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Acta pharmacol et toxicol 1963, 20, 1-15

From the Department of Pharmacology, Umiversity of Goteborg, Sweden
{Professor A Carlsson, M D)

Comparative Effects
of Intra-arterially Administered Hydralazine and Sodium Nitrite
on Blood Flow and Volume of Forearm')
By
B Ablad and G. Johnsson
(Recened Qctober 30 1962)

The hypotensive effect of hydralazine 1s due to a decrease in penpheral
\ascular reststance (Mover et al 1951, WiLkinsoN et af 1952; Fres et al
1953) In man the pomt of action seems to be predomunantly n the
peripheral vascular bed (STUNKARD et al 1954, ABLAD 1959, ABLAD ef al
1961), where the drug produces a vasodilatation by a “direct” action on
the vascular smooth muscle (AsLap er al 1962) The effects of systermically

d d hydral on the m vanous *“parallel-coupled”
vascular regions m man seem to be consistent with such a perspheral
action Thus the drug induces a distinet increase of blood flow 1n organs
such as the kidneys, the bramn and the heart, where the sympathetic vaso~
constrictor fibre system 15 considered to be of little importance for main-

tatning the vascular resistance under basal conditions (for references see
ABLAD et al 1962)

The effects of lly ad d hydral on the vascular

fesistance (0 various organs have been studied extensively and are well

established However, a vascular bed has a much more complex function

than simply to control the resistance to blood flow In fact, each crcust
it

can be divided unto several fi tly d “sen fed™
s like d h o
section: W shunt, and

exchange vessels” (for defimtions see FoLkow 1959, MELLANDER 1960)
Though much work thus has been done to elucdate the effect of hydral

zine on the resistance vessels, there seems to have been no mvest{ ;ua -
durectly concemned with the effects on the other “series coupled” segcl ons
1n the pesipheral vascular bed Information on this matter 1s requnredmfgi
,,,,LL;:?E.T‘E&:SL".TET&;T“’ Jomt Meeting of :2; Briish and Scandmavian Phar

wvn Denmark July 19
Acts pramacologice, vel 20 fase 1






Acta pharnacel et toxicol 1963, 20, 1-15

Erom the Department of Pharmacology, University of Goteborg, Sweden
(Professor A Carlsson, M D)

Comparative Effects
of Intra-arterially Administered Hydralazine and Sodium Nitrite
on Blood Flow and Volume of Forearm®)
By
B. Ablad and G Johnssen
(Receved October 30, 1962)

The hypotenstve effect of hydralazme 15 due to a decrease i penpheral
vascular fesistance (MOYER ef al 1951, WILKINSON et al 1952, Fres et al
1953) In man the point of action seems to be predomumantly the
peripheral vascular bed (STUNKARD ef af 1954, ABLAD 1959, ABLAD et af
1961), where the drug produces a vasodilatation by a “direct” action on
the vascular smooth muscle (AnLAD et al 1962} The effects of systemscally

d d hydral on the 1 varous “parallel-coupled”
vascular regions in man seem to be consistent with such a penpheral
action Thus the drug mnduces a distinct increase of blood flow n organs
such as the kidneys, the brain and the heart, where the sympathetic vaso-
constrictor fibre system 1s constdered to be of little importance for matn-
taing the vascular resistance under basal conditions (for references see
AvLaD et gl 1962)

The effects of lly ad: d hydral: on the vascular
resistance 1n various organs have been studied extensively and are well
established However, a vascular bed has a much more complex function
than simply to control the resistance to blood flow In fact, each circut

can be divided 1nto several lly diffe q e
ke ‘Windkessel A series-coupled
sections like , shunt, and

exchange vessels” (for defimtrons sce FOLKOW 1959, MELLANDER 1960)
Though much work thus has been done to elucidate the effect of hydrala.
zine on the resistance vessels, there seems to have been no mvestigat .
directly concerned with the effects on the other “sertes-coupled”™ o
in the penipheral vascular bed Information on thus matter 1 requs:'?d“;‘g:
ml‘f’° 11;:::;05:; i‘:’::s pl‘:s;(“:;:nt\\z :};\e J‘i.::“ };i‘;eu’:%yc: 9“6,; Bruush and Scandrnavian Phar
Acta pharmscologics, vol 20, fase g
1



2 B ABLAD & G JOHNSSON

any satisfactory description of the mechanisms nvolved m the general
haemodynamic action of hydralazine

In our study we attempted to mvestigate the effects of hydralazine not
only on the resistance vessels but also on the vessels that control the
peripheral vascular capactty of blood, t e predommantly the venules and
vens (below called “capacitance vessels” as proposed by MELLANDER
1960) Hydralazine was admimistered at a low dose mto a brachial artery,
and a comparnison was made of the eflects on the resstance and capact
tance vessels 1n the upper part of the forcarm For comparison, a similar
Investigation was made with sodium mitrite, another drug with a “direct”
vasodilator action on vascular smooth muscle The experimental conditions
made 1t possible to study the effects on the resistance vessels by recording
the changes of blood flow in the upper part of the forearm The effects on
the capacitance vesscls were deduced from changes in the contiuously
recorded forcarm volume

Methods

The expeniments were performed on healthy recumbent students at a
room temperature of 23 + 1°C For infusion of the drugs a thin polyethy-
lene catheter connected to a motor-driven syringe was ntroduced into a
brachial artery at elbow level, as previously described (ApLAD et al 1961)
Plethysmographs were applied to the upper part of both forearms, and
they were filled with water mantamned at a constant temperature of 34°C

The measurement of the blood flow tn the forearins was made by venous occlusion
plethysmography, as previously described (ABLAD er ol 1961) Flow was determined
simultaneously 1n both forearms about once a minute Continous measurements of
the changes in the volume of the two forearms were made separately from the records of
blood flow During thts procedure the arms were kept in the same position as during
the periods of recording blood flow The upper part of the forearms lay at the kvel of
the sternal angle, and the water Jevel i the vertical tube of the plethysmographs was
about 10 cm higher than the upper surface of the forearms During the volume recor-
dings the subjects were instructed (o he absolutely still and relaxed It w1s constdered

1 le to ! ric cond, 1n the foreirms before the drug was
given We found that this could be plished by m a pressure
of 20 cm water 1n the proximal occluston cuffs during the volume measurements Hand
creulation was occluded during the period of forcarm volume recording and throughout
all drug mnfusions by muntuning a suprasystolic pressure in the distal cuffs

In one series of expeniments simultaneous measurements were made of the changes
of volume and yenaous pressire in the forearss before, durtng ind after admenistering
hydealazine or sodium mitrite In a subcutancous vemn near the elbow on the volar
part of each forcarma “Rochester” plastic needle was introduced (KNUTI ef thIDSS)
This was connected to an open vertical glass tube outside the plethysmogmy; a::d
the venous pressure was measured by subtracting the height of the ﬂm‘.’l]lc(\lc 1;1 mc
vertical tube of the plethysmograph from the height of the level of the fluid column




HYDRALAZINE AND NITRITE 3

1m the glass tube Each catheter used for recording the venous pressuse was connected
to a smotordriven syringe wh ch mnfused 1sotonue salne containing 00059 hepann
at a constant rate of 0 3 ml per minute

The drugs used were hydral [« line ® Ciba) and
sodium mtsite A continuous mfuston of drugs or of 1soton ¢ saline was given through
the intra artertal catheter at a constant rate between 03 and 06 m! per muute 10
different experiments Hydralazie was mfused for five m nutes at a rate of 0024~
0071 mg per munute Sodium n trite Was 1n mMost expenments nfused for about 16
munutes at a rate of 0 36-0 89 mg per munute

Statistical analysts was based on the 7 test (FisuEr 1958) The results are reported
as means + standard etrors of the means When both hydralazine and sodm
nuteste were given o the same expartment the effects of the two drugs were compared
by statistically analys ng the d flerences between the effects within each experiment

Results

A Effect of Hydralazine on Blood Flow and
¥ olume of Forcarm

The effect of a five minute wntra artenal infusion of hydralazine on the
forearm blood flow was reported mn a recent paper (AsLAD er al 1961)
a representative experiment from there being recorded in fig 1A The drug
produced an increase 1n blood flow 1n the forearm on the side of injection
{test arm) but no clear cut effect in the other forearm (control arm) The
vasodilatation set s slowly over 10-12 munutes and lasted for several

hours The effect of the drug was practically constant from about 12 to 30
munutes after beginmung the wfusion

.
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4 B ABLAD & G JOHNSSON

Fig 1B shows a representative experiment i which was studied the
effect on the forearm volume of infusing hydralazine intra artenially for
five minutes The volume of the test arm began to increase 1~2 minutes
after beginming the infusion, continued to ncrease for about 10 more
minutes and then levelled off The volume of the control arm did not
change appreciably

The results indicate that hydralazine produced an mcrease 1n test arm
volume co ordmated 1n time with the effect of the drug on test arm blood
flow

B Effect of Sodwm Nutrite on Blood Flow
and Volume of Forearnt

Intra arterial infuston of sodium nutrite produced an increase in test arm
blood flow (fig 2A) The effect set in1mmediately after beginning infuston
The blood flow ncreased rapidly during the first five mmutes and then
almost levelled off When the infuston was stopped, the test arm blood flow
immediately began to decrease and had returned to the pre infuston level
about 30 munutes later The blood flow 1n the control arm did not change
during the infuston of the drug — Table 1 shows the effects on blood flow
obtained 1n five subjects

Fig 2B shows a representative experiment 1 which the eflect of sodium
utrite on the forearm volume was studied 1 hately after b
nfuston the volume of the test arm began to incrcase After about five
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Fig 2 Effect of mtra arter alinfus on of sodium nuir te
AE; on farearm blood flow and B) on forearm volume
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6 B ABLAD & G JOHNSSON

munutes the volume tended to level off Immediately after the infusion was
stopped, the test arm volume began to decrease

The results thus indicate that sodum mitrite also produced an increase
1n volume of the forearm co ordinated 1n time with the eflcct of the drug
on the test arm blood flow

C  Quantitative Comparison between the Effects of Sodwm Nurite and
Hydralazine on Bload Flow and Volnue of Forearm

The results reported above indicated that 1t should be possible to
cvaluate quantitatively the cffects of both sodium nitrite and hydralazine
on the volume as well as on the blood flow of the forearm 1 one and the
same expennment This was done on six subjects and fig 3 1llustrates a
representative expersment First the blood flow was measured for about
ten minutes (not shown mn the figure) and found to be about 3 ml/mm /100
ml tissue 1n both forcarms The volume was then recorded continuously,
and sodium nitrite was wnfused in the test arm The drug produced an
ncrease 1 test arm volume at a rapid rate for the first five mmutes and
then at a much lower rate About 13 minutes after beginning infusion the
volume recording was interrupted and instead blood flow was recorded
during continued fuston of the drug About 4 minutes Jater the mnfuston
of sodium mnitrite was stopped, and the blood flow was measured until 1t
was equal in both forearms Then a new pertod of volume recording was
mitiated (lower part, fig 3) and hydralazinc was infused 1n the test arm
for five minutes This drug produced a gradual increase in test arm volume
From the 11 mumute after beginning 1nfuston the test arm volume re

— —— -
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5 075 78
38050 TEST ARM By
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fusion of sodium mitrite (upper sect on) and hydralazine
Fig 3 Effect of intra arterial 1n! A % ¥ alazine
continuous | nes) and blood flow (dashed 1 nes) of upper p:
(Jower section) on volume (¢ e amms



HYDRALAZINE AND NITRITE 7

mamed relatively constant About four munutes later the volume re
cording was stopped, and blood flow was recorded for about 10 minutes
The test arm blood flow was now relatisely constant and distinetly higher
than before hydralazine was given, whereas the control arm blood flow
was essentially unchanged — In this subject both drugs produced about
the same increase 1n test arm blood flow, but hydralazine evoked a much
smaller increase 1n test arm volume than sodium nitrte

The first six expertments 1n table 2 were performed as just described
1f the “real* effect of the drugs on the test arm blood flow and volume 15
caleulated by subtracting the changes m the control arm from those 1n
the test arm it 1s found that hydralazine always evoked a greater increase of
blood flow and a smaller increase of volume than did sodum mitnte
Statistical evaluation of the differences between the calculated “real”
drug effects within each expeniment shows that the mean volume ncrease
after hydralazine was 027 -+ 0083 mil/100 m! tissue smaller than that
after sodwm nitrite (p < 0 05) and that the average increase n blood flow
was 15 & 077 mifmin /100 ml tissue greater after hiydralazine than after
sodium nitrite

This difference between the two drugs mught have been due to the fact
that the hydralazine was always admunistered aftes the sodium mtnte To
test this possibility hydralazine was given as the first and only drug in
five expenments, which were otherwise conducted n the vsual manner
The mean results of these experiments (table 3) were quantitatively simular
to those obtarned when hydralazine was given after sodium nitnite On an
average the caleulated “real * tncrease 1n test arm blood flow differed by

01 +112 ml/min /100 ml tissue and 1n test arm volume by 009 4+
0032 ml/100 ml tissue between the two series

e
th

s2 1w uss g 1wU i Lssue)
For a further evaluation of the results a calculation was made of the
quotient
‘real * increase of test arm blood flow
real * inerease of test arm volume

for each drug 1n all experiments This quotient was for alf 11 expertments
with hydralazme 118 + 122 and for all 8 experiments with sodium
mitrite 52 + 087 The diffesence between the two mean quotients

66 =150, which was statistically sigmificant (P < 0 001) e



B ABLAD & G JOHNSSON

8z 100~ $T Lz ol o!_ og ost
6 9500 | gsop 6
$20 6T [ X3 | vLo 62 130}
Lt 180~ Le sp | €10— 1y 019
y Lro o 680 8
£9 800 Le 89 890 [44 $9§
os 1o 8t €S ScL ss 089
* 1eo £€0 L
8zl 850 8t v 6t 0 6 002
€c 500 vz vz | 300~ Lz 099
~ 200 €S0 9
134 szo £C 8¢ €0 S¢ _ Sv9
wie wie wre e une wre wie wig uie wre uize une Ul wtw wie wie jd
Bued| waL | oD | 9L | Wwop| 3oL | amop | ysey | muon| asep nuod | soL om._wn— {Gw | DUOD| L | D
ZGNEN] z
uotsnjur uvorsnjur £ uoIsnjur uosnjur 2 eIpiy &
w 1ye qaaye | »m._uo SuuuiSaq aye | Suwwssq saye ._Emw.ﬂ._mﬂ_,wuuua Jo 9sop &N._uum”.v_m W swmjoa
nuw - Aol | IR SANUI Qg J L euane {1 wavdiog
U Lg-81 2} vI-£1 Moy poolg wg9l-z1 20} poorg eauy
mop poojg | efueyo swnjop MOj poolg | d3ueyd Swnjop Tnup
GNIZVIVIAdAH HLIYLIN WNIJOS

onssiy Jw QoI/ uiw,
SurIea105 30 3xpd 33ddn

Z a98L

fiw Ut mojy pooyg SNSST) W OO /jur ur saBurys dwnjoA
10 A0Q P0OIQ PUT IUNMOA US (§1—9 syuswnsdys)
pue (£1-9 S18awnadya) Sy wipos jo

%) swizeieaphy
UOISTJUT jeraane 21 Jo 193pg



HYDRALAZINE AND NITRITE

+5 OF | 05 OF (60 0F (€L00F( T+ 0F 65 0F 190 0F |3 61F JE6EF

was
184 L9 700—] 60 or (R4 090 0L St
€1-g Ou dxa onjea UEAY
P e —
i 00— €5 [
650 &
zL sto '8 68
95 800~ s $8L
90 a
TL 1o 154 o8

1goF | 0TIF 1900|830 0F | sEOF TTOF | SvUT | 99 0F | 990 0F 190 0F SroF | 9€0F ) 12000F Jor007F T61F [I9EF

ge | s |ooo (1£0 g ¥E ot | 1c | 5o | wwo=| 50 | or | 8T | 600 | 550 289 | 089
Di-g ou ds3 onpes
] e e
¥ 00~ re 1e 100~ 9T o ‘
oo | ss0
8 ot 0 LE 18 850 8z ] oos
X3 910 Le iy ®e X3 o8 |
o0 ) 5o
6 650 £ ve 290 LY 173



B ABLAD & G JOHNSSON

8z 100— LX4 LT o_ol“ ot o5t
65 9600 | ¢so 6
T 0 (13 €S vLo 6T | 19
Le 10— Le st €10~ L ol9
ﬁ Ly00 680 8
€9 800 Lt | 89 890 | zv <96
05 1o &8¢ £5 _ §60— 153 089
100 €50 L
8zt 850 134 vi 6v 0 (24 00L
¢ 00 v A vz | 80 0— Lz 099
i _ $200 | €50 v 9
9y sTo £ 8¢ ¢€a SE ‘ 49
we wie ue wie wie wie we [1i31:3 wye une uge uue wnw unu wie wie m_
nuod | 3sa), nuod [ 18], HUOG ) sy, Nuo)j 3say, o) | s nuod [ ysay j3w 8w nuoy | say, | 4
L omrzey o
ONEN Z
uorsnjut uoIsnjur uorsnyur woisnjur 2 wpiyg S
Juuwiaq say5e SumuiSaq aayze m“"mm.__ﬂﬂnh_w.w%n Buiuwmdaq saye Surguigag 1y =o_m_w~hﬂ._%oa Jo asop .“M:oom“m 1w SwnjoA
urw fz-gi SR fl-(] Mo} poo uiu g~z S 01~¢ #07) Poolg teuse enu waea1og
mop poolg | a3ueyd swnjop 14 o) poojg | 9Sueyd sumjop enuy 1
ANIZVIVYAAH

dLINLIN WNIAOS

NS (W o}/ wiu,

swW1ea10] Jo 11ed 33ddn Jo moy poojq

PUE (£1-9 s;uaun.

/1 ur MOy pool anssiy T

12dx3) auINU Wntpos Jo uoisn)

01/jur ut sa3ueyd swnjop

PUE SWAI0A U0 (f[-9 $305WwIodXa) awzeqesphy

Z 2oL

Ul [ELI2T 2nui Jo 100



HYDRALAZINE AND NITRITE 1

(NCREASE OF TEST ARM 8LO0D FLOW
I ml PER 190 0% TSSUE/™A

INCREASE OF TEST ARM VOLUME
N ml PER 100 ml TISSUE

WYDRA MYDRA  NoNOZ
LAZNE LAZINE  gexp
ALONE AFTER
Sexp  NaNOy

exp

Fig 4 Meancalculated real * effects of hydralazine and sodium nitrite on test
arm blood flow (A) and total volume (B)

On the whole the results thus mdicate that there was a quanttative
difference between the effects of the two drugs on blood flow and volume
of forearm The mean results are graphically illustrated 1n figure 4

D Quantitatne Comparison between the Effects of Sodwm Nunte and
Hydralazine on Volume and Venous Pressure of Forearm

In 4 experiments the volume changes occurring in the upper part of the
forearms were recorded continously 1n the usual manner, and continuous
recordings of the subcutaneous venous pressure 1n the forearms were also
made In each experiment an 1ntra artenal infusion of sodim nutrite was
first grven, about 30 minutes after interruption of thus infusion, hydrala-
zine was sfused The drugs were given 1in about the same doses as 1n the
experiments reported above
Before the drugs were given, the mean venous pressure was about 5 em
H,0 1n both forearms (range 3-8 cm), and there was on an average no
fi dul between the y ded values 1n the
whoforeatms When sodium mitrite or hydralazine was admnistered mtras
artersally, venous pressure in the test arm mcreased, and the change
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HYDRALAZINY AND NITRITE 13

\mportance fos the volume merease due to hydsalazine than for that due
10 sodiam nutnte

The extravascular fluid volume can be changed by vaso active agents
(htough a change of the mean capiiary hydrostahe pressure (MELLANDER
1960) The extravascular flud volume 15 also controlled by the outflow i
the lymiph vessels The lymph outflow was probably completely blocked
duning out volume recordings, as RUsHMER & Trisawa (1960) showed on
the hund feg of the dog that during verous occluston with @ proximal cuff
the lymphatic pressure rose slowly and stayed far below the ‘enous
pl’ESSﬂIC

Tt ts wapassible ta be cextain how hydralazine and sodium nifite
changed the extravascular volume 1 our expeniments As it was necessasy
to have informatton on this point before the effects of the drugs on the
capacutance vessels could be evaluated, we have studied this problem
further on anaesthetized cats by a more elaborate technique {ApLAD &
MELLANDER 1963) The results agreed well with those in man, n that
hydealazine produced a greater dilatation 1n resistance vessels but a
smaller inerease 1n total volume than did sodmm minte Further, it was
found that hydralazine produced an micrease, whereas sodtum mitrite
praduced no ¢fear change 1 evtravasculat ffud volume ~ We have also
perfarmed a study 1n man of the blood volume changes induced by ntra
venously adoumstered hydralazine or sodum mitrnite (unpubhshed
abservations}, the results obtatned showed a difference between the effects
of the a0 drugs that correlated well with the differential effects on
estravascitlar volume found in the eat It 1s intended to discuss the cause
of thus difference (ater when the results of the study on blood volume are
reported

Because of the findings just deseribed, 1t seems possible to draw a
dleafer conctusion from the results obtamned n thus savestsgation The
quangitative difference observed between the effects of hydralazpe and
sodium nitrite on blood How and total volume of fosearm was probably
dure 10 the fact that the dilating action of kydratazine was more prorounced
o1 1he resistance vessels and less prowounced o the capacitonce \essels than
was that of sodwm minse The “spasmolytic * action of the two drugs on
the capacitance vessels possibly differed more than the values for tota}
u;lumc ancrease mdicate, partly because the pressure induced distentron
of the post artenslar vessels mghe have been of greater importance for

the total volume increase after hydraiaz
e, partly because an 1
extravascular volume m Wipled otal volume

ght have produced som
Crease aftes hydsatazime o ed some of the total volume

I"n;: difference found berween the actions of hydralazine and soduum,
nitnte on the resistance and capacnance vessels may in part explamn why
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followed the same time course as the volume increase, which for
drug was simlar to that recorded 1n the experiments already desc
The venous pressure of the control arm did not on average cf
sighificantly during the drug infustons, but in the indvidual experny
there occurred shght and varying changes These changes, which
considered not to be related to the drug mfusion, probably also occi
0 the test arm and interfered with the drug-mduced changes there
“real” effect of the drugs on the venous pressure of the test arm n
expermment was estimated, 1n a similar way to the effects on test
volume and blood flow, by subtracting the change occurring ir
control arm from that n the test arm

In every experiment hydralazine produced a greater increase i ve
pressure than did sodium ntrite 1n the test arm, 1f the effects were ¢
pared at a time when the two drugs had produced about the same inci
of the forearm vofume The mean caleulated “real” increase of the
arm volume, produced by hydralazine about 11-14 munutes after be
ning infusion, was 045 + 0 130 mi/100 m! tissue, and that produce:
sodium nitrite about 4-7 minutes after beginning fuston of this «
was almost the same, 046 + 0 138 mi/100 mi tissue (dhfference 00
0009 ml/100 m! tissue) The simultaneously recorded “real” increas
venous pressure produced by hydralazine was on average 16 - 0 28
H,0, whereas that produced by sodium nitrite was on average 0!
031 cm H,0 The difference was statistically significant (07 4013
H0,P <002)

These results indicate that there was a quantitative difference betw
the effects of the two drugs on volume and subcutaneous venous press
1n the forearm

Discussion

Volume changes 1n the forearm may be due partly to a change
vascular capacity with consequent change 1n blood volume of the foreat
partly to a change 1n amount of extravascular fluid

The vascular blood capacity n the forearm could have been increas
by hydralazine and sodum nitrite in two ways Part of the increase miyg
be due to reduced tone of the smooth muscle cells in the capacitan
vessels, the other part of the merease bemng due to a pressure-induc
distention of the post-asteriolar vessels, the drugs dilating the ressstan
vessels with a consequent reduction 1n arter1o venous pressure gradie
which lead to an increase 1n venous pressure If the pressure chang
recorded 1n a subcutaneous vein were representative for the whole for
orm  this passive distention should have been of comparatively great



HYDRALAZINE AND NITRITE 13

mportance for the volume ncrease due to hydralazine than for that dve
o sodiem minte
The extravascular flind volume can be changed by vaso active agents
thraugh a change of the mean capillary hydrostatyc pressure (MELLANDER
1960) The extravascular fimd volume 15 also controlled by the outflow 1n
the lymph sessels The lymph outflow was probably completely blocked
during our volume recordings, as RUSHVER & TRISAWA {1960) showed on
the hind leg, of the dog that during venous ocelusion with 2 proxmmal cuft
the lymphatic pressure rose slowly and stayed far below the venous
pressure
1t s mpossible to be certain how hydralazine and sodwm nitnte
changed the extravascular volume 1n our expertments As 1t was necessary
to have informatton on this poimt before the effects of the drugs on the
capaentance vessels could be evaluated, we have studied thus problem
further on anaesthetized cats by a more elaborate techmgue {ApLAD &
MeLLANDER 1963) The results agreed well with those m man, 1n that
hydrafazine produced a greater dilatation 1 resistance vessels but a
smaller increase 1n total volume than did sodium nutrite Further, 1t was
found that hydralazine produced an mcrease, whereas sodwm nitrite
produced no clear change in extravascular flnd volume ~ We have also
performed g study 1n man of the blood volume changes mduced by wnira-
venously adminsstered hydralazine or sodum minte (unpublished
observations), the results obtained showed a difference between the effects
of the two drugs that corselated well with the differential effects on
extravascular volume found 1n the ¢at It 15 intended to discuss the cause
of tis difference later when the results of the study on blood volume are
reported
Because of the findings Just described, 1t seems possible to draw a
cleater conclusion from the resnlty obtmned m this mveshigation The
quanttauve difference observed between the efiects of hydralazine and
sodium mitrite on blood flow and total volume of forcarm was probably
due g the fact (hat rie difating action of hydralazme was more pronounced
on the resistavce yessels and fess pronounced on the capacitance vessels than
was that of sodwm mitrite The “spasmolytic™ action of the two drugs on
e capacitance Vessels possibly differed more than the values for total
“r’l“h"‘“’ ncrease mdicate, partly because the pressure mduced distention
?hell ;“;:‘O‘SL laurt,:n:)h: vessels mhght have been of greater importance for
e v;]sgcmrsne’ ;}!‘T:J;‘ :ydfal.zzl;ne, garzly bec?use an mcrease i
mcrease after hydralazine Ve praduced some of the total vohume
The difference found between 1l

he actions of hydralazime a
nurie or the reststance and capa ; ool

citance vessels may 1n part explawn why

U
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followed the same time course as the volume mcrease, which for each
drug was simular to that recorded 1n the experiments already described
The venous pressure of the control arm did not on average change
sigmficantly during the drug imfustons, but in the indsvidual experiments
there occurred sfight and varying changes These changes, which were
considered not to be related to the drug infusion, probably also occurred
m the test arm and interfered with the drug-induced changes there The
“real” effect of the drugs on the venous pressure of the test arm mn each
experiment was estimated, in a simifar way to the effects on test arm
volume and blood flow, by subtracting the change occurring mn the
control arm from that in the test arm

In every cxpenment hydralazine produced a greater increase 1n venous
pressure than did sodium niteite m the test arm, 1f the effects were com
pared at a time when the two drugs had produced about the same increase
of the forearm volume The mean calculated “real” mncrease of the test
arm volume, produced by hydralazine about 11-14 mmutes after begn
ning fusion, was 045 4- 0 130 ml/100 ml tissue, and that produced by
sodium mtrite about 4-7 minutes after beginning nfuston of this drug
was almost the same, 046 4 0 138 m1/100 m! tissue (difference 001 +
0009 mlf100 ml tissue) The stmultancously recorded “real” mncrease m
venous pressure produced by hydralazine was on average 1 6 + 028 cm
H,0, whereas that produced by sodium mitrite was on average 09 &
031 cm H,0 The difference was statistically significant (07 + 013 cm
H,0, P < 002)

These results indicate that there was a quantitative difference between
the effects of the two drugs on volume and subcutaneous venous pressure

11 the forearm

Discussion

Volume changes m the forearm may be due partly to a change
vascular capacity with consequent change 1 blood volume of the forearm,
partly to a change i amount of extravascular find

The vascular blood capacity 1n the forearm could have been increased
by hydralazine and sodrum mitrite 1 two ways Part of the increase might
be due to reduced tone of the smooth muscle cells 1n the capacitance
vessels, the other part of the merease bemg due to a pressure-induced
distention of the post-arteriolar vessels, the drugs dilating the resistance
vessels with a consequent reduction 1n arter1io venous pressure gradient,
which lead to an increase n venous pressure If the pressure changes
recorded 1n a subcutaneous vein were representative for the whole fore-

arm, this passive distention should have been of comparativelv greater
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Rushmer, R F. & A Insawa Relationship between Iymphatic and venous
pressure 10 leg of dog Am J Physiol 1959, 196, 495-498
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Ablad, B : Site of action of bydralazne and dihydralazioe 1n man Acta
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Ablad, B, G Johnsson & M Henamg The effect of intra artenally adminis-
tered hydralazine on bloed flow in the forearm and hand Aeta pharmacol
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nitrite and acetylcholine on resistance and capacitanée blood vessels and

capillary filtration 1n skeletal muscle in the cat Aeta physiol Scand 196,
1n press
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the two drugs produce different haemodynamic effects 1 the tact
circulation after systermc adrmstration Jt 1s proposed to discuss this
subject on a later occassion

Summary

Hydralazine or sodmum mitrite was 1nfused 1n low dosage into a brachal
artery and the effects on blood flow and \olume of the upper part of the
forearm were studied separately Hydralazine, which was infused for five
mnutes, produced a gradual increase n both blood flow and volume of
the farcarm The effect reached s maximum about 12 minutes after
beginning infusion and was then relatively constant for several minutes
Sodum nstrite afso evoked an screase 1 poth measurements, the rate of
increase was raptd for the first five minutes of the infusion and then
proceeded at a much slower rate until the end of the infusion A compari-
son of the effects of the two drugs showed that hydralazine evoked a
greater mcrease 1n blood flow but a smaller increase 1n volume of forearm
than did sodium nitrite The refative importance of various mechansms
for the volume increase 15 discussed It 1s concluded that the results
ndicate the spasmolytic action of hydralazine ~ compared with that of
sodium nitrite ~ to be more pronounced on the resistance vessels and less
pronounced on the capacitance vessels
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Tn the study reported below, the hepatotaxic effects of mhaled trichloro-
ethylene, tetrachloroethylene and chloroform on the mouse were exami-
ned The object was to find the smallest doses of the substances producing
signs of lver damage The effect on the organ was evaluated by (1) husto-
Togical 1on, (11} deter on of the sut 1n the liver that
are soluble 1n a mixture of acetone and hexane (fat extraction), and (1)
determunation of the ormithine carbamoyl transferase activity 1n serum
(5-OCT) This method 15 highly sensitive and speaific for liver damage
(REICHARD & REICHARD 1958, REICHARD 1960, REICHARD 1962) Chloro-
form was included 1n the study for the purpose of comparison, since 1t 1s
known to cause hver damage in ammals and man

Materials and Methods
Sohents Trichl lene (<029 Tetsachloroethyl

02% (<05%
trichloroethylene and <0 59 other impurities) Chloroform, analytical grade
Ammals Tre aener mest o e € o U S

mean weight -
petcentage cor .

powdered skir nu nuik 1 4, muied wnole oats 203, dry brewers yeast 1,5%,
mitled whole barley 109, wheat germ 3% soybean flour 109 jodimsed salt 03%,
powdered meat 82/, vitanuns

Exposure The mice were exposed 1o the agents for four hours i 3 fume chamber of
about 15 hitres volume, which was supplied with a constant current of arr via a vapo-

nzmgumt The air 1n the chamber was changed about once z minute The solvent wac
injected tnto the s nnns

syfinge The ©
solvent was su
Exanunatior er

s i b 2 o was weighed immediately afier dissection and
'wo one hal 1ng used for the fat extraction and the other fo;

S two ¢ D her for histological
o (a) Histological methods After the liver had been fixed 1 neutral 10% (viv}
Sc:mulm frozen and paraffin sechions were prepared The former were stained with
‘at\‘acr:::sh R hau;mldoxylm. and the latter with haematoxylin-eosin, haematoxyhn by

on s method, and toluidin blue bas
Db ot sic fuchsin s pH 4 by Rombhanyi s method
N ]le lms onw':mlly tatended 0 carsy out a more comprehensive exatination of the
ﬂl; m;%::h:s::gcs} but the reproducibility of such findings was poor, and the
erelor '
o e re lomated to necrosts and degrees of fat infiltration classified as

ny 72".1‘.":‘5 infiltration of fat Fatty degeneration snsaliing ~ ¢ ~ ettt
[ .

