0.23 0.42 043
3 0.0 04 .20 o4
4 0.08 0.15 0.8 0.42
5 0.06 01 0.43 o4
6 0.09 0.11 0.35 [
7 on 027 0.59 0.64
3 017 0.27 0.59 el
9 0,08 0.20 0.08 [}
10 015 a.18 037 045
11 014 0l 0.51 054
Mean values 01* | 6.21 | 037 052

centration was considerably lower on the operated than on the unope-
rated sside The NA values on the unoperated side were also sigmficantly
lower than those for untreated animals (table 3) The DA values obtamed
mn the part frontal to the lesion were sigmficantly lower than those obta
ned from the corresponding part of the unoperated side (table 3), which
did not differ from those found 1n untreated ammals.

The caudate nucleus, putamen and ventral portion of the mesencephalon
from six norma! rabbits were excised for fuorescence mucroscopy The
caudate nucleus showed a strong green fluorescence, which was rather
diffuse except at the margins, where 1t was seen to be confined to delicate,
nichly varicosed fibres. However 1n some optimal cases (when an unusit
ally dry formaldehyde gas was used for the condensation reaction) such
fibres appeared throughout the nucleus, although some diffusion artifacts
wereneverentirely absent The fibres formed adense network withabundant
extremely small meshes, the only larger apertures being formed by non
fluorescent cell bodies Few vancosed fibres also occurred, which were
much coarser than the above-mentoined and had the same appearence 38
the noradrenalme-contaning termunals 1, ¢ g., the hypothalamus. A
small number of similar fibres were also seen to run along arteres. The
ﬁndmpmmepummmwcrcuscnunﬂymcsam:uthmcmmcmudﬂ“
nucleus At the sito equivalent to the substantia nigra 1n the ventral me-
sencephalon an accumulation of multpolar cell bodies displayed nﬁ
fluorescence of moderate ntensity Their processes could be

ort distance

onlI:’1 {l:;c:;‘-‘?‘ of normal rabbits, cach group consisting ofmr(c" l::lc
mals, the mesencephalon was divided through the aqueduct into
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doral and one ventral part. Fluorimetne determunations showed that
simost all the DA occurred ventrally to the aqueduct. The mean values
for DA content in the dorsal and veniral panis were 003 and 027 pg/g.

pectively No signsfl ts of DA could be detected in the brain
parts caudal to the mesencephalon. On the other hand, NA showcda falrly
equltﬂsmwonhnhavmuﬂmddornlmcncrphalonmdmthcpom

Histochemcal investigations of the corpus stnatum in operated pligeons
1od rabbits are 1n progress areport on them will be submitted for publica
tion separately

Discusslon

From the results of our investigatioa it seems that the rabbit leslons 1n
the ventral part of the mesencephalon after teven days caused a consider
thie decrease {n DA ion in the homolateral but not m the
lateraltel halon and d halon. This d must bedueto
0 lom of stnata DA, since almast ail of the DA in these bran parts is
Located in the corpus sinatum. These observations, and the fact that tho
dorsa] mesencephalon and the brain part candal to the
confam 0o wignificant amounts of DA, indicate that at least part of the
stmial DA i localized in neurons onginating from the ventral meten
ccphalon. Althugh the dopamunergic perikarya so far have not been
ocalfired, 1t seems hikely that they may be found in ths substantia mgra
In the rabbut this nucleus was found to contan nerve cell bodies dis-
paymg on hhtoch 1 jons a fl charactenstic of
pemary catecholamines fusther this noclens is the only mesencephalic
structure containing appreciable quantities of DA (but no or extremely
sl amounts of NA) m the human bram (BERTLER 1960), Histochemic
ally the candatc nuclens — a5 well a3 the putamen - of the normal rabbet
m!omdwmunmmn—ﬂwrucmtmw—cdlbodmmdlhrylmount
uftmundyﬁn:mdﬁdﬂynﬂowdﬁbta.dkghyin;lhl;hﬁuormu
{7pkcal of promary catecholamunes. This seems to correspond well with the
NthlmnmofDAfoundmthknudun,whld:conumenlynmll
oants of NA (BexTLen & ROSENGREN 1959),
The assumptson that dopaminergc neurons origlnate in the ventral
mesencephalon and terminate m the corpus striatum of the mammalian
h“hlﬂnd!ﬁmnglupponfmmlhccxptﬂmuonth:ﬂmbmln
tis anima! ths paleostriatum augmentatum and neostrintam had histo.
Ch"ﬁﬂﬂﬂyl.l?-el.umsnp\pe:ra:n:m:eud'.'enl:uw.uud.am11\1:11':\1:l.n.dpuu
Ethcumydxﬁqmwngmnm:ﬁmﬁbmlmmbm:m
“uLThhﬁndn;ummmtwimMwaGmlm Karreng
Mlhnlhnolwmmmmhthnmmmalnnmdavmbrﬂn
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Table 3
Effect of uallateral leslons in the veatral mesencephalon of the rabbt oa the
catecholamine conteat of cerebral hemyj phera plos the dt P
NA, pg/g DA pglg
Exp. nr
op side unop. side op 1ida l unop. shis

1 013 018 031 0.7
2 oo 0.23 042 04s
3 0.20 0.24 Q.20 04

4 a.03 015 Q.8 a4
3 006 a.12 045 a4
6 0.09 o.11 a3s a4
7 on 027 a.59 064
] 007 0.27 Q.59 ]
9 0.08 a.20 a.os 37
10 a1s as Q37 ads
M 014 0.2t 0.51 a4
Mean valoes o1 | o3t | eat od2

centration was conniderably lower on the operated than on the unope-
rated side The NA values on the unoperated side were also significantly
lower than those for untreated animals (table 3) The DA values obtained
in the part frontal 10 the lesion were sigruficantly Jower than those obtal
ned from the corresponding part of the unoperated side (table 3) which
did not differ from those found 1n untreated animals,

The caudate nucleus, putamen and ventral portson of the mesencephaton
from six normal rabbuts were excsed for fluorescence microscopy The
caudate nucleus showed a strong green fluorescence, which was rather
diffuse except at the margins, where 1t was seen to be confined to delicate,
nichly varicosed fibres. However 1n some optimal cases (when an unusu
alfy dry formaldehyde gas was used for the condensation reaction) such
fibres appeared throughout the nucleus, although some diffusion artifacts
werenever entirely absent The fibres formed a dense network with abundant
extremely small meshes, the only larger apertures being formed by non
fluorescent cell bodies. Few varicosed fibres also occurred, whuch were
much coarser than the above-mentomned and had the same appearence a8
the noradrenaline-contaning termmals in, ¢ g the hypothalamus. A
small number of simular fibres were also scen (o run along arteries. mtn
findings m the putamen were essentsally the same as those in the caudal
aucleus At the site equvalent 1o the substantia ugra in the ventra) me-
sencephalon an accumulation of multupolar cell bodies displayed a ﬁ
fluorescence of moderate ntensity Their processes coutd be ¢

1stance.
ony :‘;:r : Shcixn dof normal rabbuts, each group consisting of three asl

I three groups divided through the aqueduct mnto one

anls, the mesencephalon was divi
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ﬂhmmthebmnpamfmnmmlhclmondmvcfmmarpmthmu;h
thcmcnmphlon.ThepA!hmywcmstobcpnrﬂyamscd.mtthA
mummdwm&cdonbolh\hcnpemmdnndlheunopenuaddd:.
The nucles from which these fibrea derfve have not beea

Prefimmary results from hustochemical examunations show that the
ﬁlrutothehypo(hanmmcmsodnbutthmmacuukncrmng

mﬂdm:ﬂhmgdnglotherwhnd\wko(adrmﬁcﬁbmmhm
‘teen found in the imbic system

Sammary
The strata} dopamine m (he rabbit brain is localized in axons at [east
partly onginating from the veatral phalon. A correspond
srenerpe pathway has been directly demonstrated fn the pigeon braw.
A large portion of the NA in the cerebral bembspheres and the dien
cephulon of the rablxt has been found to be derived from neurons coming
from or pasung throogh the mesencephalon.
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are homologous An unexpected finding was that the pretermimnal parts
of the striatal termunals i the pigeon also developed a specific fluorescence,
In the normal mammalian brain the content of adrencrgie transmtter
the pretermunal part of the neurons appears too low 1o be histochemcally
demonstrable Although the preterminal fluorescence was much wealer
than the terminal fluorescence, 1t permutted the direct tracimg of the
adrenergic pathway back to a fluorescent cell group 1n the astenor
mesencephalon Most of these cells were located ventrally however 1
contrast to the mammahan substanta nigra, this group also extended inta
the dorsal mesencephalon Although thus directly demonstrates the mesen
cephatic ongn of the stnatal adrenergic neurons, it 13 not immeduatedly
evident which type of primary catecholamine 1s stored n thesc neurons.
It is true that, 1n the areas where these fluorescent neurons arise and end,
the hughest concentrations of DA also occur and in fact DA occurs at
a level making 1t improbable that the DA stonng structure would got
be Hustochemucally demonstrable. Further the outcome of the lesion
experiments supports the view that the stnatal DA is stored o neurons
which because of the observed distribution of DA 1n the pigeon bram
(cf table 1} must ongnate from the ventral mesencephalon. Thus,
histochemical and chenucal findings both indicate that the adrenerge
connection between the ventral mesencephalon and the corpus stratum
1s at least i part dopaminergic. At present the possibility cannot be
excluded that there also occur noradrenergic neurons 1n this systern since
NA is present 1n the dissected part of the braun, mainly consisting of the
paleostnatum augmentatum and the neostnatum and also in large
amounts i the ventral mesencephalon. It should be kept in mud
however that the mesencephalic NA may be stored 1n the abundant
system of lughly fluorescent varncose termunals found 1n this area. Further
the occurrence of NA in the dissected part of the corpus striatum may b
due to the unavoidable contamunation by tissue from adjacent areas The
DA storing neuron is simular to the noradrenergic and $-hydroxytrypla
mmergic penphernl and central neurons as well as to the adrenaline-
contafning neuron fn the frog and the dopammergic neuron wn ceriain
invertebrates (cf FALCh 1964) The intrancuronal distibution of amine
18 the same, most of 1t being accumulated 1n the ternunal part morpho-
logscally 1t also consists of a smooth preternunal and a varicose (¢

part. A remarkable difference 13 that the terminal of the DA ncll-l!r::
studied 1n this investigation 1s n;uchdﬁnc; gd n;orc nchly vancosed

radrenergic termunals so far :dentified in bran

‘hit“;a.l also found that the concentration of NA n the h:nusPh;"c’ f‘;’:
the diencephalon decreased 1n the rabbit after production X" i mg::w]g
the ventral mesencephalon. Thus at feast part of the NA-co
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could pot be shown. ALEXANDER & WEAVER (1955) showed that 1n muce
amphetamine aone was without any cffect on convulsions elicited by the
manmal ek hock seizure procedure or by sub injection of

k. The EDS0 of phenobarbutal i the chectroshock test was not
aitered when up to 28/ nmphmmlmwmadd:d\o\thh:nowbml
dote. In the pentetrazole test the same combination appeared to ee-
vite the cffective dose of phenobarbital shightly but not significantly
The relevance of these results may be questioned, since both drugs were
gven 3 hours before the electncal or chemucal indoction of the convulsion,

Le at & time when the imal effect of amph ine on the mouse 13
slready falling off,

The pancity of avaitable experimental evndence prompied us 10 in-
yestigate the effect of \: the use of h ine with that of

common antonvuksant drugs 1n w modet for grand mal epilepsy (maximal
eiectroghock sexzure) and one for petit mal epilepsy (pentetrazole scizure
threshold test). Since there 13 good clinieal agreement that amphetamme
b no antagomstic effect on the antconvulsant aciivity of the other
medication, the experiments should also test the relability and adequoacy
of the pharmacological tests mentioned for predrcting chnicnl efficacy

Method

E_Agupammdmammholbahmdthnlmm‘dd:h;
T

The threhold for the extensor of the was deter
iacd by varymg the undcnsity of the current. A current of 50 cyclewfser. and 0.2 sec.
mmwuwmmmmmwmwm
Sroups of 10-20 mice. Lilerwrss the CDS0 (do provoking convlsions 1o 50,/ of the
wiah) for e ! of

iojectson
0 groups of 10 mice. A clonc
oy convaldon with ko of body righting reflexes was

it activity was by tho methods of SwovaRD «t ol

The
" Wmmh%mwmum

the selruro
mwmuhmmnnummmw
drunmnmmnmdxhefmmmmrur-:hd!hm

n
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From ths Departiment of Phanmacology Leo Pharmaceutical Products,
Ballerup Denmark.

Note on the Interactions of Amphetamine with
Anticonvulsant Drugs

By

H. H. Frey
(Recelved May 24 1964)

Since the end of the thirties amphetamine has often been used for
treating the different forms of epilepsy In most jnstances the drug was
gven with the intention of counteracting the sedative side effect of anti
convulsant medication produced by phenobarbital (phenemalum NFN)
or less often by diphenylhydantoin (phenytoinum NFN) (CoimN &
MYERSON 1938 COHEN ef af 1940 Rosmson 1941 Cook & Dot 1942
KrOBER 1949) According to a recent review by ScHoLL (1962) the com-
bined use of amphetanune 13 possible with nearly all current anticonvulsant
drugs used. All authors agree that amphetamune has no adverse effect on
the antiepileptic action of other medication some of them cven hold that
there 1 an additive effect of amphetamune 1n suppressing the number of
grand mal seizures, while such an effect 15 derued by SToNE ef af (1940).In
petit mal epilepsy there 13 some evidence for a positive effect caused
by amphetamune alone on the number of spells (STRAUSS 1944 LIVING-
$TON et al 1948) Since petit mal spells occur most often during penods
of mental nactivity and are only rarely seen during periods of alertness,
such an effect of amphetamne could easily be understood (GOODMAN
et al 1949)

In spite of fairly frequent references to the use of amphetamine for
treating epilepsy there are few expenmental studies of the effect of
amphetammne alone, or along with classical anticpilepic medication, on

nyulsant activi
u’lll‘:?mn etal (194?; noted a weak elevation of the threshold for electnt
cal convulsions 1n rabbits after oral apphcation of DL or p-amphetaming,
but these results are not very convincing, since a dosc-cffect relationship
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beshmmAmNDu&Wuvm(wmshouedthummm
c:?-pi:.-::nmin:alonr.w-.\swhhou!unycﬂ'ccxoncnnvulstons:hmcdbylhc
mnmaldtcumhockmmr:pmocdurcurbymbcuun:ouﬂn}cmOﬂof
P le. The EDS0 of phenobarbatal in the clectroshock test was not
attered when up to 28 / nmph:umm\mnddcdmlhcphmobarbiml
dm:hzhepcnuuuobtmxhcmmocombimuonappcnrcdxodc-
vate the cffective dose of phenobarbital shightly bot not significantly
The relevance of these results may be questsoned, since both drugs were
fren 3 hoans before the electrical or chemucal mduction of the convulsion,
{r. at 2 tume when the maxumal effect of amphetamine on the mouse ks
already fallmg off.
The proctty of avallable expenmental ewdence prompted us ta in-
sesigate the effect of comb the use of ampt inc wath that of
common anticonvubsant drugs 10 a moded for grand mal epilepsy (maxumal
dectrashock serzure) and one for petit mal epilepsy {pentetmzole seizure
threshold test). Smee there is good clinkeal agreement that amphetamine
has no antagonitic effect on the anticonvulsant actvity of the other
medication, the expermments should also test the reliability and adequacy
of the phanmacologcal tests mentoned for predicting climcal efficacy

Method
E'A:wmammmhdbahumdhmmh.wadﬂu
1 3

The threshold for tho extemior of the ek dure was deier
w0ed by varying the |nteniaty of the corrent. A current of 50 cyces/sec. and 0.2 sec.
durion way by cornoe! electrodoe, and cach current intenslty was tested in
2o of 10-20 mice Likrwse the CD30 (dose provoking coavaliions in 50,/ of the
) for wa & 19]

by ection
0 5oups of 10 mce. A cloar convulson with low of body righting refiexes wa
kes o1 end-point,

(1853 ALy was d by the methods of SWINTALD ef o,
%WWWum-wwammm

of 1l tonk crmneor camponem: 1 end-point for “antkanvabant actica
Femterams sz thredhald test in which t mice recerved o subcntansous
MM;&WMhMWW(Mme‘mMWU
Jom
AD mtian dlcrive Gomes et oy s o Bl posliion within 30 min.

1The

‘mmmmmwhmmmmmm

Pheacbe: rplmcry n the seizure thrmbold test
dm"““ and eth wrxe tested. The

doy mmﬂ\mhmdﬁhmmmmfuﬁdﬁrﬂ

n
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compounds was determined alone and along with doses of 3 § or 8 mg/kg Di-amphe.
tamine sufphate, All compounds were applicd orally the whole volume applied
did not exceed 10 mi/kg, i order to avold unspecific effects of the water load (hase-
mzm&le%J).mmmnfnppUmdoumwcbosmqultzdm;sduphsui
the maxmum activity when the convulsions were elicited, that b 2 hours beforo the
application of electroshock or pentetrazole for phenobartutal and depheny thy dastoa
and 1 hour before for truncthadlone, othe inimide aod hetamb

Results

The results are summarized in tables 1-3 From table ! 1t can be scen
that oral doses of 3 5 and 8 mg/hg DL amphetamune sulphate (corme-
sponding to 11 18 and 2.9 mg/kg of the centrally actwve p-form of the
base) are without any influence on the convulsion threshold 1n otherwise
untreated muce. The threshold current n the electroshock procedure was
only elevated significantly by the lighest dose of amphetamune. Since ae
confirm the results of Mever & Mever BUrG (1964) that the threshold
current in this test may show some diurnal vanations, thus result should
be consdered as being at the edge of sigruficance

In the maximal electrochock serzure test (table 2) amphelanune proved
to be without any cffect on the anticonvulsant acuvaty of phenobarbital
The ED50 for diphenylhydantoin was clevated by the two lower doses of
amphetamine, but with the highest dose of amphetamune ths cffect was
less marked and 1ndeed no longer sigmficant

In the pentetrazole seizure threshold test (table 3) the EDS0 for pheno-
barbital was only shghtly elevated by the two lower doses of amphetamine
however with the lughest dose of the amuine the elevation became 81
jcant at the 5 / level The elevation of the anticonvulsant dose of pheno-
barbital was paralleled by a progressive flatterung of the dose responsé

Table 1 w0 it
ect of oral with DL amp ine on con utuve threshokds (CD30)
El; extensor mrr}:ponem of the electroshock seizure and for the clonke convaliion aftef

I of m mice.

Convularve threshold (CD38)

——

ore without after pretreatment w th amphetamine')
amphetamine 3 mghyg S mg/xg s ogis
|
Ekctroshock 205mA | 2.mA 2.mA SmA
© (198218 {21 24) o 4) (lfﬂun
ctrazols 18my/k 29mg/kg mg/hg g/
Pest (;-'3/1)‘ 26-33) (26-3%) Q1N

tamine wus ghen orally | bour beforo application of clectroshock of injec

1) Amph
thon of pen
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Table 2
ED$0 of phenobarbetal
Effect of oral wkhot o s v ol aal
Tl dpteaybiydanion o ibe mammal relimre e
2 hours, amphctamuna 1 bour ore
dgphexyiipdanton were ghea mﬂl}u application
EDS0 (mp/kp
withoud ‘ after preircatment with amphetamtes
sopeasteo |3 mery smuky Bopxe
Pacsoburbaal. 1X12 13) 1412-18) 141318 11(3.3-13)
hmy
13-14} 1%13.5-28 1%153-24) 17512524
11 p< 03 p<.d
Toble 3
50 of ital,
Fravivie Soimadala boid test AL y

ey epplled hamobartal 2 hours, the olher oaty 1 hour befors sebculancoes
i wjection of pestetrarche

ED30 (mg/kp)
Amiconvulant
withont after protrestment with empbetamna
amphetasmoe 3 ogfxg S gy 3 oy
Pacachartxtal 14117 165(13-22) 1(13-24) 12(17;!)
p<
Trimabadions 310Q240400) | 440030610)  T40(390.750)  POX(540-500)
< 03 p< 03 < 01
Ethovactinimide 190(140-230) 340)  J00(250-360) 3 20)
p< a2 p<.az p<ol

carves the valuo for § rose from 1 51 for phenobarbital alane to 1 81 for
T3 sction with § mg/kg amphetamme.
Cootrary to the results with pheoobarbital, amphetamine strongly
d the ulsant effects of trimethadione and eth in}
mde. With these two drugs the EDS0 was already elevated significantly
by smultancous epplication of 3 mg/kg amphetamine and given with
® wy/kg amphetamine the doses of the two anticonvulsants had to be
about doubled in arder to afford protection against the convulsrve action
of pentetrarole,
Itlhouldbcm:ndoncdlhnthnc:nmﬂymmuhﬂngcﬁ'cao(lm-
poctamine could be observed with all amphetamune doses used and 1
all combinations with drugs.
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Discussion

The mvestigation desenibed here into the role of smphetamne 1n ex
perimental epdepsy has revealed first, that amphetanune has almost oo
effect on the thresholds for electro~ and chemo-serzures second that it
does not antagonize the effect of phenobarbitat and drphenylhydaniowm
m the maximal electroshock seizure test to any reasonable degree and
third that 1 the pentetmzale setzure threshold test it shows strong
antagomsm to the anticonvulsant action of trimethadsone and ethosuccm:
nude but only a weak cffect agamnst that of phenobarbital Of these 3
findings the fiest two are 1 agreement with empinical cliical knowledge,
the third ~ which mught be regarded as the most likely for a central
stimulant ~ 18 not. For phicnobarbrtal our results confirm earler expent
mental findings by ALEXANDER & WEAVER (1955)

At the first glance one nught expect antagonism between amphe
tarmne, lnown to have a stimulant actton both in the corfex and m
the bramn stem, and anticonvulsant drugs, generally regarded as central
depressants. But beaides a facilitatory action of amphetamune on centrat
and peripheral synapses there 1s some evidence that the drug at the level
of the reticular formation may have an snhubstory action on synapteal
transnussion already facihnated or activate wnhibitory mechanisms
(Xavier & TiMo-IaRIA 1964 Luco er af 1949) The remamung gap
between our rather low oral doses and the refatively high doses appled
intravenousty nira-arienally or direct mto the reucular formation by
the authors named may be explained by the fact that the last mentioned
mainly worked on anaesthetized ammals,

The effect of amphetarmine a1 the level of the reticular formation ¢
munds one of the ability of the drug to liberate noradrenaline from the
bramn (McLeaN & McCARTREY 1961 HiGuckt ec al 1962) However af
our present state of knowledge, 1t 1s difficult to see any refation begweed
us effect and the action of anticonvulsants. According (o the work of
McLEAN & MCCARTNEY on the rat 1t 15 unitkely that the release of
noradrenalne 13 fairly pronounced so soon as one hour aftes the orl
applicauon of relatrvely low doses of amphetamine )

Thus, we have at present no sausfactory cxplanation for the nearly
absolute Jack of its effect on the convulaive threshold for electrical CUTTZ:;
and intravenous pentetrazole The hughest dose of amphetamine fal
the thweshold for the maxmal electroshock yust significantly an f"'f‘
that could be conmdered to be tn agreement with the mentioned rt;\;ll’
of XAVIER & Tio-1ARIA 0n the cat and TAINTER ef af (1943) 03 lhtfm :

a5 well a1 wath the electroencephalographic observations of Wen
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K;ﬂm(l?ﬂl)r:poﬂingonmmemducuanmthcuinutpotmmbaﬂcr
in¢ to man.

Hanncr txhngtnmm:olmnhcpoumhl elevauon of the threshold
far should have some potentiating
munondruplcth:mlh:mnnnldccumhockmzumlaLOur
results show that ths fs not so with phenobarbital with dipt d.
anhmw-shghlbm:@ﬁamnnugonhdt:ﬂ'oufmmdmofJ
and 5 mg/kg but not from 8 mg/kg DL amphetamune.

Summarzing, 1t scems jusufiable to {ude that a bnation of

b tne with drogs of ble activity in the maximal electro-
shock seizore test does not have any notable influence on ther antxon-

lack conclumive evidence for any positive or negative effect of ampheta
mme on the rate and severity of scizures.
Th.oush amphetamine pre-treatment proved to be without effect on the

hreshold for mtr ly injected pentetrarole, a clear
between amp and the ant ulsant zction of
drupinthe p sexzure threshold test appeared. This
wa relatively weak with ph L“‘m].wllhwhnhnﬁmbecame

shpuficant at the highest dose level An explanation for ths difference
from the resubts with tnmethadione and ethosuccinhmde could

for the powerful of s to trmeth

both known lo be farly specafic antago-
nisuorp:nwnmk.mmhcﬂ'cclnflmphmmlnnhunorclauonto
penteirazole is suggested by experrments summarized 1n table 4, fn which
tho wcak and 1 effect of trimethad: m the
mlmnldc:uoihockldznr:tmuwmlobompniz:du“eﬂ.w
may imagme a jon between Ino and these anti !

Table 4
e b 3 mg/kg oL foct of
the vy o
o dezirouioc —mmwmnponm-npmanny

Treatsmot d&ﬁm
vt
Tumethadions
Trmethsdeons + 3 mgfkg aaphatasine 0 ¥7(0.75-0 54)
131 15-1.55) P
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sants for sites, at present upknowrn, where the latter display therr ant+
convulsant effect. Amphetamine should here have a hugher affimty than
the anticonvulsant for these sites and at the same time be devord of any
agomstic or antagonstic activity which would have resulted n an effect
on the pentetrazole seizure threshold. Another possbility would be a
potentiating action of amphetamine on the central stunulant propertses
of the anticonvulsants unrelated to pentetrazole. In unpublished results
with ethosuccininude, such stumulant effects could be demonstrated, A
oral dose of 50 mg/kg 1n the mouse caused a sigmificant prolongation of
hexobarbital sleeping time, but this prolongation dechned wath higher
doses until after pretreatment with 400 mg/kg, there was a trend to
shortening of the slecping time. After intravenous injection of kethal
amounts of ethosucciumide death occurred with clonic and tonc convu!
sions resembling those after pentetrazole only in the surviving anumals
was this phase succeeded by a peniod of central depression (slecp). Like-
wise, with toxic doses of trimethadione symptoms of central excitement
predominated 1n the mouse.