L R e
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Hepatotoxicity of Inhaled Trichloroethylene,
Tetrachloroethylene and Cliloroform. Single Lxposure
By
Bengt Kyhn, Hans Reichard, Istvan Sumegi & Sven Yliner
(Recenned Degember 6 1962)

The literature on the toxicology of trt- and tetrachloroethylene, two
degreasing and detergent agents widely used 1n mdustry, has been re
viewed by VoN OETTINGEN (1955)

About trichlorocthylene, apart from deaths due to 1ts narcotic action,
there have been few reports of organic damage from exposure to 1t, nor 1s
1t certain that even in thesc cases, which have cluefly nvolved her da-
mage, the cause lay with trichloroethylene and not with some other agent
Experiments on laboratory ammals have yielded rather divergent results,
though some workers have found hiver alterations, usually fatty degenera
tion, after fairly Jong exposurc of various species to trichloroethylene,
others have found no such effect (ANDERSSON 1957)

About tetrachlorocthylene, the effect of mnhalation has received little
attention, and as for tnchlorocthylene, there are only a few reported m-
stances of organic damage (CoLrr & ROSSMULLER 1953, Lob 1957) Clear
fatty degeneration of the liver has been produced n ammals i a few
studies (CHRISTENSEN & Lyncu 1933, Rowk, McCOLLISTER, SPENCIR,
ADAMS & IrisH 1952) and 1n one study nmuld cirrhosis has been observed
(RowE et al 1952)

Determinations of the maxymum cxposure tolerated by the rat without
death or organic damage have shown tetrachloroethylene to be the more
toxic of the two agents, but only shightly so (ROWE ef al 1952, ADAMS,
SPENCER, ROWE, MCCoLLISTER & IrisH 1951) The contrary result was
obtamed by PLAA, Evans & HINE (1958), who exammned the relatne
hepatotoxicity of some chlorinated hydrocarbons i the mouse by deter-
mung the prolongation of pentobarbital anaesthesia after subcutaneous
wmyection of the solvent This view is shared by Moescutin (1956)
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Fig 1 The amount of liver fat found at different times after exposure
03200 ppm trichloroethylenc or tetrachloroethyleae

Nesther the pilot studies nor the nvestigations mentioned give any exact
dication of when, during the first three days after exposure, the peak
mcrease m S~OCT actvity 1s to be expected In our study it was therefore

decided to perform the exammation on mice killed one or three days afier
exposure

Results
Histological Findings (Fig 2)

1 Trichloroethylene ~ None of the muce killed one ot three days after
exposurte to a concentration of 1600 p pm differed from the controls m
the extent of hiver damage At 3200 ppm the frequency of moderate
infiltration of fat on both days was shghtly greater than at the lower
concentration, there was, however, no clear difference between the
exposed and control groups 1n this condition

2 Tetrachl ylene — Ata ton of 200 ppm 2 moderate
filtration was observed in most of the anmals of the one-day group, but
there was no evident increase by the third day At400 ppm most of the
muce in the one and three-day groups dusplayed moderate to massive
mfiftration At higher doses the nfiltration was more prongunced, but
evenn the Tughest (1600 p p m ) there was no evidence of celf neCros’ls

EN
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(b) Fatextraction The fiver was cut into small picees and extracted overnight with
equal volumes of acetone and hexanc 1n a Soxhlet apparatus The non volatile extract
which was not analysed for 1ts ¢ was classed as Iner fat

Derterrmnation of S OCT actpity The mice were beheaded and as much of the
blood as possible was collected The serum amounting as a rule to about 02 m! was
diluted to 1 ml with physiological saline and cooled immediately to —20 C

The § OCT activty was determuned by tncubating the diluted serum with HC
citrullin in an arsenate buffer by the method of ReicHARD & REICHARD (1958) The
amount of liberted 14CO; 1s proportional to the OCT actinity The results were ex
pressed in pmoles 14CO; per ml undiluted serum

Tissue homogenates Homogenates of tissues were prepared from ammals Jalled
by beheading The method by which the specimens were treated has been described
elsewhere (REICHARD 1960)

Pilot studies

S~OCT actiuty In a pilot study carried out to find how long after
exposure an icrease in S~OCT activity reached 1ts maximum, a number
of mice were exposed to 3000 p p m of trichlorocthylene, tetrachloroethy
lene or chloroform for 4 hours The ammals were hilled one hour and 1, 2,
4, 8 and 16 days after exposure Each group consisted of § muce, the total
number, including controls, was 95

Trichloroethylene One mouse of the 5 Lalled 24 hours after exposure
showed a greatly elevated S-OCT activity and 2 muce of the 2 day group
somewhat high values

Tetrachloroethylene On the first, second and fourth days occastonal
somewhat elevated values were noted

Chtoroform All the mice showed greatly raised values on the first
4 days after exposure

Luer fat A comparative study was made of the amounts of fat extract
from the hiver soluble in the acctone hexanc nuxture at different fimes
after exposure to 3200 p p m of trichloroethylene or tetrachloroethylene
The guantity was considerably higher for tetrachloroethylene than for
trchloroethylene (Fig 1), For neither agent was the difference between
days statistically sigmificant

C ts In an tion of the S OCT activity i man after
obstetric anaesthesia with chloroform, the maximum increase has been
recorded on the third day after exposure (REeICHARD, WIQUIST & YLLNER
1960) In the dog to which carbon tetrachlonide was supplied through a
stomach tube the peak occurred on the second day (REICHARD 1959)
Rabbits inhaling this agent showed peak values for S-GPT a’nd S-LDH
activities 24 hours after exposure (FRANKE, GAERTNER, KossutH &

Micy 1957)
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« Chrarstorm
mg per g

» Tetrachloroethylene
by et a Trichtoroethylene
" w Conlrol

2 hours

L over

0 W0 200 400 600 1500 3200 pom 0 100 200 400 800 1600 3200 ppm
Concentrat on Concentrat on
Fig 3 Luver fat related to concentration of agent

Each dot represents the mean of 10 anmals (The value of 3200 pp m
tetrachloroethylene 1s taken from pilot investigations)

Tetrachloroethylene There was a marked increase mn the amount of
Iwer fat with concentration, the amount of fat being significantly greater
than for the control groups at 400 pp m and above

Chloroform After one day there was an increase with concentration up
10400 ppm and after 3 days up to 800 ppm

S OCT Acinuy

This enzyme 1n the mouse 15 localized chiefly m the liver (table 1) The
actiaties n the homogenates of the small intestine and the colon were
only about 3 and 0 5%, respectively, of that of the liver Other organs
showed negligible activities In serum from the controls the corresponding
values were 0 15 4+ 0 9 pmoles

The mice killed after exposure to chloroform for 24 hours showed a
significantly higher S-OCT activity than the controls for the concentra-
tions 200, 400 and 800 p p m , 3 days after exposure significant differences
were recorded only for the 800 ppm group (figs 4 a and b) Tn- and
tetrachlorocthylene did not produce any increase 1n the S~OCT actvity

Relation between S OCT Actinty and Liser Cell Necrosts

The relationstup between the histologically demonsteable hver-cell
necrosis and the merease 1n S-OCT activity 1s rllustrated 1 table 2 The
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g 2 Number of mice with different degrees of fatty infiltration and with
ccll necroses in the exposed groups The left column represents the results 24 hours, and
the night 72 hours, after exposure

3. Chloraoform. - With a concentration of 100 p.p.m. moderate nfiltra-
tion was noted in a Jarger number of the mice killed one day after expo-
sure than of the controls. At 200 p.pm and abave, the extent of the
alterations increased with concentration and was more pronounced after
one day than three.

Thus, to judge from the lustological picture the smallest concentrations
of the different agents to produce more severe alterations 1n the exposed
group than was observed n the controls were as follows:

Trichloro-  Tetrachloro-  Chlero-

cthylenc cthylene form
One day after exposure ... . 1600~3200 <200 <100
.. >3200 200400 100-200

Three days. .. oo «vvvre-
On tlus basis the hepatotoxic effects of trichlorocthylene, tetrachloro-
ethylenc and chloroform are in the approximate ratios { : 10 - 20.

Amount of Extractable Liver Fat (fig 3)
Trichloroethylene. In neither the one- nor the three-day groups was any
sncrease in liver fat recorded, whatever the concentration.
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Table 1

Activities of ornithine carbaminoy! transferase
1n serum and various organs

Organ Number Mean OCT Range
of mce {zmoles)*) (#moles)
Luver s 5200 2300-9100
Small ntestine 5 160 96-200
Colon 6 29 14-51
Lung 6 20 1329
Kidney 5 12 06-24
Muscle 6 10 03-27
Spleen 6 07 01-15
Bramn 5 02 00305
Heart 5 02 01-05
Serum 25 015 000-0 40

*) Expressed as pmoles of 14CO; per g of tissue

class mterval in enzyme values 15 the difference between the extreme values
for the unexposed animals (that 1s 0 0-0 40 pmoles)

High S-OCT activities were extremely common when there was histo-
logically demonstrable liver cell necrosis In the absence of such necross,
slightly raised values (0 41-0 80 pmoles) were recorded m about 9% of the
mice and greatly raised one (> 1 21 pmoles)inabout3% Ashasbeen pom
ted out above, necrosts was noted only 1n the groups exposed to chloroform

Discussion

In this study of the toxic action of chlorinated ahphatic hydrocarbons,
special attention has been paid to hver damage, since that organ seems to
be the most susceptible to these solvents (voN OETTINGEN 1955) It spite of
extensive study of cytological and biochemical changes n the liver, the
nature of the toxic action remains uncertain Among the familiar patho-
logic changes 1n the hiver there are two that are easily recognized fusto
logically, namely the accumulation of fat and necrosts of the Iver cells

Table 2

Relationship between S OCT activity and liver cell necrosts
200 specimens from exposed mice

S§-OCT activity (pmoles)
S S — V)
000040 | 041-080 | 081-120 | >120
o ! 19 21
r cell necrosis 1
It:ll;enecmﬂs 156 16 ‘ 2 ) 5 179
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of these substances and their narcotic properties (FRIBERG,
l]c(t\}{lzllrldrze;lvgﬂl:b\x 1953) have shown that tetrachloroetbylene has a
shightly greater toxicity than trichloroethylene The study described hese
showed that n hepatotoxicity, tetrachloroethylene was the mofe dangerous
of the two, although no more severe damage than fatty infiltratton was
noted The posstbulity of more sertous Inver 1njury through long or re-
peated exp to these has been € d, and 1t 15 hoped
to report the results later

Summary

The hepatotoxic effects of four hours” exposure to inchioroethylene,
tetrachloroethylene and, for companson, chloroform were studied m
mice The effect on the organ was evaluated by histological 101,
determmation of the liver fat and determmation of the ormthine carba-
moy! transferase activity m serum (S-OCT)

Trichloroethylene did not produce any marked signs of hiver damage,
evenin doses up to 3200 ppm

With tetrachloroethylene, moderate fat infiltration was observed already
at a concentration of 200 ppm and the amount of liver fat was rarsed
at400ppm

Chloroform produced moderate fat snfiltration at a concentration of
100 ppm and the amount of liver fat was raised at 400 ppm

Necrosis as well as ncreased S~-OCT activity was only observed after
exposure to chlorefom

The study showed that the presence of hver cell necrosts 15 almost
unvanably associated with a marked ns¢ 1n S-OCT actvaty

The hepatotoxsc effects of the three substances examined, assessed on
Ahe basis of the fat nfiltration, were approximately mntheratiol 10 20
forin and tetrachloroethylene and chloroform, respectively

REFERENCES
Adams EM I C Spencer V K. Rowe D D McColbister &
Yapor Toueny of Determncs by ¢ s
oratory Ammals Arch Ind Hyg Occup Mo 1
Andersson A Gesondheiche Getanan o der 103 001 4 469-481

Adta prarmucologhca, vel 20 fasc. 1
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In man ormthine carbamoyl transferase occurs mainly 1n the Inver,
and only small amounts are present in the small intestine (REICHARD 1960)
Since, as shown in ths study, the distribution of S—OCT 1s much the same
in the mouse as m man, the determination of the $-OCT actvity 15
probably no less sensitive and specific a test for acute liver cell damage 1n
the former than in the Jatter (REICHARD 1962)

The study has shown that the presence of hiver cell necrosis 1s almost
mvartably associated with a marked nise in S-OCT actiity The marked
increase noted when there was no evidence of liver cell damage may have
been due to nadsertent selection of the sections from non-representative
parts of the organ; another possibility 1s that ormithine carbamoyl
transferase leaked out of vital fiver cells also. Support for this theory 15
found in chmcal observations on S~OCT (REICHARD 1962) and other
cnzymes (SCBLANG & KIRRPATRICK 196]) and the results of anmmal
cxperiments (DiNMAN, Fox, FraloLa & RaBor 1962) Whatever the
explanation, there was a high correlation between the increase m S-OCT
and liver cell necrosis

As reported earlier (KYLIN, REICHARD, SUMEGL & YLLNIR 1962), the
extent of fat infiltration judged on the scctions was in close agreement
with the quantity of extractable total lipids n the liver The hepatotoxic
cffects for the three substances examined, assessed on the basis of fat
infiltration, were approximately in the ratios 1 10 20 for tn- and tetra-
chloroethylene and chloroform, respectively The same relationship
between the ltver toxierty of trichloroethylene and chloroform was re
ported by JONES, MARGOLIS & STEPHEN (1958) for mice to which different
amounts of the solvents mixed 1n ohive o1l had been admimstered orally

If an increase 1n Inver fat 1s indicative of hiver damage, 1t would seem
from the present findings that 1t may be more dangerous to mhale tetra-
chloroethylene than trichloroethylene

Althotyl extensive iafiltration of fat i the Jver may affect 8s function
and fatty degeneration of the liver may be an early stage of cirrhosts
(PorpER 1961), 1t 15 uncertain whether the fatty degeneration observed
n the mice was a prehmnary to permanent injury or onfy a temporary
manifestation

Although one must bear 1n nund that there 1s often a considerable
dispanty between the effects of toxic substances 1 animals and n man,
the results of this study indicate the need for carcful deliberation about
use of tri- and tetrachlorocthylene as a matter of occupational hygtene
Though there are wide differences in opinion about the toxicity of the
vapour of both these substances (Rowr, MCCOLLISTER, SPENCER, ADAMS
& IRrisH 1952, ADAMS, SPINCER, ROWE, MCcCOLLISTER & IRrisH 1951, PLAA,
Evans & HINE 1958, MOESCHLIN [956), studies at this Institute on the
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lethal doses of these substances and their narcotic properties (FRIBERG,
KYLIN & NystroM 1953) have shown that tetrachlorocthylene has a
slightly greater toxicity than trichloroethylene The study described here
showed that 1n hepatotowicity, tetrachlorocthylene was the more dangerous
of the two, although no more severe damage than fatty mnfiltration was
noted The possibility of more sertous liver mjury through long or re-
peated exp to these sut has been d, and 1t 1s hoped
to report the results later

Summary

The hepatotoxic effects of four hours” exposure to trichloroethylene,
tetrachloroethylene and, for comparison, chloroform were studied m
mice The effect on the organ was evaluated by histological examination,
determination of the hver fat and determmation of the ormthine carba-
moyl transferase actvity 1n serum (S-OCT)

Trchloroethylene did not produce any marked signs of hver damage,
even m doses up to 3200 ppm

‘With tetrachloroethylene, moderate fat mfiltration was observed already
at a concentration of 200 ppm and the amount of liver fat was rased
at400ppm

Chlotoform produced moderate fat mfiltration at a concentration of
100 ppm and the amount of liver fat was rassed at 400 p pm

Necross as well as increased S-OCT actvity was only observed after
exposure to chloroform.

The study showed that the presence of liver cell necrosts 1s almost
unvariably associated with a marked rise in S-OCT actavity

The hepatotoxic effects of the three substances exammed, assessed on

the basis of the fat mfiltration, were approximately ntheratio 1 10 20
for tr and tetrachforoethylene and chl
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Stadies on the Mechanism of Stress-induced Reduction
of Alcohol Intovication in Rats
By

Hennk Waligren and Rauno Tierl
(Received November 6 1962)

{t1s common knowledge that fear, trauma and so on may have a sobening
effect an human subjects under alcohol intoxication QObservations made
1 these laboratories, showing that shock reduces ethyl alcohol mtoxica-
tion 1n rats, prompted LErKora (1962) to study the effect of wvigorous
physical exercise on the level of intoxication He found that after Jow or
moderate doses of alcohol, there was a marked improvement in perfor-
marnce of a stmple functional test after stress, although after ntraper-
toneal tnjection the blood levels of alcohol rematned vnchanged Large
oral doses of alcohol (5 mg/g) 1n combination with exercise resulited, how-
ever, m complete exhaustion of the animals

Ap understanding of the mechamsm mvolved in the reduction of
alcohol imtoxscation after stress wonld have relevance to bath a general
knowledge of the physiology of and to 1ts practical apphca
ton Lemora (1962) suggested as a crude first approxmmation that the
effect might be due to adrenocortica) hormones, perhaps acting directly
al the neuronal level 1n the central nervous system, or to an effect on the
reticular achivating system, possibly mediated by release of adrenaline
In this report 2t 15 shown that hypophysectomy has no influence on the
Wead i swimming on ntoxication, indhicatng that ACTH stimulated
release of adrenocostical hormones 1s not involved This and other results

descubed below suggest that the fram reason for the smprovement of
petformance after stress 15 an arousal feactian

Material and Methods

The animals used were marmly male rats, approximately 4 months old,
‘E'{om'lhe X:sbcmo_ry stock but in ene experiment immature Li-weck-old

* animals were housed mn groups of 716 inds-
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viduals in metal cages with grid floors. They were fed on a stock ration
made up in the laboratory, and water was available ad libitum. Animals
obtained from Laaketehdas Orion Oy Pharmaceutical manufactures
(Helsinki) were kept for one week in the laboratory before they were used
for experiments.

Alcohol was always administered intrapentoneally as a 10% (w/v) solution
saline. The tilted plane technique (ARvoLA, SAMMALISTO & WALLGREN 1958, sce alsa
FRrIEDMAN & INGALLS 1960; WALLGREN, ARVOLA & SAMMALISTO 1960) was used for
assessing the state of intoxtcation. In the tests, the rats are placed facing up the slope
of an nclined plane The plane has a rough surface (plywood covered with bronze
netting, ca 22 meshfem) to which the rats can cling, and the angle at which the
ammals begin to shide is recorded In the experiments reported here, the animals
were tilted twice at each test, and the sum of the resulting angles recorded The
results have been expressed as percentages of the performance immediately before
mjection, It should be noted that reduction of the performance to 45-50% of the
1utial value represents the Jower hmit measurable with the test, indicating that the
amimal 15 no longer capable of active movement.

The animals were tested 4~5 times on the day beforce the experiments were begun,
m order to accustom them to the handling involved, In the experiments themsches,
closed-deck procedures were apphed. Pre-treatment of the amimals and recording of
the shiding angles were not performed by the person testing The mitral value was

i diately before 1y of alcohol or other substances The amimals
were then tested at 15 mun intervals, usually for two hours The results are given as
averages -+ their standard deviations unless otherwise stated

The pharmacological agents used were. alcoho! (absolute alcohol AaS from Alko,

for spectrometric purpose), adrenaline from Oy Medica Ab, Helsinki, amphetamine
“ : s co . * werc drawn from
. GMBH's, Mann-

Experiments and Results

Experument 1: Hypophysectomy and the Stress Reaction

The hypophyses were removed from 12 ammals, a sham operation
bemng performed on 12 control animals. The techruque of operation was
as described in expt. 48 1n D’ARMOUR & BLoOD (1954) After the operation
the animals were given frec access to 5% glucose solution and 2% NaCl
solution as well as to water The success of the hypophysectomy was
checked by weighing the animals regularly (Weights at operation averaged
ca 320 g; three weeks later hypophysectomized rats had lost 45 g and
sham-operated had gained 13 g on an average) and after the experments

by inspection.
Twenty days a
sham-operated animals aft

fter operation, the performances of the operated and
er injection of 2 mg alcohol/g body weight were
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Fig | Twme course of performance in tited plane test of hypophysectomuzed (®) and
sham-operated (O) rats after mjection of 2 mg alcohol/g 1p Lower curves contrd! test
upper ones after swimmng for 10 min_Each point sepresents the average for 12 rats
Standard error of the mean 15 ind cated by verucal bars for potats found to differ sigmif
wcantly

compared There was no difference between the groups (fig 1) except at
the first testing 15 minutes after injection at which point the performance
of the sham operated ammals was significantly better (P <0025,
Student’s t test)

Three days later, the effect of swimmung stress was tested Each rat had
a weight of 15 /100 g of its body wesght attached to 1its tail and was
allowed to swim in water at 34-35° for 5 munutes immediately before and
immediately after tnjection of alcohol (2 mg/g) Blood samples were taken
45 mun after myection The petformance of both groups as shown in
fig 1 improved greatly after stress, the effect of the alcohol bemg redu-
ced to about 40% of what 1t was 1n the controf test without swimmung
The effect of swimmung was highly significant (P < 0 001) 1n each

There was an apparent shght but statistically msigmificant difference
et een the blood alcohol levels of sham operated (0 171 2 0 032%) and
bypophysectomized rats (0 150 -+ 0 033%) This dsfference may have been
due 1o the smaller proportion of fat 1n the hypophysectomuized animals

Later determinations of the blood alcohot level of unstressed ammats
45 min after tnyection (expt 2p 30) gave the values 0 204 £ 0.022% for
agroup (10 rats) enen 2 mg aleohol and 5 pg amphetamine/g body werght,
and 0198 = 00327 for a control group (10 vats) secewing alcohod only
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Evaluation by Student’s t test of the difference between all blood alcohol
values obtained n experiment 1 and i experiment 2 shows that it was
ghly significant (P < 0001) Some delay in absorption after swimming
1s thus indicated LEhoLA (1962) observed that swimming strongly 1n
hibited alcohol absorption from the 1ntestinal tract, but had no such
effect when the alcohol had been admunistered ntraperitoneally, probably
because s samples were drawn 90 min after myection Anyhow, the
small reduction 1n blood alcohol observable 45 min after injection could
not nearly account for the great change in performance caused by the
swimming This experiment clearly indicates that the ACTH stimulated
release of adrenocortical hormones normally occurring 1n stress 1s not
mvolved in the reduction of alcohol intoxication obscrved after swimming

Eaperumnent 2 Effects of Adrenalin and Amphetammne

1t was decided to test for a central arousal reaction, possibly mediated
through medullary secretion of adrenaline, by myecting adrenaline or
amphetamine n conjunction with alcohol Amphetamine mimics some
of the peripheral effects of adrenaline on the autonomic nervous system,
but 1t has a much stronger central action, being a powerful stumulant and
acting especially on the brain-stem reticular activating system Within the
central nervous system 1t may have “a direct arterenergic mode of action™
(ROSSUM, VAN DER SCHOOT & HURKMANS 1962)

The experiments were performed on 20 male rats of the same age and
partly from the same litters as those used 1n experiment | Because of
this, the results of the control test done on the sham operated rats werc
used as reference Prelimmary experiments Jed to the sclection of | pg
adrenaline and 5 pg amphetaminefg as switable doses The rats were
divided 1nto two groups of ten (1 and 2) and were tested according to the
schedule

a) group 1, | pgadrenaline/g (solution of 0 05 mg/m!1n saline), group 2,
1 pg adrenaline and 2 mg alcohol/g (solution of 0 05 mg adrenaline and
100 mg alcohol/ml 1n saline),

b) three days later group I, 5 pg amphetammne and 2 mg alcohol/g
(solutton of 025 mg amphetamme and 100 mg alcohol/ml m saline)
group 2, 5 ng amphetamne/g (solution of 0 25 mg amphetarmine/mi 1

saline)

Nesther adrenaline nor amphetamme by 1tself had any mfluence on
erformance in the test The effect 1n conjunction with ethanol 1s shown in
improved the performance of the amimals mtially,
effect 15 nunutes after igjection being statistically

p
fig 2 Adrenaline

the difference
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sigmficant (P < 0 025) Amph had a sigmificant effect throug

bringing up the performance to the level induced by swimming stress at
75 minutes after injection There seemed to be some delay before the
action of amphetamine became fully evident It should also be noted that
amphetamine was without effect on the blood alcohol level, which at

45 min was higher 1 this expersment than after swimming (compare
values for bload alcohol, expt 1)
and, more It }

The fact that both adrenal T ¥,
mg evidence for

mtmiced the effect of swimmng was taken as support)

the notion that an arousal reactton was involved  the reduction of the
Py level of after

34

Experyment 3 Effect of swimmng and of Amphetamne on
Performance after a Dose of 3 mg Aleohol]g

LEinoLa (1962) found that Jarge doses of alcohol blocked the effect
of swimmung Experiment 3 aimed at an estimation of the dase tequired to
reduce or block the stress effect, and to obtain similar mformation with
respect to the effect of amphetamine

Twenty four rats obtamed from Orton were dvided 1nto two groups,
A and B, and first tested for possible differences after admustration of
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Fig 3 Performance 1n tited planc test afler admimstrauon of 3 mg alcaholjg arverages
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for 12 rats 1n ecach gt
controls (0), alcoho ‘ -

2 mg alcohol/g body weight The performance of the groups was wdentical
Two days later, the effect of swimmng was tested as 1n experiment 1
using A as control and B for the swimmung test, and gwving 3 mg of
aleohol/g body weight After an interval of 3 days, group A was tested
with a dose of 5 pg amphetamine and 3 mg aleohol/g body weight The
results arc shown in fig 3 There was still a clear response to swmmng
the effect on performance being statistically sigmificant at both 15 and 30
munutes after injection (P < 0 05 and 0 005, respectively) Both the lowest
values observed (65 & 9 and 74 £ 89,), and the average performance
(79 & 7 and 85 1 6) differed at the 5 per cent level However, the effect
was much smaller and disappeared sooner than after a dose of 2 mg
alcohol/g Amphetamine had no mfluence at all on the performance in the
test after this larger dose of alcohol Since the result was clear, larger

doses were not tried
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This result may be interpreted as indicating that alcohol changes per-
formance 1n the tilted plane test partly by influencing the activation level
of the animals, and that this state of “partial sleep™ 1s almost reversitle
after small doses of alcohpl With larger doses, the reverstbiity of the
effect of alcohol 1s reduced and even disappears

Expertment 4 Other Ty pes of Stress

It seemed desirable to discover whether the reaction to swimmung re-
flected a general effect of stressful conditions or was perhaps inked with
the vigarous physical exercise mnvolved Twenty four rats obtamed from
Ouion and divided 1nto two groups (I and 1) were used in the experiment
After a control test with 2 mg alcohol/g body wesght, 1o exclude the

Performance 1n test rel values

01530‘560

75 60 wns en
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Fig. 3 Performance n tilted plane test after admnsstration of 3 mg alcohol/g averages

for 12 rats i each group Upper secuon confrols {O) afier swimmung (®) Lower sechion

controls (O) aleohol + 5 pg amphetamine/g (8) Vertical bars indicate standard error of
the means for pownts found o differ significantly

2 mg alcohol/g body weight The performance of the groups was identical
Two days later, the effect of swimming was tested as 1n experiment }
using A as control and B for the swimmng test, and giving 3 mg of
alcohol/g body weight After an interval of 3 days group A was tested
with a dose of 5 pg amphetamime and 3 mg alcohol/g body weight The
results are shown 1 fig 3 There was still a clear response 1o swimming
the effect on performance being statistically sigmficant at both 15 and 30
mmutes aftey inyectson (P << 0 05 and 0 005, respectively) Both the lowest
values observed (65 2 9 and 74 - 89} and the average performance
(79 & 7 and 85 - 6) differed at the 5 per cent level However, the effect
was much smaller and disappeared sooner than after a dose of 2 mg
alcoholf/g Amphetamune had no wmfluence at all on the performance i the
test after this larger dose of alcohof Since the result was clear, larger

doses were not tried
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reaction After 4 mefg, the decrease in level of performance was as great

as 1t would have been 1n older rats, but agan rapid recovery was seen
between 120 and 180 minutes

Comments and Conclusions

The persistence of the effect of swimming on ntoxication led us to
assume that some hormonal factor might underlie the phenomenon The
mprovement of performance was wdenteal, however, m hypophysecto-
tzed and tn control anumals, 10 spite of the muluple endocrne and
metabolic distutbances induced by removal of the hypophysss This fact
sugpests that a hormonally induced direct change of tolerance 1o ajcohol
ax Yne neuronal desel 15 not a major factor in the apparent change in level
of ntoxication after stress The obscrvations with amphetanune and
adrenatine, and with other types of stress, as well as the evident “thyes-
hold™ 1n alcoho} dosage above which stress does not influence perfor-
mance, are evidence 1 favour of the view that an arousal reaction 1s
wohed The wdentica) reaction of intoxicated hypophysectomized and
unoperated ammals 10 the swimmung steess has a beanng on the phy-
swlogy of atousal Besides strong newral stmulation, general humoral
metabolie effects may ke woehied The much weaker effect of electnie
shack and of noise than of swimsming 15 consistent with findings that
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possibility of chance differences between the groups, they were tested
twice at threc-day intervals In the first test group I was exposed to electric
shacks with group 1I as control; in the second testing, group Il was
subjected to a loud noise and group 1 was used as control The electric
shocks were delivered from a cage floor consisting of brass rods, charged
by means of a stimulator delivering a current of 500 pa and 1100 V, and
provided with a scrambling device that changed the polanty of the rods
Electric sliocks were delvered for 5 min before and 5 mmn after mjection
of alcohol at a dose of 2 mg/g The amimals were cxposed to noise 1n cages
measuring 18 5 X 18 5 x 16 cm and covered with sheet-iron Pieces of
metal were shaken aganst the covers, the noise (ca 110 phone) continumg
for 5 mun before and after the injection of alcohol

The results of these experiments are shown in fig 4 The improvement
n performance 1n the tlted plane test after these forms of stress was low
At 15 mun, there was a significant improvement n performance both
after electric shocks (P < 0 02) and after exposure to nowse (P < 0025)

Lxperiment 5 Intosication i Immature Rats

WALLGREN (1959) has reported a decrease 1 the alcohol tolerance of
young rats between 14 and 22 wecks of age, and a marked sex difference
at 14 wecks, the females betng capable of a better performance in the
tilted plane test than the males The dose employed was 2 mg alcohol/g
body weight, admunstered intraperitoneally In view of the observations
reported above, 1t appeared possible that the differences observed by
WALLGREN (1959) were due to differences in the activation level of the
antmals, especially since young rats scem especially tense and fearful
during handling compared with older ones Ordinanly, performance in the
tilted planc test 1s hinearly related to alcohol dosage (ARVOLA et af , 1958)
If the assumed reversible action of alcohol on the activation system were
involved 1n the apparent tolerance of the young rats, then a threshold
effect of increasing alcohol dosage should appear as an abrupt decrease
1n the performance of the rats after a certain dose

Thirty female rats, 11-weeks old, were divided into three groups
receving 2 mg, 3 mg or 4 mg alcohol/g As shown 1n fig 5, the outcome of
the experiment was in accordance with prediction With 4 mgjg, the effect
up to 90 min after injection was too large to be measurable 1n the test,
and hence no linear relattonship to dosage could be shown Recovery
after the first marked effect of 3 mg/g was extremely rapid (compare fig 3},
probably reflecting “gvershooting” of the alcohol level in the brain during
the period of rapid absorption, and subsequent diminution of the bramn
alcohol level below the threshold value blocking the assumed arousal



ALCOHOL AND STRESS 37

tolerance appeating after admmstration of ntoxicating doses of alcohol
only a few times and without any concormitant changes indicated 1n the
tolerance of the cercbral cortex [t was suggested that subcortical centres
might be mvolved, pomnting to the possible nvolvement of activating
mechanisms

Summary

Vigorous exercise Tadically wmproved the performance of rats 1n a
stmple functional test after 2 mg alcoholjg had been given intrapert-
toneally Other forms of stress - electric shocks and loud nose - had
much fess effect Hypophysetomized rats reacted as strongly as normal
ones Thus activatton of adrenocortical secretion by stress induced
ACTH release 1s not tnvolved 1n the reaction Results of experiments
with adrenaline and amphetamine, the latter improving pesformance as
much as the muscular work, suggest that an arousal reactron 1s involved
The results are 1n agreement with the view that the brain stem reticulac
activating system 1s sensitive to alcohol, but that with moderate doses the
effect 1s fargely reversible The effect of exercise was dimimshed and that
of amphetamine blocked after intraperitoneal myection of 3 mg alcohol/g,
indicating that there 1s a threshold dose of alcohol above which the arousal
reaction becomes difficult to achieve
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indicate the level of actvation to depend among other factors on catechol
amnes (especially adrenaline and noradrenaline) and sympathetic nerve
actvity, both of which are raised during muscular activity (for a recent
review of humoral effects on arousal, sce SODERBERG 1962)

In connection with the physiology of alcohol intoxication, we find these
observations of inferest Caspers (1958) has demonstrated electro
physiologically a specific action of alcohol, shared by the barbiturates,
on the brain stem reticular activating system In a recent review, KALANT
(1962) has rightly placed great emphasis on the significance of CAsPERS's
observations for an understanding of the behavioural changes induced by
alcohol Qur impression 15, however, that an especially noteworthy
feature of this cffect 15 1ts apparent lability in states of moderate ntoxica-
tion  Alcoholic intoxication 1s more mert than behavioural drowsiness,
but 1t does not mhubit arousal, providing the stimulus, whether phy
siological or pharmacological, 15 strong enough

The tilted plane test appears to give an exaggerated view of the effect
of stress and of amphetamine 1 counteracting the action of alcohot
With both, motor incoordination was stiil visible 1 posture and move
ments The most obvious change was that the animals seemed much
more alert and aware of the environment Normal exploratory behaviour,
which largely disappears with the alcohol doses employed reappeared
after swimming Amphetamine caused a state of general wakefulness and
restlessness and strong “startle” responses to stimulation Since simple
grasping holds a rat on the tilting plane the test 1s not a sensitive mdicator
of motor 1nco ordination Thus we would suggest that the tilted plane
test largely measures effects on the activation level that will determine the
response to tilting Although the influence of low doses of alcohol may
be largely masked by such phenomena, the visible incoordination suggests
that an effect on the cerebral cortex still persists

We consider 1t possible that the sex difference and the age dependent
change 1 the effect of alcohol on the performance of rats in the tilted
plane test, reported by WALLGREN (1959), are also due to differences tn
activatton level, linked with the strong reactton to handhng in young
“frightened” ammals

It remains to be shown whether changes 1n the resistance of the acti
vating system to alcohol are involved in the well known behavioural
tolerance of alcohol developed on continued use This question of m
creased “tissue tolerance * has recently been reviewed by JELLINEK (1960)
1t 1s clear that tolerance 15 espectally evident with moderate doses of
alcohol According to Jri LINIR, there are no relnble reports of changes
1 lethal doses HoGans, MORENO & BRODIE (1961) using monkeys and
WALLGRFN & Linpponw (1961), using rats, have reported behavioural
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tolerance appeanng; after admustration of intoxicating doses of alcohol
only a few times and without any concomitant changes ndicated 1n the
tolerance of the cercbral cortex 1t was suggested that subcortical centres
mght be insolved, pointing to the possible mvolvement of activating
mechanisms

Summary

Vigorous exercise radically smproved the performance of rats m a
simple functional test after 2 mg alcohol/g had been given intraper
toneally Other forms of stress - electric shocks and loud noise — had
much less effect Hypophysectomized rats reacted as strongly as normal
ones Thus activation of adrenocortical secretion by stress induced
ACTH release 1s not mvolved 1n the reaction Results of experiments
with adrenaline and amphetamsne, the latter improving performance as
much as the muscular work, suggest that an arousal reaction 15 invelved
The restlts are 1n agreement with the view that the bran stem reticular
actnaung system 1s sensttive to alcohol, but that with moderate doses the
effect 15 largely reversible The effect of exercise was dimimshed and that
of amphetamine blacked after mtraperitoneal injection of 3 mg alcohol’g,
indicating that there 1s a threshald dose of alcohol above which the arousal
reaction becomes difficult to achteve
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Health and Wellare, Quawa Canada

The Effect of Sudium Flyoride on the Actions of Succinylcholine,
Parathion and Demeton in Rats.
By
W.B Rice 2nd F. C. Lu
(Received November 24 1962)

The towcity of fluonde has been extensnely studied 1 domestic and
laboratory ammals, but uts effects on the nervous system have recerved
relatisely hittle consideration. Lu et af (1961) reported that rats treated
waith sodium fluonide became more sensitive to convulsant agents, pento-
barbutal and diphenylhydantom Chel d

a

was
to be a posstble mechamsm of action, 1 an attempt to gan some nforma-

tion on thus matter, the experiments to be described were done

Methods

Two senes of expertments were done on female rats of 2 Wistar stram
In the first series the rats were fed for 16 weeks on a diet of ground fox
chow contaring sodm fluonde i a quanity sufficient 10 prowde 70
ppm of elemental fluonde

In the second series two groups of rats were given finonde as sodium
fuoride at 1 68 or 3 36 mg/100 g body weight This was given by stomach
tube duily for 30 days At the end of the fluoride treatment penods, the
determunations recarded below were made

Paralytic effect of succitylcholine The method described by ALtvark
& BACHINSAT (1945) was used to determmne paralytc actiuty The drug
was given by intramuscular snjection, after which the rats were placed on
a screen at an angle of 60 deprees Amimals that sld off the screen vatbun,
3: msnute; ;;cm t;xkcr; as “posttive™, although most of the rats reacting to

e artg ket within 7 minutes
method (Buss 193 a1 es The PD50 was ¢alculated by the probit

Texicity of parathion and demeton The compounds were ghien i an
aqueaus suspension by ntraperitoneal injection Ten rats were used at
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Table 1

Effect of Fluoride Treatment on Succinylcholine and Parathion

Sucainylcholine Parathion
Pre treatment PD50  SE LD30 + SE

(mg/ig) (mgrkg)
Control — no fluonde treatment 07802200827 | 28300172
Fluonide - 70 p pm 1n dict for 16 wecks 0378500690 | 31060266

cach dosc level, and the numbers of animals dead within 48 hours were
recorded The LDS0 values were calculated by the probit method (Buiss
19352, b)

Results

In the first experiment, admimstering 70 p pm of fluonde 1 the food
of rats did not change the toxicity of parathion compared to controls
However, the paralytic activity of succinylcholine showed about a twofold
werease These results are shown in table 1

In the second experiment, admmistration by stomach tube of 168 or
3 36 mg fluoride per 100 g body weiglt caused a moderate increase mn
toxicity of parathion and about a fivefold mcrease in that of demeton
Pre treatment with fluoride at the lower dose was as effective as the higher
dose 1 augmenting the toxicity of these two cholinesterase mhibitors as

shown 1n table 2

Table 2
Effect of Fluonide Treatment on the Toxicity of Parathion and Demeton
Parathton Demeton
Pre treatment LD504 SE LDSO +SE
(me/hg) (mg/hg)

Control - no fluonde treatment 322240177 J 32021047

luonide 1 68 mg/100 gm body weaight daly for

Floors 30 clilysg 2280:£0099 06640077
de ~ 3 36 mg/100 gra body weight daily for

Fluonde 30 dlysgl 2240£0105 1 0 694 £0.083

Discussion
DyeiNG & Lot (1956) showed that fluoride can mhubit 2 1uro the
cholmesterase systems of both plasma and erythrocytes of rats ROKETSU
& GIRARD (1956) reported that sodium fluoride augmented the end plate
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potentiaks of the frog nerve sartonus preparation and mcreased the senst
trty of the end plate to applied acetylcholine

Suceinylcholine 1s hydrolyzed mn vitro by the pseudocholinesterase of
plasma (Guick 1941) and more slowly by the true cholmesterase of
erythrocytes (BoveT NITTI 1949) GRAHAM ef al (1957) showed an m-
crease m tovicity of succanylcholine 1n yats pre treated with parathion,

which 1s a cl The ent d paralytic effect of
succinylcholine observed i the fluonde treated rats could be a result of
mhibstion of chol activity M , since Icholine 15

cholmomumetic (CAsTILLO & DE BEer 1950), semsttization of the motor
end plate regions as suggested by KOKenu & GeraRD (1956) could also
be a contributing factor

The toxicity of parathion was not affected in rats that had been given
70ppm of fluonde n the dret, which corresponds to 0 84 mg per 100 g
body weight In the rats receving the two higher levels of fluonide there
was a much smaller mcrease 1n the towcty of parathion compared with
that of demeton Parathion 1s converted 1n mammals to a more effecuve

) mhibiting ) through an oxidative
eRmymac tee - L3 - YT on consists

which are

} Thus the

nuch smaller merease i toxicity of parathion could be due to intubition

by fluonide of the enzyme system that converts parathton to paraoxon,

smee fluonde 15 known to inhubit many enzyme systems (CoLowick &
CAPLAN 1955)

Parathion 1s elinunated through breakdown by a serum A esterase
(ALDRIDGE 1953) Presumably demeton 15 handled 1n a simtlar manner
Alhough no expenmental evidence for it exists, 1t 18 reasonable to specu-
fate that fluonide has an mhibiting effect on A-esterases Therefore 1S
suggested that the increase 1 toxcity of parathion and demeton i

fluonde treated rats could be due to chalinesterasz mhibition and possibly
sensiization of motor end plates along with accumulation of parathion
and demeton

Summary

Rats recerving fluonde at 70 parts per millton 1n the diet for 16 weeks
Rere more sensitne 10 the paralytic effects of encerms Iohat —a <t

roma ¥

o muuliug
= ¢ v sugt 1), Body werght by stomach tube daily for 30

the touieaty of demet ily for 30 days
ety y On was greatly increased, but that of parathion only

Acts pharmcotorica, vol. 20 fasc, 1

o
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Table 1

Effect of Fluonide Treatment on Succinylcholine and Parathion

PD50 4 SE LD50 £ SE

Succinylcholine Parathion
Pre treatment
(mg/kg) (mg/kg)

Control ~ no fivoride treatment 07802200827 | 2388040272
Fluoride - 70 p p m 1n diet for 16 weeks 03789:£00690 | 310640266

cach dose level, and the numbers of amimals dead within 48 hours were
recorded The LDSO0 values were calculated by the probit method (BLiss

1935 a, b)

Results

In the first experiment, admimistering 70 p pm - of fluoride 1n the food
of rats did not change the toxicity of parathion compared to controls
However, the paralytic activity of succinylcholine showed about a twofold
mcrease These results are shown 1n table 1

In the second experiment, admimstration by stomach tube of 168 or
336 mg fluoride per 100 g body weight caused a moderate mcrease n
toxicty of parathion and about a fivefold increase in that of demeton
Pre treatment with fluoride at the Jower dose was as effective as the higher
dose 1n augmenting the toxicity of these two cholinesterase inhibitors, as

shown n table 2

Table 2
Effect of Fluoride Treatment on the Toxicity of Parathion and Demeton
Parathion Demeton
Pre treatment LD504 SE LDSO+SE
(mg/kg) (mgrkg)

Control — no fluoride treatment 322240172 f 320240476

ride - 1 68 mg/100 gm body weight daily for
Fluory o d;\ysg Y 2280.+:0099 06640077
~ 336 mg/100 gm body weight daily for
Fluonde 30 d;\ysg/ § y 224040105 0694:£0083
Discussion

DypiNG & LOE (1956) showed that fluonde can inhibit m 1iro the
cholinesterase systems of both plasma and erythrocytes of rats KOKETSU
& GERARD (1956) reported that sodium fluonide augmented the end plate
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From the Department of Phystology, Karolinska Institutet
Stockholm 60, Sweden

Supersensitivity to Ethanol in Rabbits Treated
with Coprinus atramentarius
By
R. Barkman and E. S. Perman')
(Recerved January 8, 1963)

It has long been known that ethanol, even n small amounts, elcits a
series of ch 1stic unpl 1n persons who have eaten
the must Coprinus s Foes {CrirrLoT 1916; FiscHER
1945 and others) The remarkable stmulanity between the manfestations
of this supersensitity 10 etharnol and those of the disulphiram-cthanol
reaction (HALD, JACORSEN & LARSEN 1948) led to speculation that disul-
phiram mught exist in C aframentarius (JOSSERAND 1952), and SIMANDL &
FRANC (1956) reported that they had 1solated disulphiram from C atra-
mentanius  However, Witr & Tyvrer (1960) were unable to confirm
this and luded that the disulph like activity exiubited by
C atramentarus was due to some other substance No further attempt
to study the nature of this substance seems to have been reported — A
dramatic description of an acaidental C aframentarius-ethanol reaction
1 a cow has recently been given by CLEMENGON (1962)

It has recently been shown that a disulphiram ethanol reaction can be
produced n rabbuts, and that this reaction corresponds well with the
human reaction m several important features (PERMAN 1962 a, b) Our
experniments were carried out to establish whether or not the rabbit 1s
also rendered supersensitive to ethanol by ingestion of C atramentarius

Methods

Naturally-occurring carpophores of Coprinus atramentarius Fries, supphed by a

;;\yco‘ogml expery, were carelully seraped clean and stored at —20°C for about

months Su;rcnswns u:‘\;‘e prepared by homogemzing known amounts of the
A1

in sucrose solution {63 9 w/w) containn;
243 (wv) gum arabie Sumilar suspensions were also prepared fr .

om the common
1) Recipient of a tesearch grant from the Swedish State Medical Research Couneit

“
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From the Department of Physiology Karohnska Tnstitutet
Stockhotm 60 Sweden

Supersetsitvty fo Ethanol in Rabbits Treated
with Coprinus atramentarius
By
R Bashmasand E § Perman')
(Rece ved January 8 1963)

1t has long been Lnown tbat ethanal, even 1n small amounts, elicits a
sexses of ch 1 1n persons who have eaten
f Caprmus Fnes {(CHIFFLOT 1916, FISCHER
1945 and others) The remarkabte sumtanty between the mamfestations
of thys supessensttynty 1o ethanol and those of the disulphiram ethanol
reactan (HALD, TaCOBSEN & LARSEN 1948) led to speculation that disul
phiram sught exist m C atramentarius (JOSSERAND 1952) and Snanp &
Eranc (1956) reported that they had 1solated disulphuram from C arre
mentgrs However, Wier & TYLER (0960) were unable 1o confim
this and fuded that the chsulpt Tke actiny exhibited b
O aramentanug was due to some other substance No further attempt
o study the nature of thus substance seems to have been reported — A
dramatic desenption of an accidents! £ atramentarws ethanol reaction
1n & cow bas recently been gven by CLEENGON (1962)
1t has recently been shown that a disulphiram ethanol reaction can be
produced 1 rabbts, and that thus reaction corresponds well with the
human reaction i several important features (PERMAN 1962 a b) Our
expenments were eafnied ouf (o establish whether or not the rabbit 1s
also fendeted supersensiive to ethanol by ingestion of C atramentarses

Methods
Natyall

33113 of Copr nus Fries supphied bv a
mycologial expert were carefully scraped clean aad stored at --70 C for abous

3 mgmhs Suspcnsxans ue:": prepared by homogeniang known amounts of the

1m sucrase solution (63 % wiw) contamng
1Y (ww) g\m\ anate Sumiar sospensions were also prepared b the commofx

%) Rectp ent of u research grant from the Swed sh State Medeeal Research Caune |

4
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rate recordings from a rabbit that seacted strongly to as little as 02 g/kg
ethanol Thus animal died 1n a state of severe hypotension after the sub
sequent dose of 0 4 g/kg had been fused

No corresponding reaction aftes ethanol admumstration was seen mn

rabbuts treated with 20 g of C atramentarius, 50 g of Psalhota hortenss
or 1n untreated ammals

Discussion

The results recorded show that the rabbit 15 rendered supersensitive to
ethano! by mod: of C +wus The rabbit 15 also
rendered supersensitive to ethanol by disulphiram (PERMAN 1962 b) and
calewm carbimude (temposil ®, Lederle) (PERvAN, unpublished) All
these agents are well known to induce supersensitivity te ethanol in man
Thas gues further support to the p that sup Y to
ethancl s elicited by smular mechamsms in both spectes

Use of the rabbit as test animal should facslitate attempts to 1solate and

define the chemeal structure of the active agent n C atramentarius The
ittty of & th

p
adjunct 10 the treatm

of this agent as an alternative
ent of alcoholism appears to be 2 major reason for
undertaking such work - Prelummary results indicate that the active
agent can be extracted with ethanol (BARKMAN & PERMAN, unpublished)

Summary
. Small ethanol doses (02-06 g/kg 1v) regularly produce long lasting
¥p and hyperventil n hetised rabbits
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mushroom Psalliota hortensis ‘The suspensions were admunistered by stomach tube
within one hour of preparation No animal recetved more than 50 ml of the suspen
sion

In male rabbuts (2 5-3 5 kg) polscthylene catheters were mserted mto the central
artery and margmal vein of one car under local anaesthesia as described by PERMAN
(1962 b), a technique permutting repeated blood pressure recordings in the same
ammal these were made with an ink-writer (Varian Model G 10 Recorder, Vanan
Ass, US A)via a strain gauge transducer (Elema, Sweden)

Ethanol was infused 1 v diluted in saline (0 9% v/v) at rate of 1 0 ml/mm 4 hours
after pretreatment As a rule 0 2 g/kg was grven first and then 0 4 g/kg after an interval
of 5 mun The blood pressure was recorded for at least 30 min after the end of the
latter dosc Results of experiments on 3 rabbuts treated with a suspension contatning
50 g of C atramenta (cor: ding appr tely to S mushrooms), 2 rabbits
treated with an extract contaiming 20 g of C atramentarius, 2 rabbits treated with an
extrict contunng 50 g of Psalliota hortensis and 3 untreated rabbts are reported

Results

The general condition of the rabbats treated with mushroom suspen
stons was not appreciably affected, yjudging from their appearance and
behaviour The imtial blood pressures were m the same range as those of
untreated animals (70-100 mm Hg)

Rabbts treated with SO g of C atramentarius regulacly responded m
30 mun or less of ethanol admunistration (0 2-0 6 g/kg) with a clear cut
fall i blood pressure to 50-60 mm Hg, a moderate tachycardia and an
easily noticeable hyperventilation Fig 1 shows that a blood pressure
response to ethanol was obtained more than 24 hours after admnistration
of the C atramentarius suspension Fig 2 shows blood pressure and heart
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From the Department of Pharmacology University of Goteborg,
Goteborg Sweden

On the Role of the Liver Catechol O-Methyl Transferase i
the Metabolism of Cirenlating Catecholamines')
By
Arvid Carlsson and Bertil ¥ aldech
(Rece ved Janary 16 1963)

The mam metabolic pathway for cwculating catecholamnes appeats
to snvolve formation of O methylated denvatives (AXELRoD et al 1958,
CROUT ef af 1961, DE ScHAEPDRYVER & Kirsuner 1961) Luovp (1951)
found that the kver has 2 Tugh capacity for inactivating noradeenaline
(NA) and later AxeLrop & Towcrick (1958) demonstrated the igh
catechol O-methyl transferase (COMT) activity of ths organ  After
mtrapentoneal admmistration most of a drug will pass through the
portal vein after absorption These facts prompted us to compare the
tissue uptake of intravenously and intrapentoneally ijected NA both n
the presence and n the absence of a COMT mhibitor

Matertals apd Methods

Mice weighing about 20 g were divided 1nto groups of six Each group
recewed %s) ngfkg (in onc expenment 2 pgfkg table 4) 3H NA?) mtra
y and then diately 10 pgfkg 14C-NA3) intravenously The
tissues to be analyzed were d from the beheaded animals pooled
and exteacted with perehitonc acid as described by BERTLER CARLSSON &
ROSENGREN (1958) Ten munutes after the imection the activity Temain
wg 1 the pentoneal cavity was found to be less than 10% of that of the
above dose of NA piven 1n 0 5 ml 1sotome saline solution

| After add ng 2 mg ascorb c acrd and 90— T
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Corporat on Boston 1554 ' 133 UMM was obta ned from New England Nuctear
# Noradtenal 6e.B-HC aceqas
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orally suspensions of the mushroom Coprinus atramentarius Fries Such
supersensitivity to ethanol persisted for more than 24 hours in an animal
receiving about 50 g of C. atr ius, No hypotension or hyperventila-
tion occurred when cthanol was administered to untreated rabbits or
rabbits treated with a corresponding amount of the mushroom Psalliota
hortensis. The similarily between the C. atramentarius-ethanol reaction
and the disulphiram-cthanol reaction in the rabbit is pointed out - Use
of the rabbit as test animal should facilitate attempts to 1solate and deter-
mine the chemical structure of the agent in C. atramentarius that induces
supersensitivity to ethanol.
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diam 4 mm, height at pH 0 90 mm), buffered with 25 ml 0 1 N phosphate buffer at
pH 65 The column was washed with 40 ml water, and elution was performed by N
hydrochloric acid in three steps The first 8 ml were discarded The next 9 ml (fraction
1) contained the NA and the third 15 ml (fraction 2) the NM (HAGGENDAL 1962) The
cluates were evaporated to dryness under reduced pressure 1 a rotating evaporator
at 35°C, and the residues were each taken up tn 1 m! 99 5% cthanol contamming 1%
concentrated hydrochloric actd After adding 5 ml scintitlation muxture!) § ml of the
sample were transferred to a counting vial and analysed for their content of 3H and
14C 1n an EKCO liquid scintillation counter2) by means of pulse height analysis Fig 1
shows pulse height speetra for both isotopes and for the bickground In order to
raise the 3H pulscs over the discimnator threshold and thus to obtain mereased
counting efficiency, the preamplifier was overloaded, which 1s the reason for the
distortion of the 14C spectrum The left shaded area represents the counting range for
3H and the right one that for 14C The interference of 3H 1n the 14C range can be
neglected, but a correction must be made for interference of 14C in the 3H range as
follows

Let S3H be the true counting rate for 3H 1n the sxmple, SI the counung rate for the
sample at the 3H range, S2 the counting rate for the sample at the 14C range, Cl the
counting 1ate for the 14C standard at the 3H range, and C2 the counting rate for the
MC standard at the 14C range

Cl
thus S3H = S1 —EZ—SZ

340
cPs
320

8O

60

ct 7

10 20 30 40 50 60 70
VOLTS

. — L om 14 andh pn o~ a4 fT gbtaned
agamnst

h3g25 DAphenyloxalf" (PPO) and 03 g 14D (2(5 phenyloxazolyl)] benzene

OP) 1 one liter toluene
(P?)PN %54[\ + scaler N B10A



METABOLISM OF CATECHOLAMINES 49

Table 1.