On the other hand our results 1n the chemoseizure test are not consistent
with clinical experience in the treatment of petit mal epilepsy Ampheta
mune 18 given to the patient in order to counteract sedative side-effects of
tnmethadione as well as of ethosucaimmide (GOODMAN & GILMAN 1958
ScoLL 1962) and no adverse effects of the combination are mentioned
The possibility that the activity of amphetanune alone agmnst petit mal
speils (STRAUSS 1944 LIVINGSTON ef af 1948 GOODMAN ef al 1949) could
Just outweigh an antagonism to the anticonvulsant drugs in question
seems too hypothetical to be accepted

Thus our results must be taken as evidence that the pentetrazole seizure
threshold test 1s no very good model for petit mal epilepsy 1 man. Our
results with this test thus scem to be of merely theorctical interest and
have presumably no bearing on clinical therapy On the other hand, the
good parallehsm between the results 1 maumal electroshock sazures
and chinical treatment of grand mal epilepsy once more demonstrates the
adequacy of this pharmacological model

Swumary
used combinaton of amphetamune with nearly all ant
com%:(liiugs 1 the treatment of human cpilepsy leads to a slud:‘;f
the interactions between the two medications n tests phnrmacologlu mi’
employed for the measurement of anticonvulsant activity in mice. :.lmr
maximal electroshock seizure test amphetamine proved to have no ol
effect on the anticonvulsant actvity of phenobarbital and dipheny
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hﬂmuhmmmumlhmmpodam\mlmﬂ\dmxajupcrm

= grand mal epiepsy However 1n the penteirazole seizure threshold
m,nmﬂymkmumoddforpcmmalcpﬂspsy amphetanune showed a
mkmupnmnwzhcmnmnvujnmuunnofplmnbmhnﬂnndn
peweafal one to that of tnmethadione and de. These results
mnvun.ncenlhcﬂnimlcxpdknc:inlhcunun:nlofpcmmmus
wonng the iadequacy of is phar 1 model.
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sants for sites at present unknown, where the latter dusplay their ant-
convulsant cffect. Amphetamine should here have & higher affinity than
the anticonvulsant for these sites and at the same time be devoid of any
agonistic or antagonstic activity which would have resulted 1n an effect
on the pentetrazole seizure threshold Another posubility would be &
potentiating action of amphetamine on the central stimulant propertics
of the anticonvulsants unrelated to pentetrazole. In unpublished results
with ethosuccinimude, such stumulant effects could be demonstrated. A
oral dosc of 50 mg/kg 1n the mouse caused a significant prolongation of
hexobarbital sleeping time but this prolongation declmed with igher
doses untl after pretreatment with 400 mg/kg, there was o trend to
shortening of the sleeping time After intravenous injection of lethal
amounts of ethosuccinimide death occurred with clonic and tonc convul
sions resembling those after pentetrazole only in the surviving anumals
was thus phase succeeded by a period of central depression (sleep) Like-
wise with toxic doses of tmethadione symptoms of central exatement
predommated in the mouse.

On the other hand our results 1n the chemoseizure test are not coasisteat
with clinrcal experience 1n the treatment of petit mal epilepsy Ampheta
mune 13 given to the patient in order to counternct sedative side-effects of
tnmethadione as well as of ethosuccinimide (GOODMAN & GILMAN 1958
ScriorL 1962) and no adverse effects of the comblnation are mentioned.
The possibility that the activity of amphetamine alone agamst petit mal
spells (STRAUSS 1944 LIVINGSTON ef al 1948 GOODMAN ef al 1949) could
just outweigh an antagonism to the anticonvulsant drugs mn question
seems too hypothetical to be accepted.

Thus our results must be taken as evidence that the pentetrazole seizure
threshold test 13 no very good model for petst mal epilepsy m man. Our
results with this test thus seem to be of merely theoretical Interest and
have presumsably no bearing on chcal therapy On the other hand the
good parallelsm between the results in maximal electroshock seizures
and chnical treatment of grand mal epilepsy once more demonstrates the
adequacy of this pharmacological model

Summary
The widely used combination of amphetamune with nearly alld:mzr
convulsant drugs in the treatment of human epilepsy leads to a study
{he interactions between the two medications 1n tests phmmacologlpmllli)c!
employed for the measurement of anticonvulsant actvity in muce. nd o
maximal electroshock seizure test amphetanune proved to haved]nLn "
effect on the anticonvulsant actvity of phenobarbital and dip!
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Froes the tmtingto of Hyglenc, Ulhmhydm(hdm&w\'!w).
ﬂmwawmwmcmmm
(Prokcseor §. Darling, PaD)

Paper Clu aphlc Determlustion of Di ol
In Blological Materials

By

Flemming Christensen
(Recervad June 3, 19464)

A quantitative method for determining d 1 on paper
mmhuncmﬂyh&ndambad(onmmlml).mmhodhu
been farther developed to make possible determmations of dscoumarol 1n
beological matedials. In this paper we have described the extended method,

with which we have compared ultraviolet spectropbotometric methods for
determming dicoumarol

Experimental methods
Principles

Da 1

1 d from 1 materls by an organic solvent
from which it fs re-extracted with dilute sodium hydroxide. After aciddfica
oa t o extracted into chloroform, which s evaporated. The residue is
dmalved 1 a small volume of chloroform and submitted to paper

chromatography Thus procedure has been described in 8 previous paper
(CranTerEN 1964 8)

Generml procecure i detal. Piaco 4 ml of the baological material (¢ g plasme, urme
of Ustuo h o a 100 ml glaw d flask, should not
contan more than 15 g of to t a total of 100 ml Add Q.5 ml of 2 M-(NH,);S04,
:ﬂamthoA—SbymmulQlorlOMHCLAndhduthmhmln!m!wnh
M

Add 25 ml of eilryicns chioride (Merck, exira purt) 0 tho Sask, and shake mechan-
xally for o hour at room Tnndatoa tubo and
Asprrass the (wo wpper layens, consstng of water phaw and precipiatsd protein.
Trazfer 20 mi of the arganic phise (o a 100 ml fagk, add 4 m! of
23 M-NaOH and stake mechankally for 10 min. Tranfer 1o a centrifzgs tube and

na
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DETERMINATION OF DICOUMAROL IN TISSUES 01

Beqame & parer extract i obtained by this fx a i e spectroph
mmmbmwmbmmdhmh;dmxhkmhubmby‘m
mhpamhmvamhmmhmmdhmhﬂyumum
mechod of AxeLeoo of of. (1949).

Rronery were on different biokogical 13 (plasema,
wing i homogerases) to which the drog had been added.

Totad reconener of commarod injected {ntravenously wio 2 rafs were also deter
moed. Each rat recehed 5.2 mg of the drug dissohed in 0.1 M-NaOH, the sohtlon
@5 ) bemg thowly miacted into the il vein. Five minutes Later the rats wero killed
eader ether amaestheals by heart punctans, and as much of therr blood w a3 coflected as
posuble The raty were skinned, the gautro-intestingl tracts removed, and the car
camas mmced In & meat mincer The skin, after deplation, was frazen la 3 bath of

chiorkde by means of an Ulira-Turmax homogennaton the
bood were then anatysed by the paper chromatographic method.
Ce e & 1by peper ch 4y ond lirmisle!

Spactrophotometry Four samples of human plauma, obtabned fromm patenis recthang
&ath-coeguient theruphy with dicourtrol, were analysed for their content of dcou-
ucol by paper chroqutography aed by the ulmn lolet spectrophotometne method
of Axa1ao0 ¢f of. (1949).

Lakra ke, four Invers, obtatned from rats 10 which dicoumnarol had been admn-
letcred by lntray enoas Injection some hours befare, were analysed by paper chrontto-
tApiy and by the ultrnolet spectrophotometric method of WEDER ef af, (1950).

Results

The amaunt of dicoumarol that coukd be extracted from tissues by a
ungle extraction depended on. among other factors, the organic solvent
vsed and the pH to which the biological matenal hod been adjusted before
the cxtraction. Among several organic solvents fested at different pH
nalucs ethykens chlonde was found most satisfactory especually at pH 4
103 (able 1) However with human plasme hgh Tecovery rates were

Table }
Extraction of dicoumarcd from buolopcsl materule  Hh
iy lane chiords Recovery of dicosmarol s sbow [
robatson 10 the pH of the bioloprcal matcrial st the time
of extraction were performed by paper
hronatogapy
Nusber of Gpssts t pareatbesa
Moan reeorery

pef crnt.

PH of watsr phuse ——
[ Moch | Lver

3 a0) 0

3

-7

!
- (U‘: 975
I | s®
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centrifuge Prpette 3 ml of the sodfum hydroxide Into a 25 ml glass-stoppered (st tube,
(Aprel].m.hnrydm\ofthonmmmtord.icotmumlmLhnamplonnyhenchk\adu
this point by determining the absorption of the sodfum hydroxide solution at 314 my).
Next, place the tube 1n a water ice bath for 5 nun. add cone. HC1(1 ml) and 8 ml of
chloroform (Merck, pro analysi). Shake the tube mechanically for 15 min. and allow
the two phases to scparate completely Aspirate the water phase carefully and pipette
7 ml of the chloroform into a cylindrical glass vessel measuring 2.5 cm in diameter
and 5 cm In helght. Evaporate the extract to dryness, oventually using a warm ar
stream.

Dissolve the residue in chloroform (e g ! ml) and apply a known fractioa (e.g
750 ul) to the chromatogram by means of the applicator mentioned below

Application of the sample to the paper chromuatogram Becauso of the low sofubllity
of dicoumarol in organic solvents, it was necemsary to apply as much a3 750 gl of
chloroform to the paper A simple and inexpensive device has been developed for
applying such quantitics of chloroform to chromat

The applicator is prepared from a glass tube (outer diameter about 8 mm, wall
thickness about 2 mm) wiuch is drawn to a caplllary at one end, the other end re-
maiung open. The broad end of the tube should be made 3-4 cm mn length and the
capillary 12-16 cm. The applicator is by means of a clamp fixed in a vertical position,
the end of the caplllary being in contact with the paper at the point where the spotis
to be applied. It Is important that the tip of the capillary be also fixed in its position,
for examplo by means of a small wire loop

A measured volume of the samplo is placed in the larger part of the applicator
which serves as a reservorr By capillary forco fluld runs from the reservoir on to the
paper forming a spot, whote evaporation rato is Increased conssderably by means
of a positive alr stream

By tnal and exror the thickness of the caplllary is made such as to permit delhery
of a spot of appropriate size. If the flid runs too slowly a rubber stopper may be
forced into the open end of the 1 to give an d pi

After the sample has been applied to the paper the remidue from the apphicator i
removed by washing twice with chloroform (25 pl) and collected on the samo spot,
The unknown samphes, together with two standards of dicournarol, should be run on
the same paper

The chromatograpkic procedure and the ltative deter lons The
gram s doveloped overnight by one-dimensional techniquo wlth n-butanol 3 M
aqueous ammonla, [ [ (v/v)

After drying, Ltl};o chromatogram is sprayed with dlazotrzed sulphanilic scid and
mﬂﬂcdmmmcmoummmm;dmumolmduwd,mdmcommlm
of the eluatcs are dctermined at 415 my, all as described In the previous paper (Cliri-
TExzEN 1964 ). Standards of dicoumarol that have been put through the whole proce-
dure, as well as blank samples obtained from uitable places on the chromatograrm.

m’rﬁooptuldcwtyoflhnunknmmm) mddrcnmnvn]mofdnopﬂ'i:'
densitles of the standards (ODur) and tho blanks (ODpq) are used for calculaing
a_umumofd)coummlh\lhclmkmnmpleobgmon}wcqm
- dicoumarol in standard)
ugd.bmumrolint}nﬂmw Omr—ODu’(“ e
odified Juan plasma For determining dicoumarol in uman plasma
o mdmxﬁ:m;nddmmHummmuhwmwﬂ+5
n‘lr?phi;aetiI:ryomWuhn-hcpt.n:mntpl-[l—l otherwise the procedure is the same.
s
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Table 3
Racorwy of dicoumardl from mnn.Tblnﬂnnhnchmdmmlnf\hku‘
M:uwm-nmm
wprai asalyped context I
- gt of mwxmzmmmﬂ Fespestively

Recovery mp Total covey
Astm No. P S —.
1 (X as1 uJ) 100
2 on o s
Table 4
formad by ;onlunn
papar and uliraviolet
h':‘pbaomry (rAmmn “« nc:tﬂ’i;m‘ band
cbtaloed from “.th‘.ll.l
therapy wih Coaceutrations 1o ugiml
Plrioia sample , Prpar Ultraviolat
Ne. ehromsatngrapky| PPOETOpbo-
! i
|
! | 76 I
H 174 It
3 s 205
4 ) 164 174
Table 5

R“Nohv" ﬁ Paper Ultraviolet
chromatography| SPerirophoto.
d ™y
1 e o
2 4
M2
3 w2 e

19.4
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Table 2

Recovery of dicoumarol added to various blological materials and determined

chromatography The drug (50 pg) was added to each tam le, conslsting of 4 ml:yrm

1 ml of plasma ‘or 4 ml of homogeaate (containing 0 8 g of tsruc) The determinations of

dicoumarol were based on aqueous standards of tho drug carried through the whote
procedure, as described in the text,

Recovery rate
per cent
Experiment No
Musclo Liver
Utlne [ Plasma l ’ e
1 102 102 82 106
2 102 103 102 b
3 100 104 101 bl
4 98 104 97 97
s 93 104 95 92
m 100 0 103 4 954 92
N +20 +0.9 +30 51

also obtained if the extraction was performed at pH 1-2 with n heptane
as the solvent.

By the procedure described the drug 1s extracted from one phase 1nto
another in 3 stages From the measured portions of thess extracts used
1t can be calculated that 52 5 / of the dicoumarol in the origingl sample
should be expected 1n the final chloroform extract Usually three quarters
of this amount is apphed to the paper chromatogram, thus reducng the
percentage to 39 4 Analysing watery standards of dicoumarof on diffe
rent occassions gave a mean value of 371/ (n = 14) thus %3/
of the amount of dicoumarol expected was recovered on the flnal chroma
togram. Further a certain day to-day vanation 1n this recovery raie was
recorded These systematic errors of the method are, however removed
by the use of dicournarol standards put through the whole procedure.

From table 2 it appears that the recovery rate obtained with dicoumarol
added to varous biological matesials was nearly 100%, but that the
recovenes depended somewhat on the materials examined.

Table 3 shows the total recoveries of dicoumarol admimstered intra
venously 1nto two rats The results indicate almost complete recovery
In these expenments the chromatograms of the gastro-intestinal tracts
revealed a substance not completely separated from dicoumarol b

Tables 4 and 5 show the comparative determunations of dpcoumam;dsy
the paper chromatographuc and ultraviolet spectrophotomatric mdz e
The results obtained with human plasma (table 4) were sinular an o
paper chromatograms did not reveal spots other than those ol‘dxcou:rxm >
For rat livers (table 5) the results differed rather markedly in (wo expe
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Mmubothoﬁhescmhodsdammtthcdmgaccumdy Inter
ference by metsbohites presumably does not 1ake place, as was albso found
by AxELaoo #f al. (1949), who were unable 0 demonstrate such inter
ference when assaying dicoumarol 1n human plasma by their ultraviolet
muphnmmwm:moimfnlﬂydmplenmhodulhmhmw
tostances satlsfactory for detenmining dicournaro! 11 human plasma, but
paper chromatography may help 1o give further mformotion about that
materlal that, in the ultraviokt spectrophotometnic assay absorbs hght
314 my

For the assay of dicoumarol 1 rat lvers, the rather dnergent results
between thase obianed by ultravialet spectrophotometry and papef
crom phy can be explained by the p of bolitey inter
fermg with the aesay of the deug by the fimt-menuoned method. This
aplanation 15 sapported by the presence, n the livers of dicoumarol
treated rats, of the metabolite, B-0S5 which strongly absorbs light at
34 mp o dissotved m aqueous sodium hydroxide, as 1n the ultravioket

spectroph

i assay of d oL [ plete extracuon of di-
coomarel from the tissues at a strongly acid pH may also contribute to
the divergent results ob d. Paper chr aphic assay of dicou-

marol in tnsues therefore seems preferable to ultraviolet spectohpoto-
metry at keast for certin purposes, and may be usefol m studying the
distribution and metabolic fate of the drug in animals. The method is
bowerer more complicated and Iabonous than the ultraviolet spectro-
Photormetnc method.

Scveral principles, of which paper chromatography 18 the most mpor
taml, have been used in our method to separate dicoumarol from related
subutances. As shown in & previous paper (CHRISTENSEN 1964 8) separation
of soveral 4-hydroxycoumarm derivatives may be obtamed by paper
comtography and the present study indicates that dicoumarol akso
@ be weparated from 1ts metabolites in this way These facts, and the
faure 10 demonstrate any spots on chromatograms of tissues from
untreated rats. indscate the specrficaty of the method described.

A method

B decribed for determming dicoumarol in bsological
ﬂm:mhbymmmorpapcrchmmmmphy The mean recovery raiey
Sbserved with dicournarol added to unve, plasma, muscle, aad lver
\naues were 100, 103 95 and 98% respectrvely The lower Limit of the
nn}:odi}w;lgboutéu;o{dbmmuclmdﬂrmnryucsumawdtobc

per cent depending on the material to be The

3 e iy i e
fuamym;dboumunllnphmmdmh:rholog‘lm]mauﬂak.
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ments (no 1 and 2) and the paper chromatograms revealed the presence
m the livers of dicoumarol treated rats of severnl unknown substances.
One of these substances, with an Re-value of 055 was always the pre-
vailing one and was especially abundant present 1n the mat livers from
expenments 1 and 2. It rencted with diazouzed sulphamlic acid to gne s
coloured dye-stuff indisunguishable from that obtmined wath dicoumarol,
As all of the unknown substances mentioned were apparently not present
m the ivers of rats untreated wath the drug, they were presumed to be
metabolites of dicoumaro!

Discussion

According to most of the methods hitherto described, dicoumarol 1s
extracted at an acid reaction from the biological matenal before its
assay and 1t 13 therefore of importance for the drug to be extracted ata
reproducible rate. With human plasma, to which most methods have been
devoted tugh extraction rates have generally been reported Thus, 2 mean
recovery rate of 979 / of dicoumarol added to human plasma wis
obtamed by the ultraviolet spectrophotometric method of AxeLron ef af
(CHRISTENSEN 1964b) However as far as 1s known few figures arc avail
able for recovery of dicoumarol from other biological matenals. With the
ultraviolet spectrophotometric method of WEINER which 1s the method
commonly used for tissue deterninations, GREEN ef al {1956) reporied
recoveries from 84 to 103 / of dicoumarol added to liver homogenates.
We have also used this method m a series of recovery expermments and
obtained recovery rates of 85-103 / with kidney homogenates and
78-85 / with muscle tissue homogenates

As indicated by these results, the recovery rates are somewhat vanable
\f dicoumarol 1s extracted from tssues at a strongly acid pH  our study
\ndicates that an almost complete recovery of the drug can be achicved
by extraction at pH 4-5

The accuracy of assaymng dicoumarol by paper chromatography de
pends, among other things, on the matenal tobeanalysed ]nuncxpcnm;
with human plasma contmmng on the average 16 9 pg/ml of dicoumaro
the accuracy (as the standard dcv-mhon; was found to be £2.2/ (n = 8)

other matenals it was somewhat less,
w}Iul‘h.: Jower limut for obtaiung a reasonably accurate estimate of dlto“l
marol by paper chromatography 15 of the magmitude 5-7 pg in the ongina
sample, but amounts as Iittle as 1-2 pg can be detected qualitatively

The nearly identical results obtained by assaymg dm"tf:” ;L'&m

plasma by ultraviolet spectrophotometry oF by paper chro
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ndhlethﬂbothuﬂhncnmhod.sdamnincmdmgnccumtdy Inter
ference by metabolites presumably does not take place, as was also found
oy AXEMD et ol {1949), who were unable to demonstrate such mnter
foreace when assaymg dicoumarol fn human plasma by their utraviolet
spectrophotometrre method. This faidy sumple method 13 thus in most
mstances satisfactory for determining dicoumnarol 1n human plasma, but
paper chrogatography may help to give further information about that
ratemal that, m the ultraviolet spectrophotometric assay absorbs light
34 mp

For the assay of dicourmarol 1n rat Iners, the rather divergent results
Ixtween those oblained by ulitraviolet spectrophotometry and paper
c graphy can be cxplained by the p of bolites inter
fiving with the assay of the drug by the first mentoned method This
cxplamation i supported by the presence, in the livers of dwoumarol-
treated rass, of the metabolite, B-0SS, which strongly absorbs light at
M mp g dissolved 10 aqueons sodium hydroxide, as in the vitraviolet

ric assay of di ol Jetc extraction of di
evvarel from the issues at a strongly acd pH may also contribute to
the dnergent results ob d Paper ch

phic assay of dicou
marol m tissues therefore seems p ble to ul let sp hp
metry at least for certain purposes, and may be useful in studying tho
g‘ﬁrﬂxmonmdmcubobcﬁmolth:drugmmumhmmdhndm
S more comphcated and labonous than the vltraviolet
violet spectro-
Scvenal principles, of which paper chromatography 1s the most impor
tant, have been nsed m our method to separate dicoumarol from related
zhummmmlpmmw(amlwn)wpamﬂcn
duincnl 4-hydroxycoumana derivatives may be obtained by paper
moallomphy and the present study indscates that dicoumarol ako
: separated from its metabolites 1n thus way These facts, and the
tilure 10 demonstrate any spois on chromatograms of tissues from
uaireated rats, mdicate the speaificrty of the method deseribed.

A method
o n dewcribed for determuning dicoumarol in biologscal
'Euked \’YL{]DRD’OTwpcrdnmmomphy The mean recovery rates
mmuaw;el \m,d’%l;m;gum‘jd;: to urine, plasma, muscle, and liver
T i o o S L
£ 10 per cem material ysed.
ethod ns e g on the to be anal; The new

compared with ultravioket
for assaying d n spectrophotometric methods
plasma and other broko matenials
— weal
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Studies on the Fate of Intravenous Dicoumaro! in the Rat
By
Fleouming Christenecn
(Reccived Tums 30, 1964)

The distributson and ellmuination of dicoumaro) 1n animals have already
been studied by several investigators (e g WENER ef al. 1950 Lie et al
(5% HavsEm ef ol. 1951 GRESN et af 1956). The spectrophotometnc
methods and the tracer methods, as used for determntng dicoumarel 1
these brvestigatrons, are not entirely specific for ths drug snd metabolites
may laterfers with its defcrmination. A new paper chromatographic
method for determmning dicoumarol (CHRISTENSER 1964) is apparently
Roro specific than those mentionsd above, and a study of ths distribution
and elimmation of dicoumarol in rats has been made by this method.

Experimental methods

weghung about 190 ¢ wero fod on & commercial chicken diet.
Diconnasol (5.2 mg) dimolved in 0.1 M-NsOH was slowly injected imio the tail
veio of cech rat at the of the The solutic 10mgof

tmenediataly before ea, The rais wers then
Flaced, with fros accons to water and food, in metabollc cagm for the collection of

mm‘mkmmmnhmmow(-mwmmmnum
coutained 25-35 £ (w/¥) of thwoa,




308 FLEMMING CHRISTENSEN

Thnhomoa:mla,phmandudnowcmﬂmam}yxdbyquamhuncpaw
chromatography as described by CxrusTengen (1964) The chromatograms were
developed by n-butanol 3 M aqueous ammonia (1 1 v/v) The determinations were
performed In duplicate when sufficlent material was avallable (¢ g plasma, liver
carcuss and gastro- Intestinal tract).

In 2 rats, killed 5 min. after the injection of dicoumarol only the total amount of
dk ol Ining 1n the organizms at this time was determuned. This was done
by analysing separntely the skin, gastro-intestinal tract, blood, and carcass.

Results

Tissue distribution of dicoumarol in rats after intravenous admimustration
of the drug 13 given 1n table 1 The plasma level of the drug decreased
in accordance with those of the different tssues examuned Among
these, liver tissuc showed the highest level of dicoumarol, and 1t
15 noted that the ratto of dicoumarol weight m the liver to that in plasma
tended to increase at 36 and 48 hours The concentrations of dicoumarol
mn certain tissues (¢ g bram, muscle, spleen) were always low and
erythrocyles (no values reported in the table) contaned only traces of
dicoumarol even at high plasma concentrations.

Rate of disappearance of dicoumarol from the whole rat was esumated
from the decline 1n the total amount of dicoumarol that could be recovered
from the individual animals at various times after intravenous admunisira
tion of the drug. The total amount of dicoumarol 1n a rat, calculated from
the amounts present 1n the tissues was expressed as a percentage of the
dose injected and plotted loganthmically agawnst the time (fig. 1) The

Table !

Tisue distnbution of dicoumarol n female rats  fter ntraveoous injection
of 5 2 mg. Concentrutions ug/g of wet tissue welght, except plasma concentratrons, npg/mb
+) cates amounts too small to be determined.

Organ Hours after injection of dicoumarol
tissue or — —_—
u 1 | 3 | 6 | o2 f 18 2 w | o“
| | | i
Plasma W03 164 836 ‘ 596 44 | 384 | 907 | 388
Liver 93 'se ws |1 | 103 59 " 492 308
Fidoey 225 471 147 1 170 607 553 i
Lung s 277 2 oz ss4 | 84l | T +
Heart 51196 M0 1 547 | 60 319 4 :
5kln 77 3 133 a9l 467 428 + | ¥
Thyroid - 160 708 31y ;2| o+
pioca z - s1 | 339 2 se | b +
it - 109 30| .17 o8| + +
o - 2] 1% GO +
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P L Falle m dicoumarol concastrations aad of total amounts of duoumarel
wered froo nu (32 mgs Co fa

g, total decoawurcd s parcmtags of doie tojected.

Mdaﬂyﬁu:daurﬂghthm%mmnhmdnwnwubumed
by the method of the beast squares, and the half life on the decay-curve
was calculated as 76 hours. The observed rate of dsappearance of
dicournarol from rats s consmsient with a first order reaction for tho
cxeretion of metabotism (or both) of the drug.

Rate of disappearance of dicowmarol from the plasma of rats A loganth-
e plot of the plasma concentrations of dicoumarol against the time from
the mtravenous mection is also shown in fig. | The regression line, akso
obtamed by the method of the kast squarcs, 1 nearly parallel with that
shown for total dscoumarod, and the half-ife of plasma dicoumarol was
calculated as 9.2 houn.

Exeretion of unchanged dicosnarol Ouly small amounts of nuchanged
dicournaral could be recovered from the nrines of the individual rats,
md ttatne deter were fore uncertan. Faccss too
contamed Lttle unchanged drug and the determunations were made
fartber vacertain because of the short time for collection clapsing between
iection and killmg.

Metabolium of dicowmarol. After the administration of drcogmarol to
the rats, paper chromatography of tssues, unns and fasces revealed the
‘mofl'mbaunm with Revaloe of 055 (solvent n-butanol -

fe0us om ¢ with diarotized sulphamic acd, a
?ﬂwr lke that obtarned with d L. Ono spot, eluted
m:chmampm\nhﬁ.lMHCl(SmI).:houcdarpcannnmﬂy
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Arbitrary units

s o ou a2 40 I
hours

Fig. .. Plasma levels, in arbitraty units, of unkoown metabollte BAOSS afler Intrasenois

4dministration of dicoumarol (5.2 my) to female rats. The metabolite, identificd chromae

tographically by Re-vales and colour d d by paper ch graphy ln laly
1he same way as dscoumarol.

sdentical with that extubited by the azo-dye of dicoumarol with a peak
absorption at 415 mp The absorbance of the unknown substance at
415 my (corrected for the blank value) was proportional to the amouat of
substance applied to a chromatogram. On this basis, the relative concentra-
trations of the unknown substance m plasma 1n a serics of rats was
determuned by essentially the same method as that used for dicoumarol
However the extraction from plasma was carried out at strongly acd
pH The curve obtamned (fig. 2) indrcates that the plasma level of the
metabolite, provisionally designated B-055 tncreased m the first 8 (o 12
hours after ntravenous adnumstration of dicoumarel and then slowly

decreased.

Discussion

The ussue distabution of dicoumarol observed by us 1 rats agrees well
with the distabution of oral dicoumarol i rats, as described by HAUSNIR
et af (1951) and by GROEN ef al (1956) despite the fact that dufferent
methods for determmng dicoumarol were employed n these tvesga
tions The high level of liver dicoumarol compared with the fow levels of
bran, muscle, spleen, and erythrocytes, and the atermedate Jevels of
kidney and lung, are thus consistent with the findings of these jnvesugators
and also with the distnbution of dicoumaro) found in dogs afier intra
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\enous administratron of the drug (WEINER et af 1950) It 13 thesefore
u:ﬂnd:dthndbcmmlunmvmlydmﬁbutcdmnnmh,buttmm
to accumulate mn the hver Thn also corresponds with the observations
mdebyhzda!(l?sﬂ)onthnfmofl‘c-ubdkddlmummladmn-
sered mtravenously to mics and rabbits. They observed however thatthe
krdu(ndh-cumyinthnlxv:rmwnnantformhominmbemd
for 3 days m rabbats, and they shawed by the isotope dilution method
ﬂnuhcmﬁma.fmyinth:hvmofmbbmunhomrcprmwdun
changed dicoumarol. These observations are somewhat mconsstent with
Wﬁndinsthnthnkvdofh\trdlmummolw\dstodndmexmlform}y
with that of plasma and that appreciabl ts of bolites are
present m the Tiver cven 24 hours after intravenous admunistration of the
drug, The differences between our observations and thoss of Les et al
may be ascribed to the difference m amumal species studsed, but the
methods used for determming dicoumarol may also be of importance. An
ieresting observation mado by LEE ef al. was that injection of vitamin k.
fevoured an d drspl of d ol from the liver tissues
of mice and rabbats, and they suggested that the period of tune during
»hich dicoumarol 15 fixed 1n the Liver 18 related to the anticoagulant
wtion of the drug. However GREEN ef al, in their studies on rats, were
wmable to demonstrate any mftuence of vitermin K on the tissue distribu
ton of dacoumarel.