Recovery of Noradrenaline

% recovery
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Heart 80 97
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Femoral muscle 81 9
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diam 4 mm, height at pH 0 90 mm), buffered with 25 ml 0 I N phosphate buffer at
pH 6 5 The column was washed with 40 ml water, and clution was performed by N
hydrochloric acid 1n thre steps The first 8 ml were discarded The next 9 mi (fraction
1) contaned the NA and the third 15 ml (fraction 2) the NM (HAGGENDAL 1962) The
elutes were cvaporated to dryness under reduced pressure 1n 2 rotating evaporator
at 35°C, and the residues were each taken up 1n 1 ml 99 5% ethanol contamning 1%
concentrated hydrochloric acid After adding 5 ml scintillation mixture!) 5 ml of the
sample were transferred to a counting vial and analysed for their content of 2H and
14C 1n an EKCO hiquid scintiliation counter2) by means of pulse herght analysis Fig 1
shows pulse height spectra for both 1sotopes and for the background In order to
raise the 3H pulses over the discriminator threshold and thus to obtain ncreased
counting effictency, the preamplificr was overlonded, which 1s the reason for the
distortion of the 14C speetrum  The left shaded aren represents the counting range for
3H and the right one that for 14C The interference of 3H 1n the 14C range can be
neglected, but @ correction must be made for interference of 14C 1n the IH range as
follows

Let S3H be the true counting rate for 2H 1n the sample, S1 the counting rate for the
sample at the 3H range, S2 the counting rate for the sample at the 14C range, Cl the
counting tate for the 14C standard at the 3H range, and C2 the counting rate for the
14C standard at the 14C range

Cl
3H = St — ==
thus 34 = St C2$2
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- 4
© 20 30 40 50 60 70
VOLTS

ectra for tritiem (3H) carbon 14 (14C) and background (B) obtained
e npgl!iecr(’)ﬂlgl:;ifsclnullauon counter Figure shows the counting rate plotted against
from a discriminator threshold voltage
Instruraent scttings  Gate width 1 volt
High voltage 1100 volts
Pre amplification 500

)3 g 25 Diphenyloxazol (PPO) and 03 g 14 D [2 (5 phenyloxazoly))] benzene

OP) 1a one liter toluene
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of untreated ammals The radioactiity of the ordimary fraction 2 as defined abose,
from heart tissue dogs not seem to be derived from NI only, stnce a significant part
of the actraty left 1l than NM Prep with the COMT mnhibutor
dopacetamide seemed 1o unmask this unidentified part of fraction 2, as shown in fig 2

In one expertment JH NA was added to & heart homogenate (fig 2, bottom) No
smpunity or artificial conversion product related to the unidentified activity in fraction
2 could be detected The results therefore suggest that the undentificd matersal had
teen formed in vivo

All values correspondtng to fraction 2 were caleulated on the assumption that the
molecular werght was that of NM

Conntan 1 Fam bpne 36 o ar -

. ~

usedtn ere from time hecked by

In this paper radtoactivity results for the NM fraction will be shown for skeletal
muscle only From heart this fraction was not considered to be suffictently pure to
Justfy presentation of results

The results for radicactive NA and NM n tissucs have been expressed as ng/g
tissue (One ng = 10-%¢g)

Results

The uptake of mtrapentoneally admustered NA by heart and skeletal
muscle was about 309 of that injected by the mtravenous route The
radtoactive content of NA was much hugher 1n heast than in skeletal
muscle and disappeared more rapidly from the Jatter (table 2)
. Attempts ?cre made to block the COMT Anumals were pretreated with
e , 2 COMT inhibstor of low toxicity (CARLSSON et al 1962),

g/kg mntrapentoneally 30 min before the admunstration of NA, and
were killed 30 min thereafter The COMT inhybitor caused an mcrézsed
uptake by heart and skeletal muscle of 1travenously and particulacly of

Table 2
Uptake of NA after injection of label]
Jed NA Resul,
FRean Figites 1 brachets mdiat mimber S hi o5 landard ertor ofthe

]
T NA ot
e G I W
: | NM NA [ NM
Han | 05 [3092021 ()
R - [usnesl
Fem 2035(H - 1241 3229 (3) z
muscle slo2rzo
o ion® 10
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Recovery The recovery throughout the procedure was estimated as follows Heart
and femoral muscle from twelve mice were homogenized 1n perchlonc aoid 3H NA
was added to the t and after centrift HC-NA was added to the
extracts The extracts were divided into two prts, and each part was taken through
the wholc procedure Recoveries from homogenates were about 80% from extracts
over 909 (table 1) Recoveries of mactnve NM from extracts were over 90% No
corrections for incomplete recovery have been made

Specificity In some experiments on ruce that had recenved radioactive NA, 10 g
NA and 10 g NM were added to the tissuc extracts as ciarriers Then the extracts were
treated 1n the usual way, except that the elution was performed on fractions of about
one ml Fluorescence and radionctivity were measured 1n cach fraction (fig 2) The
first penk of radioactivity was always found to coincide with the fluorescence of the
carrier NA  The radioactivity of the subscquent fraction, however, showed good
agreement with the fluorescence of tarner NM only n that from the femoral muscle

TR s
1 » butamol/N HCH
{ Full scxle doflectlon 309 CFM
i | P oxosamrle ¢ carrier NA
' ! O ;
.

tot

lemars mus le frata 2
nbaa > /N Ll

Full scale deflects 303 C1M

¥ = aamale ¢ carr v A and NM

i
a5 c x —

aper chromatography of fraction 1 of heart
Fig 3 Radlg:d‘;‘mcunn 2 of femoral muscle
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Table 4
. . . v .
controls fredteu eI iy Bue e v v B & e v we
NA
NA mtrapentoneally |, ravenously
Hours
ue
b Na | WM NA
- 32
Heart treated mice (1)3 gj - 2
20 25 - 27
e — S
05 108 - zzg
3 10 093 -
Heart control mic 20 oo - n
as 019 o013 : Zg
ted 10 013 0024
Femoral muscle, treated mice 10 01 ooz 15
—
05 0074 o3 } ztls
le control muce 10 0065 0057 i
Femoral muscle contr 10 gocs gos7 1

In genera), the radiactive NA increased with increasing dosage 1n both
the tissues examuned

The use of the more potent a propyl denvauve of dopacetamide
(CARLSSON et al 1963) gave simular results, except that a dose of 05 glkg

intrapentoneally was then sulficient to cause marked whibition of the
enzyme (table 4)

Discussion

The lower secovery of labelled NA from tissues after intraperitoneal
compared with intravenous mjection 1s probably due to destruction dunng
the passage through the hiver The results suggest that COMT 1s involved
i this destruction Pretreatment of the ammal with 2 COMT inhibitor
caused a pronounced increase 1n the amount of Iabelled NA recovered
from tissues afler intraperitoneal imjection At the same tme a decrease in
tissue NM was obsenved  After intravenous imjection the effect of the
COMT 1ntubitor, though present, was less marked Thus smaller effect
seems to be of the same order as has been previously reported to occur
after pyrogallol admustration (Axrirop 1960) A considerable pan ~
some 30% - of the cardac output passes through the hver, so that this
effect may be largely due to ntubition of hver COMT

Skeletal muscle took up much fess NA than did heart tissee This 15
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Fig 4 Effects of dopacetamide on yissue uptake of labelled NA
The drug was given intrapenitoneally at a dose of 1 g/kg After 30 mun labelled NA was
given intrapentoneally ({H-NA) and intravenously (14C~NA) The ammals were hilled
30 mun lager

Tuble 3

Effects of three doses of dopacctamide on tissue uptake of NA Drug given 30 min before
labelled NA and ammals halled 60 min later Uptake of labelted NA 1 ng/g tissue

Heart Femoral muscle
Pretreatment NA NA NA
mtraperitoneally| ntravenously [intrapentanealfly| intravenousiy

2 No 56 180 026 074
88 05g/kg 101 238 060 112
£8 10gkg 123 227 064 114
“‘:;ZOglkg 200 550 107 407

205 gk 838 211 046 103
] mglkg 58 250 043 158
E2 20am 93 360 065 215

>

intraperitoneally admumnistered NA, whercas the radioactivity of the NM
fraction was lowered (fig. 4 and fig 2).

Jn another experiment we compared the effects of three doses of the
drug, 05, 1.0, and 20 g/kg body weight. The amimals were pretreated
. b;forc and killed 60 min. after the admunistration of NA (table 3)

30 mun,
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probably duc to sts much smaller supply of adrenergic nerves, which
appear to be mamly responsible for the capacity of tissues to bind NA
(HERTTING er al 1961) The lower binding capacity of skeletal muscle 1s
also reflected 1n a more raprd disappearance of labelled NA The radio
active NM disappeared rapidly also The results support the conclusion
of WHITBY ef al (1961) that bindimg 1s an important factor in the mactiva-
tion of circulating NA In heart 1t 15 probably the dominating factor, as
suggested by the results of KoriN ef al (1962), and this may be true also
for other tissues with an abundant supply of adrenergic nerves

Although extrahepatic COMT does not seem to play a major role
the nactivation of circulating catecholammes, further mvestigation 15
necessary for elucidation of its possible importance for the proper func
tioning of the adrenergic transmission mechanism

Summary

Mice were injected with 3H-noradrenaline (NA) intrapenitoneally and
14C-NA ntravenously The uptake of labelled compounds n heart and
sheletal muscle and their conversion to normetanephrine (NM) were stu-
dwed The fraction of intrapentoneally admimstered NA recovered from
the tissues was about 30% of the corresponding fraction of mtravenously
administered NA, indicating that most of the NA passing through the
lver was destroyed After treatment with the catechol O methyl trans
ferase (COMT) nhibitor dopacetamide or 1ts a-propyl derivative, the
amount of NA derived from the mtraperitoneal jection recovered from
the tissues mereased several fold, whereas the NA derived from the intra-
venous 1njection showed only a moderate ncrease Enzyme mfubitors
caused a constderable decrease n labelled NM

Tn mice the liver COMT appears to play a dommating role :n the
metabolic conversion of circulating NA
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de sodum (mol wt 254 25) loyed and 100 mg'kg was inyec-
ted subcutaneously into a rabbitasa 5 %4 solution (ScHoy 1958) Eight rabbuts were sub-
mutted to cross-over experiments I half the animals the control experiment was done
first the other half undergoing the gest with Ubiquin before the control experiment A
period of at least 8 days clapsed between the two expersments oA each ammal
. Pty "

v

myection of sulph: de sodum Blood was sampled from the
opposite ear marginal veln which was punctured by meaos of a phlebotome
A quantity of 250 nl blood and the same volume of heparin solution were blown
e o~ PR

ntn 3 et €07

- . " . '
v

muwie |

Spreading Experiments

The method desctided by ScrpT (1956) was employed 1 the spreading expent
ments By thus technique O 1 ml test solution 1S myected subfascially on the mner side
of the skin of mce which are killed by a blow on the head mmmedsately before the
spreading expertiments The test solutions used were 1 Sahne, 09%,2 Sml05%
solution of ubiquin added to 45 m! saline, 3 05 ml 0 5% ubiquin added to 49 5 ml
salne (092

At 30 mynutes after the injections {iwo on tach mce) the diameters of the vesicles
were measured and entered mto the formula for the area of an elipse (A =d; dp %5

All measurements were taken b
Y a person unaware of the com
the veu) the composstion of the flurd in

Capiliary Permeability
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depilator (wheat flaue g 35, taloun
to form the consistence of pormc
- "

e 3oty M3, mage solonic by addnm 3. 1 e
. . . .
- n -
Te €t ate
wh . - "
by -
(130 .o . .
30 . " .
. «
Mite giphosphats w v swline giphosphate §
wrate SOke mlL 8§ hydrotyteyptamune as s creatinine sull‘gl{x':(l'fs husta
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From the Department of Pharmacology University of Copenhagen
(Professor Knud O Mpller, MD)

Investigations into the Propertics of a Substance claimed to
increase Absorption (Ubiquin ®)
By
Jens Schou
(Recenved January 18, 1963)

It has recently been reported that a synthetic substance named ubiquin
@ acts as a spreadng factor in connective tissue It was further described
as able to enhance the rate of absorption of chemucal substances from
solutions mjected subcutaneously when given locally together with them
(PABST 1961) The substance 15 a polymer of oligo-N-methyl morpholo-
mium-propylene-oxide-chloride, having a mean molecular wesght of 1650

Several chemical substances are spreading factors 1n connective tissue-,
for example, encdiols containing a vicinal carbonyl group (DAUBENMERKL
1953) However, only hyaluromdase (and histamine antagonusts) ate known
to ncrease the rate of absorption when given with substances njected
subcutaneously (ScHou 1961) It was suggested to us that the intravenous
jection of ubiquin mught posstbly lead to an increase 1n the absorption
rate of substances mjected simultaneously by the subcutaneous route,
if 50 this substance would possess pharmacologtcal charactenshics never
described before It was therefore submutted to further pharmacological
evaluation However, with the sample at our disposal we were unable to
show any enhancing effect of intravenously njected ubiquin on the ab-
sorption rate of subcutaneously injected test substances Further, our
results did not reveal charactenstics that would be expected 1n a substance

promoting absorption

Experiments and Methods

Absorption Experiments
Young adult male rabbits weighing 2 0-2 5 ilos, had free access to food under
tant envire I cond. unt! the t of the experimental period
lasting one hour the unanaesthetised animals were

he absorption experiment
:?x‘s];lennsd(ed m thepdorsal position on a padded and heated rabbit table As test sub
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Table 1
. P = o mas mants e R rahh ot
. -
) . O . . 1
Manwtes aftes Blood concentration (ug/mD
e
mpection | SeoT (n = 8)] Ubiquin (o = 8)
5 201 27
10 332 390
15 519 523
20 595 519
25 618 665
30 664 689
s 648 663
60 608 594

Table 2

Spread ng expeniments on recently killed muce having 01 ml test solution tagected sub

Sasonatly o the underside of the skin Two drameters of the vesicles were measured afte~

30 minutes and the areas were ealeulated No significant dfferences exsted between tha
figures from the experimental groups (4 test, P > 005)

] Atea 1n mm? l Number of

espenments
Saline 794.£25 40
Ubiquin 0 S mg/mt 713 £27 37
Ubiquin 005 mg/ml 52124 31

produced by the addition of ubtquun to the test solutions up to a concen-
tratton of @ $ mg/m}, equivalent to about 0 3 mM

The results of the experiments on the capilary permeability of guinea
pigs are summanzed i fig 1 Ubiquin was found to be a “capiflary
permetbility factor™, showing a log dose response relatonship almost
exactly parallel 10 those for histamune and 5 hydroxytryptamime (shown
1n the same figuré) To the test solution contatning the highest concentra-
tion of ubiquin wete added S% plucose In control expenments it was
found that glucose atsell at this isotonic concentration provokes the
development of 2 blue colour In 24 evpenments the mean diameter of
this reaction amounted to 38 mm However, 0 5% glucose 1 salime did
not show any sigmficant effect (24 expenments)

The readings given 1n response to the fughest concentrations of ubiquin
may 10 part hne been provohed by the glucose The log dose Tesponse

5
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50 ug/ml, 10 S-hydroxytryptanune creatine sulphate, 500 pg/m! Readmgs of the
diameters of the blue arcas were taken 30 minutes after the yections The experimen
tat solutions were randomized and unknown 10 the person who took the readings

Isolated Guinea Pig Intestine

An isolated cleaned segment of guinea mg sleum was suspended 1n aerated (carbo-
xygen Ph D, 96% v/v 0, + 4% CO,) Tyrodes solution at 37°. The sensttvity of the
preparation was cheched by adding known amounts of histamine hydrochloride
Ubiquin was tested for lustanine-like activity and histamine antagonism

Viscosunetry

Tour viscostmeters of the type described by DALGAARD-MIKKELSEN & K\ORNING
(1948) were used. The flow-times for water held tn a water bath at 37° ranged from 25
to 92 scconds

Potassium hyaluronate preparcd from umbilical cords (JENSEN 1952) was dissohed
n phosphate buffer, pH 6 8 The relative viscosity was adjusted by dilution to about
2 5-5 times the volume of the bufler solution The volume of the test solution m the
viscosimeters was 250 or 500 pl After the constancy of viscossty had been
checked for 30 munutes S0 ul §9; glucose n water, with or without 0 5% ubiquin, were
added The flow tim2 was then measured cvery Second menute uptl 1t was constant.

Blood Pressure and Respiration

Rabbits and guinea migs were anacsthetised with intraperttoneal urethane in 255,
solution, so as to give 12 and 10 g/kg, respectively Rats were given intrapentoneal
chlorbutol as described 1n Ph Nord vol 1V p 89

For measurement of arterial blood pressure, a cannula was mserted mto the carotid
artery and connccted to a presure transducer (Statham Instr Inc, P2IAA, 0-750 mm
Hg) by a water-filled length of polycthylene tubing A tracheal cannula was connected
ta a Flessch tube (FLEiscH 1956), 1n which the rate of aur flow 1s comverted mto a pro-
portional pressure This pressure 1s measurcd by means of a Statham * static” low
pressure transducer (sensttivity + 7 mm H,0)

The clectrical system of each tr; was leted through (Simon-~
sen & Weel standard amphfier, type A 59) and an ink recorder (Elema Jet recorder,
type TLS-8) By using two amplifiers and a special circunt the air speed 1s mtegrated
50 as to give the volume of air passing through the tube Calibration was obtained by
1 or 2 ml syrnnges The blood pressure records was cahibrated by means of a column

of mercury.

Results
Table 1 shows the results from 8 double cross-over absorption experi-
ments on the subcutaneous tissue of rabbats. The rate of absorption was
not significantly altered by the simultancous intravenous mjection of

ubiquin.
The results from spreading-experiment on recently killed mice are given
1n table 2. No significant alterations 1n the size of spreading papules were
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Table 3

SO pl 57, glucose

tage decrease 0 refative viscosity (o flow tume) after addiuon o %

::rvcvea'lle:g\:nh o:‘;llhou( 05 Ubrgun A\ figutes are means of 4 separate expenments

18 4 Berent wiscosumeters ‘The fisst cotlumn gives the volume of the hyaluronate solutton
the yiscosimeters before addmag the 50 plsample

Caleutared
biquin
Glucose decrease due to
{ o + ghucose dilunon
250! 838 86 833
5001 ) 892 899 903

In several expennments with 4 viscostmeters having various flow times,
the reduction 1n viscosity appeared the same from addition of ubiquin
along with glucose as when onfy glucose solution was added m the same
volume The decrease sn iscossty was found expernimentally to be close
ta the figures calculated from the concept of simple dilution as the cause
of the decrease an viscosity (table 3) The concentrations of ubiquunt in
the viscostmeters were 0 305 and ¢ 275 mM, respectively, 1n the expen
ments wath 250 p) and SOD pl samples

In expenments on 3 rabbsts, § gumea Pigs and § rats we found na
alterations produced by ubrquin given mtravenously n doses of 10 mgfkg
on blood pressure ot on frequency and volume of respiration Equivalent

d) o

of h and 5t ytryp caused
aheranons

Discosvion

The sbstance ubiquin @ should have the charactensstics of a poly-
elecim};d:, stace 1t 13 described 4 a polymer of the ehionde of oligo N
methylmor propyl mde The umt structure 15 shown 1n
fig 2 The mean molecular weight 15 said to be 1650, gwving a mean
number of 10 units 1n each molecule (PABST 1961) It has no chemcal
sxrxrvrarx!‘x‘cts’ {o the ::xle‘ds‘w"s of DAUBENMERLL (1953) menttoned earlser

ytes can with opp charged
1005 and thus tetard absorption  Hicuciy ef al (19?4) attemptedgto
csxkabhsh‘ ‘;hc;l;r ?r nu‘l the absorption of stmularly charged 1ons was
¥ poly ytes They dered the prablem theory
eticall
on the basis of the Dannan equilibnum Funher, they performed i wlri

& \he;ry that negatvely charged diffusible
211
ey 35 salc mg:\mdgcc ‘:; g‘:d passed through the membrane at a

non-tiffusible electrolytes, such as
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Fig 1 The relationship between molar t of ubiquin and 5 hydro

xytryptamine and their effects on capillary permeability 1n guinea pigs (s¢ Methods )

Abscissa as mull; (it hmie scale) Ordinate Mean of the diameters
from at least 48 experiments for each value

@ histamine

QO ———— O 5 hydroxytryptamine

x x  Ubiquin ®

line for ubiquin has therefore been drawn only through the ponts ob-
tamed from the experiments at the two {owest concentratrons of ubiqumn,
the rest of the hne being dotted For comparison the log dose response
lines for histamine and S-hydroxytryptamine are shown on the graph
Clearly ubiquin 1s a capillary permeabihity factor In equimolar concentra
tion 1t 1s quantitatively similar to 5-hydroxytryptamne, whereas histamine
15 100 t1mes as potent

As described m “Methods”, ubiquin was tried on the gumea pig ileum
for histarnine-Jike action and hustamime antagomsm Either of these effects
was shown 1n several experiments The sensitivity of the rleum prepara-
tion commonly permitted a contraction that was enfarged to 46 mm on
the black drum when reacting to a fustamine concentration of 1 x 10-4
mM 1n the Tyrode solution Ubiquin at a concentration of 0 121 mM
did not evoke any recordable contraction and did not decrease the hista-
mine contractions to any measurable extent Histamine caused signifi

cant contractions at a concentration of 10~5 mM
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pillary resistance and of other vessels to trauma In the absorption ex
peniments which involved sampling blood from the ear marginal vewn of
rabbits we closed the wound 1n the mtervals between sampling by
applying cotton wool 1o the fesion kept m posttion by a clathes peg
Several of the antmals developed necroses n this same area dunng the
days after the absorption expenment with ubiquin In numeraus absorp-
tion expentments performed previously by us such changes have never
been recorded

Thus we have been unable to show any absorption-enhancing effect
of the drug when given by the route it ly with the
subc of sulph: de sodium Given locally
ubiquin ncreases the permeability of capillanies and a decrease m vascular
resistency may result from intravenous admmustration Tius fact may

explan the clamm that the substance should possess hyaluromdase
activity

Summary

Ubiquin ® 1s the chlonde of a polymer of oligo N methyl morpholo
nium propylene oxide We were not able to demonstrate any alteration
exentd by intravenous ubiquin on rate of absorption of subcutaneously
ijected sulphacetamide sodium

The substance did not alter the viscosity of potassium hyaluronate or
the spreading of fluid 1n connective tissue Neither histamune Like action
nor histamine antagonssm was found

However the permeability of capillaries to substances of high mole
cular weight was mcreased and the ressstance of capiilaties to trauma
seemed to be lowered

It 15 concluded that the substance 15 withor

ut any absorption enhancing
effect similar 1n mech to that of hyal !
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CH, CH
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Fig 2 Unut structure of the molecule of ubiquin
With a mean molecular weight of 1650, the number of units 1n each
molecule 1s ten (PaBsT 1961)

Cl

carboxymethylcellulose, werc found 1n the solution to exert an exclustve
effect Later authors faded to show such an effect of a positively charged
polyelectrolyte as PVP (polyvinylpyrrolidine) on the absorption of
atropine sulphate m yne (SCHRIFTMAN & KONDRITZER 1957)

However, as far as the information 15 avalable from the paper of
PAnsT (1961), the tissuc clearance test show the rate of absorption of a
negatively charged 1on 13U, and the polyclectrolyte 1s positively charged
Further, the molccular size of ubiquin (mol wt 1650) does not indicate
any prohibition of diffusion through capillary walls Consequently any
such mechamsm as the above-mentioned cannot explain the results
reported. Further, if the mean molecular weight 1s only 1650, most of the
molect *  eadmng
factor quin at
the concentrations used n our experiments Neither did the suostance
mhibit the effect of ustamine on the 1solated guinea pig 1leum or on the
blood pressure of various species of ammals It was without effect on the
viscosity of a potassium hyaluronate solution The only posttive phar
macological effect of ubtquin demonstrated 1n our nvestigation was an
ncrease in the permeability of the capillaries This was evaluated by the
passage of mtravascularly adminsstered Evans blue through the capillaries
into the tissuc in the arcas where ubiquin was injected locally The molar
effect on the permeability of capillanies was of the same order as that
exerted by 5-hydroxytryptamine

A possible explanation for the results of PansT (1961) would be an
enhanced filtration of flmd through the vascular walls 1n the mjection
zone when ubiquin 1s added to the injected solutions containing i
If oedema fluid 1s extravasated nto the nterstitial tissue contarnmng 131,
1t may cause a more rapid decrease m radiation as 1t 1s measured over the
sk, sumulating the alterations found when an absorption enhancing
agent operates There are no data showing how much radioactivity

could be measured 1n the blood
Our observations ndicate that ubiquin may cause a decrease 1n ca-
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From the Department of Pharmacology, University of Gothenburg,
Goteborg Sweden

The Comparative Absorption of Creatinine from »Gitter«
Tablets and Control Tablets.
By
Lennart Lendholm & Nils Svedmyt
(Recenved February 2, 1963}

One goal of current pharmacalogic research 1s a more even and pro-
longed absorption and blood concentration of drugs achuieved by 1n-
corporatmg the active sut m oral p tons giving d
release Numerous preparations with a reportedly prolonged pharma-
cologreal action have been produced DRAGSTEDT (1958) has cntically
discussed the advantages and drawbacks of the method There are,
essentually, two considerations first, the purely techmical problem of
developing preparations capable of gwving, under varying conditions, a
umform and d release, and, dly, the ph 1! 1 question
of the extent to which the released drug will be absorbed 1n the more
distal sectors of the gastro intestinal tract

S10GREN & FrYRLOF (1960) described a form of “gtter” tablet (Duret-
ter %, Hissle), 1n thus the active substance 1s incorporated 1 a network
of plastic from which, through vanations 1n the method of preparation
i1 vitro, 1t can be released at varying rates Below we report a comparative
study of the absorption of creatimine as admimstered 1n Duretter ® and
10 comentional tablets Creatimne was used as test substance because of
sts comparatively rapid absorption, being mostly absorbed within two
hours Creatimine absorption, moreover, 15 relatively complete, amounting
to approvumately 753/ of the amount admmnsstered arally Nor daes if.
appear to be metabolized in the organism, for 96 per cent of intray enously
adnunistered creattnine has been recosered 1n the urine (DOMINGUEZ &
Powernt 1945) Finally, since ereatintne can be determined with satis-
{actory accuracy u‘\‘ blood and unne, 1t 15 well smied for absorption
studies The ““gitter™ tablets used 1n this myestigation were 50 constituted
that all the creatmne was released within six hours roughly the time
fequired for passage through the small mtestine

Acta phacmalogicavel 0, fae. U
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Fig 2. Creantnune excretion in the urine during three hour penods
tn the different expeniments

howeser, the creatimine contents of the blood and the body fluid were still
elevated by about ! mg9 over the basal value Creatinine is evenly
distibuted through the water phase of the orgamsm (DoMINGUEZ &
PouErene 1945), which constitutes approximately 70% of the body weight
m these experiments about 50 lilograms The amount of creatinine
absorbed and remaining in the organism after nine houss can therefore

6
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Methods

The experiments were performed on five healthy male students

The subjects cime to the Institution in the mormngs after fasting since the previous
cvening Basal blood (20 mb) and urine tests were first made, the subjects baing
structed to empty their bladders completely The tablets were then swallowed after
which blood samples were taken it 30 nunutes 1 hour, 2,3,4)1 6 73and S hours At
three hour intervals (0-3, 3-6 and 6-9 hours) the subjects emptied their bladders as
completely as possible The unnary volume was measured and from it 50 mi were
t1ken for analysis In the experiments with 6 g creatinine (48 tablets) blood samples
were qlso tihen at 12, 15, 26 and 29} hours and the urine was collected during the
sntervals

Each subject drank approxumately 300 m! hquid (water or fruitjuice) when swal
lowing the tablets and the same volume every three hours thereafter A standard meat
consisting of two sandwiches and frutyuice, was taken three hours after admumistering
the tablets and then twice more at three hour intervals The subjects sat quetly
throughout the experiments

Each subject underwent three experiments @n the first of which he recened 24
blank *gitter tablets, mn the second ordinary creatinine tablets and in the third
creatinine * gitter” tablets Three of the five subjects underwent additional experiments
n which the dose of ereatinine * gitter  tablets was doubled (6 g) The first three sets of
experiments were conducted at itenvals of about three wecks the Jast set was about

one yer later
The blood samples for determuning creatinine were centrifuged 1mmeduately after
being taken, and creatinine w1s assayed by the method of OWIN ef al (1954) 1 the

plasma

Resuits.

Blank tests The purpose of these tests was to ascertam whether the
creatimine content of the blood vanied during the experiments and to
determine endogenous creatinine excretion The creatinine content was
1n general extremely constant (fig 1) Elmmation of endogenous creatt
nine 1 the wnme w3 230 constant §g 2), the (il creatmne exerehon
over a mne-hour period averaged 783 mg

Creatimne control experiments Each subject received 24 ordinary
tablets contaiming a total of 3 0 g creatimne Within one hour, as sho\\;n
in fig 1, the plasma creatinine had reached a peak, on the average 4 mg %
above the basal value The creatinime content subsequently fell, at first
sharply, but nine hours after begmning the expermment it was still approx
mately 1 0 mg% above the basal value

During the first three hours the creatimne excretion 1n the urmne was
about three times that recorded 1n the blank tests, but 1t then showed a
gradual fall (fig 2) ‘The total creatinine excretion over a nine hour period
was on the average 2 26 g, an wcrease of 148 g over the blank value and
equivalent to 49 % of the amount admmstered At the end of nine hours,
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than inthe control exp ts Asteady of26mg%.
equivalent to an increase of 1 4 mg¥%, over the basal value, was reached
43 hours after admmistening the tablets, with then a gradual dechne, at
the end of mune hours the level was almost 1dentical with that i the
control experiments

The creatmine excreted in the urme showed only a shght nse dunng
the first three hours, but 1n the second three hour period was approu
mately double that noted in the blank tests (fig 2) The total amount
excreted through the kidneys over a nune hour period was 124 g, or & 45¢
above that i the blank tests Allowing for the amount absorbed and
remaining 1n the orgamsm, the total creatmme absorption may be
estimated at 045 plus 0 54 g, or 099 g, equivalent to 339

Creatinine “gitter™ tablets n double dose In the expeniments already
described the absorption of creatmme from “gtter” tablets was less
complete than that from control tablets In the next set of experiments
1t was sought fo obtain equal absorption through administering 6 g
creatmne 1 “gitter” tablets, the precedmg values having mndicated that
this dose would provide a total absorption of the same order as that from
he control 1ablets The experimental perrod was extended to 30 hours in
order to make posible determunation of total creatinine absorption with
greater accuracy

Tt will be seen from fig 1 that duning the first hour the plasma creatimne
did not ncrease more rapidly in the expertments with 48 “gitter” tablets
than in those with 24 tablets At the end of two hours however, 1t had
doubled as shown i fig 3, for which the percentage mcrease 1 plasma
creatinine has been calculated on the basis of the values for 24 “gitter™
tablets Inthese experiments also the maxsmum concentration was reached
after 4} hours, the level then gradually dechining At 264 hours
and 29} hours the plasma creatinine was constant at 0 27 mg ¥, over the

basal value

Creatinine excretion in the urine showed a constant maximum three t~
nima haare afiae S

v

wus st

From the dilference between the plasma creatinune levels at 9 and 291
houts (075 mg?) the elimnated amount may be estimated at 038 g,
which 15 close to the directly determuned excess of 04 g elminated i thc‘
unne This indieates the relhability of the former mode of calculation
The amount of creatinine absosbed at the end of rune hours was estimated
at163 g, cquivalent to 27% of the amount administered
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Fig 3 Pereentage increase of plasma creatinine
concentration at various intervals after admimistening 6 g compared with
3 g creatitune 1n * gtter  tablets
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Fig 4 Lower curve creatimine relcase as percentage of total amount n

n vitro expeniments wWith ‘grtter tablets Upper curve creatimine absorption at vanous
times as percentage of total creatintne absorption

be estimated at 05 g (10 mg X 50) It may thus be calculated that a
total of 148 plus 05 g or 1 98 g creatinme was absorbed, representing
65 per cent of the amount ad ed For cc on the relibility
of these calculations, see betow

Creatimne “gitter” tablets In thesc expenments each subject ingested
24 “gtter” tablets containng 2 total of 3 g creatimne - The rate of
release of creatimmne 11 virro from Duretter & 1s given in fig 4, which
shows that after six hours practically all the creatinine had been released
The plasma creatinine level rose at a considerably slower rate 1n these
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indicates, however, that such an assumptron would be erroneous, smnce
in the expenments with * giter” tablets the plasma creatmne fevel
continued to nis¢ for 4-5 hours Calculation of the average percentage
absorption of creatinine released during each hour from the creatimne
* mitter * tablets yrelded the values given in fig §

The absorption of released creatinine was thu:

s appreciably greater du
ring the first hour than afterwards Considerabl of

werenevertheless absorbed throughout the penod of 4-6 hoursduring which
the guter” tablets could be assumed to be passing through the small
wntestine Judging by the results the absorption of creattmne was more
thorough m the proumal than in the drstal sectors of the gastro mntestinal
tract Hence, the explanation of the low creatinine absorption from “gutter"
tablets could well be that most of the absorption took place tn more
distal scetors than did that from the control tablets It was possible,
howescer, to offset 1n some degree the poorer absorption from “gitter”
tablets by increasing the dose of creatinune

The observations suggest that creatinme mcorporated 1 “ptter”
tablets was released i the intestine at a rate ssmular to that observed
 witro The technical problem of developing an oral preparation with
sustaned release thus 2ppears to have been satisfactonily resolved On the
gther hand, 4n answer to the physiological question of the extent to
which the reicased substance will be absorbed 1n distal portions of the
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Discussion

In fig 4 the creatinme absorption at given intervals 1s recorded 2s a
percentage of the total absorption The resulting curve corresponds
closely to that depicting the rate of creatimine release from “gmtter
tablets u1 vifro, showing the mntestinal release of creatinme from “gitter’
tablets conformed to the time pattern of i vitro release

It 1s evident from fig 1 that in these experiments the creatimme “gitter '
tablets did not have a more prolonged action than the creatinine control
tablets At the end of nine hours the plasma creatinine concentration was
almost 1dentical m the three series of expertments The two types of
tablets differed essentially 1s one respect the concentration curve for the
control tablets exlibited a peak, whereas that for the creatinme “gtter
tablets had no peak With the “mtter” tablets, however, the maximum
plasma creatimne concentration was only 25% of that 1n the creatmmne
control expertments It was nevertheless possible, by doubling the dose of
creatinine “‘gitter”” tablets, to double the maximum concentration 1n the
blood The therapeutically significant conclusion to be drawn from fig 1
1s that 1t should be possible with “gitter™ tablets to obtamn a more even
blood concentration over a given pertod than with control tablets If a
drug whose absorption behavior 1s like that of creatinmne, has a thera
peutic plasma concentration close to the tovic, the use of “gitter” tablets
could prove advantageous a peak concentration assocrated with side
effects might thereby be avoided

On the other hand, 1t will be seen from fig 1 that with creatimine
“gitter” tablets the maximum concentration 1n the blood was not reached
until after three to four hours To ensure more rapid action 1t might
therefore be advisable to “prime” the orgamism by adnunistering part of
the substance 1n rapidly absorbable form

The fact that “gitter” tablets did not have a prolonged action n these
experiments 1s doubtless duc to the poorer absorption of creatimine
amounting to only about 509 of that from the control tablets DoMiN
QuEs & POMERENCE (1945) in their experiments noted that creatimne
absorption had practically ceased after two hours, by which time about
759 of the dose administered had been absorbed The absorption of
creatimne 1n our control experiments, calculated from the change
plasma concentration and from the amount excreted with the urme and
expressed as a percentage of the amount admunistered, 15 evident from
fig 5 The absorption had almost ceased after one hour, and the remaining
25-309% 1n the ntestine was not absorbed It would seem reasonable to
assume that creatinine absorption was hmuted to the upper portions of
the mtestine and failed to occur 1n the distal sectors A study of fig 1
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From the Departments of Pharmacology and Pathology
B 3 Medical College, Poona 1, {India)

Protection by Indigenous Drugs Against Hepatotoxic Effects of
Carbon Tetrachloride in Mice
By
G V. Joglekar, G K Chitale & J H Balwani
(Recened February 18 1969)

In recent years much work has appeared in the literature about the
nductton of liver damage by carbon tetrachlorde and protection against
it by a wide variety of agents, such as antihistamunics, phenothiazines,
quintne and procame (REEs 1962, FIUME et al 1961) LIV 52¢ a propre-
tary med of nd drugs, has been claimed to be
effective m hepatic disorders (SHETH ef al 1960, PATRAO 1957, SULE et al
1956)

In our work we proposed to study the offered by p h

zine {phenergan ®), chlorpromazine (largactil ) and LIV 52 agamst the
effects of carbon tetrachlonde 1n mice

Matenals and Methed

We used 100 albino muce, of average weight range 25-40 g For the
short term study 50 male muce were divided into five equal groups One
group was hept 2s a control recening no treatment Anumals 1n each of
the other four groups were gen carbon tetrachloride 0 { ml orally by

mtragastric tube One group out of these four was given no protective
ATLDL

The remaning three groups teceived ph
phenergan elour {) mg/mouse) largacts
104 mg mouse) o LIV 52 Pedratric drops (04 mi 12 ¢ 25 mg, mouse) m:med:g:le)l;
afier ¢ Ohrs }and agua 4 hrs afier the adminsstration of the carbon tetrachloride

* Product of the Mimalaya Drug Co Bombay
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gastro 1ntestmal tract still present mayor difficulties Although st may be
possible, for a given substance, to combine a rapidly absorbed and a
slowly absorbed form 1n a single preparation that will on the average prov
1de, a constant and even blood concentration, there still remain impottant
questions about the extent of mdividual deviations from the mean and
the degree to which drugs vary in their absorbability 1f the prmerple of sus
taned release 1s to be successfully apphied to drugs, 1t seems essential
to undertake careful studics of the absorption and blood concentration of
cach mdvidual drug, since the factors governing absorption i the distal
segments of the small intestine are imperfectly understood

Summary.

Creatimine tablets of two types were adminustered by mouth to each of
five subjects, after which the plasma creatinine concentration and the
cxeretion 1n the urne were studred The test preparation cansisted of
“gitter” tablets (Duretter @, Hassle) 1n which the creatinine was incorpo
rated 1n a network of plastic for sustaned release Conventional creatinine
tablets were used as controls The i vivo rate of absorption of creatimine
from the “gitter” tablets was similar to the m viro rate of release from
corresponding tablets The total creatinine absorption from * gitter
tablets, however, was only half that from the control tablets presumably
because from the former the process of absorption occurred largely m
the more distal sectors of the small intestine The plasma creatimne
concentration rose more slowly and showed a more regular course from
“gitter” tablets than from the control tablets
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INDIGENOUS DRUGS AGAINST HEPATOTOXICITY "

Table 3

Histological changes i Liver after 72 brs
50 ¢ mice, five groups of 10 ‘Numbers showing change

cCl & CCli& | CCL &
Contol - CCL * l’hcnz‘rgang Largactt | Lav §2
Duffuse necross i 10 1o 10 1
Hydropic degeneration Nil 3 s 4 :
Fatty degeneration 2 7 3 € 2
Hemorthages Nl 5 2 ¢ ¢
Congestion o G
Table 4

Histological Changes in Luvet after 21 days
50 9 mace five groups of 10 Numbers Showing change

lComml' cecu ‘ ccl, & . CCly & l CCl &

Phenergan| Largactl | Lav 52

Arcas of Active Necrosis Nt 10 8 10 2
Chrome cell infiltration Nit 10 9 8 Ni
Localised Regenerative actvity Nt g 6 8 2
Generalised Regenerative

actity N Nil Nit N 3
Lobulation NI 8 3 7 ]
Fatty degeneration 3
Reticulum.

7 4 4 5
- Normal | Normal | Normal } Normal

The remarmung three groups 1n which the protective agents were gven
after the carbon tetrachloride showed almost stmular picture

21 days* study In the carbon tetrachlonde group (fig 1) the areas of
necrosis wese being gradually replaced by bands of cells consisting af
Tustiocytes and other chromc inflammatory cells, meluding plasma cells
Certain areas sull showed ewidence of active necrosis, whereas the
\n\fr\cmng colls showed repencrative actiity Thas hatam = -

sy Lels tn the necrosed area and regenera-
tive activity i the suffounding cells However, the changes were little
d,rgm;: rm)rln ﬂ}l‘cscdnchccd with carbon tetrachionde alone

n the other hand sa the L1V 52 group (fig 4
marled e group {fig 4) regeneratnve activty was

ly d areas, and feplacement by
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Table 1
5 (504 ) No tlﬂ'ammzls o
foup & mice; iving "
after 72 hrs mortaty
Blank Control 10 0
Carbon tetrachlonde Control 3 80
Carbon tetrachlonde & Phenergan 2 30
Carbon tetrachlonide & Largacul 2 80
Carbon tetrachlonde & LIV 52 7 3
Table 2

No of aimals
Group (50 9 miec) living
after 21 days

Blank Control 10 0
- Sl PR 1 50
\ 0 100
A 2 80
. 7 30

‘The animals were obscerved for 72 hrs Those surviving at the end of the observation
petiod were killed and sub d to hustol 1 1on

A simular study has been ntended on 50 female mice However, at the end of 72 hrs
they were all alise, and 1t was therefore decided to extend the study by repeated
adnmumnistration of carbon tetrachlonide

Distributions into groups and the ad ation of carbon t hlonide wnd other
drugs was done \n the same way as in the short term expeniment In this study carbon
tetrachloride was admintstered five times at the interval of three days for 21 days To
the antmals in the three groups, 0 hrs and 4 hrs after each carbon tetrachlonde 2d
muntsteation, phenergan, largacuf or LIV 52 was given orally m the doscs already
mentioned The hivers of those dying during the study pertod and those surviving 10
the end were examned histologrcally

Results.

In table 1 and 2 are given the figures for survival 1n the two experiments

Table 3 and 4 summanze the results of the histological study

72 dirs study In the carbon tetrachlonde group diffuse necross of the
Iiver parenchyma was noticed as acidophilic pik areas However, it was
especially matked 1 the fayers of cells surrounding the central vein

Other areas showed degenerative changes as hydropic and fatty degene-
cation Haemorrhages were also present in few areas
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chronsc nflammatory cclls was almost neghigible The hver pictures
showed striking resemblances to those of the control group
Reticulum stammmng 1 all the groups did not reveal any abnormality
On the basis of the experience gained during this study, a long term
investigations on rats 1s 1n progress

Comments and Methods

The present day drug treatment of lver cirrhosts 15 still 1n the expen-
mental stage No drug can prevent the cirrhotic change 1 the hepatic
tissue once 1t begins

Experimental hiver crrrhosis 1s ¢ ly produced by mg
carbon tetrachlonde by vamous routes REEs (1962) has reported the
protective effects of certamn phenothiazine compounds and other agents
On the other hand, chlorp , & ph h denvative, has
produced hver toxiaity 1 certamn chscal cases (KELsey ef al 1955,
COHEN ef al 1955, Isaacs et al 1955)

Anind proprietary med L, LIVS2, reputed hepatic
sumulants (KIRTIKAR & Basu 1933) was clmcally tested and showed
some value The LIV 52 drops contam capparis spinosa 1 67%, tamarix
gallica 0 42Y,, cassia occidentalis 0 42%, terminaha aryuna 0 84 %, achilea
millefolum 0 42%, einchorum ity bus 1 67%, and solanum mgrum 0 84%

In the imvestigation we have studied the effects of promethazine (phenet-
gan), chlorpromazine (largactil) and LIV 52 on carbon tetrachlonde
mduced iver damage in muce The short study of male mice for 72 hrs
(table 1) clearly shows that the percentage mortality with LIV 52 1s
markedly less than that m the other groups Phenergan and largactil
{ailed to protect the mice agamst carbon tetrachlonde, since the same
number of deaths occurred 1n all the three groups Histologteally, how-
ever, no clear protective effects of LIV 52 were noted

When a stmilar study was carried out on female mice, no death oceurred
10 72 hrs GYORGY ef al (1946) have observed a simular longer survival
and less hepatic damage in female rats than in male on,
tetrachilonde treatment "When this strdv wime an=s —
after the repeated admims N . . «
mortality with LIV 52 wa - S s \tavte 2) and con-
siderably less than tn the othe;
failed toypmlccl the ammal:lh * £roups Phenergan and largactl agan

Histological study of these groups, showing early curhotic change as

evidenced by ifiliration of chrome mflammatory cells, suggestion of
lobulation and localised Tegencrative activity, clmrly, mdicates that

es after carbon
P
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chrome mflammatory cells was almost negligible The hver pictures
showed striking resemblances to those of the control group
Reticulum stamung 1n all the groups tid not reveal any abnormality
On the basis of the experience ganed dunng this study, a long term
Investigations on rats 1S 19 Progress

Comments and Methods

The present day drug treatment of hver currhosts 15 still in the expen
mental stage No drug can prevent the cirrhotic change m the hepatic
tissue once 1t begins

Expenimental Liver cirrhosis 1s ly produced by ad; ng
catbon tetrachloride by vamous routes Res (1962) has reported the
protectne effects of certamn phenothiazine compounds and other agents
On the other hand, chlorpromazine, a phenothiazme denivative, has
produced liver towaity n certasn chimscal cases (Ketsey er af 1955,
CoHEN et al 1955, Isaacs er al 1955)

Anind proprietary med LIVS2 reputed hepatic
stimulants (KIRTIKAR & Basu 1933) was cimcally tested and showed
some value The LIV 52 drops contain capparis spinosa 167%, tamarix
gallica 0429, cassia occidentalis 042%, terminaha arjuna 0 84, achilea
millefolum © 82%, einchortum mtybus 1 61%, and solanum nigrum 0 84%,

In the investigation we have studied the effects of promethazine (phener
gan) chlorpromazine (largactd) and LIV 52 on carbon tetrachlonde
mduced liver damage 1n yuce The short study of male muce for 72 hrs
(table 1} clearly shows that the percentage mortality with LIV 52 15
marhedly less than that m the other groups Phenergan and largactil
faited to protect the mice against carbon tetrachlonde, since the same
number of deaths occurred m all the three groups Histologically, how
ever no clear protectne effects of LIV 52 were noted

\ -

n (
an

B we gl ltMe 1218 than on male ones after carbon
tetrachlonde treatment V'™

after the repeated admun
mortality with LIV 52 ¢ -
« 1 Qault 2J and con
siderably less than i the other groups Phenergan and la
failed to protect the ammals ? e rescul agan
Histological sl:dy of these groups, showing early cirrhotic change as
Ieud:];mcd by of chronic mf} ry cells, suggestion of
obulation and localised Tegemerauve acuvity, clearly indreates that
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promethazine and chlorpromazine were both unable to stop the changes
occurning after carbon tetrachlonde administration In the LIV 52 group
the liver picture had a remarhable simlanty to that of control Iners
there being no arcas of chronic cell infiltration and the necrosis that mught
have resulted was completely replaced by active regeneration spread
throughout This suggests that LIV 52 can possibly prevent Iver damage
and may even be useful 1n preventing further fibrotic changes

Since our study was only for of hmited duration, reticulum staring
showed no change, which requires more than § whs to become obvious
(F1uME et al 1961, Wanl et al 1956)

The mechamsm of this protectrve effect of L1V 52 remains unexplamed,
but the results have encouraged us to pursue a long term study

Sumntary

Protective cffects of LIV 52 - an Indian indigenous proprietary med:
cine - were noticed against carbon tetrachloride in muce both 1n a 72 hrs
and 1n a 21 days study Histological changes due to carbon tetrachlonde
were also prevented

Promethazine and chlorpromazine showed no protection against
carbon tetrachloride as evidenced by similar percentage mortahty and the
nature of hepatic damage
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The Lethal Action of Morphine and Nalorphine given jointly
to Morphine Tolerant and Non-Tolerant Rats
By
Torhell Johannesson and Rirsten Mlthers
(Received March 20 1963)

Although nalorphine 1s an effectine antidote for otherwise fatal doses
of morphine when central depression 1s the predomnant toxic mamfesta
tion, 1t 1s relatively ineffective when convulsions are the significant feature
(Woops 1956) In mice and rats nalorphine does not protect aganst the
convulsant effect of morphine (Korranyr & KARCZMAR 1953)

In lethal or other extremely large doses malorphune may cause excitation
and convulsions 1n many speeies, e g m monheys (IRWIN &. SELVERS 1954)
and 1n rabbits (LAVIKAINEN & MATTILA 1959), resembling those seen after
sumlar doses of morphine Recently JOnaNNesson (1962) has suggested
that excitation as seen 1n rats after large doses of morphine may be caused
by depressed cholinesterase acttvity m the bramn Nalorphme mhibits
cholinesterases to the same or an even greater extent than morphine
(BrLony & WILLMORE 1951, FOLDES et al 1959) We have therefore
advanced the 1dea that the exaitatory effects of morphine and nalorphine
are of the same ongin  Further, if nalorphme fails to antagomze the
cholimesterase inhbition caused by morphine, the lack of antagonism of
nalorphune to morphme excitation and lethality m the sat would be
explamed

Qur mtention 1n the expertments recorded here was, first to vestigate
whether the convulsant and lethal effects of morplune to morphine:
tolerant and non-tolerant rats could be increased by simultancous
admimstration of nalorphme We determined not only the lethal doses,
but also the concentrations of morphine and nalorphine 1n the bramn It
was therefore possible to estimate whft!wr‘the concentrations of ‘thcsc

compounds tn the o
cholmesterases to a
formed from morp!
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brain, because AxELrop (1956) has demonstrated m 1itra a decreased
N demethylation of morphine, pethidine and hydromorphone by liver

from morp 2t rats and related the development of
tolerance to the decreased capacity for N demethylation

Expeniments and Methods

Adult male albino rats (125-240 g) were used They were mamntained
under constant environmental conditions with free access to water and
a commercial food preparation Morphine tolerance 1n the rats was
induced as previously described by JomarnEsson (1962) Tolerant rats
were put on expeniments 17-20 hours after the last daily dose of morphme
Normal rats are referred to as non tolerant

Morphine chloride (Ph Dan 1948) and nalorphine chlonide {Anarcon ®) 1n the
form of 100 mM agueous solutions were injected intrapenitoneally Morphine was
- “ea . . .

vicnyecuons § herr brains (including the bram stem and the cerebellum) were removed
and analysed for morphine and nalorphine Further, the amounts of normorphine
formed from these substances 1 +110 were deternined

‘When both drugs were given 10 the same antmal the morphine was injected first
and then the malorphine immediately from another syrninge The brans of the rats
that had recenved morphane + natorphine repardless of whether they died spon
tancously or were killed were removed and thewr contents of morphine, nalorphine
and nocmorphine wete determned

Six non tolerant and two tolerant rats were killed without any previous admrn;stra
tion of drugs Their brams were removed and homogenized with an approprate
volume of 099 sodium chtoride solution 1 a POTTER & ELVEHSEM homogenizer
By means of an ice bath the temperature was kept Jow before, during, and after
homogenization Cholinesterase activines were then determuned m the total brams of
both lolcran: and pon tolerant rats The actmities ranged between NOS and 11

wnt
= wt €ucuviues were tnen determuned and expressed as percen.
tages of the control alues (for details sce JoHANNESSON & LAUSEN 1961)
Determinations of morphine nalorphine, and mormorphine were performed as
deseribed ‘by Mlu"m:u €1961) The average recovery was about 979, 97% and 2%,
Py 'L':m“us: ng the of normorphine corrections were made
puid ecorery The Jowest measurable amounts are about 1-2 re/g
n

des
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From the Department of Pharmacology, Unnversity of Copenhagen
{Professor knud O Moller, M D }

The Lethal Action of Morphine and Nalorphine given jointly
to Morphine Tolerant and Non-Tolerant Rats
By
Torhell Johannesson and Kirsten Milthers
(Recerved March 20, 1963)

Although nalorphine 15 an effectrve antidote for otherwise fatal doses
of morphine when central depression 1s the predominant toxic manifesta
tion, 1t 1s relatively ineflective when convulsions are the significant feature
(Woobs 1956) In mice and rats nalorphine does not protect agamst the
convulsant effect of morphine (KorpaNy! & KARCZMAR 1953)

In lethal or other extremely large doses nalorphine may cause excitation
and convulstons 1n many species, ¢ g 1 monheys (IRWIN & SEevrs 1954)
and mn rabbits (LAVINAINEN & MATTILA 1959), resembling those scen after
stmilar doses of morphine Recently JOHANNESsON (1962) has suggested
that excitation as seen 1n rats after large doses of morphine may be caused
by depressed cholimesterase activity m the bram Nalorphme mhibits
cholinesterases to the same or an even greater extent than morphme
(BLoHM & WILLMORE 1951, FOLDES er al 1959) We have therefore
advanced the 1dea that the excitatory effects of morphine and nalorphine
are of the same ongin  Further, 1f nalorplune fails to antagomze the
cholinesterase mhibition caused by morphune, the lack of antagomsm of
nalorplune to morphine excitation and lethality m the rat would be
explamned

Qur mtention n the expermments recorded here was, first, to mvestigate
whether the convulsant and lethal effects of morphine to morphune-
tolerant and non-tolerant rats could be mcreased by simultaneous
admmistration of nalorphine We determimed not only the lethal doses,
but also the concentrations of morphine and nalorphine i the bramn It
was therefore possible to estimate whether the concentrations of these
compounds m the bram at the ume of death could have mfbited bram
cholinesterases to any appreciable extent Further, normorphine, trans-

formed from morphme and nalorphme m 1110, was determuned n the
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Table 1
The of morphine and normorphiae i the brain of morphine
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SEN Hornm (1961) In our experiments the total reactton volume was 50 mi and mea
surements were made at pH 74 and 384° The cholinesterase actnaty 15 expressed
1s mucromoles hberated 1cid per munute per gram tissue

For titration we employed 10 mM solution of NaOH Acetylchokne todide was
apphed as 1 substrate at molanty x10 §

Results,

Injections of 50 or 100 mg/kg nalorphune -+ 500 mg/hg morphme were
generally not lethal to the non tolerant rats Injections of 500 mgfhg
morphine + 200 mg/hg nalorphine were lethal to the non tolerant rats,
which died 1 convulsions 24-37 nmunutes afier the injections Thirteen
tolerant rats recened 600 mg/hg morphme + 200 mg/hg nalorphine
Eight of them dicd in convulsions 15-40 minutes (average of 23 munutes)
after the mjections, whereas the remamung five survived for at least 24
hours and were cimnated from the experiment Eight tolerant rats
reccived 500 mg/hg morphine + 200 mg/hg nalorplune One of them died
m convulsions 20 minutes later, but the remaming seven rats survived
for at least several days and were ehiminated from the expeniment For
compartson four more tolerant rats recenved these doses of morphine and
nalorplune and were hilled 25 minutes after the mjecttons, which was
approximately at the mean time of death of the tolerant rats given 600
mg/kg morphune + 200 mg/hg nalorphme

I Morplune, Nalorphne and Normorphine in the Bram

The results are shown 1n table 1

A Injections of morphine alone In the brams of rats recenng
500 mg/kg morphine, the average concentration of the drug 15 minutes
after the myections were approxuimately the same in the tolerant and n the
non tolerant rats, about 13-14 pg/g bram Tlrty munutes after the
mjections of 500 mg/hg of morplune the average concentration m the
non tolerant rats was 16 pg/g bramn When the rats had recewved 600 mg/hg
morphine, we found on an average of 23 pg/g bran 1n the non tolerant
rats 15 munutes after the ijections In the tolerant rats recerving 600 me/hg
morphine, the average concentrations were 18 pg/g and 22 pg/g bramn 15
and 30 munutes after the mjections respecinely

B Injections of nalorphine alone As previously mentioned
nalorphine given separately was never lethal to the rats It should how
ever, be mentioned that the rats showed excitation, and some of them
even developed convulsions 10-20 munutes after bemng mjected This
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simificant differences were found between the nalor-
phr::: scl::csglc\:g:oninm the brans of the tolerant and the non tolerant
rats given 500 mg/hg morphune + 200 mg/hg nalorphine (P >> 005) On
the other hand, the nalorphine concentrations 1n the bram of the tolerant
and non-tolerant rats, given the doses mentioned of morphine and
nalorphine (500 mg/kg -+ 200 mg/kg), were found sigmificantly different
from the nalorphine concentrations m the brain of the tolerant rats given
600 mg/hg morphime - 200mg/kgnalorphmc(t =37f=17,P<001)

D Normorphine Only small amounts of normorphune were found,
so small 1ndeed, that they could not always be deternuned The highest
concentration was found 1n the bram of the non tolerant rats receiving
morphme + nalorphine

2 Inlubition of Cholinesterase Actvity in Bramn Homogenates
by Morphine, Nalorphme and Normorphine
The results are given i fig 1

Of the three drugs employed, morphune mhubits bram cholinesterase
activity least When the drugs were added to the reactton solution at
concentrations of 50 pM, morphine reduced chohnesterase activity n the
non tolerant rats to 90% of the control value, whereas nalosphine and
normorphune reduced the activity to about 709 and 60 %, respectively

When morphine, nalorphitne and normorphine were employed as 100 M
I the hohmest

I m the non tolerant rats
were about 609, 509 and 409 respectively When morphine and nalor-

phine were added simultaneously, each at 50 pM concentrations, brain
cholinesterase activities were reduced to 55% of the control value

1n brawns of two tolerant rats, morphine and nalorphme (50 M) had
1pproumately the same tntubitory effect as m brams of non tolerant rats
When added simultaneously, each at S0pM concentrations, the results,

as was found 1 experiments with non tolerant rats, mdicated an addiive
effect of morphine and nalorphine as wlubitors of bram chol
activity and astontshing

Discussfon and Conclusions

The results ndicate that more nalorphine 1s found 1n the brain of nen-
tolerant rats when it 1s grven together with morphine than when 1t1s gwen
alone and that morphyne 15 found 1n the same amounts 1 the bram
whether 1t 1s grven alone or with nalorphme In the tolerant rats (hc‘
amounts of nalophine inereased i the bramn when the morphine dosc’ was
wereased We hane no explanation for these remarkable findings How-
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T ~ N (
Drugs injected Dose | &2 N )
£8 1y mgkg | 2o N )
- mot- mor
=< s phine ‘ phine ‘ phine phine ‘ phine ‘ phine
500 25 1901 235 I np
plus | 25 202 | 214 |f 21
200 | 204 41 | 420
:gg 188 386 |1 . 3
206 544
Morphine plus 600 244 168 | 347
Nalorphine plus | 22d 133 ] ag2 if'?
200 39d 2147 367 10
2Ud 129 453
174 186 | 712 i,
214 144 531

behaviour was transient, and after about 30 minutes the rats were appa
rently normal

In the brains of rats recetving 200 mg/kg nalorphme the amounts of
the drug 15 minutes after snjection were found to be of the same order
of magmitude in both tolerant and non tolerant rats, on average 24 pg/g
bran After 30 munutes the average concentration of nalorphine was found
to be smaller 1n both groups of rats, on average 13 pg/g i the non
tolerant and 16 pg/g m the tolerant rats

C Sumultancous injections of morphine and nalorphine In
the bramn of the non-tolerant rats recerving 500 mg/kg morphme -+ 200
mg/hg nalorphune, the amounts of morphine at the time of death, 24-37
minutes (average of 29 minutes) after the mjectrons, were found to be
nearly the same as what could be expected when morphme had been
mngected alone The average morphine concentration was 17 pg/g brain
Nalorphine was found at much higher concentrations, an average of 28
pg/g bram, and this amount greatly exceeded what could be expected
when nalorphine was given alone

When 500 mg/kg morphine + 200 mg/kg nalorphine were administered
to the tolerant rats, the average concentrations 25 minutes after the mjec
tions (1 of the rats died after 20 munutes} were {9 pg/g morphine and 23
pg/g nalorphine ‘When morphine was given to the tolerant rats i amounts
of 600 mg/kg simultancously with 200 mg/kg nalorphune, the average
concentrations at the time of death, 15-40 minutes after the myections,
were 18 pg/g morphine and 45 ug/g nalorphine, a remarkably high concen

tration of the drug
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environment that may deiermine cholinesterase activity 1m the central
nervous system s 1no (¢ g substrate concentration and electrolytes}

In our i vitro expestments we used 10 SM acetylcholme as a substrate
A further merease of intubition  ould have been found had weusedalower
substrate concentration In this connection it 15 of considerable interest,
that according to JENSEN HOLM { 1961) there 15 no reason to believe that
the physiologcal concentration of acetylcholine 1 the brain would
exceed 10-6\ For thus reason the mlubition caused by the concentrations
of morphine and natorphme found mn the bram m yno could be hugher
than what we found w2 vitro