Oaly & small amount of information about the rate of disappearance of
doumarol from whole ammals is available. From the mvestigation by
Hausien et of the balf-Eife of the radioactivity i rats after oral admimstra
ton of 14C-labelled dicoumaro! may be estimated at about 14 hours, m
contrast with & half-life of 7 6 hours observed by us. However Haumxer
ol dd P;dﬁﬁthe radioactivity measured mito that representing

s bolites, which could explamn
d*otua-\cddlﬂ‘:rmmmmhxllr-lﬂ'c.lnlmzr

expenuments we ha

confirmed that the bolite B-055 15 radi o di 1 is

Labelled by 14C In the same way as that USNER
used
munistered to rata, v e ol adxk
mS::Idﬂwchmm]mmmu!lhumunbohmofdmmmLinbolh
o mmwmwndMme
mu-';‘;.] graphy 7 radi bolites 1n unne and 4 in plasma
o sdmmustration of 14C-labelled dicoumaral to rats, but no
‘nhumhf urmaﬂc‘mml::outlhueo}vugimlnomstwyonnnwchavc
scveral b in urine and 3
"mnmﬂlboﬂtc.whlchw have designated BOSS mpredommaud.m

mboth cacreta and trusuce, but the
chemical nature of
::(dicxzun:m>!lnra:.:g,np“:ml kriowm, of thus main metabolita
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Summary

The distnbution and elimination of dicoumarol admumstered intra
venously to rats, have been studied by quantitative paper chromatography
The levels of dicoumarol 1n the tissues decreased 1n accordance with the
plasmalevel thetughestamountoftissue dicoumarol beingfoundinthehiver
the lowest 1 the brun ecrythrocytes and muscle. The rate of elinunation
followed the kinetics of a first order reaction and reflected the rate of
metabolic transformation of the drug, only minute quantities being were
excreted unchanged 1n the unne and faeces. Several metabolites were
detected 1n the excreta by paper chromatography but onc metabolite,
designated B-055 was especially abundant here as in all the tissucs
examined
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The Determination of Absorption Rates from Rat
Muscles an Experimental Approsch to Kinetic Descriptions
By
Reidar B. Sand*) and Jems Schou
(Racerved July 7 1964)

The true absorption rate of drugs can anly bo obtained by measuring
thar dearance rate from the local area of absorption, aither continuousty
(for drugy labelled with y~ray emitters) or by quantitative chemiczl or
rdjochenical analysis of the absorption zone at intervals, This principle
b3 caly occagionally been used for studying sub or 1
absorpon, spart from the work devoted to comparative measurement of
penpheral Blood flow (KETY 1943 and others), though it has commonly
been applied in studics on intestinal absorpion.
To approach an analyxls of ths factors mvolved in the mechanim of
drug absorpion after imtramuscular injection, the extensor quadmceps
femorts muscle from rats was used for clearance stodies. The carbohyd
Tiey manniiod, sucrose, molin and dextran, for convensence labelled wath
UC o 3H, were choosen: a3 water-soluble and cascntully lipsd-insoluble
&5t substances with great differences in molecular weights, They represent
or essentnally peutral, compounds, they are without
Phrmacodymmxceﬂ‘cc&(lput{romnhiﬂmncmxnungpmpcnyof
dextram), and they are believed not to be locally decomposed. The radio-
thity may therefore bo taken a3 a measure of how much of the parent
compound remans at the injection site.
Our report covers a stady of this method and its applcation to estab-

whether or not water-solublo test compounds are absosbed thro
e pof ugh
of the clasne

,‘;‘“';‘-““-’— Bctatical Sepertment, Intsinse of Pharmacy Uneracsity of Oxdo,
A pho :uz- n
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absorption rate was studied from constant volumes of solutions with
various concentrations of test compounds, and 1n another seres of
expenments the injection volume was vanied and the concentration of
the njected test compound was kept constant.

The expression absolute clearance™ 1s used for the amount absorbed
per unit of ime “relative clearance or simply clearance means the
percentage of the total mjected amount absorbed m unit time

Materlals and Methods
Test substances

D-Mannuok-14C  specific activity (sp.a.) 6 mC/g, molecular weight (m.w ) 182
Sucrose-14C, sp.a. 36 or 67 mC/g, mw 342,
Inulin-methoxy-H sp.a. 30 mC/g, m.w 3000-4000
Inulin-carboxyl-14C, sp.a. 2.6 mC/g, m.w 3000-4000
Dextran-carboxyl-14C, sp.a. 0 65 mC/g, m.w 60000~-50000

The radiosucrose was obtained from The Radioch 1 Centre, A
England, the other radiochermkals from New England Nuckear Corp., Boston, USA.
The Injections of tritiated inulin contalned 56 ;xC/ml, of the other substances 12-25C/ml.
If required, the concentration (mg/ml) was ralsed by adding ordipary
compound. When not otherwise stated, the Injections were prepared (n 09 / sodmm
chloride.

N

Animal experinients

Male albino rats, weighing 110-140 g wero tied in the supino position under
sodium mebumal (pentobarbital) anzesthesta (8 mg/100 g rat intraperuoncally).
Care was taken not to restrict their respiration or circulation by excessive stretching.
They were kept warm by means of lamps. The body temperature was measured at the
end of each experiment by Inserting into the subclavian tissue a peedle with a thermo-
couple connected to an electne ther (type TE 3 Ekektrolab et Copen
hagen) Animals showing an abnormal body temperature were drcarded. A narrow
Incision was mads through the skin over the thigh, from the middlo of the groln dowa
to 1 em below patella. By blunt dissection the anterior femoral muscles were carcfully
exposed for their wholo Jength and frecd from overlying fatty tissue. Two ligatures
were loosely thed around the m extensor quadriceps femoris jm.nouxiﬂ.nllbcun_ld_):,
Iying femur lbconcnld\upmkalenodu:ranhadnulmdofﬂ:mu;form
allowed the blood flow to the muscle to be cut off instantancously at the b
absorption period and facilitated isolation of the muscle. A short thin cann|
a short bevel (V2A 0.43 x 10) d to an Agla mi :yrlnsﬂvwawﬂ‘d’
some {ew mm above the lgamentum patelloe MMW‘OM(mwm
16 uT) was Ingected Into the middic of the right extensor It was essential to o
cannula slowly lolvoidlabs:.ﬁnindﬂoulnthc;kmuunp&dlydwd,;dm
mpomionmdcooLht.Atﬂrcndonhoahwrpucnpaiodthcpmxmﬂ oy

gaturcs wero tightly tied The dpamentum patellae was cul by tcanng
mmummmmmmnmﬂmmdbcp\ﬂkdfmdm
Wﬁm”@.mmwmmuwwnmnmm=

‘constant specific gravity of 1 o
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Cheweteal procediae

The mescis vere allmed to swell overnight in 0.5 N sodium hydroxide 3 thnes the
vk of the mrack, then dhsotved by beating to 90-95° with intermitient vigoroas
mhmwmwmmmmmm,m turbid
whaticn was troased with & 10% sobwteon of ZaSOw7TH:O (cf. Somoovi 1930)

applicd for thh. Tha etficency of counting 14C was sbout 60 /.. a3 estimated by means
of an kxtermal 14C-standard.

Tha reudusl carbotrydrats n a samplo was cxpressed as the percentags of the
wmomt injacted. On each riy day 4 dard Ing of “blank”

BTy, any effoct on the resalt from the procedure should be clinunated.

Comments to Method
Effecttsenexs of Hgation
To define the length of the absorption period exactly it 1 1mportant
thuthaloalumnhﬁm\cth:musdebenboﬂxhndm&nmudy
Thrs was secored by ligation of the muscle (table 1), as no mgmficant
dexnncnwufmnd&ommu;cbtm&:dm&hndlmucmwnﬁuhgmnm

Racoverad Mdwectivy connty per musats 10-)

‘ l
e muscles
m 216
ny ‘ by
4 241
%0 Pty

Mo » 223 { ulﬁ:l“ 0337
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Effect of the procedure on counting efficiency

If quenching was varying with the degree of hydrolysis, the countng
efficiency might vary To exclude ths as a source of error pooled mdso-
active muscles were allowed to swell in sodwm hydroxids for 4 days
at room temperature, They could then be “dissolved after vigorous
shaking. Measured portions of the solution heated at 100* for 0 to 45
mnutes had 1dentical counting rates (the results of this experument are
not presented)

Carboxy | groups and absorption rate

The 10msable carboxyl groups added to dextran and jnulin mught
alter the adsorption and binding of the compounds to tissue conshrtucats,
and thereby mnfluence the absorption rates of the compounds However
this appears unlikely from experiments with the inulins., Inulin-carboxyt-
4C and mulin methoxy-*H were prepared from the same unfabelled ma
tenal (New England Nuclear Corp personal communication) The 14C
compound has a carboxyl group at the end of the mulin chamn. In the
tritiated compound methyl groups have been added to a small proportion

1000

2 Wl
100 88 po/mi

(-]

ct

12y pcym
+00

° 10 20 30 4D 5D 80 70 4

adriceps femoris wéve removed aad wnjected with abes

Pe.? k&ﬁ‘?l%'{&?\xﬁ;ﬂm: 125 uCjmal) o inubia-metbory ) (36 HC/m)
Inulin-car! 7! ad subjected to the chemical ure described in test.

Abscia Injection volume ()

P Cotats per minute 1073

Mw{nlimwrw“mwumpld.
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of the free carboxyl groups along the chamn. Both procedures thus
mvolve only small ahierations in molecular soe unless the jonlsed
azhaxyigmuphadamhdmﬂumcc.thcphynochcmmlpmpcm
of the parent compound would still largely determme absorption rates.
This assumphon seems veried by the similar absorption rates for the two
s (tablke 2). Probably the same 18 true for dextran-carboxyl 14C,
which compared to the parent compound 13 relatively less labelled than
mofin-carboxyl-14C.

Reliabullty of stondards.
As the counting efficiency tended to vary from one day to the other
dadly standards were d. In a prel y experiment, [0 isolated

scles recerved 16, 10 others 50 pl 14C-inulin-injections. The standard
dovations were 57/ and 39 /4, respectively  According to this, the
mean for 4 standards should usually be a satisfactory reference amount.
Moreover to mintouse systematic error m the percentage resadual
wnounis due to errors n the reference matenal, the absorption exper-
ments on each substance were preferably spread over more than one day
The standard curves wese linear m the range studied (fig. 1)

Results
Molerwdar weight
The p gt of jtol sucrose, fnulm and dextran
femainmyg at vanous times after § of 16 pl sol I\

are grren as T Fro
AN DEICEAtILY MTTRAINING SMOUD + § Frgmees in
Brackets isdicat the mumber of experhmenis

!

!
S mug 15 oa Won | Oma
!

zH""',_u_‘ ‘ll-lnt)UJ ﬂvtnu\ Jltﬂ.l‘

379 543 | Moz &7 xo4
(O] [0} | [0}

|
[Me121 ! a2 msai4 ]
| @) | * | ) ‘

n’t|715‘.‘23. 25 a4
(@ @& @

o 724 M3412 | I3 42T TM4s2s
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cach of the carbohydrates 1n tracer concentrations, and sodium chlonde
added to physiologmcal 1sotomucity are shown 1 table 2. Another presenta-
tion of these results 1 given m fig. 2 on a scmiloganthnue plot, to show
the relative slopes and the curvatures of the clearance curves. Whereas
for all test compounds the amounts remarning at the injection site were
determuned after 5 15 and 30 minutes, only dextran was introduced m a
60 minute experiment because of its slow ciearance. A decrease i absorp-
tion rate wats found with incrensing molecular size of the carbohydrates.
100

L

° CARBOLYL DR TRAN

&

UNABSORRED

METHOXY INULIN

PERCENT

sucrost

HANNITOL

1 0 3 ) 1 @
MINUTES

Fig 2. Effect of molecular wetght on absorpuion rate.
Absciste  Timo (minutes)
Ordinate Percentage of inpected amount unabsorbed Logarithmi plot.

The curves are drawn on the buasss of Agures contained in table 2.

Varying concentrations

To allow comparnison of the clearance rate with the molecular si2e of
the test compound this rate should be unaffected by the concentrations
of tracer compound in the injected solution Table 3 shows the percentage
amounts of 14C sucrose remaiung 5 and 15 munutes after inycetions of
16 pl solutions contaimng from 0.19 up to 92 mg/m! The sucrose solu
uons contupng 019 032-038 and 96 mg/mt were alt prepared 0
saline (09 4) The clearance rates (relauve clearance) of sucrose from

call ificant
these solutions were essenually identical as no statsucally :lt?lany i

difference exsts between the percentag sT
these solutions at simufar tmes after wyection The clearance rate from

lower as
imming 92 mg/ml sucrose seems somewhat
mglg; L:(::Igmﬂcindy igher restdual 5 munutes after the injection
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Thos imechion solution, however owed its physiological sotonaty only
to the sacrose contents, sodium chionde baving not been added.

Toble 3
Effect of Concoatrinos wpoa Absaipuon Rale.
14wl of eacrote sololoot, sither i 09y sodium chiorrde (019 mg/ml-9 §mg/ml)
o b uster tlone (3 were ljactsd. The culls ar ghea &1 mots
by BT L + SEM, Fupma la bracksts imdicale umber of Qapeoenns.

' Concaatratio of sucoss, mg/ml

-
‘ o { azom | s | n
Sm- l)'l&i-_u))l.liulhﬂtl.’ 51127
@ ah |
15 e | 420 uuu'luxn
| @ \ o @

Yorsing injection rolume

Though alterdng the concentratson of the inpected solutions dd not
putecularly affect the relanve dearance, the ingecied volume had an
mportant effect for the rate of absorpon. This has been demonstrated m
epenmeats i which solutions ining ions of
manantol or sucrose were fnpected m various volumes into the muscle.
For sucrose the percentages of the wjected dosc remaining afier 4, 16
ad 64 pl of & solution contaimng 0.32-0.38 mg/ml were 21 5, 38 8 and
46.3 4 respectively 5 munutes after mjection 15 minutes after the nyec-
:l;dﬁ;;compcnbk peroenlages were 43 141 and 186/ (cf table
For mammitol (2.1 mg/ml) the percentages of the injected doses remmain-
mg wero examined for npection volumes of 6, 16 wad 42 ul. After §
mimutes 274 32.8 and 38.8 /, respectrvely were left at the ingection tite
(able 4 a0d 2) 10 mamutes after the injection of 6 and 42 pl, only § 2 and
250/ were keft, vespectively (tahle 4).

Discusmsion

When an injection 1 performed, the tissae will be disrupted to a degree
Thn by the volume of Injected flud, resolting m local trauma.
o e, tad tho mtroduction of & fluid unpbysioiogical In fon
activ (even thawgh kosmotic) may provoke Oberation of vaso-

awmpuwin\hn\bwﬂ.mthnhuumimnnds-bydmxm
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Table 4
Effect of Volumoe upon Absorption Rate,
6 and 42 ul of a mannitol solution (2.1 mg/ml) 4 and &4 ul of a sucraso solutlon (0. 38 mg/ml)
were infected, The reanlts are glven as moan percentags remaining amounts £+ 8.EM
Figures in brackets indicato number of caperiments,

j J 2} rain. ’ Smin,  (E-Masshl
6l 6636 2743138 82516
g
Magnitol ©) ©) “
auw - WEL26 | 25023
o] (6]
T
4u - 25482 FEFSR]
(4) (O]
Sucrose
64t - 463439 w614
“) “

mine (cf ScHou 1961) Further the mjected drug may itself possess
the property of liberating these compounds or may by some other (specific)
pharmacodynamuc action affect the capillares and the peripheral blood
flow Tlonized compounds may become adsorbed or bound within the
mjection zone to immobile tissue components carrying the opposie
charge Thus binding may take place withun the pores of the capillary wall
thereby reducing the effective watery diffusion area. Whereas lipid-soluble
substances are able to pass the entire capilary wall bipid insoluble sub-
stances can penctrate only through the pores Hence the Lipid/water
partition cocfficlent and the tonization constant of » compound are of
mmportance to the absorption rate

In sum, many factors widely differing 1n nature may influence the ab-
sorption of an injected compound In our experiments we have attempted
to keep constant as many of these as possible

As ponted out in the introduction the substances had a high water/hpid
partition ratio and they were neutral, or essentially neutral, and phorma
cologically mert apart from the lustamne-hiberaung property of dextran
Thus, nteraction from jomzation lipid-solubilty and pharmacologieal
activity (except for dextran) can be left out of account Further the use
of labelled compounds permitted low and osmotically nsignificant
concentrauons to be applied Isotonmicity could therefore be obtamned
#ll expenments by adding sodium chloride at the same concentration
(except in the expenment with 1sotoruc sucrose solution) chC; ﬂﬂi
composition of the vanous solutions can be considered to be unphy

Jogical to the same extent.
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Noleodar weight

Thapcmmmhuwth:momhrwdght {0 be a0 tmportant vanable,
(e cearance rates being wversely related to 1t The absorpuon from

S 1961).

Thtbhodc:.pillurywnllbchavuuahpold-pom layer allowmg hipsd
ﬂﬂkwhunmwpmwammddy\mwgh\h:mmmﬁa.lu
coetrast, water-soluble compounds appear (o pass through water filed
m\hwwmm.uaioucompmcslwthmo.l/ of the area of

commenly supposed to proceed Iy ATy We il

(i ur experiments have supported this assumption. This comes from
mzlhcdunnoemuaf\hcfo\uwbobydnmvmhlhnrfm:
ﬁﬂubncodﬂamu.bmlngthcﬁn&immum;ﬂmm}emon.lh:dwed
ﬁlﬂiomofmnnl%smou.th:mullmmddzxm-muboulo7
06 02 and 007 respectively This corresponds fauly well with the
diffosion coefficients, wiuch are (D 108 17%) for mannitol 0.87 (INTERXA
ToMAL CaITICAL TABLIS 1929 by imterpolation), for sucrose 9,75 and
xuln 0.21 (RAPPENHEDMER, RENKIN & Boaxnero 1951) and for the 60000
;w fraction of dextran probably about 005 (cf STAVRI 1961) Unless
di&\nimulh:mmprmlhnwndumnwou}dbcdﬂﬁammupm
Thm.ﬂ’lhc-haorpdonwauwdpndommﬁybyﬁlmﬂon,lh:mmm
tired substances would be expected to clear the ssue at smilar Tates
onsedatod to their diffuslon coefficients.

The cleared quantites (the amounts disappearing during the period ex
Mufﬂmomoﬁho&cumlugllhlb:glun].ug)du.ﬁnsﬂtS—lSmtn—
s period showed a smilar though not this close, correlation. Inulin
(there 13 evidence that the carboxyl-compound was slightly deterlorated,
hich might have affected its clearance at the later stage) and n parti-
cular dextran sppeared to pass out more readily than was to be cxpeeted.
‘;h?mnwmdomnbovcdumulmmmomu@um

]“T'hﬂm discussion of the matter i3 being publsbed (SixD &

The somewhat large initial clearance rate of dextran appears a little
mptm.mvt-o{\herdllhm of the dextran molecules and
ﬁmcflhnbloodup{[hrymﬂ.mknvﬂuofdnmnorm.w

wamwphclbomwk(d STAVI 196]), and the mean pore radros
Imm'dmw ;‘hﬁmummnmm&m(wsnumkm
Egesis absorption of dextran would be greatly retarded, as only
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Table 4
Effect of Volumo upon Abso oo Rate,
G6and42plofa mannitol solution (L1 mg/ml) 4and Mrfnuofubcrwsolullon [CAL Y T
were injected. The results are Eiven as mean percentage romalning amonnty 4§ E Af
Figures in braclets indicate number of experiments,

10 min, Manaited
{ ’ 2} min. 1 3 min. ( 13 min, Sucrese
6 pt .6+316 274435 82116
Manaitol ©) ©) o)
#8426 ] 25023
Q) ] &)
215 132 4313
(O] )
463+ 39 186 £ 14
! )] &

mine (¢f Sciiou 1961) Further the injected drug may itself possess
the property of iberating these compounds or may by some other (specific)
pharmacodynamic action affect the capillaries and the peripheral blood

thereby reducing the effective watery diffuston area. Whereas hipid-soluble
substances are able to pass the entire capillary wall, lipid insoluble sub-
stances can penetrate only through the pores Hence, the Lipid/water
partition coefficient and the 1onization constant of a compound are of
mmportance to the absorption rate.

In sum, many factors widely differing 1n nature may influence the ab-
sorption of an injected compound In our expeniments we have attempted
to keep constant as many of these as possible

As pointed out n the mtroduction, the substances had a high water/lpid
partiion ratio and they were neutral, or essentally neutral and pharma
cologically inert apart from the histamune liberating property of dextran
Thus, interactron from ionization hpid solubility and pharmacological
activity (except for dextran) can be left out of account. Further the use
of labelled compounds permutted low and osmotically nsignificant
concentrations to be applied. Isotonicity could therefore be obtained 1n
all expeniments by adding sodium chlonide at the same concentration
(except 1n the experiment with 1sotonic sucrose solution) Hence, the
composition of the various solutions can be considered to be unphyso-

logical to the same extent.
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Modcukr weight

Tkapammhow\hzmdcwhruugmmbeanhnpommmbk,
fhe dearance mates bemg faversely rehaied to it The absorption from
ks may procesd directly fute the blood or indirectly through the
bﬂph-DncumnsporLthmuﬂJLhewnlhofmcbloodcapmmn.b
mﬂymudd.ndbyfuthcmorcimpomt(foradncuwm\. o
S 1961)
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Mmuwmuhnuwﬂedmlsawmpdon.mwmfm
comparing the clearance rates of the four carbohydrates with their free
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ﬁ'mmxofmnlemmclnulnnmddumweabamD7
06, 02 and 0.07 respectively This corresponds fuirly well vath the
affosson coelBeents, which are (D 103 37°) for mannitol 0.87 (INTERKA
el CumicaL TAsLEs 1929 by interpolation), for sucrose 0.75 and
mufin (.21 (RAPPENHEIMER, anx&aonml%l)mdfcnhcﬁm
mw {raction of dextran probably sbout 005 (cf STavau 1961). Unless
ﬁﬁmmmhempmcus.thccondmcnwu]dbcddﬁ:uhwup\aln.
nm.:fdxnhmrpuanwuauudprcdommnﬂybymmuan,\hcmbm
wed substances woukd be expected to clear the ussue at similar ratet
uzrelated to therr diffusion coelficients.
T'D‘dﬂrcdqmnutb(theumounudlnppamsdumnh:pmoda
Mu[m:uomonhmcuhﬂnzltmbegnninﬂdunnmhe}limln
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The somewhat large inftial ciearance

rate of dextran appears & Gttle
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Muoftbehlwdupﬂhrywuﬂ.mkuwlmufdnmdm.w
60000 seemn 10 be about 40A (of STavat 1961) and the mean pore radius
%w&mmam(mnbmkm
sogpests absorption of dextran would be greatly retarded, as only
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a fraction of the pores would be large enough for the molecules to pass
through The lymph capulary wall (if such a wall exists) ieaks more than
the blood capulfary walf Therefore dramnage through the lymph could be
of relatively greater imporiance for the absorption of large than of
smaller molecules On the other hand the ratio of the amaunt cleared
within a certain period to the diffusion coefficient had for dextran about
the same value as for the other compounds at least 1t was na smaller
This indicates that absorption proceeds along the same route for all
substances Possible explanations for the phienomenon then appear to be

1 The preparation of dextran contains a fairly large fraction of a smaller
m i than that stated (60000-90000) 2 The capillary permeability of
rats s greater than mdicated above. It mught further have became

creased owng to the anacsthesia the operative procedure, the mjection
or the action of histamine liberated by dextran. Rat muscles contain
histamine (FELDBERG 1956)

Curvature of the clearance curves

If the absorption process could be descnibed by a single exponential
cquation, a semiloganthnuc plot of the residual amounts should ywld
strught lines as pomted out by kery (1949) There 1s, however a tendency
to curvature 1n our experiments (fig. 2) as also noted by Ken (1954) for
the clearance of ~4NaClinjected into muscles To explain the curvature he
suggested the existence of rapidly and slowly circulated arcas wathin the
same tissue, which did not contnbute constant 1n proportion to the net
absorpuion as tume passed This point passibly deserves further considera
uon in connecion with our experiments as m extensor quadrictps
fenorls1s a group of mtermingicd muscles.

Other factors also have an cfect on the “clearance constant”™ (RETY
1949), and therr quanttative influences tend to change with tme The
effects of some tends to enhance absorpuon of others the opposite.
Complete compensation cannot be expected Some of these effects are
spreading within the tssue of the injected substance incomplete nuting
(“stirning ) witlun the *“injection pool  change in the net resistance (0
duffuston vanation in concentration duc to absorption of water vaning
recirculation of the absorbed substance by the arterial blood.

It has been suggested that mere injection into the tissues provoles an
unspeasfic self-depression due to local ussu¢ trauma causing a hbcmuog
of histamine and 5-hydroxytryptamine (cf Sciou 1961) If this 18 50 an

\he vasoactive substances are progressively relcased such a m;coh:cﬂ::?
could add to the curvature. The existence of this mechansm s,
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open to dispute, for locally injected histanune has also been clumed to
accelente cearance rates (McGme 1957).

Thnbsorptmgnphfordumnppmnmorewn:dthnnmoufor
{he other sabstances. This is probably mainly dus to the heterogenaity of
the materml, but & “spectfic™ self-depression might cooperate, as dextran
1 ¢ histaminefiberator

bary ey concentrations

Sucrose had practically & constant clearance rate for solutions con
toieg 019 mg/ml (0.5 mM/1) up to 9 6 mg/ml (28 mM/1), as evident
from the residals § and 15 minutes after impection (table 3). This behaviour
8 tken as representatrve for the class of pharmacologically inert, neutral
sarryaluble substances. It 18 concluded that the concentrations do not
parteulardy Influsnce absorption rates of these compounds, in so far as
aaly Ity fi arc apphed. In contrast, the
tharption rate of e.g. stropine, depends markedly upon concentration
(50D & Scou 1964)

When a solation was mjected with added sucrose as the only component
10 obtamn isotorcrty the absorption rate appears to be decreased (table
3). This may be exphuned by a greater self-depression of the absorption
fTClﬂl.hxssobmon.Axslnmdnbove,Lheo!hxcrsoluﬂomi.njcclcdnre
:S:iﬂtdwbeunphyuologml(omemumt.wthnanyﬁnnl

should be identical. A repk of sodrum chlonde by
03 may further depress smooth muscle (HOLMAN 1957), affecting the
“acutar muscles and thereby the capillary flow Also diffusion cocfficients
dectrass to some extent with Increasing concentrations.