As mentioned above, all the non tolerant rats receving 500 mg/kg
morphine plus 200 mg/kg nalorphme died n convulsions within 37
minutes Out of 12 tolerant rats given these amounts of morphine and
nalorphine 1 died after 20 mmntes, 4 were kiled after 25 minutes, and the
remaming 7 rats (not ncluded m table 1) all survised for at least several
days The concentrations of morphine and nalorphine 1n the brains of the
tolerant and the non tolerant rats given these doses were not sigmificantly
different Out of a total of 13 tolerant rats gnen 600 mg/kg morphine
plus 200 mefhg the 8 rats incorporated n table 1 died wittun 39 minutes,
whereas the remaining S rats survived for at least 24 hours The amounts
of morphine 1n the brain of rats m this group did not differ from those 1n
the bramn of rats i other groups given 500 mefkg morphine, and the
contents of nalorphine were sigmficantly higher than n any other group
{table { cf results) The demonstirated increased tolerance to the lethal and
convulsant aciion of morphune and nalorphine must therefore be con
nected with the fact that the morphine tolerant rats have developed a
folerance 1o nalorphine that makes 1t possible for them to survive Tugher
concentrations of nalorphuine 1 the brain

Jortannesson (1962) found that morphune inhubits brain cholmestcrase

activity to the same extent in morphune tolerant and non tolerant rate Tn

our - = -

actn

.;x'r:d . w v« ulhounesterase activity has been found to be
¢ same In homogenates of brain from tolerant and non 1ok

{I61an~TssoN 196 o e oo

2} It must therefore be assumed that the obsen.
ed
tolesance to the lethal and convulsant action of morphine and nalorphine
i;:;b;ﬂ‘ ::wo\ch\\;:(s l:mt m:szd by a decreased ability of morphine or

0 mnhibrt brawn cholinesterases or by a d

bramn cells to hydrolyse acetrlcholine ¥ 2 dectensed abiey of the
Achcgrdmg to MiLters (1962) 1t 15 hikely that normorphine, being a
metabolite of morphune and walorphine, may be formed in the brams of
fats Our expersments show, how ever, that normorphine 15 produced from
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ever, 1t scems likely that morphine may interfere with the elmmnation of
nalorphine

Intrapentoneal administration of 500 mg/kg morphine or 200 mg/kg
of nalorphine to the rats was not lethal in our experiments, but simul
taneous admimistration of the two drugs n these doses was lethal to the
non tolerant rats Thus 18 probably because the lethal effect of morphine
was added to that of nalorphune Further, our results indicate that the
drugs are additive in ntubiting chol ase activity 1n homog
of rat brams

In non-tolerant rats recciving morphuine plus nalorphine the mean
concentrations of morphine and nalorphine 1n their brains at death were,
expressed 1 molarity, about 50 uM and 80 uM, respectively Our 1 vitro
experiments suggest that bran cholinesterase activity n the rats might
have been depressed at least 5097 at the time of death (fig 1), and the
Jethal convulstons 1n the rats may therefore be correlated with depressed
chohnesterase activity 1n the brain It should, however, be emphasized
that we have only an imperfect knowledge about the phystological
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environment that may determine cholinesterase activity m the central
nervous system m viso (¢ g substrate concentration and electrolytes)

In our i vitro expeniments we used 10-5M acetylcholine as a substrate
Afurther increase of mhubition would have been found had we used alower
substrate concentration In this connection 1t 15 of considerable interest,
that, according to JexseN Houw (1961), there 1s nio reason to believe that
the “phystological * concentration of acetylcholine in the bran would
exceed 10 M For thus reason the intubition caused by the concentrations
of morphune and nalorplune found 1 the bram i vivo could be hgher
than what we found m vitro

As mentioned above, all the non tolerant rats recewing 500 mgfkg
morphine plus 200 mg/kg nalorphine died i convulsions within 37
munutes Out of 12 tolerant rats given these amounts of morphune and
nalorphiae 1 died after 20 munutes, 4 were killed after 25 minutes, and the
remaining 7 rats (not mcluded n table 1) all survived for at least several
days The concentrations of morphine and nalorphune in the brams of the
tolerant and the non tolerant rats given these doses were not sigruficantly
different Out of a total of 13 tolerant rats gnen 600 mg/kg morphine
plus 200 mg/kg, the 8 rats incorporated in table 1 died within 39 munutes,
whereas the remamng 5 rats survived for at least 24 hours The amounts
of morphine 1 the brai of rats n this group did not differ from those in
the bram of rats in other groups given 500 mg/kg morphme, and the

contents of nalorphune were sigrficantly hugher than 1n any other group
(table 1, cf results) The d d d

) tothelethaland
convulsant action of morphine and nalorphune must therefore be con-
nected with the fact that the morphine tolerant rats have developed a
tolerance to nalorphine that makes 1t possible for them to survive higher
concentrations of nalorphine 1n the bran

«'léll'k\\BLsc\x (1962) found that morptune 1nfubits bram chotmectaracn

~ = L LAGBL I Romogenates of brawns from tolerant
a;:d non tolerant rats, and cholmesterase actnaty has been found to be
1]; same 1n homogenates of brain from tolerant and non-tolerant rats
5 lnwx!ssov 1962) Tt must therefore be assmed thas ttn %
Olermman s+ .

des

nal

~ uunoletases or b
brain cells to hydrolyse acetylcholine 7 by decteased ablty of the
N g:tc,g{:;ngrt;:r:;z:ms 3196‘2) 1t 15 dikely that normorphine, being a
and nalorphune, may be formed 1n the brain.
5 0

rats Qur expenments show, howeser, that normorphine 1s produced fron{
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results varied by 3 10%

ever, 1t seems likely that morphine may interfere with the elimmation of
nalorphine

Intrapenitoneal adminstration of S00 mg/kg morphme or 200 mg/kg
of nalorphine to the rats was not lethal m our experiments, but sunul
taneous admunistration of the two drugs in these doses was lethal to the
non-tolerant rats This 1s probably because the lethal effect of morphine
was added to that of nalorphine Further, our results indicate that the
drugs are additive 1 mhibiting cholinesterase activity in homogenates
of rat bramns

In non tolerant rats receiving morphune plus nalorphine the mean
concentrattons of morphine and nalorphine 1n therr brams at death were,
expressed 1 molarity, about 50 pM and 80 M, respectively Our m vitro
experiments suggest that bram cholinesterase activity 1n the rats might
have been depressed at least 5074 at the time of death (fig 1), and the
lethal convulsions 1n the rats may therefore be correlated with depressed
cholimesterase actwaty 1n the brain It should, however, be emphasized
that we have only an mperfect knowledge about the physiological
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morphine to a greater extent n the non tolerant than in the tolerant rats
This 1s 1 agreement with the i wiro experiments of AXELROD (1956),
showng a decreased N-demethylation of morphine by liver microsomes
from tolerant rats Whether or not this reduced N demethylation of
morphutte 1 the tolerant rats may be causally connected with the develop
ment of tolerance, as suggested by AXELROD (1956), 15 still open to dis
cussion. However, i our experiments, nalorphine 1s not de alkylated to a
lesser degree 1n tolerant rats, further, according to our own (unpublished)
results, morphine tolerant rats are 2lso tolerant to the lethal action of
normorphine

Summary.

I Simultaneous intraperitoneal mjections of morphine and nalorphine
mmight induce convulsions and death in rats, whereas morphune, or nalor
phune, given separately had no lethal action m our experiments Morphune
tolerant rats showed increased tolerance to the combmed lethal achon of
morphine and nalorphine

2 At high molanties morphine and nalorphine were potent mhibitors
of bramn cholinesterase activity n tolerant and non tolerant rats The
results idicate that morphune and nalorphine were additive m mhibiting
brain cholinesterase activity and that the combimned lethal action of
morphime and nalorphtne could be explained by depressed cholinesterase
activity 1n the bram

3 The demonstrated increased tolerance m the morplune tolerant rats
was not caused by a decreased ability of these drugs to mhibit bramn
cholinesterases or by a decreased ability of the bramn cells to hydrolyse
acetylcholine It was, however, primarily connected with mcreased tole
sance 1o nalorphune

4 The results indicate that more nalorphine was found 1n the bram
when 1t was given with morphune than when given alone It 15 therefore
suggested, that morphine may mterfere with the elimination of nalorphine

5 Normorphtne, transformed from morphine m vno, was found m
1ower amounts in the bratn of tolerant than of non tolerant rats However,
when normorphine was formed u1 1110 from nalorphine, no such difference

was found
Acknowledgements
One of us (T 1) receved stipends from Visindassddur (Reykjavik) and

from Nordisk Insulin Fond (Kobenhavn) We thank Miss Grete Nielsen
for valuable technical assistance during the performance of the exper

mental work



LETHAL ACTION OF MORPHINE AND NALORPHINE

REFERENCES
Axelrod, ] Possible mechatusm of tolerance to narcotic drugs Sewence 1956,
124 263~

Blohm, T R & W G Willmore Effects of N allylnormorphine on cholineste-

rases Proc Soc Exp Biol & Med 1951, 77, 718-121

Foldes, F F,E G Erdds N Baart,J Zwartz & E. Zsigmond Inhibitton
of human cholinesterases by narcone drugs and their antagonists Arch
Int Pharmacodyn 1959, 120, 286-291

Irwin, S & M H Seevers Acute and antagontstic effects of malorphine
the monkey Fed Proc 1954, 13, 369

Iensea Holm, I The choltnesterase acuvity, alone and the presence of
wnhibitors, at low substrate concentrations Acfa pharmacol ¢t tovicol
1961, 18, 379-397

Tantom Untm ¥ TF 1T T v - -

SB4=d94
Johannesson, T Morphine as 2o inhuibrior of brain cholinesterases i mor-
r;ur;c \;/\;rznt and non tolerant rats Acta pharmacol et toxicol 1962,
, 23
Johannesson, T & H H Lausen Clorpromazine as an iahibitor of bramn
e
. ]

Kop . .

Lavis e .
Mathers, K N and motphine O separa
tion and determmation of small amounts i blood and tissues Aera

Woods, L. A The ph. of
Pharmacol Rev 1956, 8, 175-138

hine (N allyl



Acta pharmacol et tovicol 1963, 20, 90-96

From the Pharmacology Department, Leo Pharmaceutical
Products, Ballerup, Denmark

Monoamine Oxidase Inhibition and Sensitivity of the
Nictitating Membrane to Noradrenaline
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In 1952 BurN & RominsoN showed that chroric denervation of the
nictitating membrane 1 cats led to a progressive loss of monoamine
oxidase (MAOQ) activity 1n the organ There was a good correlation be-
tween the degree of enzyme deplettion and the response of the nictitating
membrane to adrenaline and noradrenaline Since MAQ was at that time
commonly believed to be the enzyme responsible for the metabolic
degradation of catecholamines, the authors arrived at the concluston that
the cnhanced sensitivity of the denervated organ was the consequence of
the dimimished amount of active enzyme, that 1s, a slower metabolic
mactivatton  The well-known hubitory effect of cocame on MAO
(PuiLror 1940) fitted into thus preture

In later years 1t was shown, mainly by AXeLrop ef al (1960, 1961), that
catecholamunes are mactivated primanly by another enzyme, O methyl-
transferase, and more or less specific tissue binding, MAO playmg a
munor and indecd dondrfuf rofe §t was further shown that cocaine displays
1ts sensitizing cffect for catecholamunes 1n doses so small as hardly to have
an mhibitory effect on MAO (Kraust 1961) Numerous experiments by
several authors fatled to show any sensitizing effect of the MAO mhibitor
ipromazid on the reactions of the nictitating membranc (GRIESEMER ef al
1953, BURN ef al 1954, Barzrr & Hourz 1956, Kamuo ef al 1956,
ScumiTt & GONNARD 1956), an 1solated preparation of the rabbit aorta
(GRIESEMER et al 1955) or the vascular musculature of the 1solated rabbit
ear (KOBINGER & FRus 1961) to adrenaline and noradrenalme This work
was done 1n acute experiments, { e the reactions to catecholamines werc
tested before and vp to 6 hours after the myection of tpronnzid Smce
1pronmzld has an adrenolytic effect of 1ts own (GRITSEMER ef al 1955), and
since therewere tugh concentrationsin the orgamismand thesolated organs,

respectively, duning the whote duration of the experiment, 1t seemed possible
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that thus pharmacodynamuc activity of 1proniazid could have masked any
possible oppostte effectsofa MAOmhibition Thisconceptionscorrobora
ted by the fact that some of the authors mentioned found a certamndepres
sion of the effects of catecholamunes shortly after the mjection of ipromiaztd
(Bauzer & Houtz, Kamyo et al , SCHMITT & GOVNARD, KOBINGER &
Frus) as well as by some experimental findings of CHESSIN ef al (1957} n
dogs and cats pretreated with 1promazd

The work of Hess et al (1958) on the metabolism of spromazid has
shown thts compound to be nearly completely metabohzed withm 24
hours, whereas the mhtbition of the enzyme remamed complete over 2
period of § 10 6 days This observation makes 1t possible to investigate
the effects of MAQ mhibition without any interfering pharmacodynamtc
effects of the mhibitor In the experiments described below the effect of
MAO inhubitton, mduced by pretreatment with iproniazid the day before
the experiments, on the sensitvity of the mctitating membrane of the cat
to noradrenaline was studied 1 order to elucaidate any possible role of
the enzyme in the inactvation of catecholammes at the receptor

Methods

The experiments were performed on 25 cats, 10 most of which one
ctgtating membrane had been denervated by exstirpation of the ganglion
cervicale superius 8 or 9 days before the expenment One group of 10 cats
semained without pretreatment as controls, 10 other cats recerved an
! p njection of SO mg/kg 1pronazid 20 to 24 hours before they were
anaesthetized for the expeniment, and a third group of § cats was pre

treated 1 the
et same manner with an 1 p imjection of 40-50 mgfkg 150~

The cats were anacsthetized with
pentobarbital (40 mgkg 1 p) After preparation
of the neck for artifictal respiration the pentobarbrtal dose was raised to 70-100 mg/kg

and gave complete respiratory arrest and nass!
muscular relaxat
uzed behave 1 ke decerebrate peepatations Boy R Bt N

on the side not denervated the ‘h Il"b:v;;l P &cnl'::;l: al:d
n sympatfucus The arterial Blood presay T et
Ppressure was na famn nfn
kymogtaph Afier the cat had been fivec recorded i e
branes were connected 10 a lever laae
magnification of the contractions of the
done Mo one v femorals
in all experiments a
borh oL Sxeriments a do‘cr Tesponse curve was first established for the rance
Bug
mung
02
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Fig 1 Influence of pretreatment with spronra
of cats 10 noradrenaline (NA), tyramine (Ty) ¢
Ordinate haight of the contraction on the ky

d night side ntractions to tyran .
#g/hg) and cocame (1 mg/hg)

® decentralized organ controls, o
+ denervated organ controls x

© decentralized organ
% denervated

Left side o
ipromsazid pretreated, +
organ, ipronazid petreated
Right side of the d
and after pretreatment with ipromanid (open bars)

in controls (black bars)

Under results the contractions of the michiating membrancs are given In mm

excursion of the lever on the hymograph
The sigmificance of the differences between the pretreated groups and the controls
was tested by analysis of variance and by the ranking method of WiLcovon (1947)

Results.

The results of our studies are summanized m fig 1 and table 1

The decentralized mictitating membranes of cats pretreated with
iproniazid were more sensttive to noradrenaline than those of the con-
trols The difference became statistically sigmificant at a dose of 0 5 pg/kg,
to which the average control response amounted to only 0 65 mm and
remamed so on the lugher doses Likewise, the iproniazd-pretreated
amimals showed greater responses to tyramine and 5-hydroxytryptamine,
both considered better substrates of monoamme oxidase than noradrena-
e Finally, the reaction of the decentralized mctitating membrane to
cocatne was significantly greater m the ipromazid-pretreated group

Cats pretreated with 1somazid showed no corresponding effect, the
reactions of the decentralized side even tending to be smaller than i the

control group
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Table 1
decentralized
Average responses (mm ) of the
pettatiog memhrargxcs 10 noradrepatine tyramne 5 hydrosytryptamine
and cocaine

L2 4w o1 25 é)\
025 05 ek xe | mene
Tecaiment ug/kg noradrenaline e | KEE | dofane
z 35 65 9 12 16 15 1 1

mm:md { ~105 <0 <D <O <61 <O <« 0 <05 <0t
Conols 03 065 12 22 44 T6 4 99 59
L 05 »05 >05 <0l >05>05 ( >05 { >05 ( <0

tonsnd ‘ o o1 ©3 % 31 % 0g 5 06

On the other hand the reactions of the decentralized organ the
wpromand group remamed dwtmetly fower than those of the den-
enated suctitating membranes, and the sensthzing ¢ffect of cocaine 1o
noradrenalime was also still demonstrable The response to the two
noradrenaline doses tested after cocaine was not signsficantly different in
controls and tpronazid group, though st seemed to be shightly higher
m the latter

The denenated mctitating membranes showed an apparent trend
owards shightly lugher reactions in the spromand group also, but the
difference from the control was i no nstant significant

Discussion
The results of this study show that 1t 15 possible to sensitize the nictt
wung and probably atse othet \

effector organs,
10 the effects of noradrenaline as well as to other substrates of MAO by

minbtion of this enzyme That the contracuion of the micutating membrane
to cocame 1s also intensified seems not surprising, simce thes action 15 due

to endogenomly ubersted noradrenatne (Kukoverz & LEveeck 1962)
However the effect to !

Line seems fot to become
oovos belote the concentration of the inhubitor ipronsazid has fallen

below 2 level above which the compound explays pharmacodynamic
effects of its own, 1n other words, 1 occurs only under the conditions of 2
rather ‘pure* enzyme whibiion Thus explans that several authors i
acute expeniments have fatled to detect any sensihizing effect of inhbstors
of MAO on the effects of catecholamines (GrIESEMER e1 2F 1953, BURN
etal 1954, BaLzer & Houtz 1956, SciviT & GoNwARD 1956), o; when
they have found such an effect (Kanwa ef af 1956), thought 1t lo’bc an
unspeorfic property of hydrazides, since 1sontazd also, though not an
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mhibitor of MAO, had tlus effect for some hours after wmjection In our
experiments, tsontazid had no such effect 20 to 24 hours after its myection

The sensitizing effect resulting from the inhsbition of MAQ was clearly
less than that of cocamne and chronic denervation but a trend to Tugher
contractions 1n the ipronazid pretreated group could still be shown
after cocainization and in the denervated nictitating membranes

These findings indicate a different mechanism of action for the three
possible ways of sensitizing the nictitating membrane to catecholamines
The sensitizing effect of chronic denervation 1s thought to be due to an
atrophy of the catccholamine tissue stores 1n the mictitating membrane,
thus mhubiting the uptake of noradrenaline mto the tissue and providing
lugher concentrations at the specific receptors (HERTTING et al 1961,
KunovrTz & Lovseck 1962), whereas cocame prevents the mactivation
of catecholamines by uptake into the tissue stores, thus leading to an
effeet simular to chromic denervation (MUSCHOLL 1960) The most prob
bable reason for the sensitizing effect of MAO mhubition shown mn our
experiments seems to be an interference with the chemical metabolism of
catecholamines The nvestigations of AXELROD ef af (1960, 1961) leave
no doubt that MAO does not play any important part m the inactivation
of the bulk of mnjected noradrenaline, but they cannot exclude the possible
mmportance of the enzyme for the mactnafion of the small share reachmg
the specific receptors The sensitizing effect of MAO ntibition could
then be a consequence of the slower breakdown of the catecholamines
fixed to the specific receptors This concept to some extent supports the
finding of JonnsoN & SLLLERS (1962) that the thermogenic effect of nora
drenaline could be enhanced by an inhibitor of MAO, but not by mhibi
tion of O-methyltransferase

If our conception of the part played by MAO 1n the mactivation of
receptor bound catecholamines 1s valid 1t could explamn why the sensitt
zing effect of chromc denervation 1s usually greater than that duc to
cocamne Whereas cocaine only prevents the uptake of catecholamine into
the tissue stores, and has no demonstrable mhibitory effect on MAO m
vnvo, chronic denervation not only prevents the uptake into the atrophted
tissue stores, but also leads to an MAO depletion of up to 70% (BURN &
RoeinsoN 1952) The mlubition of the remaining MAQ by 1prontazid
could account for the observed shightly higher contractions of the dener
vated mctitating membranes in cats pretreated with ipromiazid (fig 1)

Summary

Some 20 ta 24 hours after the iyection of ipromazid, that 15, 8t a ime
when there exists an snhibition of monoamine oxidase not complicated by
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ny pharmacodynamic effects of the mhibitor, the decentralized mctstating
rembranes of cats proved to be sensttized to the effects of miected nor-
drenaline However, this effect was not so pronounced as the sensitza-
1on by cocame or chromc denervation Tsomazid had no cosresponding
flect The results seem to pont to the responsibility of monoamine
yudase for chemical mactivation of the particular portion of catechola-
nines fixed to the spectfic receptors
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Effects of Cholinergic Agents on Intestinal Absorption
of Magnesium by Rabbits
By

Jens Jensen-Holm
(Recewved Aprit 16 1963

Oral ad 1on of iphate will, even after latge doses,
generally lead only to munor sises 1o plasma levels of magnesmum The
causes of thrs are said to be that 1) Mg+ 1s absorbed to a fawly small
extent only, 2) the metal 15 rapidly distnibuted over the hqwd phase, but
tass so intracellularly (ENGBEK 1952) and 3) that renal excretion proeeeds
farrly quickly, depending on the rate of urine flow and the plasma ley et
The tate of ttestinal absorption increases on admimstration of the salt
at a high concentration (TERKILDSEN 1950, SCHATTMANN 1951, JENSEN-
Hownm 1962) After rectal myection nto rabbits the absorpuon of magne
stum, as estimated by the rise 1n plasma level, will proceed up to 20 ymes
more rapidly if the solution of magnesium sulphate 1s made hypertonic
with glycerol, glucose or urea or 1f the mtestie has been pretreated with
a hypertone solutton of ane of these substances (JEVSEN Howa 1962) At
a molar concentrauion of not less than 0 9 (excluding MgSQ4) 1 the enema
given, complete magnestum andesthesia developed in all the ammals, with
plasma magnesium levels ranging from 160 to 195 eg/m! Several ammals
died A simifar effect has not been by oral ation of
corresponding hypertome soluttons (Jevsew Hows 1962a, unpublished)
TeRMLDSLN (19522) has shown that mtramuscular ingection of physo-
shigmne neoshgmme of acetyltholme 1o rabbts caused minor rises

plasma maghesium Thos effect was behieved to be due to loss of magnesium
from the intracellular emvironment

The object of the study here recorded was to 1mvestigate whether
cholimergic agents, admunistereq by mouth together with MgSQy, alter
the rate of mtestinal absorption of magnestum Such a possible relation
s of imponance 1 connectson with the question whether use of magne

stumm stlohate as a sahne evacuang 1 sustable i the treatment of poisaning
Acay

+
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due to oral intake of certain poisons. TERKILDSEN (1950, 1952), however,
foun.d'no u'nequwocally increased absorption of magnesium after oral
administration of MgSOy to soporific-poisoned patients

General Methods

Magnesium was determined by the Titan Yellow method (KOLTHOFF
1927; ANDREASEN 1957), modified so as to be more sensitive (see JENSEN-
HoLm 1962). The standard curve is slightly S-shaped. All the results of
analyscs have been corrected accordingly. It has been shown that none of
the compounds used interfered with the results of the analyses.

Compounds

MgS0q4, 7 H,O (Ph D)

Paroxan®) = paraoxon, E 600 (0 0 -dicthy]-0-p. P
Neostigmune bromide (Ph D)

Atropne sulphate (Ph D)

Carbacholum (WHQO), carbacholine chlonide (Ph D )
Acetylcholine 10dide (Hoffman-La Roche and Co , Ltd ), symbol used ACh 1
Activated charcoal (USP), granulatum carbonts (Ph D)

Experimental Antmals.
Coloured male rabbits werc employed They weighed about 2 7 kg, with an average
of270 £009(sem)
Oral admuustration was performed after introducing the stomach tube The same
ation of phate in water (2 § g and distilled water to 20 ml) was
used 1n all the experiments, and except 1n one experument also the same amount per
kg body weight (1 10 g, corresponding to 108 5 mg magnesium) The ammals used had
all fasted stnce the preceding afternoon (for about 16 hours) Nevertheless, on autopsy
of the animals that died, most of the stomachs were found to be partly filled with food

restdues
DBlood samples were withdrawn from the marginal ear vein after this had been

opened with a phlcbotome The blood was drawn 1nto a pipette washed through with

a0 1% solution of heparin tn saline The magnesium was determined 1n both erythro-

cytes and plasma Only the results of the latter are given in this paper The erythrocyte
llowed appr ly the plasma concentrations

The initial values for the concentrations of magnesium tn plasma and
erythrocytes before mtroduction of MgSO, were found to average (71
experiments):
Plasma: 1876 4- 038 pg/mi (sem)
Erythr.: 73.80 = 1.54 pg/ml (s e m.)

chermcally pure (about 99 %), was kindly placed alhour

d, which 1
*) The paroxan e Leverkusen, Germany, through Professor W Wart

disposal by Farbenfabriken Bayet,
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4) MgSO, + paroxan + activated charcoal (5 experimen

Mfso: -+ paroxan + activated charcoal + ACh 1 (2 expermments)
5) MgSOq + paroxan + carbachole (3 experiments)

Mg50, + paroxan -+ atroptne (4 expeniments, only 2 shown) (atropine given
parenterally}

6) Paroxan + activated charcoal + ACh. 1, but o MgSO; (I experiment)
7) M2S0, orally Paroxan subcutancously (5 expeniments 2 shown)

Magnestum sulphate was grven by mouth mn alt the expertments In group 5 atropine
was given parenterally, and 1 group 7 paroxan subcutaneously

Results
1) Control Group

Eight rabbits received equal amounts of MgSOy per kg, given at the
same concentration The results are set out an table I, 1n which are re-
corded the average plasma levels of magnesium and the standard error
of the mean (s ¢ m) The plasma Jevel rose most rapidly duning the first
hour and thus remained approximately constant

In one experiment about twice as much magnesum sulphate was given,
but at the same concentratton as above It 1s seen from table 1 that here
also the plasma level scerned to rise at the fastest rate within the first
hour The total plasma ¢oncentration obtained was twice as tugh as

after admunmistering half the amount Maximal concentration seemed not
to be reached within 24 hours

Table 1
Concentration of magnesium 1s Plasma after oral M2S0, 1o untrested sabbi: ntrols
after 110 2%g (2 animals) and after 2 13 gfkg (ome aiun:f) i ihis (controls)

The doses of MESQy wese

ven at the sa
20 mt destiled water) afier pres me concentration (2.5 g MgSOq dissolved to

evi0us fasting for about 16 hours
Time 1 min o ! 2 | 4 l 60 ‘ 30 \ 120‘ 150
number 3 3 8 7 7
Ilo;kg{uf:n:m‘) l:% ‘:2‘: 29§ 328 333 3§D 3§3
+ 1 214 16| 2 -
213gkg  pgmt 216 196\ 365( 457] 490 5:2 s
*) Standsrd error of the mean
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Mg**in plasma

Mglmt

120

80 35mgrkg
40 2Smglkg

J

b i I T
0 60 120 180 240 300min

Fig 1 Neostigmine and MgS0y
Abscissa Time in minutes after oral MgSOs and neostigmine bromide
QOrdinate  Co atton of plasma n pg/mt

Doses of ncosugmine in mg/kg as indicated After 35 mp/kg a marked increase in the plasma
magnesium concentration This rabbut developed p of h and
died of 2 b d and P

2) MgSO4 + Neostigmne by Mouth

Fig 1 1llustrates the results of two experiments with 25 and 35 mg
neostigmine bromude per kg, dissolved in MgSOy solution After 25 mg/kg
a shghtly accelerated absorption of magnesum was observed After 35
mg/kg a pronounced rise was noticed, to about 125 pg per m! of plasma,
and the ammal displayed signs of complete magnesium anaesthesta The
ammal must be assumed to have died of combined magnesum and
neostigmine poisoning

3) MgSQ4 + Paroxan by Mouth

a) Paroxan admmstered 20 nunutes before MgSO, Four experiments
were conducted with the doses 101, 99, 76 or 54 mg/kg In the first,
Wustrated 1n fig 2, D, a pronounced rise was seen, from an imtral level of
24 pg/mi to about 170 pg/ml, within no more than 9 min (after which the
ammal died) It developed a complete, reflexless anaesthessa, with a
termunal cessation of respiration Just before the anaesthesia set i, 2
general restlessness of a few mmutes’ duration was noticed True signs of
paroxan poisoning were never observed In the three other animals given
smaller doses of paroxan, a markedly accelerated though more moderate

absorption of magnesium was found These animals survived the expen
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Mg**in plasma .
Saimi k4
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0o 6 030 0 &0 03 © 60min

Fig 2

Abserssa Tame 1n minutes after admunstsation of oral MgSOy

Ordinate  Concentraton of magnesium in plasma {ug/ml)

The figure shows 6 examples of clevated absorption of magnesium after oral MgS0, and

cholinergc agents

Curve A Patoxan 9 2 mg kg Survined

Curre B Parowan 44 2 mg + charcoal 55 mg/kg Died

Curre € Paroxan 43 3 mg + charcoal 87 mg + ACh I 43 3 mg/kg Survived

Curve D Pasoxan 10 1 mg/kg given oral 20 minutes before oral MgSO, Died of magne

siem poisoming 9 minutes later

Paroxan 109 mg kg given oral 5 punutes before MgSO4

Curve F Pafoxan 100 mg/kg given as mentioned sbove The last two ammals died of
raroxan pononing The magnesium plasma concentrations were markedly

nerease

Curve £

*) The animal dicd at this pomnt, the final determenation was on blood taken by heart
puncture

mems Results for them are not included 1n fig 2, but only in the suney
chart, fig 4, to whech reference should be made

b) Paroxan admumstered 5 munutes before MgSOs Five experments
were conducted with doses of patoxan 157,113,109, 100 059 | mgfkg
AhertneTirst 1w o doses, The animals ded 1 and 2 mun , respectively, after
the admumistration of MgSO; In spite of the short interval, a doubling of
the plasma level of magnesium was reached 1n both After 109 and 100
mg/kg (sce fig 2 E and F) the absorption of magnesum rose to 98 and
9\n;:1g)m1. respectisely These animals died of paroxan porsomng before a
genwine

g had developed After 9 1 mg/kg, a2 mode-
Tate “?d was obianed (shown in the survey chart, fig. 4) before death
oceurr
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©) Paroxan admustered simultancously with MgS0O,4 Six experiments
were conducted with dases of paroxan 429, 176, 149, 137,92 or 23
mg/kg An accelerated absorption of magnesm was seen m all the
expersments (see fig 4, sohd curve) The first three doses resulted 1 death
13, 13 and 20 mn, respectvely, after the oral admimstration, the
remaining ammals survived the paroxan potsoning developed i all the
;xp:rxmen(s The result of the experiment with 92 mg/hg 15 shown
ig 2, A

d) Paroxan admunstered 1-2 hours after MgSOy At the yme 0 three
rabbits were gven magnesium sulphate exactly as to the control group
The first animal recewved after 55 min a solution contammg 43 mg
paroxan - 43mg ACh I 4 69 mg actnated charcoal The second antmal
recenved after 94 minutes 13 8 mg paroxan per g and the third 100 mg/hg
after 125 minutes The second admmistration produced m all expen
ments @ marhed, though moderate, nise m plasma magnesium The
first and the last ammal died Results of these expeniments have not been
ncluded in this paper

4) MgSO4 Adnmstered together with Paroxan + Actnated Charcoal (in
two animals also with acetylcholine at the same dose as paroxan)

Seven expermments were conducted Their obyect, carried out early
1n the series, was to study whether simultanecus admimistration of acti
vated charcoal and fairly large amounts of paroxan nught show a more
distinct effect on the absorption of magnesium, without the ammals
dying too early of paroxan poisontng The results were, however, not
particularly enlightening In all the expermments the same amount of
paroxan (40-45 mg/kg) was used along with various amounts of actnated
charcoal (from 55 to 204 mg/hg) To two ammals ACh 1 also was given
at the same doses as the paroxan Two of the seven experrments are

lustrated in fig 2B and C

5) MgSO4 Adnumstered together with Paro\an and Carbachole

Three rabbits swere given, bestdes paroxan, carbachole along with
magnesium sulphate by mouth The doses employed are recorded tn the
legend to fig 3,A Addition of the carbachole caused arapid and signifi
cantly increased absorption of magnesium As, however, the animals died
early, no particularly lugh concentrations of plasma magnesium were
abtamned Carbachole by itself with MgSOy has not been tested

MgS0, -+ paroan admmstered by mouth 1o atropimsed animals

Atropine sulphate, 2 mg/hg, was injected subcutanecusly 13 munutes
before admmstermg MgSOy -+ paroxan 15 mmn after the Intter, 1 mg
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Mg**in plasmd
pglenl 80
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+
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0 30 60 0 30 60 90 QO 30 &0 min

Fig 3
A Paroxan + charbackole orally
B4 C Paroxan subcutaneohs
Abscitsa Thme in munutes afier oral administration of l.\lgsm
Ordinate © - « -
Curre A .