Yarying infection voume

‘&wmulﬁmmlthawwthMOn
e 1s aliered (table 4) This has previously been demonsirated for
#rong tlectrolyte sodium chloride (WARNER ef & 1933) and for the

?xMhMmuummtmmmn

1559 related to the injection volums was attributed by WARNER et o/
to & relatively Iimuted capillary bed active to absorption, to a
- Talio between increase in surface area and increase in

Whuhmr mhmmﬂyhngdﬂfmonpnhlobcmwﬂ:d by mole
TOm the centrs of the mjection site.
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a fraction of the pores would be large enough for the molecules to pass
through. The lymph capillary wall (if such a wall exists) leaks more than
the blood capillary wall Therefore drainage through the lymph could be
of relatively greater importance for the absorption of large than of
smaller molecules On the other hand the ratio of the amount cleared
within a certain period to the diffusion coefficient had for dextran about
the same value as for the other compounds at Jeast 1t was no smaller
This indicates that absorption proceeds along the same route for all
substances. Possible cxplanations for the phenomenon then appear to be
1 The preparation of dextran contains a fairly large fraction of a smalker
mw than that stated (60000-90000) 2. The capillary permeability of
rats 13 greater than indicated above. It mught further have become in
creased owing to the anacsthesia the operative procedure the ingection
or the action of histamune liberated by dextran. Rat muscles contamn
histamuine (FELDBERQG 1956)

Curvature of the clearance curves

If the absorption process could be described by a single exponential
equation, a semilogarithmic plot of the residual amounts should yiekd
straight [ines as pointed out by KETY (1949). There is, however a tendency
to curvature in our expeniments (fig. 2) as also noted by Kery (1954) for
the clearance of #*NaCl injected into muscles. To explamn the curvature he
suggested the existence of rapidly and slowly circulated areas wathin the
same tissue, which did not contribute constant in proportion to the net
absorption as time passed This point possibly deserves further considera
tion n connection with our cxperiments, as m extensor quadriceps
femoris 18 a group of intermingled muscles

Other factors also have an cffect on the “clearance constant (KLTY
1949) and their quantitative influences tend to change with ume The
effects of some tends o enhance absorpuion of others the opposite
Complete compensation cannot be expected Some of these effects are
spreading within the tissue of the injected substance 1ncomplete muxing
(“surring ) within the ijection pool” change in the nct resistance 0
diffusion variation m concentration due to absorption of water varying
recirculation of the absorbed substance by the artenal blood

It has been suggested that mere injection ato the tissucs pmvokc:jm:

unspecific self-depression due to local tissue trauma, causing a hbera od

of hustamine and 5-hydroxyiryptamune (dlsq{lgs:ld%ls{:cgrl;l:ﬁﬂ:;
tances are progressively re

gimcm\?xmmm ThE existence of this mechanism is, however
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Conclusion

Absorption 1s the first cntical step in the scquence after adounistration
of a drug, and a study of 1ts kinetics deserves close attention. Until now
absorption from subcutancous or tntramuscular sites has manly been
studied rather indirectly by various procedures (¢f Sciou 1961) These
at best allow quahtative and comparative statements to be made about
absorption rates, but much mnformation may become lost, and the true
rates cannot be obtained This appears possibly only by determisung the
local nmount of drug remaining,

The results reported here serve to show that this principle, when applied
to studies of intramuscular and possibly also subcutaneous absorption,
yields a quantitative method on small animals. The direct 1nformation
supplied by this principle can be expected to become of value 12 various
respects Some examplesare 1 Toassess moreexact the relativesigficance
of the forces that operate absorption 2 to establish quantuatively the
effect of 10nization, relative lipid water solubiity and pharmacologrcal
activity upon absorption rates (for this purpose, comparison with 2
neutra] Jiprd-insoluble and pharmacologically inert compound, eg. 2
carbohydrate of suitable molecular size, would be helpful 3 to investigate
further the effect of vanous pharmacological treatments on absorplion
rates when the evidence conflicts e g. the effects of locally injected husta
mine and of oestrogen treatment (¢ff Scuou 1961)

Summary

Mannitol, sucrose, mulin and dextran, for convenzence labelied with
14C gnd 3H were dissolved 1n 09 /4 sodwm chlonde and npected info
the m extensor quadriceps femoris of anacsthetized rats After vanous
times the muscies were removed, digested and analysed for the percentage
residual radicactvity by hiquid scinullation techmque The absorption
rates thus obtamned were inversely related to molecular wesght, shomn%_
diffusion to be a main dnving force for the absorption. The effect 0
varyng mjection volume aad concentratian was obtuned in cxpcﬂmclt;ll—‘
with mannttol and sucrose. The absorpuon rates increased when the
volume was decreased, but were 1dentical over a range of oouccr:]raul;:
(055 to 28 mM). From isotonic solutions contaimng sucrose only -
rate appesred somewhat reduced Possible reasons for curvnlﬁ ";]‘h:
sermiloganthmic plot of residual amounts against ime gre ducuinm the
advantage of studywg the Xinetics of absorption by determuning

quantitites unabsorbed is stressed.
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Scagei- G phatzs (3 mum thick), which had boen sctivated by heatiog to 110°C for
-hundmndmdrnu:l.mmcdrmlhh—h)uchfoumolnphy

Au:hmu(humnlhadmhdbmnﬂmcdmdm:d(nrthmnyanul—!’
uwmmdmmmmmmmmwmw&
ﬂwwwp{mmmblmmumm
L od dications of jon. An extract was miade (rom the lver
'y the macthod described below

man M8 E, homoteniser 28 g of itver Luse were homogenized with spproaimately
$3of crystalime tartaric acid. The homopenats was catracted three thmes, each time

ﬂ!&mwﬂmm!ﬁnu,ﬂh:mdmdwmnudunnuﬂmbnhmmmm
eidon wes exinactod twice, each thme with 15 ml of 0.5 N-NaOH. To tho combined
aquecs phaes wers added 2 ml of 3 M KH;POL, 23 well as 2 N-HaSO4, pH 6.8
Exachons were pow performed thres thmet, each time with equal vohumes of
b The comblard dried and filtered cther extracts wers drsiflled to & vohune of
F2 el The ressts was boiled for appeoxmatcely coe minute with 30 ml of 0.1
HH;50,. The salphrkc acid sotution was cooled ynder the tap 1o approx 20 and
Scred. The firase was extracted with § mi of chioroform which was discarded. The

ot 3 under o pratsurs of spprox. S mm Hg. The soblmate, waghlng
approx.
[, consasted of fine whitc crystalbine needles with an arogratic cmell

Resalts

The mefting point of the subsiance isolated by the above mentioned
Sinction procedure was 90 5° (corrected) 1ts spectr in the mfrared
1d the ultraviolet regions arc recarded m figs. 1 and 2.

Thwnﬁmunhnncdmfonndmhelngoodagm:wlhthmc
Dertioned in the Giterature for p-hydroxyphenylethanol. As 1t proved
mposuble to procure specimens of p-hydroxyphenylethanol, we have
mrtd:wcompyo::bytwodlﬁmrmdmdmﬂzl)lbmhﬂnhl
thod m which was caused to act on p-hydroxyphenylpyruvic
::‘;dlmumm&FlmumzwlO)de)adrmnlm:?hod,by
leKNO;mnmcdmunntynmln:(E:me&mecmum

A Prrpwul&ounfp—lmi‘mxyphm
ylethano!
L Bochenical method-
To 20 mg of pipdroryphemytpyravic
acid puriss. (Fluka) were added 2
'um‘ndl:-m“;:&l H—KH;PO«pH'I.D.Tbenﬂxmnmthdfc:z

Epprox. formed was extracted by the
wmfumbdnmfmlm:d‘n‘

i o iyl scctate,
perification. A mdxture of
" waier o 1he proportion 65.24 17 was used  solvent (STARL & KarTErmacH
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From the Section of Forensic Chemistry (Fanny Haktrom, Ph.D)
Pharmacology Umversity of Copenhagen (Professor Knud O Moller M D.)

Interfering Substances by Determination of Poisons
in Autopsy Material,
I p-Hydroxyphenylethanol
By
Beat Kmempe
(Received July 9 1964)

In chemucal detenminations performed on autopsy matenal - especially
on putrefied specimens — impurities will often be extracted 1n amounts
large relative to the total amount of poisonous substance 1solated

In determinations such as spectrophotometry chromatography
polarography efc some of these impurities may behave like the assumed
poisonous substance under investigation or like 1ts metabolites thus state
of affaurs can Jead to an erroneous analyses, perhaps with serious conse-
quences It 1s therefore desirable that substances compromusing the deter
rrunation of the poisonous substance under consideration should be known.

The study recorded here presents a detailed examination of a frequently
occurnng impurity p-hydroxyphenylethanol lsolation and identificanon
of the substance wiil be described below and methods reported by which
the substance can be separated from 5 S-substituted barbituncacids, ex
tracted 1n the same phase.

Technique

General techniqee.

The melting points were determined by meany of the micro-melting point apparatis
(HALSTROM 1540).

Tho pH was determined in & pH meter (type PHM 24¢ Radwmeter) fitted with
glass clectrods C. .

mwmmum‘bumﬂumdamnmrmaqummm ¥
meard 2l d i 3p h DK 2.

mz;vlmtm:fnrudmmumdemunodrorxnrubmbyamm

Ebmer IR-spectrophotometer model 21
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&bﬁ-G;thm!hﬂ),vhk:hhndbcmau}n!ﬂibyh:uhuwllU‘Cfot
-h-mdmadmnﬂhdmmcdfonhln—hyachmunmmphy

Awhnolhm-nﬂwn‘\hzh&db:mminc:dmdnwndfummyunnki‘
vas cxaxined. No paison of any kind had been demonsirated in the liver by the orl-
Faal meden-eqal chemical anatysls performed in this Institute. The liver presented
- ical | joos of oo, An extract was made from the liver
¥y the aaethod described below

b M bomogeniser 23 g of liver tzsnxe wers bomograized with approximately
$of aystalime tartarke ackd. The homogeniato was extracted thres times, each time
ik 1 thees thmes 1ty volumo of ether The combined cther extracts were dried with
aalnyroas sodzumm sulphate, filtered and evaporazed on & steam bath 0 20 ml The
ke %2 extracied twce, each time with 15 ml of 0.5 N-NaOH. To the combined
queoas phases wory added 2 ml of 3 M-KH;PO4, a3 well as 2 N-H;SO4, pH 6.3
Exmcthans sere now performed throe thnes, cach timo with equal okunes of
cther. The combined dried and filtered ether extracts wero distilied 1o 8 wolume of
H ml The residue was bolled for approximately ooe minute with 30 ml of 0.1
RH50,. The sipburc acid solition was cooled under the tap to approx. 20° and
errd. The Straw was cxtracted with § ml of chloroform w hich was dicarded. The
Wm0 Thate wat cxtracied thres times, each time with equal vohomo of ether
The total dred and fStered ether catracts were svaporated at apprax. 50 to dryness.
Aoy 19 tho procadure described by Epen (1922, the resklno was mbiimed as
¥eout 80" under a proguro of apprex. $ mm Hy. Tha sublimate, weighing approx.
{me.comised of fine w e crystallino meeclics with an aroenatic enel)

Results

Thtm:lnngpmnlormzmbsnmcbohmdbymenbovcmmﬂuncd
::“‘h“pma:dmmw.f'(mea:d) fts spectra m the infrared
ﬂrnhrtvlolctremommrccordcdmﬂgs.lmdl.

The constants obtained were found to be with th
n b the & o 0 be in good agreement 0sc

opossily for p-hydroxyphenylethanol. As it proved
10 procuse of p-hydroxyphenyl I, we have
P;::‘:;‘fd‘h“’t‘mpc‘mdb&’twodlﬂ‘et:mmzthod;.vizl)nbwdmmiu:l
ol h“'h‘C‘l)’el.nwnan.u:dma.r:ttm1:»hyr.lrmry-ph,ex\y'lpyr\.r\m:
\mo&"‘m&memmo)-mz)-mmmhod,
ey Oz was caused to act on tyramune (EHRLICH & PISTSGHIMUKA

A Preparaiion of
L Ko Phsdroxy phenylethanol
Tamm‘“

W) e | Ipyruvic acid porms. (Fluka) were added 2 g of
00
. m'mlT:D.IMﬂhmleﬂ.Tbnﬂmnomwfm“

ndy Putification. A mixtmre of ethyl acctate, Bopropenol
ez 10 the proportion 63 24 11 was twed a3 sobvent (STatm. & k Alyoraned
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Interfering Substances by Determination of Poisons
in Auntopsy Material
I p-Hydroxyphenylethanol
By

Bent Ksempe
(Received July 9 1564)

In chenucal determinations performed on autopsy matertal - especially
on puirefied specamens - mpunties will often be extracted 1n amounts
Iarge relative to the total amount of poisonous substance jsolated

In determinations such as spectrophotometry chromatography
polarography ese some of these impurities may behave like the assumed
poisonous substance under investigation or like 1ts metabolites this state
of affairs can lead to an erropeous analyses perhaps wath serious conse
quences It 15 therefore dessrable that substances compromusing the deter
munation of the poisonous substance under consideration should be known

The study recorded here presents a detailed examination of a frequently
occurnng impurity p-hydroxyphenylethanol Isolation and sdentification
of the substance will be described below and methods reported by which
the substance can be separnted from 5 S-substituted barbitunc acds, ex
tracted 1n the same phase

Techniqoe
General tecknlque
The melting potnts were determined by means of the micro-melting poing apparatus
(HaLSTROM 1340
The p?{‘m Lmlncd in a pH-meter (type PHM 24¢ Radiometer) fitted with

[

gh‘l"‘h:.bdmml in the ultraviolet region were determuned for aqueous solutions by
Beckman specirophotometer DR

m?ruimofmu wwhﬁmcd‘ range were determined for KBr tablets by » Perkin

Etmer IR-spectrophotometer mode 21
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1), The -ummrmmmumduw:ummnm
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T23% H (7.29). Tha figures 1 brackets are the
to the compoation CyHyg02 On mixing the sublioato with tho substance isotated
frocn the Lher we obtained & mixtare mehmg polat of $1 (corrected)

1 Cwwacal method

A salation of 0152 g KNO; fa 10 mil of deminerslired water is added to 02233 §
trounice, HCL(BDJL), which has an equivalent figure of 17,9 by alkulition from
tatvn of iy chlodde contont. The pH of the mixinre & adhnted 0 70 with 0.8
NHCL, and the mixture b bolled for two bourt, After coollug under the tap the
Cndwe o airscted thres tmey, each tmn with theve times sts 3 olume of ether On
enporation of the dned cther extract, a yellow syrupy residus s formed (approx.
). Thee rosadue i sablimed ot §0° at & pressurs of $ mm Hy, Approximately 2 mg
of kit aysalling sublznsts of 8 paks yellowkd coloor asd an sromatic smel] iy
¢olloced. The melimg polnt of a sample was 90° (corr ). The spectra n the infrarcd
ad ubraviolet reglons ar recorded.

On comparing the tguces for the crystalfine substance, Bolated from putrefiad L er
with (o spocally prepared pirydroxyphenyiethanol, we found the two subsiances 1o
be deotxcal. In an aqueous sohutson at cither ackd pH (2) or basic pH (10), the p-rydro-

Iyphenylethanol wa (oand to have the tame at & wavelength of apprax.
240 mip &3 have barbiturates. In the contrast to that of the 5.5-substitred berbataric

s, the maxt of p ) at the 240 mp does Dot
Sait whea the pH u changed from 10.8 to 13 Thix, however cannot ba used for
eaxutain

determination m mixmrey, and sn attempt has thereforo boen mads to
*puraim the substances.

1 S of the sub poxyphenslelihanol
from barbineric acids.

A solution of the p-hydroxyphenylethano! in 0.1 N-H2SO4 1s shaken
by band for two munutes with an equal volums of chboroform or ether m
leldanmhcﬁucdvnhnglu-mppcr the distribution coefficient
Oflh:mbstlnc:nmoml:mpcmnnehlhcndelﬁminedbyﬂlhﬂnmg
\hmhfmmthztpcu.rophmommkmﬁmpnﬁh:aqucomphm[u
the wavelength range 250-350 mu The distribution coctflcients found
were 0.1 N-H;SOucth:r-l).TB,mdﬂ.lNHzSOdChbmfcrm-Ql

The p-hydroxyphenylethanol gives n with
h L ed by B o precipitate the acd mercune

IEURY (1925) for precipitatng 5.5-subststuted
A prrmmsionn, 21, taw. &,

a
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Infrared spectra of tho Isolated substance (the n];rcr curve)
and p-hydroxypbenylethanol (the bower curve) in KBr
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mdeZOmuhrpﬁcdbyzh:fWr“:thlhc:ninamnnlmm)L

Thabarbﬂunm;hawnonhmgnofnbsorplmnn&mpmlhdnnﬁng
PH, 3 fact whach makex it possible to correct for the contribuuon of
phydraxyphenylethanol in the spectrophotometne determunation of
berbeturatcs. The maxmmal content of barbiturates 10 an extract 13 de
temined by the difference of extinctron at 292 mp and at pH 108 and 2.0
moliphied by 4.1 substracted from the measnred extmction at 240 mp
HpH 108 and 2.

Dhcwssioa

Curxy (1955) deseribes a “phenol-like” impurity that be observed
denng toxicologic analyses for barbrturates. Hus description of this
hapurtty agrees with that found i the Uierature for p-hydroxyphenyl-
cthanol, thongh Cury does not state the dennty of the substance. It
seems reasonable to assume, therefore, that what he described Is 1dentical
“ith the phydroxyphenylethanol demonstrated in the work reported here.

Curxy reported that fn paper ch h b
aoparity thoned a blue fluorescence 1n ultraviolet light thus does not
occur with porifled p-hydroxyphenylethanol. The fluorescence must
presumably have been caused by other impurities, for often on analysing
O matena] we have observed blue fluorescent regrons with an R~
uhznmﬂumlhnonhep%ydmxyphmyicihmd
&::ah impurity riz p-hydroxyphenylpropsonic acad, has previously

Isolated from bodles (NicxoiLs 1951 Lynai 1951) The substance
thows an absorption curve In the sltcaviolet sumudar to that of p-hydroxy
g‘i;mykmmemonhdngdnﬂop:dbymemuhodorAmm&

ALKER (1ec tablo 1), it has an R r-value of 0.2 on Whatman paper No |
The sobstance i therefore easily scparable from commonly occurring

Swmzary

which & e
- f barbitu
for contamination with p'hydmxyphmylonh L can be corrected
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Table 1

Rr-valus of p-hydroxyphenylethanol and some barbiturates oa

a) Whatman paper No. | and b} sctivated sllics gel-G plate (j mm

thick) both oped by tha aciending route with the Upper phase

of a mixturo conslsting of n butanol, 25/ NHj, and water in the

ratlo 50 25 40 ] (Alormr & Warxzr, 1952) The lower phass of

the Is used for saturuting tho paper and the plate for 50
minutes and 30 minutes, respectively

2) p-Oxyphenylethano! 0.92
p—Ox{}:xbcnylpwplonic acid 020
Aprobarbital 064
Barbital 0.48
Phenobarbital 087
Pentobarbital 018
Amabarbital on

b) p-Oxyphenylethano! o83
p-Oxyphenylproplonlc acid o
Aprobarbital 0.5
Barbltal 0.42
Phenobarbital 0.42
Pentobarbital 063
Amobarbital a6l

barbitunc acids This method modified by REINERT (1928) has been used
in Denmark since 1928 for punfying barbitunc acd denvatives.

After chromatography by the method of ALGERI & WALKER (1952),
the Rr-value of the p-hydroxyphenylethanol was found to be 0.9 (see
table 1) on either Whatman paper No 1 or silicagel-G plates. For com
parison the Rr-values of some barbituric acids are given in table 1 If
examined 1n light of shortwnve length (254 my) after spraying with 0O
N NaOH p-hydroxyphenylethanol will appear on the paper chromato-
gram as a dark spot in a similar way to 5 S-substituted barbitunc acids.
In contrast to 5 S-substituted barbituric actds, however p-hydroxypheny!
ethanol cannot be developed by spraying with 2 mercuric sulphate reagent.

Qur results support the conclusion that it 1s not possible to scparate
5 S-substituted barbitunic acids from the p-hydroxyphenylethanol by
extraction a separationcan however be performed either by precipitating
the barbituric acids with mercunc sulphate reagent or by performung a
paper or thin-layer chromatographic punficatton A simple calculation,
based on spectrophotometric measurements, makes 1t even possible to
determune directly the largest possible amount of barbuunc acids that
can be contauned 1n a solution contaminated with p-hydroxyphenylethanol
As mentioned above, p-hydroxyphenylethanol in alkabne solution has an

absorption maxiumum at 292 mp which shuft to 275 my when the rca:wn
15 changed (o pH2. Measurements on pure P'h}‘dmxyph:ﬂ)"ﬂ’““‘l’: l:l‘;
shown that the difference between the extinctions at 292 my at p
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od pi 2,0 multiplied by the factor 4 § equals the extinction at 240 mp.
The bartaturates thow no change of absorption at 292 mp with changing
P, (ot which makes 1t possible to correct for the contribution of
pirdmryphenylethanol in the sp ph me d ination of
buriymates. The maximal content of barbiturates 1n an extract 1 de~
tammed by the difference of extinction at 292 my and at pH 108 and 2.0
sakiplied by 4.1 substracted from the measured extinction a1 240 my
opH 108 a0d 2.

Discussfon

Curer (1955) describes s *‘pheno! like™ 1mpunty that he observed
tatcologic analyses for barbiturates His deseniption of this
pxrty agrees with that found in the literature for p-hydroxyphenyk-
elaol, though Cuna does ot state the wdentity of the substance. It
:;Hmscnabktomunmth:rd‘orc. that what he descnibed i3 identical
the p-hydroxy {ethanol d in the work reported here.
Comxy reported that 1n paper chromatograph examinations, the
xbowudabtucﬁummmulmvioktﬁghl this does not
oxur aith unfed phydroxyphenylethanol. The fl must
Z:;mlﬂyhambecnuuscdbyothzrunpmm,rorormnﬂnmﬂwﬂl
e malcrisl wo have observed blus fluorescent reglons with an Ry
saniler to that of the p-hydroxyphenylethanol.
hmwho m:?mty ¥iz phydroxyphenylproplonic acid, has previously
doms tom badies (NicxoLLs 1951 Lyncy 1951). The substance
mlbwrpnonwmmlh:ulunviolﬂmmhrmlhnofp-hydmxy
buzon::n;;ﬂﬂvg:dbythzmahod of Arcemn &
The - 0f0.2 on Whatman paper No 1
Wbsu?-:‘:c is thereforo casly separable from commonly occurnng

Semmnary

bich spectrophotometrin meaaror. TS 45 well 4 methods by

hmumﬁmwmormﬁmm be corrected
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Interfering Substances by Determioation of Polsons in
Autopsy Materlal. IL Tyramine
By

Beat Kespe
(Racedved Joly 13, 1964)

o of pr studies on breakd products m putrefied
iclopsy material, this paper describes an analytical study of another
frequently occurnng impunty tyramune, Below its lsolation and identifica
muvﬂlb:duaibed,uwdlumdhodabywhnch\lcanbywpanmd
fmmmorphmc,vhcnumhprucminth:umecxmrdonphnm

Technique
Thm:nlmthh;pdm.pﬂlm‘ are

Ity
m‘nhmhudnmahmhmmwmm!o{m
memmmmmlm

neutralized
pory ‘m"m’h‘n‘-wmm’mbdn;tmﬂudbynﬂnbb%
ooy of water The cooled and flered
wth of solution was extracked twics, cach o

hreo thecw, each
opanol (3 + 1 fv). The total extracts
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uacdﬁdwhbmhydmuwd}ummlphate.ﬂimwmdmponmdwmumm
ammbm.mmmmdmmdtnzomnrmmoxuﬂamkdm
the tap to approx. 20° and flltered. The filtrate was extracted as described above. The
tota) dned and filtered chlotoformesopropanol extracts were ap d to dryness
ona water-bath. The yellownh erystalline residus was purified by thin-layer chromato-
grapby The solvent was the upper phase of a mixture of butanol, glacial acenc and
water in the ratio 40 10 50 ml (PARTRIDGE & WESTALL 1948) The lower phase of the
mixture was used for saturating the tank and the plate for 30 min. Chromatography
was conducted for 90 min. Onc tenth of the developed and dried plate was sprayed with
Germngross s reagent. A red strip with an Ry-value of 0.5 was observed. The remainmg
region opposite the Rr-value 0.5 was scrapped off and cluted by 10 ml of methanol
with magnetic stitring for (S minutes. The eluate was evaporated to dryness on a
water-bath, Two gram of a mixture of equal parts of sodium bicarbonate and sodum
carbonate, and 1 ml water were added to tho residuc and extractions wero performed
10 times, each tims with 10 ml of chloroform. The total dned and flltered chloroform
extracts wera divided nto two equal portions. Gaseous HCl was ked to one hall and
both solutlons werc then evaporated on a water bath 10 dryness. The revidue from the
hydrogen chioride treated portion welghed approx. 0.05 g and comists of fine while
crystale. The second restduc weighing approximately the same, was amorphous and
faintly yellow

Regults

The corrected melting points of the base so 1solated and of the HCl-salt
were found to be 158 and 273 respectively The salt melted wath de-
composittion

‘The spectra of the salt in the infrared and ultraviolet regions are
recorded 1n figs. [ and 2.

The values found were in agreement with those given in the literature
for tyramine and tyramine ~ HCL, respectively A sample of tyranune-HCl
punss (Fluka) was purchased for comparative purposcs. The sample
showed a (corrected) melting point of 271 with decomposition a cakeula
tion based on the analysis of the chlonde content by uitration gave an
equrvalent weight of 1759 The spectra 1n the ultraviolet and infrared
regons were recorded. The corrected mixed melting potnt of the HCHsalt
from the 1sofated substance and purchased tyramine, HCl were found to

decomposition

bcozzllcov;l-‘l;anng lhzmvuluu obtained for the HCI salt of the 1ubslanc;
extracted from puteefied fiver tusue with the tyramune-HCL, we foun

that the two substances were identical. As tyrarmune has two free positions
ortho to the hydroxyl group 1t will be mcluded i the polar;gr;l"pvhj
morphine determunation (BAGGESGAARD RasyusseN, HAamN st
1945) For experumental pharmacological analyses, some investiga zgm

{hus anstitute have [urther developed the polarographic mu;phmc el
muations before measuring i1, two of hese juvestigators { AR
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(1957) and MivnERs (1959)) performed paper chromatographi¢ punfic
tions by the methods of JATzZaEWITZ (1953) and Brosst ef al (system A)
(1952), respectively As polarography 13 used in chemueal analyses for
morphine, tyramine should be removed before the measurement. The
two paper chromatographic systems mentioned do not permut a suff
ciently clear separation and an aftempt has been made fo find anotber
method for separating the two substances

A Separation of Iyramine from morphine

The distribution coeffient of tyramune 1s 8 3 1n saturated aqueous
bicarbonate solution at pH 8 2/chloroform-isopropanol (3 + 1 v/v) and
0.40 m a NaCl-saturated aqueous borate solution at pH 9 Ofchforoform
1sopropanol (3 + 1 v/v) As expected extractions with ether from equal
volumes of tyramine-containing 05 N HCI or extractions with chloro-
form from equal volumes of tyramme-contmmng 05 N NaOH will
hardly make the tyramine pars mto the organic phase. By shaking one
volume of iso-amyl alcohol with 5 volumes of boiling 2 N HySO4 con
tarung ryramune, the tyramine will likewise remarn on the aqueous phase,
The Ry-value of the tyramune is 0 06 on whatman No 1 paper prepared
with a buffer of approximately 0.1 M sodium phosphate, pH 6.3 after
chromatography 1z Bross ez al systemn A (1955) Preparation of the paper
with a phosphate buffer of pH 7 0 will not involve any appreciable change
i Ry-value Thin layer chromatography with PARTRIDGE & WLSTALL $
mixture (1948) grves an Re-valfue of 0 5 The colour with FrotDe s (1866)
reagent 1s a strong blue. (The Ry-values of morphine, showing a violet
colour with Frohde s reagent are scen 1n table 1)

When 1solating morphine 1n our Institute, we extract from a solulion
saturated with NaHCO; with large volumes of chloroform-isoprapanct
(3 + 1 v/v) (BAGGESGAARD RASMUSSEN & SCHoU 1928) By this procedure
the distrbution coefficient for tyramine 13 8 3 and the extract wll there-
fore be more or less contaminated with any tyramune that mught be pre-
sent. It 15 not possible to obtain a separation of morphine from tyramune

Table 1

valus mine and morpbios on Whatmen No 1 paper
R :ﬁllﬁ:n approx. 0.1 M pbosphate buffer pH 6.3 by
sscending chromatography with a gusture of amylcas hydrate,
di-p-butyl sther mf:.m in lh:gopunmn 20 7 13 (Baoss
ef 4l 1955) Whh a phosphate ballér at pH 7 0 the Rp-values
showa in column b are oblauned
a0é

T
Morphine 3:‘

me“"mh" os

)
b)
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uﬁmemimhlboumd:dqmduﬁvﬂyvmhmmlof
hﬁhslNH;SO;ﬁomdqmloflmy]llcohoLAsepnnﬂoncfmiminc
from morphine may however bepu-fm-m:dbypapcrchmmnomphy
neationed by Brosst er al. (1955) system A Thus procedure is generally
wed In our [nstrtute, but instead of pH 6.3 a3 used by Brossi, we generally
‘u‘knammoﬂ.D.Awpanuonmmobcperromedbychmma-

schueve clear separation between tyramine and morphine by means of
descending chromatography on Whatman No 1 papet developed with
PAXTRIDGE & WESTALL 8 muxtuse (1948), a method employed by TauHAuT

& Maax (1958) for separating alkaloids from biogenc amines (“plo-
™).

Discamslon

Curey (1955) mentions a “phenol-like substance that he sssumes to be
2 precursor of the substance p-hydroxyphenylethanol. As we know that
the sub phyds hanol is formed from tyrosine or tyra
m.umurmcmhl:mnmmemn!hembsummuoucdby
Curry 1 ideniical with onc of these two As Curry extracts
(¢ material with chloroform from an NH /NH; buffer (on performing
'moddun-lcnnnotpcrhn:mmrdlnngmysmhod,wfound
e pH of the buffer to be 10.3) tyrosipe can be excluded stradghtsway for
1t cannot be extracted by Curry s method tyramme can, on the other
hand, to a certain extent be extracted with chloroform at pH 103

There seems every p: y that the sub loned by CuRRY
[ll%ﬂls;upoﬂbh, of p-hydroxyph 1 is ty
yramine has previomly besn found m patrefied human intestines,
nhnbcmknc\nbylhnmmug(‘m“ﬁn?(gmlsss) 1ad

1
ypueny
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Summary

An mmpunty frequently occurring in chemical analyses for morphine
1n autopsy material has been identified as tyramine Methods are described
for separating 1t from morphine
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Absorptien of Atroplne Anticholinerglc Agents as Inhibltors
of Absarption from Muscles
By
Reldar B, Sund*) snd Jens Schow
(Recwved Taly 28, 1964)

The relative clesrance rates of vanous inert sugars mjected mto rat
muscles wero reported m & recent paper (SUND & SCHOU 1964). The rate
of sucrose clearance was found to be independent of the {on of
sagar m the injected solutions within a wide range of concentration.

In contrast, the rate of atropine clearance scemed to depend on the
concentration. SCHRIFTMAN & KONDRITZER (1957) demonsitated that a
whton of kower concentration (2 mg/ml) inected by the .m. roote Into
guinea pigs has a faster cl than a more d one (4 mg/ml).
This suggests that atropine 1s retarding its own absorpuion, possibly by
some pharmacological sction. Further RAMACHANDRAN & AGREN (1963)
showed that atropine (about 4-5 mg/mi) added to solutions of di-lsopro-
pyiphosphofluoridate or morganic phosphate In b 1
o larly mto rats ded the absorption of the. P d
Abo the absorption of sulph de from sub tossue of mice 1
miudcd by atropine (I and 19 mg/ml, 5&!70’196] aapublished rexuits).
n our experiments the rates of clearance of *H-atropine, myected
t;::uhﬂymdctmn:dfmm k aming varfous caten

of atropine (0.72-28.6 mM/T). This allows comparrson with

ddewmmhMmFmﬁmm
effect on the rate of 14C-sucrose clearance was demonstrated for

w4 compared quanutatively whh @ smilar effect shown by oy
anticholinergic agents, by scveral

Y

) Prosest sddress: Rokopeal Departasat, Tnirais of Parmacy Univeomty of Oy,
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Summary

An mmpunty frequently occurnng in chermcal analyses for morphine
1n autopsy material has been idenufied as tyramune. Methods are described
for separating 1t from morphipe.
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Tag 1 Clearance curves for ol (029 and 10.0 mg/ml) and for sscross with
oy srome P s « curvs ot sachons alote 0.03-0.38 gl
trom & SCHoU 1964) m tlso shows. Coacrarranons stated on the Ayure refers only

10 atropess palphate
Abcas  Tume after mpction.
Ordrsty Recnaiming

of atroptos o7 mucrose ta parcwt of itjected amount (lof. scake)

That the refative clearance rate of atropine s to a high degree affected
by the concentratson of the injected drug was venfled in 15 min. experi
=eaw sith vanom concentrations of atropine (fig. 2). For comparison,
Valoes for sucrose (horizontal line) show that the relstive clearance rate
of thit compoond 1 uaaffected by varying the concentration (from SUND
& SCHOU 1969). In contrast, a growing decreass m the clearance rate of
Aropine was & when the ation was I d above
Mﬂm:ﬁup';l}lﬂﬂ mg/ml. A threshold concentration for this de
prasing cffect of atropine upon its own sbsorption appears at about
05 mg/ml as the relathve cl is unal ‘n::lhmm atlon
is further Yowered to 025,
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Methods

Male altxno rats of a single strain weighing 110-130 g were maintained on
standard laboratory diet with water ad libituz. ' * '

mnhombnupmmuumpafonwudsm‘bodhlmm:rmw(sm
& Scrou 1964), Briefly 16 1l of a solution containing the labelled test substance,
with todfum chiotide added to isotonicity were injected into the exposed aw extensor
quadriceps femoris of the rats anacsthetized with mebumal Lp. A2 various times slter
wnjection (5 15 and 30 min.) the muscles were 1 1. After chemical p dure the
remaining of tho injected compound was deterrmined as radioactivity measured by
Iiquid scintillation techaique.

Labelled compoindy

Atfopine base, generally labelled with tritium, speafic activity 470 mCig, was
dussolved with equivalent amonnts of weak sulphuric acid.

Sucrose-14C, uniformly labelled, with spedific sctivity of 67 mClg.

Boih radiochemucals were obtaned from Tho Radiochemical Centre, A h
England.

Infection solutions

The three types of ink fution wero all p d io water ining 0.9
sodlum chlande,

1 Atropine sulphate 0.25-10.0 mg/m) corresponding to 0.72-28 6 mAM/1 base,
contalnng a standard amount of radiostropine (625 uC/ml correponding o 413

mi)

2. Radiesucrose (123 uC/ml corresponding to 0.35 mg/ml) with unlabelled atro-
pune sulphats added to 0.125-10 0 mg/ml (0.36-28 6 mM/T).

3 Radicsucroso (125 pC/ml, corresponding to 0.35 mg/mi) contunng omo of
varfous unlabelled anticholinergie drugs at a dard tion of 14.3 my!
(equivalent 0 50 mg atropine sulphate/ml). The anticholinergc ds were
methylscopolamine nitrate (Ph Dan  1948), homatropine bromide (Ph.Dan. 1948).

drph chloride ( B) b bromide (pro-banthine #) and

ax;phmnn: bromude (antrenyl ®).

Results

Absorption of atropine

The percentage amounts of atropme remaimng m the extensor quadn
ceps femons muscle were measured 15 and 30 mun after ingections of
16 ut solutions contaimng 0.25 and 10 0 mg/ml atropine sulphate (fig. 1}
The relatné clegrance rate i considerably lower from the more coneentrat
od solution. At 30 mun. 7137 + 10, {n = 4) atropine remained of the
10 0 mg/m} solution, whercas only 254 + 38, (n = 4) was left from the
025 mg/m! soluton. For companson a clearance cune for sucrose
(0 35 mg/mi) 18 shown on the figure (from Sunp & Scrou IWLSucror:]c
1 cleared sigmificantly faster than atropme cven from the 025 mg,

solution.
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-&dmne(wmyml,mu)uwuvaupwvd-mm:hno
for sucrose with 5 mg/ml atropine (not shown on the figure) 1 upwardly
mmwmqubmonbytbdammwmformmgjml
mmllmc(l).bmm:wmforo.%myuﬂ(ﬂnuruﬂynmﬂm
The latter ion 15 below the threshold
To elucadate furtber the effect of vanous concenirations of atropine on
the absorption of sucrose, 15 mm. experiments were performed with
added 0,125, 0.25, 0.50, 1.0 and 2.5 mg/ml atropinie sulphate. The results
ac plotted against the logarithms of the concentration of atropino
saiphate in fig 2 As with the absorption of atropne, a threshold 1
endent for the retarding effect on the absorption of sucrose 025 0.25
d 0.5 mg/ml stropine sulphate do not affect the absorption rate of
Howed by

sirose. Further m ation of pIne are

decreases In the rats of sucrose absorption. The remaming sucrose 15 nun.
after Lm. mjection plotted agamst the logarithm of the atropine concentra
ton shows & curvilinear regressson above this threshold value (fig. 2). The
rnumng sucrose is considerably lower than that of atropine at simular
dropine concentrations. Nevertheless, the threshold for tho atropine
ticet on the absorption and the slope of the dose-Tesponsc—cimves are
Soudy umilar for atropins and sucrose.

The retardmg effect of atropine on absorption is conydered 1o be a
kocal action. To prove this assumption, & group of rats was injected wath
uhbd]edamnne:u}pbnw(wo mg/ml) 1nto the keft extensor quadn
s femoris muscle 15 mm. before the njection of radiosucross (0.35 may
) into the right side muscle. After 15 mm. 155 + 33/ (n = H wasleft
of the injected sucrose. In a paralle! control group that did not recerve
uropne, 153 £ 27/ (a =~ 5) sucrose remamed after 15 min This
Spenment excludes 3 systemic effect of atropine on sucrose absorption.

Absorption of swcrose as affected By otker anticholinergicr

chcnlmmhohmrglcdmg:mroundwmrdlhnmo on of

ﬁ"”wlﬂﬂ&3h;hm'nthommlnmglmounuofmjeucdmrgfema

mmn, when 143 mM/ of atroprae, methylscopolamine, homatropine,

(Anmﬂ;‘;mﬂnm' hellne (pro-banthine B) or oxy

e v been added 1o the Infected solutions. Great varatlon m

“m"?;:u:ﬂmmmmumufomfmqmommmmom
i snticholinergics, Mest potent were propanthehne and
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Fig. 2. Do rexponse cusves for tho ¢ffect of atropine upon absorption of atropins and

suctoso (I & 1) For compamson, tho corresponding curve for sucrose (0.19-9 ¢ mpml,

tsken from SUND & SCHOU 1964) in complete absence of atropune = alwo showa (T

Each polnt represcats the mean value of at keast four experiments. Vertical bars fndscate
sem

Abscigsza Concentration of atropune (I & 11} or sucrose (11D (log. scale).

Ordinate Remaining of atropine ot sucrose in percent of injected amount after 15 mm.

Absorption of sucrose as influenced by atropine

To find whether or not atropine would affect the absorption rate of an
inactive test substance, the clearance of MC-sucrose (0 35 mg/ml} was
measured. When 10 0 mg/ml atropine sulphate were added 837 + 38
(n=4) 627+ 50/ (n=6and M3 427/ (n=d) of the mjected
HC sucrpse remmnped ot the iyection site 5 15 and 30 mun after the
inpection, respectively  These results are shown graplucally i fig 1
curve II OF a control sucrose solution (035 mgml) only 141 15
remaned after 15 min. (SUND & Scriou 1964) With 50 mg ml atrepine
sulphate added to the sucrose the absorption rate of the latter substance
decreased but to a fess degree than on addition of 100 mg m! Afier 15
and30mn 523 £46¥ (n=6)and250 + 03 (n=3). respectnnely

u remaned.
Q(Tu‘l:lcnl;;dmc:; g;s: for sucrose alone shows a downward convexity in
a semiloganthauc plot (fig. 1 IV) whereas the curve for sucrose with
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mhhbmhsu.nc:wchuwcmse(moLthZ)ofdmﬂumnbcuhr
wﬂLMmdmmthnlhcdmghldsarbedorbomdm“muofbﬁ
within the njection zone. The findmgs of OROSZIAN & MAENGWYN-
Davies (1962} that atropine reacts with proteins and ammo actds i
mhﬂydmkvmmhpopmtdmofth:ctﬂmbnmmdt}w
nmmacldxmdpmtamonhclmmmhlﬁlﬂdmmnevcntmyconsﬂ-
tute the bindung sites.
It 1 also concelvablé that atropine 13 bound within the pores of the
apitary wall to a conuderable extent, thereby decreasing the effective
diffusion area for substances travellng through the water phase, including
siropine rtself This explanation for the low basal clearance mte of atro-
poe, however appears unhikely from the experiments in which atropine
md socrose were mpected together As long as the atropme concentration
»as bedow the threshold value, the absorption of sucrose was not affected.
On the other hand, this mechanlsm may be of sigui for tho gradual
decline m absorption rate of both substances that 15 found at the ugher
sdropme concentrations, more and more atropine being bound within
the pores.
At higher concentrations, atropine affects 1ts own absorption and the
absarption of sucrose m a drilar manner First, the threshold concentra
fiuuofmpmauunmrorbom&wndjy the dose-effect curves
Trealon of the ing of exther sub on dose of
4ropue) appear to be parallel Thirdly with atropine added at high
concentration the clearance curves (the semilogarmic plot of the percen
tage rendual amounts agamnst time) of both substances show an inverted
type of curvaturo when compered with the slope of the curves obtained
r“hm‘“m(SmLSaml%d).Th:um:tcndmblkoxhown
by atropme curves recorded by SCURIFTMAN & KonpRrrzen (1957)
The smularities outlined above strongly suggest that the graded de
Preision provoked by atropine on the absorption of both atropine and
:ﬂm&ehdmmdnnmammbmlmMonﬁkdthAumchudccruu
de::ld:nmupﬂhrynuwomanphmmmmu.m
s liberation of S-hydroxytryptamine and histemune (¢f
Sa:wd Uormdfactouthcupﬂhrymmhm:,t:dndn;thnm
q&by‘“ﬁ:‘d‘“lwmmdﬁﬁtbnhnmmmormmbm
mechanbsm depacted above. The upward convexity of the

m"mm'ﬂmumldeummhlndmmmorpuonuthm
Several 3
rllitohuu'ose,]nmh b “Tmﬁ?u;dm%mmwou

F
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100 - % UNABSORBED
13 MIN AFTER INJECTION

90 - —_
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70
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I Foior o
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Fig 3 C of varfons inergic agents with respect to inbibitory effect upon

sucroso absorpiion. Concentration of anticholinergpe agent 143 mM;l of sucrose 0.35

mg/rol. Vertical scale Remaining of sucrose 1o percent of injected amount after )3 mn

Tho actual mear reusduals (I) are stated below the columny, w th corresponding rem. (1D
angd number of animals (1)

Discassion

The clearance rate (relative clearance) for atropine decreases gradually
with mcreasing concentrations of the drug over a certain threshold level
(about 0 5 mg/ml) This 1s 1 contrast to the clearance of sucrose which
15 independent of concentration over a wide mnge (SUND & Scriou 1964).

Even at the threshold concentration, atropine 18 absorbed ar a rate
considerably smaller than is to be expected from the molecular dimensions
of the drug. Atropme at physiological pH (extracellular 74 sntraceliular
70) 1s completely 1onuzed, having the phkavaluc of 99 (Ph.Nord ). It can
consequently be assumed to be absorbed through the pores of the capillary

gh the endothelial ining eells. Nevertheless, the absorp-

d not throu
LV;;I :‘lc for atropine (mol. wt. 289) 13 less than that for a non polar water
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woinble substance such as sucrose (mol. wt. 342) of sunilar molecular
la;hLThhlnd:alcsthan.hndrughldmrbcdorbomdm“nmofbn”
withm the mpection zone. The findings of OROSZLAN & MAENGWYN
DavEs (1962) that atropue reacts with proteins and amuno acids s
mrobably of refevance. The Hpoproteins of the cell membranes and the
mnd:mdpmtdmorm:mxmumlﬂmdinthatmmnuyoonm-
(o the bdmg sates.

It 3 ko conceivable that atropine is bound within the pores of the
apilary wall 1o & conslderable extent, thereby decreasing the effective
Giffesion arca for substances travelhng through the water phase, including
atropme {tself This explanation for the Jow basal clearance mte of atro-
e, however appears nalikely from the experiments in which atropine
nd scrose were injected together As long as the atropine concentration
w13 below the threshold value, the absorption of suctosc was not affected.
Oa the other hand, this mech may be of sigmfl for the gradual
dectine In absorption rate of both substances that is found at the higher
EW concentrations, more and more atropine being bound within

pores.

At bugher concentrations, atropme affects 1ts own absorption and the
Usacption of sucrose m a wmilar manner First, the threshold concentra
xw of atropme 1 the same for both. Secondly the dose-effect curves

(W“”")mﬂfthc, I3 i of elther sut on dose of
Lropme) appear to be parallel. Thurdly with atropine added at high
toncentration the cl curves (the il Ttmic plot of the percen-

U2 raidial amounts against time) of both substances show an mverted
Edmmmwhmcumpa:cdm\hthedopeorm:wmobmincd
hmmm(m&mlm).mumﬂtmdmcyulholhown
T‘:mmremrdcdbym&l(mm(wm
ﬂmﬂlmluoutﬁnndlbowﬁmuglymmeuthnthngndcddc-
"m"‘bﬂhﬂ&:nkcd by atropino on the absorption of both atropine and
= b to the same mechanism. Most likely the cause is & decrease
DutThonal flow Other explanations might be a sclf
h&lmml%dnewlihuium of S-hydroxytryptamine and histamine (cf
Uflheh.dnl) or an effect on the capillary membrane, reducing the size
qwhﬂwpommdw:byth:wtaphmuudmnmbrm
mechanism depicted above. The upward coavextty of the
h‘mmpolnuloadmmhindnnmwnbmp{imuume

Soenl anticholinergic
drugs were found to decreasc ths absorption
e of sucrose, In thus jon 1t may be 4 that the et

of magnetium is greatly accelerated b
y cholmerglc compounds
U Houy 1963). The effect was abolished by atropine, whldlmp‘:'o.;dbly
A P tegien, v 21 e, 4,
—

N
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decreased the normal absorption. A working hypotheus 1s that the effect
of atropine on the absorption from muscles 1s due to the capillares bewng
desensitized to acetylcholme. Commonly however acetylcholine 18 not
considered of importance for mamtaiung the capillary flow Thus, it
should be of mterest to investigate the effect of cholinergic compounds,
mncluding 1nhibitors of acetylcholine esterase, on the absorption of
sucrose Work along thus Iine 13 1n progress.

Summary

Radioatropine (3H) sulphate and radiosucrose (14C) muxed with atro-
pine sulphate or one of 5 other anticholinergrc agents was injected 1ato
the exposed m extensor quadriceps femoris of anaesthetized rats in a
constant volume Clearance mates of atropine and sucrose were studied
by hquid scintllatton measurement of residual radioactivity 1o the mus
cles All the anticholinergic compounds depressed absorption of sucrose.
The clearance rates of both substances, above a threshold concentration
of atropine, decreased with increasing dose of the drug. At doses that did
not 1nhibit the absorption of either substance, the clearance rate of
stropine was stil lower than 1s to be expected {rom molecular size, The
self-depression of atropinc absorption and the inhibited absorption of
sucrose seem to vary mn parallel and are thought to be due to the same
local pharmacological action of atropine. This probably consists m
mterference with local blood flow but the exact mechamsm 1s unknown.
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Effecty of Reserpine on the Self-Selected Circadian
Rhythm In the Canary
By
GBran Wablsirim
(Reoehved July 27 1964)

Drugs that cawse skeep 1n the physiological sense can theoretcally be
&vﬂndmmmdlﬁmtmups.mmnmuofdmpmlﬂuoughthck
action mduce sleep when no normal skeep would have occurred, the other
oD consists of drugs that persut normal sleep to occur at the expected
e 10 gute of factors that woukd otherwise prevent it. To determune
whether 2 contral nervous systern depressant belongs to the first group or
aot, speclal experimental conditions are needed. This was first clearly
ralized by HoxpeLnk (1932).
Self-selected rest and actrvity in the canary (Serimus canorius) have been
wed bn onr rvest to eval sleep and wakeful In the normal
sellselected rhythm of thus bird there 13 one penod of activity and one of
et and these recur with s period of approxumately 24 hours (a circaduan
thython, HaLsexa 1959) General surveys of the  biologacal clock”™ are
then m two recently published books (BUNNING 1963 and CLOUDSLEY
THOWPSON 1961) and a review by Ascroep (1963). The new edition of
3 claasie (1963) covers the same fleld for skeep and wakefulnesy.
With the self-selection method 1t 1s possible under controlted condstions
1o stody changes mduced 1n the normal rhythmn of activity and rest by
‘nous drugy. The effects of reserpine will be presented in thus paper
nryhncbccnbmﬂydbmdmnprwiomp:pcrummpluofdrug
cfiects on self selectad thythm (WAHLSTRUM 19642).

Methods

Detals of the method Bave been detenbed
‘nn:m}!h’-ﬂy Whﬂ‘ clwwhire (WamLsteom 1964b) they

anarks, most of chem
Placed Py Probably young (males, {f not otberwiso ststed), wero

wooden cages. The woarce of hight in the cago was s
mnuﬂ-ﬂid-lrkha[bdﬂw unless otharwive stated. In the cags there werp

ETS
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decreased the normal absorption. A working hypothesis is that the effect
of atropine on the absorption from muscles 15 due to the capullanes being
desenaitized to acetylcholine Commonly however acetylcholing 1t not
considered of importance for mamtaning the capulary flow Thus, it
should be of nterest to mvestigate the effect of cholinergic compounds,
mcluding 1nhubitors of acetylcholine esterase, on the absorption of
suctose. Work along thus line is 1n progress.

Summary

Radioatropine (JH) sulphate and rodiosucrose (14C) mixed with atro-
pine sulphate or one of 5 other anticholinergic agents was ijected fnto
the exposed m extensor quadriceps femorls of anaesthetlzed rats n a
constant volume. Clearance rates of atropine and sucrose were studied
by liquid scintillabon measurement of residual radioactivity 1 the mus-
cles All the anticholinergic compounds depressed absorption of sucrose.
The clearance rates of both substances, above a threshold concentration
of atropine, decreased with incrensing dose of the drug. At doses that did
not 1nhibit the absorption of either substance, the clearance rate of
atropine was still lower than is to be expected from molecular size. The
seif-depression of atropine absorption and the inhubited absorption of
sucrose seem to vary in parallel and are thought to be due to the same
local pharmacological action of atropine. This probably conusts m
interference with local blood flow but the exact mechamsm is unknown.
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perfect techmenl asustance (Adiphenine chlonde (trasenun @) and
oxyphenone bromude (antrenyl ®) was kindly presented by Ciba AG)
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subsiance, uwﬂymmﬁnxhﬂnm&dﬂﬁdm
fwﬁmmwmuom&nmgwmm
numbudmhmydrudhnpcr\od,m Some extimats of tho sucoess
uhwmul\mh&ﬁmww&ﬂmﬂd
mm-mwmwmmmm(\vw 1964b).
hhmwdmwm@mmmﬂwaﬂmmmdm

adminiinationt,

Chemical analyses.

Twmbmhmdmuhmpa{urmedlnmﬂmnﬂutapd-
m.mhuw;)mwmmwm-mmmmsuﬂnnwmd
MMM’—I9UMWIHDM}WMM
Wmt:pﬂnmnuaphodmdnmmmnmmbhw
“'Mmﬂyhndn-ulﬁ}muk(nwodockundxybdummq‘mmﬁ
The controls recerved distillod water OWMMIWWWWQM)
“ﬂrﬁy&nmmmmmmmmmwm

Bmmmmmudﬁpﬁmwuxmv‘wm
ommmwummwmmmmwmmm&qm
talied (trested a3 the controls in (he fescrpoe experimenty Sxcept for the onally ad-
wm;mmmuhwmmumuoowmwm
were beheadad at 10 o clock.
dmm}rmdnu\dmuﬂmmpu{modmthnﬂnhhhnwvb‘mw
lmmawummawwwaw
WaLpack (1939) with ulight Tho on inchudes the
nﬁmmAlwmmwdummMmﬂn
P::h‘htkddmdhthnnmﬁhumﬂnpﬂduwmumw
anAva.mdmmwmmMSJxas
e (1 mEmI) werw aleo 144cd 10 tha s0dham acriate-scatic ackd buffer wed
~ treatment of the colurm, Noradrenalios was cluted with 11 mi N hydrochlone

‘nﬂﬂ?‘:ﬂm‘%llnﬂIJthmchhrkudlnun!mdnThnmphm
mn red (l?‘:)iﬁrdnhniomuumdmthnmwuth-ehanwdaﬂs




348 GORAN WAHLSTROM

mmmmﬁwmﬂttud(omwﬂmmkhmndeMD{N;
Tbnmmwuchafonnoflbnpcxdu(dwnizmpcfch)wcnnmcdw\buhmpor
Uwcacctnmdnmnnathattbn”zhtwumlnmbhcdwhcnm:bkdumdduwth.
’nwmhcrpcrm(uwdnyparh)wuwduntymrwordthclwmyntduwd»hm
tholfgl-nvmommwdjlhmomﬂdd\mbaucmdarknmundhghlﬂmmyby
hopping onto or from the night perch Each perch actuated one pen on a mult-
channel recorder Paper speed was | 5 inch/h,

Water and food lal canary sced mivture) were given ad Ldusm, The
animals were, if posuble, attended 10 once every activity period (usvally at the same
time as distiiled water was administered) The efficency of tho night perch was alio
tested at the same time. Once 2 week the birds were welghed, and at the same time
other foods were ghwn (orange, apple or lettuce, depending on the season and
always a pieee of hard-boiled egp).

The normal rky thim usually consiuts of ono period of activity (lght) and one of rest
(darkness) which together give the cireadian period, The circadian period i cakaulated
from waking up time to waking up thme. Sometunes the activity period is divided into
two or more parts by periods on the night perch. Such rest perfods when kst than
30 min of the activity period have boen disregarded. Perlods of 30 min. ¢r moce on
1ho night perch during the acthvity period have been counted ay real rest perods and
added to the long rest period that followed the activity This arbitrary linut has been
selected because it is unlikely that the birds are really asleep during shorter periods
than 30 min. on the night perch. This matter has been discussed in more detal else-
where (WAHLSTROM 1964b).