Lower  Paroxan 74 mg carbachole 27 m
For the last analyses blood was taken by heart puncture The ammals died fauly
qu ekly with dramatic symptoms Absorpuions were rapid bui the ammals died
before high concentrations were reached

Curve B+ C Paroxan gwven subeutancously The solution used was 2 mg/ml saline In
both ammals there were marked effects on the magnesjum absorption (MgS04y
grven orally at zero potnt) The dose used was (Curve B) 0 77 mg paroxan per kg

Qvided 1nto three infections as Indicated with arrows (Curve €) 093 mg/kg
at the time indicated

atropine was njected sntravenously Two expenments were conducted,
with 20 6 or 23 S mg paroxan per kg Without attopine mjection the doses
of paroxan gisen would have produced a greatly ncreased absorption of
Atropine pletely abolished this action of paroxan, no

Pp bsorp of having taken place durng the first
70 and 30 mm , respectively (see the survey chart, fig 4) In the course of
the next two hours the concentration tose slowly to about $0 pes cent

abose the mnitial value Atropine thus seems gradually to lose ts effect

Two other experments also showed the same pronounced action of
atropine {not Mustrated)

6) Paroxan + ACh I & Actnated Charcoal,
but No MgSO,

Only one experiment was conducted with the dose 47 3
mg paroxan
4 4mg ACh 1 + 89 mg activated charcoal per kg The plasma level -:l'

magnesium rose from an mial value of 175 \
three hours During the same o e gl aftes

period the concentrat
rose from 80 to 88 pg/ml on i the erythrocytes
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Mg**in plasma

1 +7

nse inpg min®' ml
20
0 o °

H
i
i
A

01] : +atrop ne
0 10 20 30 40
Reroxan mglkg
Fig 4

The eflccts of paroxan {mg/hg) on the absorption rate of
magnesiem from orally MgSO4
Abserssa Dose of oral paroxan in me/hg
Ordinate  The rate of the clevation n plasma d over
the first 20 minutes after administering MgSOy (or even for a shorter ime, if the
ammal died before) The rate 1s expressed as pa magnesium increase per munute
and per ml plasma

1n absence of paroxan (at zero porwnt) we have the absorption rates for the
controls (8 ammals s em indicated)

The solid curve shows the absorption rates when paroxan was given simul
taneously with MgSO4 The results indicated by — O— and — @— show the
absorption rates when paroxan was given before MgSO4 (5 and 20 minutes
before), when, as 1s seen the absorption rates were much greater

A of atropine ( A ) markedly decreased
the rate of magnesivm absorption tn spite of the doses of paroxan used The
absorption rates were here also possibly less than in the control group

7) MgSOq Orally and Paroxan Subcutancousl

In five experiments paroxan was injected subcutaneously A solution
was used contamning 20 mg/ml saline Doses were gnen ranging from
about 0 5 to 1 0 mg/hg All the ammals died from 5 to 65 mun after the
mjection A clear, though moderately, accelerated absorption of
magnestum was observed 1n all the experiments The results of two of the
experiments are illustrated 1 fig 3B and C The hughest concentration
measured at death was 65 pg/ml

Discussion

Jt 15 more or less evident from these experimental results that after oral

admimstration of MgSOy the absorption of magnesium from the alimen-
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tary tract, judged by the nise m plasma magnesium concentration (and
also m the erythrocytes, though not shown here) proceeds more rapidly
1f cholmergic agents are also admnistered, generally at toxic dose levels
In the work described was studied the effects of acetylcholme and
carbachole, neostigmine and parotan (mn other words, partly choline
esters and pastly one reversible and one wrreversible cholinesterase
nhibitor}

There were, howeser, certam difficulties in demonstrating with suffi-
cient clearness the existence of an absorption mechanism cholmergically
determmned In particular, 1t was difficult to produce magnesiam anaesthe-
s1a (and possibly death from magnesium ntoxication) before the animals
had died of porsoning by the cholinergic agent itself, but two expeniments
succeeded 1n showing thys (after neostigmune, see fig 1, and after paroxan,
see fig 2, D) In other experiments in which the conditions were varied,
eg m several of them by adding activated charcoal to increase the
amount of paroxan, a markedly accelerated absorption of magnesium was
certainly found, but without such high concentrations being reached that
magnestum angesthesia developed This was due either to the aumals
having died earlter or to the effect bemng too weak or ceasing too quickly,
owing to an insufficient dose of paroxan The survey given n fig 4 of all
the experiments conducted with MgSO; plus paroxan shows, however,
that the absorption rate of magnestum from the alumentary tract was
clearly ugher 1 the experimental group than n the control group
{magnesium sulphate alone) The solid curve 1llustrates the results after
admunistering paroxan along with MgSO; The effect 15 seen to increase
wath nsing doses of paroxan The larger the dose, the sooner did the
ammals generally die of paroxan poisoming If paroxan was gwven 5 or
20 ynunutes before MgSQ, the absorption rate rose considerably (pethaps
awing to absorpuion from the stomach) It 1s also shown 1 fig 4 that
pr with | atropine bolished the effect of

even large doses of paroxan Absorption ma
y possibly have been yeduced
10 values lower than those ob d with ; alone (the

control group) the absorption rate being no more than ane thied of that
i the control group

Curbadhoit, Tren 'y moutn, intensitie:
absorption of magnestum Acetylcholine,
effect Uniike carbachale, howey er,

s the effect of paroxan on the

likewse by mouth, has no such
1t does not reduce the lethat dose of
p;:n\:m W18 therefore reasonable 1o suppose that an effect on the
nL ?rpuon z;fg :r:gnﬁlsxunl mus‘t be conditioned by some absorption of the
¢ b

P 5! of absorption

15 (hl:r'cl'orc unhihely to take place on the surface of the gastric or mt?;u 1
but probably in deeper -
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Subcutancous injection of paroxan (sec fig 3), like oral admynistration,
stimulated the absorption of magnesium Hence, to produce an effect
the chofinergic agent does not need to be present in the alimentary tract,
but, as has been stated above, absorption of the agent must have taken
place

The effect of the cholinergic agents on the absorption of magnesm
could be due to their causing a prompt spread of the magnesium sulphate
containing fluid over a larger absorbing surface than 1n the absence of
cholinergic agents However, the fact that admunstration of twice as
much magnesium suiphate, but at the same concentration, causes only a
shight rise 1 absorption argues agamst this explanation The objection
may also be raised that paroxan gencrally acts instantancously and rapidly
on the absorption of magnesium Further, the fact that paroxan admm
1stered a few munutes before magnesium sulphate accelerates absorption
far more than when simultancously admuimistered hardly fits the pnmary
hypothesis of a rapudly mereasing absorbing sutface

The possibility of reduced renal excretion of ragnestum 1n poisoning
with cholincrgic agents must also be considered In the experiment
lustrated i fig 2, D, 1 which the plasma magnesium level rose from 24
to 170 pg/ml during ne more than 9 munutes, cven cessation of renal
excretion of magnesium would hardly have nfluenced the result

Paroxan admmstered together with acetylcholne and  activated
charcoal, but without magnestum sulphate, caused only slight rises 1
magnesium plasma and erythrocyte concentrations The nises noted 1 the
remaimng experiments must therefore be almost exclustvely due to the
admumstered magnesium sulphate

Thus, there can hardly be any doubt that the accelerated, sometimes
greatly accelerated, absorption of mag Srom the ali y tract
15 mdeed cholinergteally determuned and can be produced by paroxan for
mstance This action can be intensified by carbachole and abohshed by
atropme Such a mechansm of action seems not to have been described
before
It has been shown previously (JEnsEN HouM 1962) that absorption of
magnestum can be greatly accelerated by rectal mjection of magneswum
sulphate, provided the mjected solutton has been rendered hypertome with
different substances (glycero), glucose, of vrea) or provided the colon has
been pretreated with a hypertonic solution Such an effect has not been
orally by simular admimstration despite use of a highly
hypertome solution (JENSIN HoLm 1962a) We do not know for certam
whether or not this 1s due to the mucous membranes of the proximal
alimentary tract bemng physiologically so resistant to the action of a
hypertonc solutions as (o preserve its functton unchanged (cf, however,

AY

Y~ o 101

procurable
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Perspective

The results of the study reported here provide evidence that cholmergc
agents have a pronounced accelerating effect on t'th absorption of
d d by mouth as mag P In another
smgy (Jensen Houn 1963) 1t has been shown, likewise m experments on
rabbits, that acute arsemic poisoning, caused by sodium arsenite, causes
increased absorption of magnestum (posstbly through a mucosal leston}
Hypertoruc solutions can act on the colon, but not on the proximal
portion of the alimentary tract, by markedly accelerating the absorption
of Ad ton of MgSO;4 sol at lugh coneentrations
(without the dose being increased) likewise accelerates the absorption of
magnesum
The observations reported above seem to justify the conclusion that we
i fact know little about how magnesium 1s handled m the alimentary
tragct We must therelore advise against using MgS04 as a saline evacuant,

especially in the treatment of poisonmng (which 15, moreover, often asso
crated with imparred renal function)

Summary.

1) Neostigmine and paroxan given by mouth to rabbuts accelerated the
absorption by the alimentary tract of the magnestum fraction of orally
administered magnestum sulphate

2) Thus action of paroxan could be intensified by carbachole, but not
by acetylcholine, given by mouth

3} Atropine, guen p It letel

y, p d the effect of
paroxan on the absorption of magnesium Atropine posstbly also thibited
the rate of phystological absorption

4) The ection of paroxan depended on the dose The action was
appreciably increased by gaving paroxan 5 or 20 mmn before MgS0,
Paroxan given I or 2 hours after, on the other hand, caused only shght
fises 10 plasma magnestum

5) Paroxan nected subcutaneousi

ly accelerated the absorpt:

wagRanaTA f1om Whe dmentary tract abearption of

&l h that our k Ted, by

P ut the

magnesium from the alimenta o Ve o o

ry tract 1s slight We therefore ad:
MgS0, 1n the treatment of poisoning ¢ cloreaduseagangt
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From the Department of Pharmacology University of Copenhagen
{Professor Koud © Moller, M D)

Effects of Sodizm Arsenite on the Intestinal Absorption
of Magnesium in Rabbits
By
Jens Jensen-Holm
(Recerved Apnt 16 1963)

It fras been shown 1n a previous study (JEnsen HouM 1963) that cholin-
ergic agents, speciaily m toxic doses, given orally or parenterally, can
accelerate the absorption of magnestum from the intestinal tract An
underlying cholinergic mechamsm was reveated It was also pomted ont
that the normal physiological intubition of the absorption of magnesum
from the alimentary tract can hardly be locabsed 1n the mucosal surface
wself, bat must be found in deeper structures of the wall Hypertonic
so&mcns can greatly accelerate the absorptton of smnultaneously or

d 4

q Iphate from the colon (JENSEY-
Haorx 1962}, but not from the proximat portion of the alimentary tract
{Jessen Hotag 19622)

To throw Turthes light on the | absorption of with
special reference (0 potsomng we have chosen to study the effect of
arsenic {sodnum arsemte) on the absorption of magnestum Such a study
» of particular tterest, since 1t 15 stated 1n many pharmacological and

sedical text books that introditchion of Jarpe amarmic af a cab -
e on

fl

A pivssaity nere that the absorption of magnesmm is
accelerated in arsemie poisoning

Methods

J'Llngn‘t"num v\as. determuned in plasma and erythrocytes on the lnes
sly for blood i
e ‘%,2 e y i 7. and analy tical techmque (JEnsen-
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Male rabbuts (coloured) werghing about 2 8 kg were used Magnesium sulphate and
sodium arsenute were administered by stomach tube

Compounds,
MgSQy, 7 H20 (Ph D)
Sodium arsemite (Kahlbaum, Berlin)

M deter Several analyses showed that sodium arsentte did not
terfere with the deter, as high a of sodum
arsemite as 10 mp/ml aliered neither the blank nor the extnction measured 1w the
presence of 100 pg Mg** per ml The observed nises 1n plasma magnesum Jevel were
therefore solely due to an d amount of

Results.

The results are set out 1 fig 1, which illustrates partly the absorption
1n eight rabbits (controls, average curve) and partly the absorption after
oral administration of MgSOy4 as well as sodium arsemite 1n aqueous
solutton Curves have been plotted to show the course 1 three rabbits

1) 110 mg Na3AsOj per kg at the time 0 About one hour later Mgs0y
(1.1 g/kg and 12 S per cent w/v) was admunistered by mouth The angmal

Mg**in plasma
pa/ml
40 f"’!—
¥

o
0 60 120 1BOmin

158mg/kg
147;nglkg/

80 |
nowgls
)
v
0d ——————r—
0 60 120 180 2A40min
Fg 1

Abseissa 4= s =~ n tre after arllv administered sodium arsemte
Ordinate e . . e gven
Upper curve L. . .o .

e adicated)
Lower curres . o - explana
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died 4 hours after the admmxstrau?]g :s;f N]a,?so_«, The plasma magnesmm
sen from 159 to pg/m!

l’:VZC)I lllifll ;;l;nl\?a,AsO, per kg at tme 0 30 mmn later Mg80, was ad
minsstered as under (1) The ammal died 145 min. after adnunistering the
sodmem arsenste The plasma magnesium Ievel had then misen from 309
¢ ;3)5 ?S;gr/nn: NajAsQ; per kg at ume 0 simuitaneousty with admimstra
tion of MgSO; (i the same solution) The ammal dred after 231 mm The
plasma fmagnestum level had then nsen from 17 5t0 101§ pg/ml

For companson, the course 15 mdeated 1 fig 1 for eight rabbits given
MgSO, alone The nse in plasma magnesium averaged 18 pg (from mean
mitial level of 18 pg/ml to a maximum of 36 pg/ml)

Discussion

1t has been shown i three expenments on rabbuts that the absorption
of from orally d MgSO, 1s greatly accelerated m
the presence of acute fatal arsentc poisoning caused by sodum arsemte
In the control ammals the plasma magnesmum level was found to se on
the average by 18 pg/ml In the three arsemite poisoned amumals, up to the
moment of death the level 1ose, by 536, 545, and 84 0 pg/mi, 1 other
words, 2 tise of three to five times that observed 1 the controls In two
further expermments MgSQ4 was admimstered afier the sodum arsemte
both ammals died, 5 and 7 min fater In one 2 pronounced rise i plasma

magnestum was seen until death occurred, m the other relatively hittle
effect was noticed

It seems clear that the alterations 1 the mucous membranes of the
almentary teact (and capillaries) due to arsemite potsonng result 1 an
appreciably increased absorption rate of magnesium after oral admnistra
tion of magnesium sulphate dissolved i water There 15 reason to suppose,
however, that renal excretion of magnesium 1s impaired at the same time
It should be noted that the time at which the absorption curves leave the
course of the control curve comades with that of the first sntestinal

sounds a few minutes later occurs the first pasty faccal discharge That
the plasma magnesium level does not

reach still hugher values ss probabl,
due 10 the fact that the ad d Iphate 15 dxicharg:ﬂ
with the facces before apprecableabsorption hastaken place Theexcretion

of magnessum sulphate with the faeces Tmust be assumed to ptoceed at a
faster rate i arsenite possoning than after a pure saline action

Owing to the obscrvations recorded abose, 1t 15 considered madvisable
1o recommend the use of MgSQy as part of the treatment of acute poison-
1ng by oral arserac (Cf discussion, Jensen Hory 1963)
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Summary.

It has been shown that in rabbits acute arsenic poisoning caused by
sodium arsenite raises the absorption rate of magnesum after oral
administration of magnesium sulphate. The observed rise m plasma
magnesium was 3 to 5 times higher than observed in controls
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Names approved by
The Nordic Pharmacopoeia Council!)
(NFN Names).

(Recerved May 18 1963)

The Nordic Phar P Council its approval of NFN2)
names for the substances m the list below These names may be used
should the substances be mcluded 1n the forthcoming Nordic Pharma-
copoera, m one or more of the Nordic pational pharmacopoeras and
offictal formulanes or i addenda to any of these

The substances for which thcse NFN names have been approved arc

fied by ;ving therr ch I names first, ndly the most fr

used non proprietary names, mcluding the International Non Proprictary
Names approved by WHO, and thurdly a selection of the best known
registered trade names and other names of pharmaceutical specialities
{preceded by the Jetter ®) applying either to the substance itself or to salts
of it or to preparations of which 1t 1s the active principle This mformation
15 piven n a stmilar manner to that in the Council’s publication “*NFN-
nawne™3) both n volume of mformation and in use of abbreviations

Names approved in 19629)

AFN name Orher Names
Acephenazinum 2 Acety] 10-13 (442 hydroxyethyfipiperazinyl (1))
maleate acephenanm propyl) phenthiazine
maless PINY Acetophenazinum
& Twndal

(Psycho-sedatne)

) The General Seeretary Fack Stockh
) NEN Abbrevation of Pt

Nord ¢ Phammron o \h:l Nord ¢ pame Nordxsh Farmakepé ndmnden °) for the
NFN 2
o !» XX Xm:dux:: 196 uon Copenhagen Helsiagfors, Reykjavik, Oslo and Stockholm
4) Names approved in 1961 see thes 1ournal vol 19 t-15 1961,
At prarmacotopich, vl 20 fuac 2.
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NFN-name

Acidum xenyhexenicum

(pINN)

NORDIC PHARMACOPOEIA COUNCIL

Other Names

1-(Biphenylyl-(4)) pentene (3)-carboylic aad (1)
®: Desenovis

(Against hypercholesterolaemia)

Clochinatum 7-Chl
(BAN, pINN) 1 bis(8-hydroxy-T-10doquinol 1
(&)
PINN* Cioquinatum (BAN)
® Resotren
(Chematherapeutic)

Demecastigmunum N,N-D hylenb hyl(3-methylcarba-
bromude: d. yloxyr ydroxid
bromudum fINN: Demecarn bromudum (BAN, NND)

@ Humorsol, tosmilen
(Anticholinergic)
Detrothyromnum D-3-[4-(3-Hydrovy-3-10dophenoxy)-3,5-duodopheny

Sodium salt: detrothyronin.
natnum
(PINN)
Methoxifturanum
(pINN)

Tolclotidum

Xemygloxalum
(PINN)

alanine
(Against hypercholesterolacmia)

2,2-Dichloro-1,1-difluoro-1.methoxyethane
PINN  Methoxyfluranum

® Penthrane

(Anacsthetic)
5-Chloro-2,4-disulfamoyltoluene

PINN Disul BAN. D
® Disamide

(Dwurctic)
4,4-Diglyoxyloylbipheny!

@ XNcnalvis

(Chemotherapeutic)
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From the Research Division Wyeth Laboratories Inc
Phaladelptua 1, Pennsylvaniz

Effects of the Potassium and Magnesium Salts of Aspartic
Acid on Ammonia Intoxication m the Rat
By
Harry Rosen, Albert Blumenthal and Albert Consaln
(Recenved June 2% 1963)

The production and alleviation of ammona intoxscation in expenmental
animals has recetved atteation in recent years Much of the work has been
undertaken 1 the hope that 1t would establish a relationsiup between
elevated blood ammonsa concentration and the coma that commonly
oceurs dunng hepatic Tailure Only a few of the many published arucles
will be cited here

1t has been shown (GuLLno ez al 1956, GREENSTEIN ef ol 1956,
DU RUISSEAU ef o Wintrz et el 1956) that mereased blood ammoma
levels and death produced by some of the essential amuno acids or
ammonium aretate In the rat could be relieved by L arminine or other
tefated compounds INGLE & WILLIAMS — AsivaN (1962) studied ammo-
nwm acetate mtoxication 1 the normal and 1 the partally hepatecto
muzed rat They found that partial hepatectomy lowered the tolerance of
rats for dietary ammenium acetate gnd that L argtaune afforded protee
1on against ammonium acetate given Intrapentoneally to exther normal
or partially hepatectonuzed animals

Using unanaesthetized dogs HANDFORD (1959) concluded that disodium

a ketoglutarate, 1, arginine and monosodium glutamate were meffectual
w b

s On the other hand, BARAK ef of
(1962} found that d 1 and argine Te-
duced ammona Intoxication m the Fek Sstule dog In other studies
Lasorit (1958) reported that potassrum and magnestum  aspartates
effecinely antagomzed wmercased ammonia fevels dunng haemorrhagic
shock 1n Tabbuts and akso prevented the nise of ammonna levels m rats

dunngexercise He stated also that rabbits were stmularly protected agamet
ammamnm rhtas e <

sit
™e s alilflolitm acetate



il6 H ROSEN, A BLUMENTHAL AND A CONSALVI

Methods and Materials

Male rats ranging i weight from 182 to 328 grams, mostly mn the range
of 240 to 280 grams, were used in this study All animals were fasted for
24 hours before the expertment

In a first senes, solutions of the test agents tn water (15 mi/kg) were admmistered
Intrapenitoneally, one hour later each rat was challenged by the same route with
800 mg/kg of ammonium acetate 1n 25 ml water Prcvious experiments had established
this as an LD70 Symptoms were observed, with death as the end point

The same schedule was followed 1n a second seres, except that 15 munutes after

hallenge the rats were beheaded and the Tevels were determined
from the collected blood by the method of NATHAN & Ropkey (1957)
The matenals tested were

DL-Potassium aspartate 4$H;0 - mol wt - 1802
L-Potassium aspartate 2H0-~ - - -2072
Potasstum chloride ~ . - - 746
DL-Sodium aspartate H,0- - - -1731
DL-Magnesium aspartate 4H0~ . - -3605
L-Magnesium aspartate 4H0~ -« . -3605
Magnesium chlonide 6H,0- . . -2033
L-Argtnine hydrochlonde - - - =207

L-Monosodium glutamate - - .« -1691

Results and Discussion

Table 1 lists the protection against ammoma deaths obtamned with the
dividual compounds used All doses of potassium and sodmum salts on
the horizontal lines of this table are equimolar, hikewise all doses of the
magnesium salts on the horizontal hines are equmolar Values for %
protection were corrected for non-mortality by the method of FINNEY
(1947)

Racemic potassium and magnestum aspartates each protected rats
against death from ammonum acetate, the potassum salt was more
effective on a weight for weight basis This protection was not due to the
potassium and magnesium 1ons alone, since the admimistration of potas

stum and magneswum chlorides 1 amounts giving the same cation content
as the aspartate salts showed at best protection that was only erratic and
not equal to that of the aspartate salts This lack of protection from death
by the chlonides was not due to jnherent toxicity, acute toxicity determina-
tions with both salts produced no mortality at the dose levels used
these expertments Simulatly, the aspartate moiety did not 1n sself account
for all the protection Sodium aspartate, though giving some protection,
was not as effective as potassium aspartate It 1s therefore held that the

combmation of cation and anion 1s 1mportant
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ts L argnine hydrochlonde and L. d

n mmam: tected 9gamgsj:l acetate deaths Thus confirms
:he tesnlts obtamed by GREENSTEIN et al {1956) on rats

Potassum and magnesium aspariates, when tested mdvidually at
358 mgfkg, gave only mummal protection When muxed together they
gave a degree of protection m excess of the added values {Table 2) Ths
imdicates that these matenals potenttate each other It is agan apparent
that the potassium, magnesium and aspartate sops do not separately
provide p all p must be present at the
same tme Nesther sodm and nar p and
magnesium chlondes protect as well as does a muxture of potassiym and
magnestum aspartates It was apparent also that an equal mpxture of the
two produced the best effect this was demonstrated by holding esther
component constant at 358 mg/kg and reducing the quantty of the other,
protectson was greatly reduced

The results shown i Tables 1 and 2 also indicate that spatial configura
uon plays 3 role w the pratection afforded by potassiem and magnesmm
aspartates Thus, L-potassium aspartate was as acttve as the racemic
form, an mdicatton that the D form 15 of Jike potency However, the
L magnesium aspartate showed small protection at the hughest dose used,
suggesting that the D-component of the DL mixture accounted for most
of the actwity Thus was further shown by the results obtained with an
equal weight mixture of the L-forms of potassium and magnesum
aspartates Dose for dose, protection was not nearly as good as with the

facemuc muxture, n fact the results with the L-muxture were similar to
howe with D -porassiam aspaniate alone

Table 1
Tndridual C A g LD70 A Acetaten
DLA LA b k| pLNA| DI-Mg} LM
M o
Aspartste Asp:nnt‘ Chlonde | Aspartate, Axplﬂa%e Asmeu Chlogxde Ml?é.‘lnQ 'T;‘u‘n:':;‘
et NUCESAY Mg S A S
R R TR S e e --:up,";c -vup;,; -nrp:.,l mu”;; m;up.’;
300 100 | ! 90 13 ! {
. 90 1
;,‘s; \20 !;: 02 0 687 64 1S 35, {403 20 gg ‘2! "x}gg :‘
w !; 65 B 1S 9 46 "i 568 55‘ #2030 0 104 48 et 3:
138 Sl9 S5 137 0 43 0 4 t s e 2
B 3 pe H
BV 42 1 M1 0 3 0 388 3y [ 5(’:; :g e
& V6 Ammals Perowe 1 183 | Tl

| 31 o
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Methods and Materials

Male rats ranging 1n weight from 182 to 328 grams, mostly in the range
of 240 to 280 grams, were used 1n this study All ammals were fasted for
24 hours before the expertment

In a first sertes, solutions of the test agents 1o water (IS ml/kg) were admunistered
intrapentoneally, onc hour later each rat was challenged by the same route with
800 mg/kg of ammonium acetate in 25 ml water Previous experiments had established
this as an LD70 Symptoms were observed, with death as the end pornt

The same schedule was followed 1n a second serics, except that [$ minutes after
ammonia challenge the rats were beheaded and the Jevels were d
from the collected blood by the method of NATHAN & RoDKEY (1957)

The materals tested were

DL-Potassium aspartate 4H,0 - mol wt - 1802
L-Potassium aspartate 2H,0- - - -2072
Potassium chloride - - - T46
DL-Sodium aspartate H0- - « -1731
DL-Magnestum aspartate 4H,0- - - -3605
L-Magnesium aspartate 4H,0- - - -3605
Magnestum chlonde 6H,0- - - -2033
L-Arginine hydrochloride - - .~ =2107
L-Monosodium glutamate - ~ -1691