Diug experiments
The reserplne (serpidin @ Pharmacia 1.td.) used in the oral experiments was i the
form of the c clal sofution for int jection, and the conc ’
fa the undiluted state was 2.5 mg/ml. The sohent consisted of ditric acid 2.1 mg,
benzyl alcohol 10.0 mg, polyethylene glycol 100.0 mg, ethanol 95 / 10.0 mg, EDTA
0.4 mg and redistiiled water to 1 0ml. 1 fately before admi loa this solution
was $0 diluted wath dustilled water that the birds always got 1 0 mJ/100 g body-wcight
frrespectrve of the doso given. Tha coatrol solution consitted of all the chemicals
enumeraied above, except reserping. It was diluted in the same way as to give rescrpne
atndouorlanwkg.ﬂwummm:ghmwmlOml/loolbodywﬂuiLBmzyl-Jcobal
wmg:hmlnsclmlomwd]lulcdaiﬂldl:dﬂcdnntcrth:tdmbhd:rcdntlemU
bodyweight
Im;\?] LY‘: shm " d through a -‘mhc(numllpoba::ytmtlubo
a After the administration, (he birdt were observed for approx
mlwﬂﬁ)mmmqumeu‘ummmm
m(urc.mrym;noaupnc).&zhbirdhadiumuwud!mbe,
mmuuhhhu:dmzmghcnmmbacdwnlompmmtmdﬁml
of the bird 3 circadiin period. AM means that the drug was given before, PM
en after the puddle of the average pre-cxpenmental activity period and
cndmip‘lhcrtslpcﬂod.Fnrmchnmtnuomd:dminmnmnlhﬁ
bhdvmuwsﬁi‘dmdmdputbackmlotbcmmwwnuupmﬂb’dzw
meb{xdbackomotbcuhh(puthduntﬂy bulonmlbueua.lldmmulyd:f
md,umomxungaxh:numn.whnypahd:mmmummd H

have inistration of a soluton an

In the cireadian perkods before and after
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of fght m the cage after the drug sdministration, but no recorded activity
In some of these direct observations showed the birds to be incapable of
tmng 2 perch.

The doses of reserpine given m experiments whose results were taken
ato account were 0.5 mg/kg on 6 occauons to 2 birds, 10 mg/kg on
| occasion, 1.5 mg/kg on 16 occamons to 6 brrds and 2.0 mg/kg on 4
occanons to 2 bards, one & female (autopsy) The doseswere glvenatdifferent
phases of the crcadian period of the burds,

The ongmal record of the effects of reserpine in three birds with different
doses i shown m fig. 2. There was AM administrations of the drug on
Mo oceasions and PM on onc occason. The effects of the drug were
mataly a shortening of actrvity due to earlier roosting.

Inburd no 12 there was a distinct shortenung of the activity peniod after
the drag was given. The cffect lasted for 2-3 more periods. The shortened
ainsty was expressed as a change in the roosting time. The waking up
tmes wero waffected. Divided activity penods were maore frequent after
the drug than before.

A smiar result was obtained on bird no 16. On day 145, the day after
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Results
I The effects of reserpine on the self selected rins thin

a, Control experiments, expenimental matenal and
ndividual responses

Since the reserpme solution contains severnl constituents bevides reser
pute 4 number of experuments with the control sofution were performed
in one bird. If the solution was gien undiluted during the rest period of
the bird there was a period of activity for some hours afterwards, whereas
the bird hopped onto the nught perch wathun 15 mun, of dustilled water was
given Fig. 1 shows that benzyl alcohol also has this effect A dose of
110 mg/kg had a very marked effect, 55 mg/kg also showed a shght
effect but when the control solution was diluted as if 1t contained reserpine
i a dose of 2 mg/kg thers was no elfect. The dose of benzyl alcahal
this case was 8 mg/kg.

Reserpune has been adminsstered orally in a single dose on 48 accastons
to 14 birds 21 occasions had 10 be excluded for varsous reasons. Of the
14 birds 3 died The doses given were 30 and 2.0 mg/kg. (As a curosty
1t may be mentioned that two of the birds drowned themselves!) Reserpine
n hugh doses caused clear incoordiation and the birds felf snto the
water bow! In 10 instances there were technical crrors In three the
recording equipments did not work and in seven the exact dose of reser
pine given was uncertain, as some of the volume administered was not
retamned by the bird The effects obtained i these cases were those ex
pected from a small dose of reserpine [n 8 tests the birds had long periods
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of light m the cage after the drog ad, but no recorded activity
In some of (hese drrect observations showed the birds to be incapable of
=g a perch,

The doses of reserpme gaven in experiments whose results were taken
into sccount were 0.5 mg/kg on 6 occasions to 2 burds, 10 mg/kg on
1 occauon, 1.5 ma/kg on 16 occasions to 6 birds and 2.0 mg/kg on 4
cocasions to 2 birds, one a famale (autopsy) The doses were pvenat different
phuses of the corcadian penod of the birds,

The oniginal record of the effects of reserpine in three birds with different
doxes s shown in fig. 2. There was AM adnunistrations of the drug on
%o occasions and PM on one occasion. The effects of the drug were
xamly & shortening of actvity duc to earlier roosting.

In bird no. 12 there was a distinet shortenng of the activity perod after
the drog was given. The effect lasted for 2-3 more periods, The shortened
ity was expressed as a change in the roosting time. The waking up
mes were unaffected. Divided activity periods were mare frequent after
the drug than before,

A smilar resalt was obtaned on bud no 16 On day 145 the day after
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the drug, there was hittle activity Not until day 149-150 had the activity
period returned to 1ts pre-experimental length. Waking up on day 145 was
retarded With this exception waking up tumes were unaffected, The
lengths of the circadian periods were the same as 1n the pre~expenmental
periods. The changes seen n the length of activity were due to changes in
the roosting times.

The same pattern 1s secn also 1n bird no 9 which had the highest dose
of reserpine. The activity was shortened owing to carlier roosting. The
pre-experimental length of activity did not return until 7-8 days after the
drug admunistration. Some effect on the waking up times can also be
detected, which for some circadian peniods after the drug appeared slighty
carlier than expected from the pre-expenmental period.

b Reserpine and the nternal clock governing
waking up times.

After reserpine the birds sometimes had no activity in what should have
been circadian penods | and 2 after the period in which reserpine was
given (period no 0) The rest penods were thus Jonger than 24 or even
48 hours. The course of the waking up times after these long rest penods

needs special mention
Fig. 3 shows the waking up uimes at the beginming of the arcadian

STARTING HOUR OF ACTMITY

et oc by
Dt ity
on tho waking up t mes 10
5. The drug was adminutered dunng
no. 0. Experimental conditions

a

A B c D E F A
Experiment 1.5 15 as 135 1
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pdudshtbmcupaﬁnmﬂmwhiahthnammtpuiodﬂonpdmm
4 houry after ofal reserpine, Surprinngly the waking up tumes after the
hngrtnp:dodlmppu:cddoscwlhncduﬂnlunxlobecxpeclcdfmm
the pre-experimental senes. This was especaally clear in expermments A,B,
D,G amd H. Only the very first waking up showed a small delay 1n ex
petiments B and H. Thus the waking up times after the long rest periods
in most instances seemed to be unaffected by the fact that at lcast onc
sty period had disappeared. The “Internal clock governing the
sakmyg up times did function without interruption.

Similar resalts wero obtained from some of the mtramuscular ingections,
which produced a Joss of at least one activity pertod (fig- 4). The shape of
the curves A and B will be discussed below

In several of the expermments shown in fig. 3 (A, C, D G and H) and
fig. 4 (A, B, C, D) there were light peniods without activity before the
loog rest periods after the drug. Probably the birds were too sedated to
ne the perches. These inactive light periods began duning what should
tave been the rest period in arcadian penod no 0. Their length was
waally 1-4 hours, and they have not been included in fig. 3 and 4

The duration of the long rest periods in the experiments wn fig. 3 were
A2, B43 (32,D15,E34 F52,G43and H36hoursandinfig. 4 A4S, B48,
C® D52 and E41 hours, showing no fixed tme-nterval between the
macthve Eght penod and wakdng up at the beginnmg of the first real
mmmmm“mwﬂmbdomthclongrmﬂod:
muuﬂhﬂmonlﬁnfoﬂuwingwhngupnmg

STARTING HOUR OF ACTIVITY
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Below 15 described the effect of reserpine on the different varables of
the eircadian rhythm. In order to avord bras the results of ail expenments
with the same dose grven at the same tme in the arcadian rhythm should,
if possible, be averaged. To include the expenments 1n which long rest
peniods appeared the fact has been used that the *internal clock  regu
lating waking up times 15 not stopped by reserpine The average length of
the arcadian periods was calculated from the time between the walkiag up
beginning the acuvity i circadian pertod no 0 to the waking up be
ganng the activity m circadian peniod no 3 divided by the numbes of
arcadian periods (3) which would have occured if the pre reserpine thythm
had persisted In this manner the results of the experiment could stsli be used
even sf all activity bad been lost 1n circadian periods 1 and 2. The mean
acuvily 1n the two aircadian penods after reserpine was simularly evaluated
by dividing the total by two Activity 1n crreadian period no 0 was always
present and could be esumated separately

A detailed analysis of the length of the circadian periods afler reserpine
i all the oral expenments 13 shown in fig. 5 The lengths of the arcadian
periods are expressed as percentages of the average of the 5 periods yust
before that one 1n which reserpie was given. The drug was gnen 1
penod no @ Results for this pertod and the next two (penods | and 2)
have been averaged (see above) The length of the circadian pertod was
clearly not affected 1n any expeniments except the single one performed
with the large dose 2.0 mg/kg given dunng the might.

In thus experiment the first waking up afler reserpme was delayed by
four hours This affected the average length of circadian periods 0-2. The
next four circadian peniods were shorter than normal Thus, the waking
up times behaved as in experiments A and B (fig. 4), which also involved
a hugh dose, (05 mg/hg tm) In these expeniments the lengths of the
cicadian periods did not return to approximately pre-expenmental
Iengths until period 16(A) and 21(B)

Thus moderate doses of reserpine have no eflect on the length of the
circadian period, but hugher doses may have a tendency,to shorten it.

¢. Reserpine and the length of the actvity penods.

od

Reserpine has a tendency to cause divided activity periods, as mention

earhier l'(.l'.))nc example was shown by bird no 12, fig. 2. This 1s further shown

1n fig. 3 and 4 where the beginning of activity penods that were divided

dicated by tnangles.

m’r:e effects of reserpine on 1he lengths of the actvity penods are shown
fig. 6, 7 and 8 The effects are expressed as percentages of the average

:mﬁry 1n the five arcadizn peniods just before the one in which reserpine
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LDNGTH OF ORCADLAN PENOD
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was given. The drug was given in crcadlan penod oo 0. The actmity in
Ppeniods 1 and 2 have been averaged (see part 1b). The peniods with light
hm:ﬂg:rnmmrdcdwmry which sometimes occurred in the rest
penod cadmn period no already mentioned
oo 2 wﬁ. y 1 part 1b, have
Tb:muluoﬁh:Aqu:ﬂmmtxmshmmﬁg.é.Th:lmnumcf
anmtythalhadocunmiv.hmthndrugwugvmulndmedbytha
h.orlwnjnlbunludnlmupanoﬁhnﬁmhhmrmpond:w!hc
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LENGTH OF ACTiVITY

. . g

CRCADIAN PERIOO #¢

Fig. 6. Eﬂ':ctofrua—plnuonlmgthof:dlﬁlypa—[odwbmlhodru;m;{vmuﬂyh
tho sctivity perfod (AM) Thalmgthhgfvtnuupamupoﬁhuvmponbe peti-
mental acthity pedlods. The dry, mpmnrﬂlydunngdradhnpa-bdno.ﬂ.{:a
periods 1-2 have boen avera (sce text) The bars indicate the average scthvity dy

2,

ovu-bmt.hndg.vjm Avenago pro-exp activity way, in tho
experiments with mg/kg, 9.5 hry. lSm;/k;lO.lh.rL 2.0 mg/kg, 140 hrs. Sco abo
begend of f1g. 5 for farther fnf on the AM exp

mummal amount of activity the birds could show 1n penod no 0 The loss
of activity due to reserpine 1s clear and also the gradual return to the pre-
expenmental length of actvity dunng several circadian periods. There
was no clear-cut dose relationship to the amounts of actvity lost in the
different crrcadian periods The expermments 1n the 0.5 and 2.0 mg/kg
senes were, however few 1n number
The PM expeniments represented 1n fig. 7 gave essentially the same
results. In period no O the loss of activity was less because of the late
admmustration of the drug. The N expeniments (fig. 8) showed no loss
of activity 1n penodno 0 since normal activity had already occurred when
the drug was given The single expeniment with 2.0 mg/kg showed pro-
longed activity in period 0 because the bird did not return to the might
perch for several hours after the drug was given, whereas in the 05
and 1.5 mg/kg scries the birds immediately returned to the mght perch.
Reserpine thus shortens activity with only a stight effect on the length
of the crcadian peniod. Consequently the cffects on the rest period were
the opposite of those on the acuvity penod and are not shown here. )
The effects of reserpine on actvity last for several circadlan perods. I
{hese losses are summed, the birds lose a considerable amount of actvity

pared re-expenmental penod (table 1) The loss of activity
oo ik e ® 1, od It can be seen
18 given as parts of the pre-expermental actmity pen ==
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that the mamn loss was suffered withm the first 4 carcaduan periods after
Lhcdm;l!thedmofﬁjmdl.‘imgﬁamdamounwdtobetml
ndlncﬁu:ypcnods.hmmmrﬂll!hlgbcrnﬂer]ﬁmg/kpbmlh:
ddferences were not large compared with the standard error of the mean.
The koss of actrvity depends on when the drug was given. Experfments
performed at AM led to & loss in arcadlan period 0 which the PM
expertments could not produce. This explains the difference between the
AM and the PM valuss of penod no. O During peniods | 2nd 2 the PM
%d AM expenments showed the same loss, but the N expeniments gave
thigher loss. Considering the duration of the effect (w0 cureadian periods),
the umall tme nterval between the drug admunsstrations 1n the PM and
the N expenmcats cannot explain the dufference in loss of actwvity The
difference between Iosses during persod 0-2 in the N and PM expenments
v 15 my/kg had a P of 002 Taken together with the result m 1he
05 mgkg expenments ft gave o P value of less than Q.01 (Student s 1)
There are several possible explanations for the difference in the loss of
ity between N and PM experments. It could be cawsed by different
ey of absarption of reserpine from the gastromntestinal tract or differ
eoczs in efimmanion due to circadian changes 1n the function of the liver
@apanable to the changes m glycogen in the chucken (ELFVIN, PETREN &
SOURERGER 1955). Another possibility s that the cawse of the difference
hin‘hecmtrllmvumrynmlfthhnmw many interesting
estions would anse. The difference found between the effects of reserpme
¥ier 4 N aad after @ PM admmsstration thus warrants further studics.

L Reserpine and birds with trregular rhythms

SOmed‘th:bn'd.shswnnmtguhrrhthnL They do not use the ght
pereh at all dunng long thme periods (WAHLSTRGM 1964b) Reserpine
“;U’Odoutomconh:bud.xmthlhulneguhnty
I ¢ experiments wero performed, the results being shown 1n tabls 2.

tome & marked regulanzation was observed (fig. 9).

1M)x:qwmdumnbwhlhtbram
&mﬂduo{lhcdctcrmlmunmofdopammdnomdrcmlmtm
mb:nllrl?bkllmimnpmmmmumknddmxmlhc
Tow;bx:h and dop mpared with the controls.
S lhulntb:canarywulhemninumoflh:sclmlysu.
bypﬂmmuumﬂmpufanmdwmbmuhmhcrdccph-
Mmmwwmhnd:(modnm:pmlmpﬂonoflhcdukpmm
sccomplish a detectable reducton 1 the tofal amounts of
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Table 2
Ona! adminkstration of reserplne to birds with Irregular rhythms
(tong light perlods) v
Number of experimonts
Bird no, muﬂ""' Reoarks
soeeeanful ) unsucceasful
5 20 1 40 W tamp
9 0 2 1 Uneertain doso 60 W
lam
9 2.0 2 60 W lamp
15 10 1 60 W lam
13 15 1 60 W lamp
is 0.5 1
{ Tom! N R -

) Regularized rhythm for at Jeast four succeeding circadlan periods after the drug admin-
istration.
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resesp! bird no. 9 with irregular rhythm. Thin lino signufies Light 12
Flg o B e onUnmuktd arzows indicate sdminkstration of water

thick lno darknesns.
lxl(mcuu. wit given at (he arrows marked vll;i .:/Ji OnAd;g ‘,él' 20 mm:;:d“m.}b:l:::
uncertaln (st most 2.0 mg/kg). amp was
on day 275 tho dose was unceriel (0 ot L e e

noradrenaline and dopamsac in the brams of the cananes. This it clearly

d]('!l‘;::‘l‘auds used 1 the different experuments were rather unhomogenous
and genctical make-up The fauly large vanation in the
:!;muaﬁ' noradrenaline found among the different expenments was

probably due to this.
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Discussion

Reserpine changed the self selected circadian chythm 1 such a manner
that the amount of activity was reduced and the amount of rest tnereased,
but the circadian peniod which 18 the sum of thete two was maaly un
affected Since rescrpine 13 o drug with many pharmacological actions
(reviews  BEIN 19536 and ScuNapex [957) some possible explanations of
the results wall be discussed.

Reserpine lowers the body temperature in different species (BUv 1956)
It 13 posnible that this lowenng of the temperature was responsible for the
loss of activity Horrman (1958) has studied the effects of reserpine on
the temperature of pigeons. Reserpine was given m a dose of 2.5 mykg
subcutaneausly and had a marked influence on the cloacal temperature
However after 24 hours the effects had passed. This scems (o be true of
most specics (SCHREDER 1957) In the canary a lower dose of oral reserpine
affected the activity for at Jeast 4 times longer a period than that of the
temperature effect 1n the pigeon Further ScuwarTzpaUM (1955}
expeniment on the rat showed that these animals preferred a warm
environment after reserpine. The cages of the canartes are warmer with
the light on (WAHLSTRUM 1964b) A lowered temperature, as such, 1s thus
not very probable as an explanation of the activity loss.

In many species reserpine excris a sedative action, which 1s different
from that of the barbuurates (BeN 1956) The ammals are calmer and
less aggressive than ia the normal state (tranquilized) This effect depends
on the action of reserpine on the central nervaus system, probably con
nected with the depletion of some amune The release of serolonin
($-hydroxytryptamine) and catecholamines by reserpine has recently
been reviewed by Suoke (1962)

In the carly mvestigations of reserpine there were different opinions

about whether sleep was induced in the animals or not Bow (1953} after
studies on dogs cats and rabbits was of the opinton that the animals did
sleep more after reserpine. PLUMMER ef af {1954) after experiments mainly
on the dog and the monhey concluded that feserpine in contrast to
nembutal acts primanly as a tranquilzer and mactivating agent, which
moy pesmit but does not cause sleep by a direct hypnotic action  Our
nvestigation shows that the canary did indeed choose an environment
normally connected with slcep (WANLSTROM 1964b) No direct obsenva
uons of the birds during the daily rest peniods after reserpine were per
formed, but the birds sat as usual without recorded movements on the
. 1 perch. It 1s thus clear that the birds after admumstration of reserpine
g’lﬁh mptcund probably also did siecp much more \;an us;n! In the canary
reserpine seems to be a true hiypnotic drizg 1t tnduces steep
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qmnkmmthcwdnionwmiuolhdlpeaamdwm:hmcdlhmugh
18 effect on the central nervous system. However the remarkable fact
hnbemuuﬂkh:dthnmu:ﬁmunm:rdnﬂoubctwecndupmd
wakefulness can be accomphshed without affecting the blolopaal clock
m:hammponﬁblcforthelcnsthoflh:&mdmpcﬂod.
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Sommary

If cananes kept m light-proof cages are allowed to sekect light and dark
et m the cage, they normally select one peniod of light (activity) and
a6 of darkness {rest). These two periods make up the circadian period
of about 24 houry, calculated from the begmning of one light period to
the beginnmg of the mext.

After oral reserpine (0.5-1.5 mg/kg) the actvity periods were shorter
ad the rest periods longer Usually within 4 creadian periods the dura
0a of actrvity had returned to the pre-experimental level. The total loss
of actvity dunng this time amounted to 1-2 pre-experimental activity
peniods, The Joss of actinity was usually accomplhed through a change
1 tha roosting tumes, that 15, “going to slecp earlier™ The start of the
ity peniods and, consequently the length of the circadian penods
were largely uninftucnced. In some expenments one or two whole activity
perlods dissppearcd. Even then the ensumg activity periods tended to
begin at the celestial time expected from the pre-experimental penods.
Reerpioe thos could cause losses of whole activity periods without
dsturbing the “internal chock” that initiates the scirvity penods.

B"“‘n‘henpcfhnznumwhnchmcrpimwmyvmlnLcmlhn
m'h'l "’Ewmlhﬂmﬂwdunngth:rmpawdndlﬁmmme

d amount of noradrenaline and dopaml
bnlmonh:mnaﬂuﬂbomlﬂnmcrpimldminkmﬂon.

In the canary reserpine causes the
“"“:alr\!ehypnmlcdm‘ma bird to roost carlier and thus seems

in the
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Haws Langghrd
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Th:nnnsnncutolbmeconnmuvennueuamuld—phmmm
rnh:hxptncuonorthntbnmwnmconumedinmbmmcopnc
sacuokes (BLers & LasoUT 1934 GexsH & CATCHPOLE 1960) of aitached
Wh)dmvhﬂicdd:;rmmsonlhecollagmmnlccule(Fxm&humE
199?).u‘:ﬂuthcpmmseintheunueofd1npdwomnlcaﬂcsu
ited cation-anion exchange-resins (Ussivg er al. 1960), indicates that

ﬂmﬂuchlnplnthnb!oodplnnna.Thhpﬂperdakulpmoflhete
h‘ﬂumhmwnhlb:cﬂ'ccuohd:mkdnmyonlh:wnmmddmm-
Iyt compostion of skin and blood plasma in mice.

Methods
Whte male cice of a single strain, welghing from 23 to 27 . wero med.
Expertmensal groeps.
A 1) Adrealectomy

) Shamopenation } kilked 24 bours fater
3) No operstion
Adter the operation anioaly in group A were given waser ad Libliam but 0o food.

.
Pmmantagica, wl. 11, fat. 4, n
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From the Departmest of Pharmacology University of Copenhagea
(memanmIﬂO.Mdh WMD)

Effects of Adrenalectomy oa Conpective Timue
Electrolytes in Mice
By

Hans Langghrd
(Racaived July 24, 1564

Themns:mm!o(lmmnnccuwrnmm-mn}u—phmmm
\lh-hrpfnnbnofmcmmcwnamnmnudmmbmm
vacuotes (ELLERS & LABOUT 1954 Genrsit & CATCHPOLE 1960) or attached
lﬂh)dmphﬂicﬂdogmupuonthccolhsmmaleuﬂc(Fm&mml
lmu‘ﬂ]umzpwmthnﬁsmcofchusedmamm\cm!nu
xixed ation anlon exchange-resis (UssNG ef af 1960) indicates that
munwﬁwummymul“mmr"formmmduﬂ:omu
Expeniments on mice (HvDBERG, Jeoen-Hois & LANGGARD 1963
Liwalap, JmsowHowd & Hviemo 1963 Hvipsero, Szromwy &
Linodho 1964 Lanaakap HVIDRERG & SZPORNY 1964) have further
dummumd:humponmtc.huplntoulwunmddmlmmm
\ent do occur under vadous conditions, 1n the connective tissue without
sumihar changes m the blood plasma. This paper deals as a past of these
vestigations with the effects of adrenalectomy on the wates and electro-
ljte compostion of skin and blood plasma in mice.

Metbods
Whele male cuce of  tingle straln, welghing from 23 to 27 g, wero owd
Expermmensal rroups.
A 1) Adrealectomy
2) Sham-operation | killed 24 boars kater
3) No operation
A the operation antomals in group A wers ghen water ad libitum but 5o food.

A P, val. 11, an, 4, n
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ADRENALECTOMY AND SKIN ELECTROLYTES

Table |
Concentranons of sodnon, chloride ard potassi m b plasma nd Uarse water (mEq per litre).

Q mEqt K mEq!
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B 1) Adrenalectomy
2) Sham-operation | killed 7 days Iater
3) No operation

These animaly had free access t0 a standard Iab ry dict. In addt
given 0.9 4. NaClin the drinlang water ey were

C 1) Adrenalectomy } pretreated with oestradiol

2) Sham-operation for 6 days
3) No optration illed 24 hours later

These animals received water ad libitum but no food (3ame as group A)

Experimental procedures

The mice in group C were treated with s.c. oestradiol monobenzoate, 10 pg m
01 ml of arachis ol), Injected 6 and 4 days before thoe operation.

Bilateral adrenalectomny was performed dovsally with the animal under Lght
fluothane @ (halothane B.P) anzesthesia. The incision of the shin was made } em
10 the left of the midline. The sham-operated animals underwent the same procedure,
except that the adrenal glands were not removed.

Tweaty-four hours or 7 days after the operation the animal was sumned by a blow
on the neck, the nght carotid artery was cut, and 500 pl of blood were sampled b a
Carksberg comtriction pipette treated wath beparla. Subsequently the animal wat
beheaded and bled. Tha back tkin was deplated by a close shave and then by applying
a barrum sulphide depllatory A hi partkcular area of the skin, 5.5 an? wat
marked out and excised with tho underlying subcutancous tstus from the nght side of
the back. The skin samples were weighed, dned, defatted and anabysed.

Hydroxyproline, hexosamine, sodium, chlonde and potassium determinations oo
skin saroples and sodlum, chloride and potatgum determmations on plasma sampks
were carried out as described by LANGGARD, Jxsen-Hows & Hviokero (1963).

Results

In table 1 are shown the concentranons of sodiwm, potassium and
chlorde 10 plasma and ussue water (mEq per litre plasma or total tssue
water,

Tw?-_nty four hours after adrenalectomy (group A) a sight decrease 1n
plasma sodum and g slight mcrease 10 plasma potassium were observed
(p < 001) The concentration of sodium i the tissue water was marhedly
reduced

Seven days after adrenalectomy (group B) significant changes in plasma
electrolyte concentrations were no longer present, but the sedium concen
tration was still agmficantly seduced tn the tissue water
Ammals pretreated with oestradiol (group C) showed no significant
changes m plasma clectrolyte concentranons 24 hours after adrenalee
tomy In the tissue water however the sodiurn concentration was reduced

and the potassium concentration
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Table 1
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B 1) Adrenalectomy
2) Sham-operation } killed 7 days Iater
3) No operation
These animals had free access to a dard Labx y diet. In addition they were
given 0.9 4. NaCl i the drinking water

C 1) Adrenalectomy ] pactreated with ocstradiol

2) Sham-operation for 6 days
3) No openation killed 24 hours later

These anmmals recerved water ad libltum but no food (same as group A),

Experimensal procedures

The mice in group C were treated with s.c. oestradiol monobenzoate, 10 pg in
01 ml of arachis oi! infected 6 and 4 days befare the operation.

Bulatera] adrenakctomy was performed dorsally with the animal under light
fluothanc @ (halothane B.P ) anacsthesla. The incision of the skin was made § cm
to the keft of the midline. The sham-operated animals underwent the samo procedure,
except that the adrenal glands were not removed.

Twenty-four hours or 7 days after the operation the animal was stunned by & blow
on the neck the right carotid artery was cut, and 500 pl of blood were sampled in &
Carlsberg constriction pipette treated with heparin, Subsequently the animal was
beheaded and bled. The back skin was depilated by a close shave and then by appiying
a barfum sulphide depilatory A il particular area of the skin, 5.5 cm? was
muarked out and exctsed with the underlying subcutaneous tissus from the right side of
the back. The skin samples wero weighed, dred, defatted and analysed.

Hydroxyproline, hexosamine, sodium, chloride and potasstum determinatioas on
skin sampks and sodium, chioride and potassium determinations on plasma samples
were cammed out as described by Lancairp Jensen-Howd & Hvipeena (1963).

Results

In table 1 are shown the concentrations of sodium, potassium and
chloride 1n plasma and tissue water (mEq per litre plasma or total tissue
water,

th):nty four hours after adrenalectomy (group A) a slight decrease 1n
plasma sodium and a shght increase in plasma potassium were observed
(p < 001) The concentration of sodium 1 the tissuc water was markedly
reduced

Seven days after adrenalectomy (group B) siguficant changes in plasma
electrolyte concentrations were no longer present, but the sodium concen-
tration was still significantly reduced i the tissuc water

Animals pretreated with oestradiol (group C) showed no significant
changes m plasma clectrolyte concentrations 24 hours after ndmfrd;d
tomy In the tissue water however the sodium concentration was red

and the potassium concentration rased
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poumeed 1 cestradsol-trrated animals, therefore supports the idea that
normal plasma electrolyte ations arc maitained by usue
les.

Coux(1952), nvestigating the electrolyte compontion of rat s sk afler
armabectomy ascobed most of the changes 1o a shift of water from the
etracellular to the mtracelfular space. GAuDINO (1954) 1n expenments
on doga also found a decreass in the inubn space and an increase in the

fhbar space after adrenak y Duice, GONTHER & SCHUTTE
(19%8) snd GONTHER, DULCE & SCHUTTE (1961) on the other hand, found
that the water content of the rat’s skin afier adrenaleciomy increased
more than could be accounted for by the intracellular uptake, while the
“sodium space™ (Le the part of the extracelular space that would conttin
all the sodfum at the same concentration as 1n plasma) remained un
changed. They assumed that there was a swelling of collagen fibres with
n merease 1n the amount of “non-solvent water™ (i.e water that does
oot dissolve elecirolytes).

The results of our study Indwcate that a shift of water from the extra
ellcar (o the intracellular space is of Lttle importance for electrolyte
changes after adrenajectomy If the reduction 1n titsuc sodium observed
24 bours after adrenalectomy (table 1) were dus to a reduction in extra
edlichr flutd volume at the same tma as the total amoust of tissue water
8 sgmficantly raited (table 2), this would ymply an enormous mcrease in
:lﬂmﬂuhrsmﬁtlmm!ofpoummmhm unchanged.

sanilar statement can be made about the findings 7 days afier adre

"tum(nwpm

considering the changes that oocur m the electrolyte composition of

e skin afler adrenalectomy emphasis should be put to the elecirolyte-
:'P“‘lﬂna function of connective tissue. The degres of polymernation
‘h\hhh}mmmmywm a3 1 therctry afl
P R3ler as well as (he clectrolyte-binding capacity of the tissue.
uymﬁ;n%ihmo&nn.ﬂvwmu&&maml%‘)_mngmdw

amounts of collagen fibres and of the water attached to

tbem (GUrmzn, Durce & ScutioTs 1961),

Sommary
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Table 2
Relatiye amounts orlrnng ﬁur 100 g fat-freo tissuc) of water
hexosa ydroxyproline fn the skin.

Water H Hydroxypeo-

‘ ") gy | myitog ) line g/100
Adrenalectomy D day 12 315+ $9) $62 4154 78049
Shanm-operation 3 2T7T+ 54 353 +£130 89000

Coatrol 3 4+ 83 381 £ 228 89 £035
Adrenalectomy 7days 10 299+ 78 00138 77022
Sham-operation 3 6 +127 492+ L7 840D

Control 3 16+ 76 482+ 93 731059

Pretreated Adrepalectomy J day T 5271348 1049 £ 519 69 +£026
with Sham-operation 2 Sui9s 1132 £ 650 73 095
ocstradio] Control 4 621331 1070 £ 40.5 731040

Al values are means =+ standard esrors of the means.
) n = gumber of anlmals.
} Significantly different from tho sham-operated group at p < 001

Table 2 summarizes the relative amounts (g or mg per 100 g dry fat free
ssue) of water hexosammne and hydroxyproline in the different groups.
The only significant finding was an increase 1n the water contents in the
skin of adrenalectomized mice 24 hours after the operation, compared
with those of the sham-operated animals (p < 0 01)

Discussion

The results of our study indicate the occurrence of changes 1n the elec
trolyte composition of the shin after adrenalectomy That these changes
were not sumply reflections of the composition of the extracellular flud
1s indicated by the plasma analyses

Changes 1n plasma sodium and potassium were modest 24 hours after
adrenalectomy and statistically insiguficant 7 days later In both groups,
however low concentrations of sodium were found 1n the tissue water
1t 1s temptng to interprete this in terms of compensation of plasma
electrolytes by tissuc electrolytes, an idea substantiated by the findings in
mucs pretreated with oestradiol.

Treatment of this particular straun of mice with oestradiol causes approx
imately 100 / increase n the ccid mucopolysacchanides of the skin (ef

HVIDBERG SZPORNY & LANGGARD 1964) Previous studies have indicated

by
lectrolyte depositing capacity of connective tissue 13 there!

mﬂnmt ths; c(“mnm JenseN Howm & HVIDBERG 1963  LANGGARD
11954) The fact that plasma electrolyte concentrations i the study
recorded here were less affected by adrenalectomy in oestradiol treated

mice than m untreated mice, whereas tissue changes were more pro-
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From the Departmens of Pharmacology University of Copenbagen
(Professoc Knod O Moller M.D.)

Effects of Ascorbic Acld on Electrolyte Compositioa
of the Skin of Mice
By

Hams
(Racaived July 24, 1966

Ina senes of publications from thus lab y reports on the electrolyte
composition of connective tissue have been made. The results have ind-
ated that connective tissue, 1n & varkety of arcumstances, may scrve &3 a
reservor” for electrolytes (Hvmaera, JENseN-HoiM & LANGGARD 1963

Jesev-Howu & HYDBERG 1963 HVIDBERG SZPORNY &
Lincalan 1964 Lancairp HviDaero & Szromny 1964a Lancairp
HYDaG & SzPoRNY 1964b LANGGARD 19642 LANGGARD 1964b).
As a part of these investigations the effects of ascorbic acd on non-
soorbutic animals have been examuined. Ascorble acid has been chosen
because the ascorbate lon bt an cxample of 2n 2nion that can be bound to
macromoleziles of connective tissue, thereby affechng the distribution
of all other sons (ENGEL ef al 1961)

Methods

WEito mals mice of a single strain, weighing from 22 to 28 5, ware ased. They wers
m}-ﬂmtmnﬁ:dhbonm.ﬂanhnmadwm

Experamemtal proxys.

Lg-’mwmum Intraparitoneal Injections of 23 me sscorbic #cid (1 g/kg) In
pS 2 0009 / NaCl were ghen once a day for 3 daya.
#nrw! gromp (control on group 1) Semo a3 group 1 but without ascorbao acd
]_nlhehducﬂm&w.
w+mﬂmwlmlouh&lmd
sactia ol ware Injected mabomtancousty 7 and § days befors the
d“:*h'ddﬁmmummuAN.Gmwmwmwmm
iy 3 days befors the experinent. In coms ankmals the same doto of ascorbic
« 1 kpected once & day for 7 days.
"“hhhhuh(nm « D Suwe ts 3 bt
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Effeets of Ascorbic Add on Electrolyte Composition
of the Skin of Mice
By

Hazs Langgind
(Racehred July 24 1964

In a senes of pubkications from this laboratory reports on the electrolyte
compoution of connectrve tssiie have been made. The results have fndi-
aled that connective tissue, 1n & vanety of drcumstances, may seTve as 3
“reservour” for electrolytes (HviDRera JmaEn-Hol & Laxcairn 1963
Lasgaken, JeweeHous & Hvmpmo 1963 HvDaera, SZromny &
Laxcakan 1964 LancaArb HviDRexo & SzrorNy 1964a Lancakao
HViDBERG & SzroaNy 1964b LANGGARD 15642 LANGGARD 1964b)

As a part of these mvestigations the effects of ascorbic acd on non-
sorbutac anmals bave been examined. Ascorbic acid has been chosen
because the ascorbate 1on s an example of an amion that can be bound to

macromolecules of connective umue, thereby affecting the dustribution
of all other lons (ENGEL ef al 1961).

Methods

‘Whsis male mice of a single wrain, wclghing from 22 to 28 g wero wed Thay wero
ainistoed 00 @ standard laboratory diet with waler ad libirom.

Experomeszal growps.

1 Ascorbic acid irested- Intrapersoneal Wjections of wscorble ok
Dsmloluv/Noclmﬁcnmndqhsum sl N

Control grewy (contrel on
P — P 1) 3ame 13 groop 1 but without sscorblc sekd

monobentoate, 10 jug in 0.1 ml of
subcutaneously 7 before the expertment.
mﬁumhuﬂdw4mrmmpd&ﬂymmh
ys bafore the experioeny animaly mme mcorbic
Lmumwmld-ytoﬂmhm e dom et
33 n the Iedection fuld. = » " 3t w
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Experimental procedures

mmlumhwauhlkdmdblcdlhourmcﬂhnhnlnpalono(uwrbkldd.
In a representative number of animals from each group 700-800 ul of blood wery
drawn from the inferior vena cava, with the animal under light ether anaesthesta,
Subsequently the animal was beheaded and bled. The back skin was depilated closely
with an electric clipper and then by appiication of a berum sulphide depilatory
Of the back skin 5 to 6 cm? with underlying subcutaneous tistue, were excised and
weighed on a tortlon balance. In 10 mics from group § and 10 mice from group2 a
particular area was marked out and exclsed, The skin samples wero freeze-dned to
constant weight defatted by repeated treatments with ethyl ether and light petroleum
to weight and sub Iy analysed.

Hexosamuine, hydroxyproline, sodium tum and chloride deter foms oa
skia samples, sodium, potassium and chlorlde determinations on plasma samples and
pH determinations on whole blood were carried out as described by Lancaiap
Jenav-Holu & Hvinzerg (1963). Corrected bicarbonate values (=standard bicarbo-
nate) were calculated with the aid of the Astrup normogram, as modified by Sioairp-
ANDIREEN (1963)

Results

The values are expressed in mEq mg or g/100 g dry fat free tissue or
mEq/litre tissue water Plasma clectrolyte concentrations are expressed
in mEq/litre plasma All values are given with the standard error of the
mean. Statistical comparisons are based on the t test.

Table 1 shows the changes 1n corrected bicarbonate of plasma induced
by treatment with sscorbic ad The figures indicate that mild degrees
of non respiratory ecidosis were produced in normal and oestradiol
treated mice The figures in parenthesis are from a previous study in which
sumilar degrees of acidosis were produced by intraperitoneal mjections of

Table 1

hich
bicarbonate of plasmma. Figures in thesls from a previous stady o w
gg:?ccldﬂhc\ was injecied instend of ascorbic acid, Teading to eimilac degress of acidosls

Corrected blcarbonato of plasma

n megfl
n
mean § &.m {mtan Lem.)
Co 9 16.8 4048 s )iuax&)
o 141)4037 a
i acld — treated 3 163 02en (45 +0Jl)
Oastradlol - 9 19791034 (120" 2 045

‘erent ntrol group st p < 0.001
’ﬁmﬂmtmmwﬁw oup at p < 0.001
9

) From a previous stody (Langghtd, JemserHolm & Hyidberg 1963)
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bsotome ammonium chlonde 1n the same procedural cireumstances as m
the stody being reported here (LanGaAD, Jamv-Howw & HviDRERG
15631

The concentrations of sodum, potassium and chlorkde in plasma are
shoen fn table 2. A algnificant fall in plasma chlonde (p < 001) was
observed after treatment with sscorbic acld. Similar degrees of acidosrs,
mdeed by ammonium chlonde, caused the reverso changes, as demon
rated by the figures in parcnthesis,

The figures In table 3 illustrate that the amount of fat-frec sobds per
umt area skin sorface was unaffected by treatment wath ascorbic acid.

The sk composibons of ascorblc acd treated and control mice are

Tabic 2
Crecmiraiion of dlactrolyies Chiorids valny in parecthesis previous
M-mmmnduam”wmu,mwaw
Sodmm Potasutam
pvyi Chioads meqfl vy

men G40 | Mean tem /(e sam ) moam Lem
{ 1

l 13 | 147203 | 100 =12 |05 £ 1% 43 » 016
143 511 lO’ilJ MU £13) | 51014
146 £ 0.6 | 108 £ (109 £1.0) | 30=al9

148 = 08 100 L 149 (107 + 23) 49 £ 0.4

“W‘ﬂﬂbummmmmdmup<u,0|
')F Aiarent from Uhe oetradiol treated foq:up<u.oul
YoM previoms stady (Langphed, Jeneem-Holos & Hradberg 1943).

Taoble 3

Tuulcununndnm far and fat
-(res sofuts 1a Akun camphes of equal fasf
e f[rom mice trestad nmmc-ndudrromp‘- i evtioiing)

I
| Totwisr | Totifr | Tows e
| (g) (g whids (mg
_ | | men o | mcaarangs meas sem
Ascorpac scd
Cantred trend }g 168 1+ 2.0 33~ 113
T @-nn| 51z
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shown in table 4 A significant increase i the hexosamme (p < 0 0f) and
a sigmificant decrease in the hydroxyproline contents {p < 0001) were
observed m animals treated with ascorbic acid.

The effects of treagment with ascorbic acid on the skin compositions of
oestradiol treated nmimals are shown in tablea 5 and 6. Treatment with
ascorbic acid for 7 days (table 6) caused a significant increase in tissue
sodium (p < 0 001) and 2 decrease in tissue chloride. In anumals treated
with ascorbic acid for 3 days only (table 5) apparently sunitar but
statisically non significant changes were recorded,

Discasston

It must be emphasised that this study was not meant to beasone of the
specific action of ascorbic acid on collagen production /e of the ant-
scorbutic factor’ The experiments were therefore carried out i muce,
which cannot be made scarbutic.

The purpose of the study was to examune in 1ivo the changes, if any
the electrolyte composttion of connective tissue induced by large dosts of
an orgamc anton that can be bound to polylectrolytes 1n the connective
trssue.

That ascorbic acid 1s extensively bound mn the skin 1s indicated by
analytical values (AoT VON SCHUCKING & ROE 1959) Tissue levcls may
exceed blood levels by factors of 10 or more, indicating that over 90/ of
the tissuo amsons are present mn a bound form.

Chenucally ascorbic acid 1s a strong acid and will produce systemuc
acidosis when injected 1n large doses Therefore to be able to disunguish
between the specific effects, if any of the ascorbate 10n and non specific
effects of the acidification, an intimate knowledge of the effects of simple
pH-changes on the composition of connective tissue 13 necessary

In o previous study LANGGARD Jensen HoLu & Hvipeera (1963)
exammed the effects of phymological pH-changes on the electrolyte
composiuon of plasma and connecuve ssuc In the same strain of mce
as used ta the study reported here, and in the same expertmental crrcum-
stances, the same changes w corrected bicarbonate of plasma were
produced by mtrapentoneal ijection of the same amounts of H cquiva
fents (3 frgections, € 14 mEq each) m the form of wsotonic ammontum
chlonde. This treatment productd the same changes in the corrected

becarbonate of plasma as wcrclpr'o)duccd by treatment with ascorbic and
rted here (table
mfi‘:‘rﬁcﬁo noteworthy that though acidosis produced by amﬂ:
ehlonde caused the expected merease in plasma chlonde concen
nru ¢ fall in plasma chlonde was observed after treatment
ion®) a significan any fall in the base butfer must bo mmmu"gg

#m%ﬁmﬂ&'&;m or a full En cations, of SiGoARD-ANDARIN |
a
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with ascorbic acid (table 2) This may have been due to an excretion of
Cl~ i the urine. When ascorbate 1ons are bound in the tissue, hydrogen
1ons may be excreted together with Cl- Another possibility 15 that the
ascorbate fons simply compete with mnorgame antons of the plasma
(e. 8 CIv)

As to changes mn the composition of the skin, the question of a stable
basis of calculation 13 of 1mportance. The values n table 3 indicate that
the amount of fat free solids per unit area skin surface was unaffected by
treatment with ascorbic amd. The principle of expressing the contents of
the vanous constituents of the tissuc in relation to 100 g of the dry
fat free tissue could therefore be applied

Treatment with ascorbic acid raised the amount of hexosamune and
reduced the amount of hydroxyproline in the skin of non scorbutic
animals (table 4) Persson (1953) and JORGENSEN (1962) found an mcrense
of hexosamune 1n the skin of scorbutic gunea pigs. Admunistration of
ascorbic acid caused a rapid change of the values towards normal Others
(e.g. CHEN & POSTLETWAIT 1961) have not found thus the whole problem
of the effects of ascorbic actd on the acid mucopolysacchandes of the
connective tissue 1s far from having been clanfied. It is however generally
agreed that absence of ascorbic acd leads to a severe inhubition of
formation of collagen fibres (Goulp 1958 CHEN & PosTLETWAIT 1961
JORGENSEN 1962) Effects of ascorbic acid on collagen of normal connec
tive uissue have, as far as we know not been reported. The apparent
discrepancy between the results of the studies cited above and of our
study may therefore not exist, since companson between the action of
ascorbic acid 1n scosbuttc and nom-scorbutic amumals may have no
meaning.

ROoBERTSON (1961) found that not only collagen formation but also the
break-down of collagen depends on the presense of ascorbic actd. This
observation may indicate a parallel with our results Ascorbic acid may
be present 1n mous¢ skin at the concentrauion ophmal for collagen
synthess. A further supply of ascorbic actd would therefore have no
sfluence on collagen formation but could accelerate the break down of
mﬂﬂf”m, siguficant changes 1n the electrolyte composition of the skin
are scen in the oestradiol treated amimals. The treatment of ths particular
stramn of mice causes an approximate 100 4 mncrease 1 the amount of
acid mucopolysacchandes 1n the skin The electrolyte binding capacity

of the skin 15 thereby considerably mereased (HVIDBIRG, SzrORNY &
I XRD 1964). The decreased tissue chlonde of these anunal: ;;:

bably the result of a competsuon between ascorbate 1ons and chlo ¢
a5 T et
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sodmm after treatment with ascorbac acad scems of special interest, 1o view
of the fact that acxifying treatment with ammomum chlonde resutted
k1 a conuderable mobilization of sodium from tho tissues (LANGGARD,
JoanvHow & Hvipeeea 1963) Apparently ascortuc acid has a spedific
ofitct on conmective tmsuc ground substance this prevents or over
commpensates for the non-specfic effects of the acidifymg treatment. The
hiading of the sscorbate tons itself may affect the caton binding. The
bodng of anions to imsoluble cofloids 15 generally accompaniked by
changes m the binding of hydrogen lons (ENGEL & JosepH 1960 ENGEL
&l 1961). As a result, the dstnbution of all amons and cations 13
afected through modifications of the colloidal charge. Ascorbic acld
may further have a direct effect on hyaluromc acid. Although the hexosa
minc content 13 unchanged (tables 5 and 6), the hexosamme content 1n
tte group treated with ascortuc acid may represent a more highly poly
rﬂ;dhyﬂmmcmdwﬁhmnuwdmmn—bmdingmpamry(xum

Sammary

The effects of ascorbic acid on the composition of skin have been
cammed in non-scorbatic normal and ocstradiol treated mice.

Mild degrees of non-respiratory acidosis were nduced by the treatment.
mmhlw‘huefcrcbemcompamdwnhthm:oflpmmmuudy
Awhich smilar changes in corrected bicarbonate of plasma were mdnced
by tratment with ammomum chlonde

Treatmen with ascorbac acid cavted a sigmificant fall in plasma chlo-
D2, whereas treatment with ammonrmm chlonde had rased the concen-
"‘hdchlnﬂd.:mplumx_

Treatment with ascorbsc acad ramsed the hexosamine content and re
d""“1'-hﬂlmlr»\mlol'hyclmxy]:u'(zlmc11:|'.l:mlkmofm)n:n.l.lmin:e.
7“'h=noumdm1mwdmum treated with ascorbic acd for
.‘h"'mmm:xccumdcpoutcdmme:kln.lnconmnm‘hlhu.
Bobllisation of sodrum from the skin was observed after treatment with
mmmm um chloride

resulls have been interpreted m terms of a binding of ascorbato
h”whﬂuhlecnﬂo!d:onh:wmnﬂwﬁsmc.

Atknowl:dgem:nu.

urT'f: lovestigation was carred out 1n the Laboratory for Investigatian
Phlmnm{agy of the Connective Tissuc with a grant from the

Danith Natioga] Assocation agamst Rheumatic Duiseases.
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Amlgesic Action and Brain and Plasma Levels of Morphine and
Codeine in Morphine Tolerant, Codeine Tolerant
and Non-Tolerant Rats
By
Torkell J6humemon amd L. A. Woods
(Recwred Tuly 28, 1964)

In a terature review SHAUMANK (1957) reported codeine to possess §
101y the tame analgesic potency of morpiune for the rat, as measured by
e il fick method. No mention was made, however of the route of
Mumsiration or the trme mterval between the injections and the testing
for the degree of analgesia. Our mvestigation was, therefore, deddgned to
mpare the refative potencies of morphine and coddne In non-tolerant
o tolerant raty at two tunc intervals after subcutancous or intraperi-
fooea! admunistration of the drugs.

Incinded in the study is a companson of the degree of analgesia with
te xmounts of the analgesic drogs 1 whole braws of the animals. It s
Teoognzed that soch studscs have special hmitations, in 5o far as the
e localiztion of the analges in the central nervous
#¥ect i oy known. Expenmental evidence does not favour the idea that
2phine analgesia 13 assocaated with remarkably hugh concentration of
f"dmzmonaormomdmmummmmmmm&Wm
96zMULﬁ.Woa)s&MEum'r1%2).Tlmeprrv'k:rusworkvmhmor
P (Meoaemon & Scaou 1963w, b) was extended 1o test whether
:Wﬁhdmaofmnrphnrmdcod:mcglmtomubymbcunnm:
mhn‘mmmmouﬁodumth:umlevehofﬂrdmgxinhmm
h::‘gmhmxaf&mm(lm)thnthnmﬂmmmufm
kSmlhamn\mmtom-phlmhﬁmwutwadbyJ&um
hzmcﬂ_(1963l).whnd:m.onstn.!.:dlhnnmrphi.nnm:bofonndmt.tn:
h‘hd,‘l::“mLp.eodanc.mlmnunuofmurphln:foundln'hn

rats were not significantly different from those found in
A Pttt v 31, e 4.
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expcdmmlzohom:nﬁulhelandauydmoofmnrphlmorcoddne.mmbwn
after recelving the last § lons 1n the tol, peciods, their reaction times (no drug
hn'lnzbcerlln}ectcd)wmfoundlobnintheumcmnnuthmeofﬂwnon-wlaim
rats. This was also trus when morphino tolerant rats were taken fnto experiment
2 hours after the last dose fn the tolerance perlod.

The influcnce of excitation seen in morphune tolerant rats soon after the last dose
In the tolerance period (cf MARTIN e al 1963) on the tolerancs to the analgesc effect
of morphine was studied in morphine tokerant rats 2 hours after the last doss of
mrphlmmﬁeaoftohnnmmmdannmulmonuwkmdmbnofﬂndm;
was abo investigated.

Comparizons of the degree of analgesia with the drug levelr in brain aad plapea,
Morphine or codeine were administered to non-tolerant rots by s.c. and 1p routes in
amounts that statistically gave the same degres of analgesia when tested 30 minutes
after the injections. The doses were § mg/kg of morphine or 60 mg/kg of codeine xc.
and 10 mg/kg of morphine or 30 mg/kg of codeine § p The animals were ancsthetlred
with ether 27 munutes after the injections. About 1 minute later the abdomen was cut
open and the aorta punctured and 6-10 ml of blood were withdrawn in 2-3 minutes,
Then the total brain (including the brain stem and the cerebellum) was removed and
stored deep-frozen until analyses for morphine and codeine were performed. The blood
was centrifuged and the plasuma stored frozen until it was analysed, For comparson,
tolerant rats were also given these amounts of morphine and codeine and treated in
the same way as the non-tolerant rats.

Morphine and codelne were determined in 0 7-1 0 ml of plasma and 4 measured
amours were analysed from cach animal. The plasma samples were difuted to a vo-
lume of 3 mL The total brains of the anlmals were homogenired with & Teflon pestie
after adding a sufficient volume of 1 M NH4OH solution to make a tota! volume of
10 ml. Two 3 ml portioms were used from each brain each portion thus contalning
about 500 mg of braln tissue.

Determinations of morphine and codeine N-Ci4 Methyl labelied morphine and
codelne were synthestzed by a slight modification of the method of ANDERSON &
Woons (1959) The specific activity of the morphine and the codeine was about
1 mC/mM

Tha estimation of the radicactive drugs in biological materials is, with modificatian,
that of MuLt & Woops 1962, Murt, Woors & MrLLrrT 1962 and Cuennov &
Woops 1564 Three ml porthons of fluid or homogenate were transferred to 43 ml
centrifuge tubes, containing 0.5 mg of non-labelled morphine or codenc canier of
both. Two ml of 40/ (w/v) dibasic 1 hosph h plus 15 ml
of ethyleno chioride (Fuher Scientific reagent grade) containing 10/ (vA) n-amy]
alcohol (Matteson Coleman & Bell reagent grade) were added. The mixture was
mfmwmumatmmodmmmmmummuowmm
and then centnfuged at 3000 1 pan. for 15 minutes. Tho upper aqueots layer wis
mmwwﬂdmmdhmmwwm&mmwforbﬁ)
scconds after adding 4 ml of 4/ (w/v) dibasic potassium phosphate. Then the tu
wers again centnfuged at 3000 rp.m. for 15 minutes, and the agucous phase was
removed by &spranco. contauning morphino o codeine or both,

Tmmlporﬂomof'-be.dnmmmpﬂhmnmnmm“dmwm(mdmmnlgm

warmer at 55° “The residue upon cvaporation was dhsohed in 0.8 m!
| £2,5-dipb

a-amyl Tmmlohmtﬂhﬂu;wluﬂm, 6g0f

and mal:;sho‘;_ 1 4-bus-2(5-phenyloxazolyl)-benzeno In 2000 ml of analyncal grade
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nioese, were added, and s radicactivity was determined In & Nuckear-Chicago
Modd 720 Senes Liquidt Scintiflation System. The samples wero comnted for 3 x 10
srcewen. Coatrots for the backgroand and controls with known amounts of labelled
morphoe and codemne were run concurrently 1o servo as check on the techmique and

of the counser
When the imimals had recefved codeine, attempts wero mado to separate blotrans-
foraed rorphine from codeine fn brain and plasma. For this purpose ooo half of the
scpim malysed from cach animal (ono from bralo and two from plasma) wero
shalen for 10 minotes with 4 ml of 0 1 N-NaOH after they had been washed with

fat CPM) betwern the mummples treated and the samples not treated with sodwm
Ipironide therefore indicated the amonnts of morphine in the tmeue.

Known amounts were taken out of the squeows dilutions and added to
mm(lo/M)mm(lo/m)mmAw{w
b was always observed when net CPM vahies were plotied against
G total armonty of the labelled drugs (cormelation coetficlent, = 1.0}

Sevwal 0.1 mi postions of the aquoous dilntions ware tranaferred (o the counting
2k ind tvaporaied to dryness for 2 bours. Tho resldne upon cvaparation was

CPU with bunety of exroc of tho mean (L E) + 32 atP = 095 1 ng of Cltlabelied
:f-tmeﬁnﬁG’Milo/(LE).Thmﬂmmukmu
h““m—mmmmm The percentags recoveries

OThing were 98.6 + 3.5/ (L.E.) from water 932 + 24 / (L.E.) from brain
:’lﬂm:lmdﬂ.ﬁilﬁ/u)ﬁm\mmmupmﬂn[&mmlu
W1 g gy reooverios of codeine - LE werw %874 32 4, 965 £ 23/ and

‘e, 11 mentioned before, administered to the ammal. Appeoprate
Prads factors were thecefors used to cakeutate the total amounts of the drugs
- 2d plazrm. The results (ng/g, og/ml) refer to the total xmoumita of the “fres™

Percantage of morphine m mixtures of the two drugs, the higher wero the
x“u“rgmmmrwmmorummm
dhdhmm-mm.mudwmmus

labelled codeine morphine 0.6 & 110 from water 842 + 102
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from brain homogenates and 825 4+ 12.6 / from plasma. Codeine 996 + 16/
from water 101,/ + 16/ from bran homogenates and 996 + 1 8/ from plasma.

In enalysing brains from a few rats injocted with morphine, 10-20 / quenching of
ihe counts was observed, This was due (0 yellow colour extracted from tho tiasus, The
quenching was corrected by adding internal standard of C14 The x2 test was performed
as described by BURN ef af (1950) Other statistical cakulations were performed by
the procedures of Saunpers & Fioaana (1957 [n test of signficance the aull
hypothesis was rejected if p! < 0,08

Results
Analgesunetry

1 Nor-Tolerant Rats The resuits of the analgesic experments with
morphine and codewne after sc. or tp adnunstration are summarized
in fig. | & 2 The annlgesic potency of morphine was about twafold
greater after s ¢, thanafter 1 p injections. For codeine the reverse was true.
Morphine 18 therefore 10-12 umes more potent as an analgesic than
codeine at the EDSO0 level if the drugs are given by the s.c. route, whereas
Lp morphme exhubits only a threefold greater potency than codeine

The degree of annlgesia was, except with subcutaneous codcne, gene
rafly greater 30 minutes than 60 minutes after the imyections, Thus, except
for s ¢. codetne, the lowest doses of the drugs produced analgesia in less
than 103 of the animals 60 munutes afier the injections.

As illustrated 1n fig. | & 2, pretreatment with reserpine 44 hours before
adnumustration of the narcotic agent did not alter the analgesic effect of
morphine or codemne In another expenment rats were adnunistered
reserpine (2 mg/kg) 16 hours before s.c injection of 60 mg/hg of codenc.
Although these animals were highly sedated by the pretreatment with
reserpine, they showed the same degree of analgesia as control rats at
30 and 60 munutes after the injecuion of codeine

2 Tolerant Rats The comparative analgesic effects of admunstering
morphine and codelne by 1p or s.c. injection to non tolerant morphine
tolerant and codeine tolerant rats are shown m table 1 At 30 minutes after
the mjections, the morphine tolerant rats exfubited less analgesia after
morphine or codene than did the codeme tolerant rats However the

latter ammals did demonstrate a sigificantly lower anaigesic effect by

morphune or codeine than the non-tolerant rats At 60 nunutes after the

injection, exther one of u:;:] of the morphine tolerant and codenc tolerant
oup wis esic

mté';;ec[::}}ghaﬁ) The lethal dose of codeme by tp myection was
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from brain homogenates and 82.5 4 12.6 / from plasma. Codelne 996+ 16,
from water lOl/ﬂ:lG/fmmbﬂmhomoaumudeht 18/ from plazma.

1n anslysing brams from a few rats injected with morphine, 10~20 / quenching of
the counts was observed. Thus was due 1o yellow colour extracted from the thsue. The
quenching was corrected by adding internal standard of C14 ‘The x2 test was performed
as described by BUrN ef al. (1950). Other statistical cakculations wers performed by
the procedures of SAUNDERS & FLooumna (1957) In test of sigmficance the pull
hypothesis was refected if p' < 005

Results
Analgesimetry

I Non Tolerant Rats The results of the analgesic expenments with
morphune and codeine after s.c. or Lp admurustration are summarnzed
i fig [ & 2. The analgesic potency of morphune was about twofold
greater after s . than after i p injections. For codemne the reverse was true,
Morphine 38 therefore 10-12 times more potent as an analgesic than
codene at the ED50 level if the drugs are given by the s ¢ route whereas
1p morphine exhibits only a threefold greater potency than codeine

The degree of analgesia was except with subcutancous codeine, gene-
rally greater 30 minutes than 60 minutes after the injections Thus, except
for s c. codeine, the lowest doses of the drugs produced analgesia n less
than 10 of the amumals 60 mnutes after the inyections,

Asllustrated in fig. ! & 2, pretreatment with reserpine 44 hours before
admimstration of the narcotic agent did not alter the analgeste effect of
morphine or codeme In another expeniment, rats were admunistered
rescrpine (2 mg/kg) 16 hours before s.¢ injection of 60 mg/kg of codeine.
Although these animals were highly sedated by the pretreatment with
reserpine, they showed the same degree of analgesia as control rats at
30 and 60 minutes after the mjection of codeine

2. Tolerant Rats The comparative analgesic effects of administening
morphine and codeine by i p or s.c. uyection to non tolerant, morphune
tolerant and codetne tolerant rats are shown 1n table 1 At 30 minutes after
the iryections, the morphune tolerant rats exhibited less analgesia after
morphine or codewne than did the codeine tolerant rats. However the
Jatter ammals did demonstrate a significantly lower analgesic cffect by
morphine or codetne than the non tolerant rats. At 60 munules after the
mjection, erther one or none of the morphine tolerant and codeine tolerant

h group was analgesic.
mu@dem?:ugz[:a/;y The lethal dose of codeme by ip. syection was
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Table 1

Analgeste effects of morphine and codeine in non-tolerant, morphing tokerant and codeine

tolerant rats at 30 and 60 misutes after the injections. The lo{rrml s, c:wq:: ono group

of morphino-tolerant rats, were uken into experiment 20 houra after the Lust dose ﬁu(be
tolerance period.

Non-tolerant ) Morphine tolerant ‘ Codelne tolerant

Drugs and Doses | B T P P 5
my/kg Nr o Igsie  Nr oo kN af

Ank |__response ‘Anp | _respomso [ Al | responss
™ [30mln J6omin] " [somin 0min| ™ 50min[s0mtn

Morphinz 5.0 s 3 esles| o] ol alnfuls
Coddino 60.0 ¢ 2 )6 | 2| | of oD (n) &
Codeine 30.0 /¢ 26 (77w 35| 0l%) 7
Morphine [0 7 S 69 [ st o8| 3 ]
Morpbine!) 100 /p 16 | o Z a

s.c. subcutancous Infections Lp  intraperitoncal infections.
1) Theso were taken nto experiment 2 hours after the Last daily dose of morphins.
) The same vatucs as depicted in figy | and 2. Theso doses were taken as eqmunalgraic
8t 30 minutes comparison of morphins 50 s.c and codeing 30.0 Ly gare 2 ralue of 32
lower than © 3 1n & parallel study with dmilar numbers of non-tolerant rats, these 4 doses
produced enalgestan 70 ,, 76 » 77 and 7! of the antmals at 30 minutes (unpublished
reults)
) Significantly lower degree of analgesis than in the non tolerant rats (x2 > L84).

compared 1 non tolerant and codetne tolemant rats (table 2) Although
only few aumals were used, the result ndicate, that codemne tolerance (to
the analgesic effect) does not markedly alter the lethal action of codeine.
All the ammals that died, non tolerant and codemne tolerant, showed
generalized convulsions. The mumumal lethal dose of coderae 18 greater
than 200 mg/kg 1f the drug 1s given by s ¢ mjections.

Table 2

Letbal [1p codeine in coddino tolerant and non tolerant rats. The nombers of rats
dyincfmrn ésmlnuln as well a3 those of rats that surnived this penod are e

l

Non-tolerant ‘ Codeine tolerant
Dowcs of Nr of
Nr of Nr of Nr
P Nrof | anima ' Animes SOl Animal At
Dying Surviving D)ng noog
6
128 10 '.; ? 3 10 ? 3

150 10
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Tabie 3

Concantrannoms of morpbios plnml(:fml of 16 non-telerunt and
! hm&“\ﬂ%aﬁn m;on—wlanmnuna:m:d

arphesa od & ection. The tolerant ran were given the drug by Lp.
m%@mﬁuﬁmmawn‘ﬂumdmw
drug. The meam are o ea at tho botiom.

Noo-tolerant Nom-tolsmuar 1 Toleramt Given
Sugligre 10mgkgin 10 my/xg Lp-
Morphine Morphine M Lary
P | mEal } B | wma ( InPiama | in Breia
m 173 1020 \ | 493 1 160
1260 i ” 17 sm 1
1190 205 as Lo 540 163
10 Bo | s | a5 | e | s

910 143 10
[ ws | e |
%09 138 140 |
s l 343 03 130
L S B B {1 s | 1%

*} Not gmticanity duffeveat (1 < 2.15)
) Supacioanily lowtr thas the valoes marked with (1 > 2.23).

Drug Concentrations in Bratn and Plasma (tables 3 & 4). The morphune
wocentration  the braun of the non-tolerant rats was on an average
Pprovmately 180 ng/g 30 mumutes after sc injection of 5 mg/kg of
worplune and afier Lp. injections of 10 mg/kg (these are equinal
ke doses by the specrfied routes), and not sigrficantly lower m the brain
of morphine tolerant raty gven 10 mg/kg of Lp morphune, Plasma con-
FuUrbons of morphine were approxumately fivefold greater than the
brain 1n the tolerant rats, after 5 mg/kg of sc
morpiune or 10 mg/kg L p., bat only about threefold greater in the
morphine-tolerant rats.

Ia contrast to the results of experiments with morphine, the admunistra-
toa of codeme, in doses equuanalgesic with those of morphine, gave 30
munstes after the injections & mean bran concentration of codene of
?mmnﬁlslﬁ:rwmmbylhsncrmmdabommnyxaﬁa
MBgfmdnncbym:memlumhlummthemnnphm
a3approximately § the bral ation. Thes.c. inject]
dwmﬂkco(oodnmmdtp.injwuonorwmgfkgtomdummlmmt
nup\ocommumamo(codnn:mhnm,mndnumnﬁaadmmum
teoa, onm:n average of about 7000 ng/g and 11500 ng/g, respectively
hmmm;mmmnormmmmmm}ormz
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Tb:mdndmphlncmﬂomtmmmmornpn—tolu-mtnuwm
Wnnmidymwlaﬁumamjualono(wmg/kgofcodnm.bmm}y
lwllﬁuip.admmnmuonofwmgfksofooddnc.Thu;,nhhough
the Lp. dose was hall that of the s.c., the former gave on an Average
mare than twofold a higher concentration of biotransformed morphine
m plasma. On the basis of the plasma concentrations of morphine,
the comversion of codeine to morphine was less in the codene tokerant
ot

The presence of morphine, biotransformed from codeine, could no tbe
demonstrated 1n braln tissuo of rats after either a.¢. Lp Inyections of
codelne, Slnce the plasma/brain ratio for morphme was about 5 to 1
aoo-{olerant rats given morphine (table 3), the same ratio should hold
for morphine formed from codeine I riro The predicted brain concentra
toa of morphine 1 the non-tolerant rats, given 60 mg/kg of s.c. codeme
or 10 mgfkg by the L. taute, would therefore be about 45 ng/g ar 105 ngle,
Tespectively It is, as mentioned before (cf. methods), not possible to quan-
bate 50 small amounts of morphine 1n presence of the [arge quantities
of codelne found in the bran,

Discaslon and Cooclosions

Apart from samalgesia due 1o s codelne, the degree of analgesia
produced by codeine and morphune m non-tolerant rats was less at 60
mmuies than at 30 munutes after the Injections (fg. 1 & 2). This difference
was particularly strnking in the tolerant rats (table 1), an observation 1n
tgreement with the classical view that tolerance to analgesia 13 characte-
tized by shorter duration of action as well as by lower mtensity of effect
{Rossaacat 1880).

Morphinc was & more potent analgenc than codeine, as could be
Gpu:tcd,bmmardaﬁvnpmmdavamdnmmhufom{o%d,dzpmdm;
tpon the route of ad whether b or intraperl
lmLWhgncodcmeandmorphtmmbungcompmtd,thcrmn‘tof
adiunisiration must therefore bo stated.

Equianalgesc doses of morphine given to non-tolerant rats (5 mg/kg
t<. and 10 mg/kg Lp) were assocuated with the same concentralions of
the drug in brain and plasma (table 3). The repar

od drogs were & MhhﬂmOn}yuxuﬂu.orm
ofbmlopalnulahlmwdldm

Wlmd“wum“mwﬂjumldm&lmﬂ the further quantitatrve

Wmmam(wmmgbymmmmmmwy
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the i p route gave closely sunitar concentrations of the drug in brain and
plasma of non tolerant rats (table 4) The equianaigesic doses of codeme
were also cquanalgesic with those of morphrne mentioned above (cf
table 1) On the basis of comparative concentrations in bram, it appears
that morphine, molecule for molecule, 15 about 50 times as potent an
analgesic agent as codeine (cf tobles 3 & 4) In her expertments on the
admimstration of analgesics into the cerehral ventricles of mice, ADLIR
(1963) found morphine to be about 100 tumes as potent an analgesic as
codeine Bram tissue possesses little, if any abibty to convert codemne to
morplune (ELisoN & ELLIOTT 1963 JOHANNESSON & ROGERS unpublished
results) Therefore, the question must be faced whether the relatively
high analgesic potency of codetne observed after peripheral admunustrn

tion of the drug in the investigation recorded here, 13 due to biotransfor

med morphine gaiming access to the brain (see below) It should here be
menuoned that normorphine and norcodemne if present in brain and
plasma of the amimals, would not have been determined by our
technique

Although biotransformed morphine was found n the plasma of all rats
given codeine, morphine could not be detected in brain ussue because of
analytical difficulties associated with the presence of large quantities of
codemne The concentrations of brotransformed morphine m brain can,
however be predicted to be approximately 45 and 105 ng/g after s.c.
injection of 60 mg/hg and Lp admnstration of 30 mgkg of codewne,
respectively  (cf results) Whether or not these predicted or
perhaps even higher amounts of biotransformed morphine were 1n fact
present 1n the bram of the rats given codewmne 13 conjectural, but certanly
compatible with the results of an earlier investigation (JOHANNESSON &
Schou [963a)

The enhanced analgesic effect of 1p codene, as compared with s.c.
could result, @ priori from higher (predicted) amounts of biotransformed
morphie m the brai. This view 1s supported by the observation that
simultancous s.c admimstratton of morphine and codeine to rats results
1 either an additive or even a potentiated annlgesic effect (unpublished
results) A reasonable assumption would then be that when codeine, and
the morphune derrved from 1t, are both found m brun a sumdar additive
or potentiated action would result. The enhanced biological acuvity of
codewns when given by the i p. route may on the other hand, result from
o more rapid and more complete absorption than when the drug 1s

The ter persistence of the analgesic ¢ffect

mjected by the s.c. route. grea hasized
€ 3.c. codeine 15 compatible with this 1dea It should also be emp.

o1 8. of codeine ts extremely low i the rat (You

of conyugaton
iaéou;cdr;t;mm;ugzn) a phenomenon that must be advantageous for
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lh:bobghulndjmyofthndrugwhmitupmbpr.chcuon.
Nalorphine, moreover s even a more poteat antagonist to the analgesic
efiect of codeme than to that of morphine (JOHANNESSON, unpublished
resalts). Therefore, atthough the morphine formed from codeinc ix rivo
may contribote somcwhat to the analgesic action of codeme, especially
afer Lp admmmtration, the results also suggest that codeine possesses
10 amlgesic effect m its own right.

In ritro experiments have shown that liver mirosomes from non-
tokrant rats convert sigmficantly greater amounts of codewno to morphme
than Liver mxcrosomes from codelne tolerant ammals (JGHANNESSON &
Rocexs, unpublihed results) The in viro expenuments reported here
confim the &1 vifro studies. BOUEBSQUET RUPE & Mirva (1964) havereported
that chronuc pretreatment with morphine produces a (non-specific) ihibt
ton of metabolic pathways in the rat. Investigations are now in progress
n thug Iaboratory to determine the possible occurrence of a sumular mhibi
toa of drug metabolism 1nduced by chronie pretreatment with codeine.

The codelne tolerant rats were kess tolerant to the analgesic effect of
codemne 30 minutes after the mjections than were the morphine tolerant
nts to morpluns. Significant cross-tolerance between the two drugs was
ko apparent. Tolerance to the lethal effect of morphine in rats may devel-
op y with tok to the amal, action (JOHANNESSON
1962 JoAannamson & ScHou 1963b  JSHANNESSON & Lona 1964) Thus
o apparently not true for codeme (table 2). Usually high doses of mor
phane produce death in rats in flaccid paralysis, although convulsions may
precede death. However death after codsine s invamably assocuated
with convulsions,

Plasma levels of morphine were significantly lower in the morphine
tolerant than 1n the non-tolerant raty 30 munutes after 1p tnyection of
10 mg/kg of the drug, altbough the brain levels were the same i both
£roups of ms (table 3). Therefore, low or absent analgesic effect of
morphing in the tolerant rats cannot be duc to a lower kevel in or absence
of the drug from beain, an observatlon that confirms the previous results

of JANKESSON & SCHOU (1963 b). Neither
1o lawer concentoadons af tha 4 s tolerance to codeine related

43 'm vralm {Wiolie 4) The lower plasma

evels of morphine tolerant animakh
of this investigation. has no ready explanation on the basis
The administration of morphume to rats
chronsc pretreatment for several wecks

mads tolerant to the drug by
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theip route gave closely sumilar concentrations of the drug in bran and
plasma of non tolerant rats (table 4) The equanalgesic doses of codelne
were also equinnalgesic wath those of morphine mentioned above (f
table 1) On the basis of comparative concentrations 1n brain, 1t appears
that morphine, molecule for molecule 13 about 50 tunes as poteat an
analgesic agent as codemne (cf tables 3 & 4) In her expeniments on the
adminsstration of analgesics mto the cerebral ventricles of mice, ADLIR
(1963) found morphine to be about 100 times as potent an analgesic as
codewne. Bramn tissue possesses hittle, if any ability to convert codeins ta
morphune (ELISON & ELLIOTT 1963 JOHANNESSON & ROGERS unpublished
results) Therefore, the question must be faced whether the relatively
fugh aneigesic potency of codemne observed after pentpheral admunstra
tion of the drug in the investigation recorded here, 1s due {o brotmnsfor
med morphine gamung access to the brain (see below) It should here be
mentioned that normorphine and norcodeinc, if present n brain and
plasma of the animals, would not have been determuned by our
technique

Although biotransformed morphune was found in the plasma of all rats
given codeine morphine could not be detected in brain tissuc because of
analytical difficulties associated with the presence of large quantities of
codeine The concentrations of biotransformed morphine m brain can,
however be predicted to be npproximately 45 and 105 ng/g afier s.c.
njection of 60 mg/kg and 1 p admunustration of 30 mg/kg of codeine,
respectively (cf results) Whether or not these predicted or
perhaps even higher amounts of biotransformed morphine were 1 fact
present 1n the bram of the rats given codeine 18 conjectural, but certanly
compatible with the results of an earler investigation (JOUANNESSON &
ScHou 1963a)

The enhanced analgesic effect of 1 p codeine, as compared with s.c.
could result, g priori from higher (predicted) amounts of brotransformed
morphne 1n the brain Thus view 1s supported by the obscrvation that
simultancous s ¢. adnunstration of morphne and codetne to rats results
in either an additive or even a potentated analgesic effect (unpubiished
results) A reasongble assumption would then be that when codene, and
the morphune derved from 1t, are both found in bram a similar additive
or potentiated action would result. The enhanced biological activity of
codeine when given by the 1p route may on the other hand result from
2 more rapid and more complete absorption than when the drug ﬂg
inyected by the s.c. route. The greater persistence of the analgm:ﬂ;m

codeine 13 compatible with this idea. It should also be emp
ofsc. codeine 13 extremely Jow 1 the rat (Y
that the rate of conjugation of codein us for
rtion), @ ph on that must be advantageo
personal co
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normal (SLOAN ef a/ ) and the levels of S-hydroxytryptamune in brain were
unchanged dunng addiction and abstnence. In the experuments recorded
here the morphine tolerant rats were i an exhaustion like state at 20
hours after the last dose of morphune in the tolerance penod. The animals
showed at thus time a smalt but sigificant analgesic effect at 30 munutes
after 10 mg/kg of Lp morphine No analgesic cffect was seen when
the dose of Ip morphine was gwen to the ammals two hours after
the last scheduled dose dunng the addiction cycle. It would nevertheless
seem unlikely that tolerance to the analgesic nction of morphune mn the
rat 15 related to the early signs of stimulation or depression in the ab-
stinence period or to the levels of catecholamuncs in the bran partscularly
since pretreatment with reserpine has no effect on the analgesic effect
of morphine or codemne (fig. 1 & 2, and results) or 1n a previous mvest-
gation (JOHANNESSON & ScHou 1963b) The apparently heterogenous
nature of the abstinence symptoms (¢f HUIDOBRO er al 19632, b) may
also sndicate that the signs of morphine abstinence are not closely related
to 1s analgesic effect.

Sammary

At the EDS50 level morphine 1s 10-12 times more potent as an analgesic
than codesne if the drugs arc given by s c. injection whereas after Lp
inyections marphine exhubits o potency only three tmes that of codene.
Except with s ¢. codeine, the degree of analgesia tended to be lower at
60 than at 30 rmunutes afler injection

Equanalgesic doses of morphine given to non tolerant rats, whethet
sc. or1p resulted in the same concentrations of the drug n brain and
plasma. Likewise, nearly identical amounts of codeine were found 1
brain and plasma when cquanalgesic doses of the drug were given to
non tolerant rats by s.c or n.p njechion

Morphine, formed from codeine in sivo was found in the plasma of all
rats given codeine. Biotransformed morphine could not be demonstrated
1n the bram of these rats because of analytical difficulties However most
of the available mformation supports the jden that the analgesia produced
by codeine 1s not entirely due to biotransformed morphine m the brain
If tested 30 munutes after the injections, codeme tolerant rats were less
tolerant to the analgesic effect of morphine and codeme than were
morphine tolerant rats. The expenmmental findings suggest that tokerance

codeinc analgesia does not nvolve tolerance to codemne lethality
© t with reserpine did not affect the analgesic cffect of mor

Pmm::cd:m Talerance to the analgesic effect of morphine 13 appa

e levels of catecholamines.
rently not related to braua le
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Alkalosts During the Disulfiram-Ethanol Reaction in
Unanaesthetized Rabbits
By
T Brundin
(Roceived July 28, 1966)

HALD JacomseN & Lagsen (1948) were the first to demonstrate that
dhanol elicits a charsctersth 1 hyp hyperventila-
tion and other sympioms, in human subjects pretreated with disulfiram.
Pexsax (1962) showed that ethanol could produce a similar symptom

feature of the reaction is a dignificant fall m plasma potastium as measured
in unanaesthetzed rabbits by BRUNDIN GREER & Poaaan (1962) The
mechanism of this electrolyte disturbance 18 not known. PERMAN (1962)
described a slight increase in artenal blood pH durmg the 1ntial phase of
the disulfiram-cthanol reaction in urethane-anaesthetized rabbits, How-
¢ver the marked hypokalaemia found during the reaction in awake rabblts
could not be duse to thus shight change m the acid-base balance. In hu-
mans RABY (1954) found an slkalows dunog the reaction. In the study
bere recorded, the artenal blood pH was followed by a new method 1n
awake rabbas duning the disulfiram-cthanol reaction. The artenal blood
pressure was also recorded, to define the reaction.

Methods

Mals albano rabits (294 ke wero wied Under ka)
Guhcters (INTRAMEDIC PE 50) were faerted fnto the

chamber contanng R clectrode

meter (RADIOMETER PHM Z3). To prevent blaod from calomel

o the clectrode, the rrangetacat described by Bronestu (1964) et e vom sty
mdd‘dmluhlu&mﬁ‘hhlmﬁmm."u—hlumgu
mﬂuﬂm:mh-mm-mhu:. A
Fw.rmmcuhngdm-mbamdn%d,ud of the c #



396

T JOHANNESSON AND L. A. WOODS

Muls, 8. J L. A, Woods & L. B. Mcllett Dhtribution of N Cl-methyl
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|
°
Fig. 2 Artenal biood prounrs sad arteral blood pH dunayg the
ton t rabbuts. Abschua thos Im min after begluang mfsioa Upper ardinate;

be dary to the alkal The hat slight increase of arterial
hlood pH found in urethane-anaesthetzed rabbits (PERMAN 1962) was not
confirmed by these results. Possibly the general ansesthesia, which can
sometimes cause an posdosls, exerted a disturbing effect on the acid-base
Enhna.Abouuhconp.uothuﬂhlmunulhmguknown.Hypavm—
tlation, which » a classical feature of the duulfiram-ethanol reaction,
Indicates that the ongn alkalosis 18 resprratory witch would be m accord-
ance with Rasys (1954) findings 1n man. Probably other electrolyte drsturb-
ances occur dunng the disulfiram-ethanol reaction, but so far this matter
has not been studied.

Sammary
By & new method arterial blood pH was followed in awake rabbns,
Dunng the mduced disulfiram-cthanol reaction they showed a marked



398 T BRUNDIN

1o pH mater

PH ¢lectrode

—ihet mometer
Saline {led
glass chamber:

Fig. | Arrangement for measuring blood pH in awake rabbits.
Arrow indicates directbon of blood ttream.

bloodmumednrou.ndtheclcctmd.c_throushmoumowtubo into another glass
hamb ining a therm, and then into the venous catheter as seen m g, )
Through this extracorporeal loop containing 2.3 mI 2 blood flow of 6-10 ml/min.

Results

Artenal blood pH showed a marked wcrease after ethanol administra
tion to those rabbits pretreated with disulfiram. The maximal alkalons
oceurred about 40 mun. after the ethanol infusion began (table 1) There
was also as expected, a fall m artenal blood pressure 1n these amumals
(fig. 2.) No overt changes 1n arterfal blood pH or in the blood pressure
occurred 1n the control group

Table 1

Chan arierial blood pH after cthanol ad to rabbils with
g ln dLmlﬂnmmdPLoconuohrccqvin;lhoumduuofﬂhmoL

I 40ma

Numbezr of | 111141 valnes | after eahan 1

expeniments

2 740 £0.02)
3 T4 2004

741 4003
68 1 0.03

et with dhfiraza

)Mmimndardcrmro(mun-
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1 i ) i
foa ] L 2 AN
41 Artern] bigod
- preseurs aad artedal blood during the dputirum-¢etbanol reac
I Al mhmﬁnﬂzhﬁnﬂ;mh{mUpp«m
™d artaris! blood pH ot hmm rabbety
Wimvaded PH after othanol 1nf nto ot
(0———0) asd rabbets pretreated with depuifirac (@-——@)-

it
}
3
;
E

b theso results. Possibly the gencral ansesthesa, which can
%A;?m!ddomumd:duwxbmgrﬂ‘montheuad-bnx
i\, \he orrgin of this afkaloss nothing is known. Hyperven-

thau: 2 classleal feature of the disulfiam-ethanol resction,
T Y ongm alkaloss is respiratory which would ben accord
201y ey U950 fndingain man. Probably other clectralyte disturb-
h'hxh,m%’ the disulfiram-ethanol reaction, but so far this matter

By 4 ey Sanmary
Dﬁ;:}t Dehiod nrtenal blood PH was followed 1n awake rabbuts.
hdwdﬂulﬁmm—emmlmmonthcyxhowdam*nd
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3
alkalosis. The ongin of this alkalosis 1s discussed. It 1s suggested that the
previously found hypohalaenua dunng the disulfiram-cthanol reaction 18
secondary to thus disturbance 1n acid base balance
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)
alkalosis The origin of this alkalosis 1s discussed. It is suggested that the
previously found hypokalaenua during the disulfiram-ethanol reaction 18
secondary to this disturbance mn acid base balance.
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