Results and Discussion

Table | lists the protection against ammonia deaths obtamed with the

dividual compounds used All doses of potassitum and sodium salts on
the horizontal lLines of this table are equimolar, likewise all doses of the
magnestum salts on the horizontal lines are equimolar Valugs for %
protection were corrected for non-mortality by the method of FINNEY
(1947)
Racemic potassium and magnesium aspartates each protected rats
agamst death from ammonum acetate, the potassim salt was mor¢
effective on a weight for weight basis This protection was not due to the
potassium and magnesium tons alone, simce the admmistration of potas
stum and magnesium chlorides 1 amounts giving the same cation content
as the aspartate salts showed at best protection that was only erratic and
not equal to that of the aspartate salts This lack of protection from death
by the chlorides was not due to inherent toxicity, acute toxicity determina-
tions with both salts produced no mortality at the dose levels used m
these experiments Stmularly, the aspartate moiety did not 1n itself account
for all the protection Sodrum aspartate, though giving some protection
was not as effective as potassum aspartate It 1s therefore held that the
combination of cation and anion 1s important
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unprotected rats Additional tests were made with two doses not shown
1n the table A lower dose mixture of 80 mgfkg of each component gave
no sigiuficant reductron m blood ammoma At the other extreme, a dose
of 715 mg/kg of each gave no greater reduction than did 358 mglkg

Summary

Death 1n rats from acetate 10n was p d by
DL-potasstum and magnestum aspartates, esther alone or together Used
singly, potasstum aspartate was more eflective than magnesium aspartate
on & weight for weight basis Relatnely ineffective doses of each, when
used together, afforded a hugh degree of protection Equal weight mixtures
were found to be supenor to unequal weight mixtures The aspartate
mosety was shown to be necessary as well as the potassum and rmagne-
stum cations The activity of potassium aspartate 15 found mn both the D
and Lsomers, whereas the D 1somer accounts for most of the magnesium

aspartate activity Pre with p and aspa-
rtates significantly reduced the hyperammenaerua produced by itra-
P ! ad of acetate
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Table 2
Mixtures antagomizing LD70 Ammonium Acetate
Mixture mg/kg J n )'C Protection
[

DL-K + Mg Aspartates 358 + 358 25 i
285 4+ 285 25 66
226 + 226 25 14
358 ¢ 240 25 14
358 3120 25 3
240 4 358 25 9
120 + 358 25 3
L K + Mg Aspartates 653 + 568 16 82
519 4 451 16 73
412 + 358 16 38
328 4 285 16 20
260 + 226 16 ’ 20
K + Mg Chiorides 187 + 254 16 ! 2
148 4 202 16 f 0
DL Na + Mg Aspartates 344 4 358 16 \ 29

Table 111 demonstrates the reduction 1n blood ammonia Jevels caused
by the aspartates used together Owing to the fact that daily vanation,was
relatively great, each dose level was treated essentially as a separate
expertment, each had 1ts own water ammonium acetate control Ammo
nium acetate produced a level of ammonia many times greater than
normal blood levels found 1n these rats All three dose muxtures shown
the table reduced blood ammoma significantly compared with those of

Table 3
Blood Ammoma
Treatment | mg/kg [ n f prg NHj/ml Blood ’ pa
] I
DLK + Mg 120 + 120 ’ 24 ! 290 x 138b |
Aspartates | 025
Water | 24 3411168
DL Kk + Mg 240 + 240 24 ] 285 £213 005
Aspartates { <
Water 24 | 30 236
DLK + Mg 358 4 358 20 [ 207180 o0
Aspartates
Water 18 339 212
] 30 145 + 0132

Control
@ ~ Analysis of Vanance [

b-Mean = SEM
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From the Department of Pharmacology, Untversity of Copenhagen
(Professor Knud O Moller, MD)

Connective Tissue Electrolytes Dunng Acidosis and Alkalesis
in Normal and Oestradiol-Treated Mice
By
Hans Langgdrd, Jens Jensen-Holm snd Eigihi Hndberg
(Recetved July 13, 1963)

Earher studies have indicated that the loose connective tissue of the
shin serves as a resenoir of electrolytes

1n the normal condition the connective tissue contans an excess of
chlorde - 1 tself an intniguing fact Caleulations of the concentrations
of sodum and ¢hlonide 1n plasma and connective tissue further indicate
that only a part of the tissue water dissolves electrolytes (EILERs & LapouT
1936) Under the mifluence of diverse stimuh, electrolytes may rapidly
e mobilized from the tissue, or the tissue may deposit vanable quantitzes
of clentrolytes {t has been shown by HvIDBERG, JeNseN HoLm & LanG-
GhRD (1963) that sodm can be deposted m the connective tissue
withowt any increase of plasma concentration and on the other hand
that severe hypernatraemua 1s not pecessanly followed by an mncrease

of the sodium concentration 1n the connectise tissue Accordingly Win-
TS 5 of (1958) have shown that the amonnts of sotum 1 the bone
were ffected b; d h

¥ p yp ot hyper n
thus appears that the amounts of water and the concentrations of the

different electrolytes m the connective tissue m varlous circumstances can
be changed independently of each other and of the plasma values

The mechanisms of this depot function are poorly understood Previous
evidence has indicated that the collords of the connective tissue ground
Y Ny the aced mucapot hacsd:

s play an imporiant,
Pan an Vhat mechanism, possibly becsuse the macromolecules of the
mtersutial space can act as myxed cation anson 1on exchangers (¢f Ussna

¢;] al 1980) \\ovmcr;,mh:r possibilitees of binding or releasing 1ons 1w
1he connective tis:
the son © tissue do cuist and may act simuftancously or sntegrally

s s e
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modified by Bux (¢f Scwpt 1958) For determuning fiydroxiproline
mf"mn:tm ol NEUMA\ly&, Loaan as modified by MARTIN & AXELROD (1952), was
employed Tsssue and plasma Na and K were determmed with a Beckman DU
flame pl 2nd ph ) {vip JeNsEN HOIM & LanGGhro 1963}
The amounts of chlonde n tissue and plasma were measured by automatic poten
tiemetpe btfaton {Ragometers titrator) 1n the tissue after hydrolizing with 0 6N
KOH and precipitation of the protetas by Somogyt s technique {¢f ComLovE 19&2)3
The pH of whole blood was R;
capillary glass electrode wathout exposure of the blood to air The pH was then
determined after shaking mn an equilibrating chamber (tonometer) at a CO; tension
of 40 mm of Hg From these results (so called standard bicarbonate) and the ten-
sion of €Oz (pCO;) in the plasma were calculated wath the aid of the Astrup
nomogram as modificd by SIGGAARD ANDERSEN {1962) {¢f AsTRuP 1954 PreTorms
1954 and the suncy by SicoAARD-ANDERSEN 1963} (The last mentioned author
tecommends the teem  basosts nstead of the unfortunate * alkafosts™)

Results

The contents of the vanious constituents of the tissues are expressed
m meq mg or g per 100 g of the dry fat free tissue The concentrations
1 the ussue water and m the plasma are expressed m meq per htre
Statistical computations are based on the T-test, and the mean values
are given with their standard errors (sem)

Because of techmcal difficulties m obtammg sufficent quantities of
arterial blood the effects of the acidifying and alkahsmg treatments have
been judged from amalyses casned out on venous blood To meet the
objections that could be raised to this, stmultaneous determunations of
PH and plasma bicarbonate were carried out on venous and artetial
blood from separate groups of mice The results of this expeniment arg
gnven in table 1| The figures indicate that the values for artersal and

Table 1

Comparison between pH and corrected bicarbonate valoes in atienal
and veaous blaod

| it

Correticd bicarbonate of plastra
a meq/fl

————

venous blood ¥e
arerafbliood | under arterat bload it fr'oad
anaesthesia

f M fange | n omean sem i

| | n (‘mtan Jange |n ‘mtan sem

!
Coatrot 6 11 T 2
Sonsral. 'l'llll.! Tezoos| ¢ [19g 72212023 1571039
an mals 5 1328 T
vl NIRRT 0013) 5 15y 1311681 22) 1262032
apimals 5 107 2
1% .36-7321 25172010014 51244 207 280{2s 186:20.45

g
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Our study was undertaken to determine whether experimentally induced
non respiratory acidosis and alkalosis 1n the blood, which are presumably
accompanied by concomutant changes in the pH of the extracellular tissue
buffer systems, cause a shufi of electrolytes between plasma water and
connective tissue water

Experimental Procedures

White male mice, weighmg from 23 to 27 g were used They were
divided mto two main groups of which one was treated with oestradiol
monobenzoate, 10 pg m 02 ml of arachis o1l injected subcutancously
6 and 4 days before the animals were killed Such treatment 1s known
to cause an mcrease 1n the amount of ground substance 1n this particular
mouse stram The two man groups were both divided nto three smaller
groups from which onc was treated with an acidifying agent and the
second with an alkalising agent, the third serving as control group Each
of the s1x groups of treatment mvolved from 19 to 25 antmals Acidosts
was produced by one daily myection for three days of 1 ml of isotonc
NH.Cl 1p Simlar degrees of alkalosis were produced by one datly
mtrapentoneal njection on three consecutive days of 2 ml isotome
CH;COO Na Clinieally the amimals were unaflected by the treatment
Two hours after the last injection the anmals were lightly anaesthetized
with ether, and a mudline laparatomy was performed, bloodsamples
600 to 800 pl, were drawn from the vena cava inferior for analyses
of pH, bicarbonate, Na, K and Cl Tius procedure was termmnated
within three munutes after the start of anaesthesta The blood saroples
were kept in an ice bath and the pH values was determmed within
two hours of sampling Subsequently the ammals were beheaded and
bled The fur on the back was depilated and the skin excised for deter
munations of water, hexosamme, hydroxyproline and tissue electrolytes

On smaller separate groups of muce treated n the same way as described
above, the pH of the whole blood and the plasma bicarbonate were
determined 1n arterial blood taken from the carotid arteres after be
heading unanesthetized animals to permut a comparison of these con
stituents 1n venous and artenal blood

Methods

The water contents of the tissues were determined after freeze drving the fresh
samples to constant weight Likewse the fat-contents were determ d

treatment of the dry tissue with light petroleum ether and di-eth;
weight Tissue b were d by the Meuem v ——o -

it
%
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Table 4
Concentrations of electrolytes tn plasma None of the valoes differ
sigmificantly from those of the control group

Sodium Chlonde Porassium®
et meqft meq/l

n 1 mean sem | mean sem 1 mean  sem

b
Contral 23 s =35 | W5 w1z | 52 zov
Actdou: ammals 2 3=24 | Mic13 | 53zon
Alkalonc animals 25 334 ) w2z15 | sz=zo17
Qestradol teeated o 134 .22 1 109310 { 50=o012
Qestradiol treated
2cidotic ammals 19) 138 -30 | 107 %23 | Soxos
Oestradith trested i
alkalotic animals th 139 _ 24 1ot _ 15 | 49 =018
)

* Same plasma samples showed slyght hacmolysis (approximately 20°; of afl samples)
and were therefore not analyzed for potassum

2007, wcrease 1 the amounts of sodwm This agrees with the results
of previous mestigations (HvIDBERG, JenseN-HOLM & LANGGARD 1963)
Dunng acidosis the anmals became dehydrated and the sodmum excess
was mobilized toanextent greater than can beexplamed bythelossof water
Inducement of alkalosis did not alter the salues sigmficantly, but tended
to exaggerate the findings m the oestradiol treated control group These
findirgs are even more impressise when the rather vanable quantitative
fesponse to the ozstradiol treatment 1s taken into consideration In the
non oestradial treated groups the mean values after treatment with
aadifying and alkalising agents matched well with the corresponding
values for the cestradro! treated groups, but the changes were statisycally

lnSlgﬂl?Canl In all mstances the chionde content followed the water
conten

Intable 6 are gven the N.

a/Cl ratios for skin, p!. .
Provohed oedes f 10 for skin, plasma and the oestradiol

m all the groups of treatment The results ndicat
¢
;hathlrc:umen( with oestradio} tereased this ratio from 09 to 125 ang
r::ln e‘: lhl::t the rauo in the ocdema flurd of the oestradio! treated
nc:dcos:sl th;.(a!(housh the ratio 10 the plasma was only 123 Duning
108 tend to
o the Bl ormalize No changes i the ratio oaccusred

Table 7 shows tha changy
1otaf s

throughout the groups
The hydrouprolin,

e values andjeate gh,
clemems of he con ¢ that no chan,

ges 1 the collagen
Nectine tissue had taken place ¥
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Table 2
Comparison between the pCO; values of artenal and venous bleod
pCO+ in mm Hg
Artenial blood Venous blood from anaesthetized amimals
normal ammals normal amimals oeslr::xlt:‘:;[l;ealed
n | mean range n |mean sem n {mean sem
!

Control 6| 38 344 | 23 55 + 18 201 6 1)

Acidotie antmals 5 3 30-32 122 45 + 20 19 41 £19

Alkalotic antmals 5 39 3345 |25 55 £ 16 22 54 %18

venous blood are changeing parallelly, thus justifying the use of venous
blood for the purpose

In table 2 arc shown the corresponding values for the pCO; 1 mm
of Hg

Table 3 summarizes the values for the pH of whole blood from normal
and oestradiol-treated animals after treatment with acidifymng or alkalising
agents It appears that the changes induced by the treatments were
mtentionally shight, as was intended, but sigmficant

In table 4 are given the concentrations of Na, K and Cl i the plasmas
of all treated groups None of the values differ sigmficantly from those
of the control animals

In table 5 are shown the results summartzing the amounts of the various
constituents 1n the skin Statistically significant changes are seen i the
groups treated with oestradiol the oestradiol treated control group
showed a 1009 increase n the amounts of water and hexosamine but 2

Table 3
The pH of whole blood the corrected bicarbonate of plasma and the concentratton of
haemoglobin 1n venous bload from normal and oestradiol treated mice after treatment
with actdifying or alkalising agents (cfr table 1)

] Standard HCO;  Haemoglobin
mEq/l | g/100 m!

pH

EeE—
mean Sem | mean sem |

mean sem

n

2
Control 23] 714 £ 0015 | 157 =039 137 x 022
Acidotic ammals 22| 709 £ 0013 | 1269 + 032 | 128 + 022
Alkalotic animals 25 720 = 0014 ' 186+ + 046 ' (31 3 033
Oestradiol treated 20] 714 = 0011 J 49 £ 03t | 137+ 02}

diol treated
O?c‘.r;u:?c amumals 59| 710 + 0016 | 1201 ~ 045 130 2 026
ted |

Ocsteadiol 1rea 22| 719 £ 0014 | 176 = 048 137 + 029

alkalotic animals

| |

different from the control group (P < 0 001) e
ferent from the oestradiol treated control group (P < 0

+) significantly
° significantly d
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Table 6

lasma and
10 of sodium to chlonde contents for skin P
e nt gestrathol provoked ocdema of tbe skin

NafCl ratio

Skin

I ——
normal | oestradiol

Playma Destradiol proveked
“oedem;

]
normal | oestradiol

123 154
Contro! 090 125 130
‘Audoue anmals 090 110 120 |l g; |l Jsﬁ
Alatote anunals 030 132 135
Table 7

Concentrations of sodium and chloride in the total tssue water 1a
oestrad ol provoked oedema ¢ompared with plasma concentrations

Sodium meqfl Chloride meq/t
In tissue Hn oedemal (plasma) | In tissue [Tn cedemal (prasma)
water ! flud | water 1
v

Control 871 & - (136) 969 - @109
Acidotic ammals 881 | - (133) 932 - aiy
Alkaloti animals ‘ 891 - (138) 925 - (102)
Oestrad o] treated 1328 179 (LD 1063 116 (109
Oestradiol treated and {

sadonic ammals 1162 l 151 (138) 1054 114 (1on
Qcstradual treated and !

alkalotic ammaly 1237 168 | (139 973 102 aony

| i

Discussion

Changes in the acid base status of the orgamsm can presumably affect
the clectrolyte contents of the connective tissue It mught even be expected

that changes in the pH of blood and tissues are mvolved 1n the mechantsm
Srhand e dag ard kol )

es T Yne
tissue

Previous studies in thus field are scarce, and the results are based on
obsenations afler ind of hughly unphysiol

p 1 pH changes In
our]xn\csngaucn the alteration 1 acid base status of the bload were

and p bly within the physiologreal range
Treatment with oestradiol of mice, of the particular strain used n this
Tupenment, caused remarkable changes in the connective tissue Previous
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Summary

of h hydroxy

By stmultancously determimng the u
prol):nc, Na, K and Cl1n skin and of Nz, K and Clin plasma, the effects
of mild degrees of non respiratory acidosis and alkalosis have been
studied m normal and oestradiol treated mice

[s! diol t d the of water, t and
electrolytes 1 the connective tissue and rassed the ratio of sodium to
water significantly Durmg acidosis the greater part of this excess sodrem
was mobilized

The same tendencies could be obsenved in the groups not pretreated
with oestradiol, but were not significant

The plasma salues remamed unchanged n all groups

Tte findirgs indicate that physiologrcal changes m the acid base status
of the tissues have an effect on the amounts of electrolytes in the con-
nective tissue and that the amount of ground substance 15 closely related
to this depot function

1t 15 suggested that changes in the acid base status of the tissues are

mvelved 1n the mechamsm for controlling the electrolyte depots of
connective trssue
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mvestigations have shown that the amount of ground substance increases,
as estabhished by accumulation of water, acid mucopolysaccharides
(ScumipT 1958) and clectrolytes Sodium appears to be actively deposited
(scc table 7 and ¢/ HVIDBERG, JENSEN-HOLM & LANGGARD 1963)

By examiming the response to pH changes in these ammals, information
can be gained about the specifical role that the ground substance plays
m electrolyte regulation

As shown 1n the tables, considerable mobilization of sodm results
from acidifying treatment of oestradiol-trcated mice The same changes
as were secn after actdifying or alkahsing treatment of the oestradiol
treated mice appeared on a much smaller scale 1n the ammals not pre
treated with oestradiol, but the changes were not statistically sigmificant

These results indicate that phystologcal changes 1n the actd base status
of the tissues do tndeed have an effect on the electrolyte status of con
nective tissue The changes can, however, only be rccorded when the
amount of ground-substance m the connective tissue has been mereased
by artificial means This, on the other hand, pomts to the ground sub
stance as the medium 1 which the deposition takes place

As far as changes n the concentration of plasma electrolytes are
concerned, 1t must be remembered that during non-respiratory acidosis
any fall i the base buffer must be compensated by a rise 1 the non
buffer antons (e g Cl*) or a fall in cations (especially Na*) Likewise
during non-respiratory alkalosts a rise 1n base buffer must be compensated
by a fall in anions or by a rise in cations (¢f SIGGAARD-ANDERSEN 1963)
In our nvestigation the concentration of chlonde mn the plasma and 1m
the oestradiol-provoked “ocdema™ decreased shghtly during alkalising
treatment, whereas no changes mn the plasma electrolytes could be de
monstrated on treatment with acidifying agents This m turn shows that
the mduced changes m acid-base status were only slight

Levitt er al (1956) showed that profound acidosis 1n rats caused
mobilization of the sodium excess from connective tissue TOBIN (1958)
demonstrated that during acidosts and alkalosts 1n cats the distribution
of sodium could be better correlated with the pH changes than with the
sodum concentration 10 the extracellular space These observations are
n good accordance with the results of the study presented here

On the basis of the above findings 1t seems reasonable to assume that
changes 1n the actd-base status of the tissues are mvolved 1n the mecha
nisms concerned with regulating the electrolyte depots in connective
tissue

Seen 1n perspective the results are 1n good keeping with the well knq\Vn
fact that acidifying therapy has dwretic and sahuretic side
discussion of possible causal relations 1s beyond the scope o
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Summary

By smultanegusly determiming the amounts of hexosamne, hydroxy-
proline, Na, K and Clin shin and of Na, K and Cl1n plasma, the effects
of mild degrees of non respuratory acidosis and alkalosts have been
studied 10 normal and oestradiol treated mice

diol t d the of water, he and
electrolytes 1n the connective tissue and rased the ratio of sodwm to
water signsficantly During acidosis the greater part of this excess sodum
was mabilized

The same tendenctes could be observed n the groups not pretreated
with oestradrol, but were not sigmficant

The plasma values remamed unchanged 1n all groups

Tre findirgs indrcate that physiological changes in the acid base status
of the tissues have an effect on the amounts of electrolytes m the con-
nectnve ssue and that the amount of ground substance 1s closely related
to thus depot function

Tt 15 suggested that changes 1n the acid base status of the tissues are

mvolved 1n the mechanssm for controlling the electrolyte depots of
connective tissue
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nvestigations have shown that the amount of ground substance mcreases,
as established by accumulation of water, acid mucopolysaccharides
(ScHMIDT 1958) and electrolytes Sodium appears to be actrvely deposited
(sce table 7 and ¢f Hvipbirg, Jensen-Hom & LANGGARD 1963)

By exarmning the response to pH changes n these amimals, mformation
can be gamed about the specifical role that the ground substance plays
m electrolyte regulation

As shown m the tables, considerable mobihization of sodium results
from acidifying treatment of oestradiol-treated mice The same changes
as were seen after actdifying or alkalising treatment of the oestradiol
treated muce appeared on a much smaller scale in the ammals not pre-
treated with oestradiol, but the changes were not statistically significant

These results indicate that physiological changes 1n the acd base status
of the ussues do indeed have an effect on the electrolyte status of con
nective tissue The changes can, however, only be recorded when the
amount of ground-substance 1 the connective tissue has been increased
by artifictal means This, on the other hand, pomts to the ground sub
stance as the medium 1n which the deposition takes place

As far as changes m the concentration of plasma electrolytes are
concerned, 1t must be remembered that during non-respiratory acidosis
any fall in the base buffer must be compensated by a rise n the non
buffer antons (e g CI*) or a fall m cations (especrally Na*) Likewise
during non respiratory alkalosis 2 nise in base buffer must be compensated
by a fall in antons or by a rise m cations (¢f' SIGGAARD ANDERSEN 1963)
In our mvestigation the concentratton of chlonde in the plasma and m
the oestradiol-provoked “oedema” decreased shghtly during alkalsing
treatment, whereas no changes in the plasma electrolytes could be de
monstrated on treatment with acidifying agents This in turn shows that
the induced changes 1n acid-base status were only shght

LEVITT er ol (1956) showed that profound acidosts in rats caused
mobilization of the sodum excess from connective tissue ToBIN (1958)
demonstrated that during acidosts and alkalosis 1n cats the distribution
of sodium could be better correlated with the pH changes than with the
sodum concentration in the extracellular space These observattons are
1n good accordance with the results of the study presented here

On the basis of the above findings 1t seems reasonable to assume that
changes 0 the acid-base status of the tissues are involved 1n the mecha
nisms concerned with regulating the electrolyte depots in connective

tissue
Seen 1n perspective the results are 1 good keeping with the well known
fact that acidifying therapy has diuretic and saluretic side effects Any

discussion of passible causal relations 1s beyond the scope of this paper
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From the Department of Pharmacology, Unnersity of Copenhagen
(Professor Knug @ Moller, MD)

Sodium, Potassium and Chloride in Connective Tissue
By

Exgill Hudberg, Jens Jensen Holm and Hans Langgérd
(Recewved June 15 1963)

The Ioose interstitial connective tissue of the skin represents a large
organ consisting of fibnls and a few cells embedded 1n ground substance
The ground substance occupies a large part of the extracellular space
Previous mvestigations dealing with the electrolyte contents of connective
tissze have shown them to differ from those of the plasma and thus
have indicated that the skin may serve as a reservoir of electrolytes
Other suthors, however, have found no evidence for such function of
the connective tissue

1t has previously been shown that the ground substance serves as a
depot for water The purpose of the study described here was pnimanly
to evaluate the possible existence of an electrolyte depositmg function
of the connective tissue and also to study the underlying mechanism

Methods

Matersal Skin from white male mice 6 to 7 wecks old wetghing from 23 to 27g
Groups of treatment

1) Control animals

2) 26% KCl added ta tho 4~y mn

-

Sy " e+ pas v v uul U ILE /iN g3y the ammals were given 7 ml of mtra-

Kmlunca\ notome ;a\lne M two doses at an mterval of 3 hours Two hours after

e last {njecuon the ammals were killed On an average 65% of the «

solution was retained at that time o 6% ced

g} ‘l'i_)a.ly an;Chons of intraperitoneal cortisone acetate 1 mg for 1S days
) Ten pg of oestradiol monobenzoate 10.0 2 ml of arachys otl myect
ed subcus

6 and 4 days before the animals were killed ? encousty
8§) A combination of treatments given to groups 3 and 7

Frocedure The animals were behe

eaded and bled
depilated 4 10 6 cm? of the tkin were excised and the fur on the back was

e .
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Schmidt, A The snfluence of cortisone and oestradiol on the amounts of
hexosamine and water 1n skin Acta pharmacol et toxicol 1958 14
350-358

Siggaard Andersen O The pH log pCO; blood acid base nomogram
revised Scand J Chn Lab Imest 1962 14 598 604

Siggaard Andersen O The acid base status of the blood Thesis pag 66f7
Munksgird Copenhagen 1963

Tobin R B Varying role of ¢ llul; lytes 1n bohe actdosis
and alkalosis Am J Physiol 1958 195 685 692

Usstng H H P Kruhoffer J Hess Thaysen & N A Thorn The afkal
metal 1ons 1n biology Handbuch der experimentellen Pharmakoleg e
13 Band Springer Verlag Berhin 1960 p 20§

Winters R W, R T Whtlock J L DeWalt & L G Welt Effects of
Alterations of the sodium concentrations of the serum upon the content
of sodium in bone Am J Phsiol 1958 195 697-701
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Dryng Freeze-drying to constant weight

Remosal of far Repeated extractions of the dry tissue with hight petrolenm and
di-ethylether to constant weight

Deternunation of sodwm and potassuim 25 mg of the dry defatted ssue treated
over mght with 2ml of concentrated HNOy and 0 § m] of 302 H;0, (Wet combustion)

After H with hydroxyde and makmng up with water to 25ml
the contents of sodium and potassium were determined 1n a Beckman DU fame
» and ph oo

Deternunation of ehloride 30 mg of dried defatted tissue dissolved m 2 mi of
5 N KOH for t hour at 70 C After neutrahzation with 50% acetic 4cid, the chlonde
contents weee dateemaed by automatic potentiometne titration {MILLER 1942) with
siiver mitrate  (Radiometer's Titrator with a bined &ilver mere Iphat
cfectrode and saturated potasstum sulphate)

Deternunation of Hexosaming 35 mg of dry defatted tissuc hvdrolysed for 15hours
w4 ml of 2N HCL at 100°C 1n sealed ampoules The Elson and Morgan method
as modified by Blix (cf SchminT 1958), was employed

In alf analyses glass-distilled water was used

For some of the groups the concentrations of sodium, chlonde and potassim
were also determuned an the plasma The blood was drawn from the 1ena casa itferor
during cther anaesthesia The analyses were performed by the methods mentiontd
above, except for the hydrolyses

The results are given in Meq, mg or g per 100 g of dry defatted tissue and 11 meq
per fitee ussue water The plasma values are expressed n heq per hitre plasma

The mmportance of caleulating on the basis of defatted tissue has been stressed
before (Hvipsere 1959)

The mean values jn the tables are given with their standard errors {sem) e
statistical analyses were based on the T -~ test

Results

The values for the control group (table 1) are m accordance with
those given 1n the hterature for other amimal spectes, except for the
amounts of potassium in the skin, which were found to be higher than

usually recorded

Adding 2 6% KCl to the drinking water for 6 days did not alter any
of the values

Adding 2% NaCl to the dunking water for 6 days produced a con-
swderable ncrease m the chlonde contents of the shin but no alteration
1 the sodim contents When 37, NaCl was given, the same ch:mg:.s
occutred i the sk, but the plasma analyses showed about a »%
increase W the concentrations of both sodmm and chlonde (table b))

Dehydration caused an equal decrease tn sodum, chloride and water
contents of the shin The potassium contents decreased by 20%

Acute rehydration with 1sotome salme riormahsed the water contents,
but rmsed the concentrauons of sodum and chlonde far beyond those

of the controf anmals The p values corr ded to those of

P
group no 4
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Discussion

Little published wformation 15 avalable about the electrolytes 1n
connective tissue The earhest extensive work in this field was carried
out by MANERY, DaMiErsoN & HASTNGS (1938) A suney of early
insestigations has been grven by Romnuan (1954} Only a few authors
have examined the alterations 1 electrolyte contents induced by different
treatments, and therr results are often conflicting PADBERG (1910) de-
monstrated an excess of chloride m the skin of dogs after saline mfusion
The question of stormg chloride 1n the skin has sinee been much debated
RownTREE (1922) and SKELYON (1927) among others, arrived at simylar
results, whereas Vorx & FANTL (1939) and EGGLETON (1952), for example,
disagreed with them DzBOER (1942) found that the chlonde concentra-
tion mcreased by up to 60% in the skin of dehydrated dogs and that the
concentration remained high for a long penod after rehydration Thus
the loss of water could not be correlated with an equivalent loss of
chlonde Feeding rats with large amounts of NaCl for about one year
caused a decrease 1n water content and an ncrease mn the chloride and
sodum contents of aorta (HAtGHT & WELLER 1961) However, EGGLETON
(1952) found no such an effect 1 the skin after infusion of saline, and
Cote (1952) was only able to demonstrate i the skin of adrenalectomized
rats a depot effect, which corresponded to the ncrease tn extracellular
space

1t appears that the Na/Cl ratio 15 hugher in the plasma (about 13)
than m the skin (about 09, see table 2 and ¢f ROTINMAN 1953, SWEET,
Levitt & Hobes 1961), which 1s pred ly a part of the [lul:
space Further the chlonde son cannot be used for determiung the
extracellular space, i spite of the fact that 1t 15 almost exclusively extra-
cellular These two facts may suggest an ability of the connective tissue
to serve as a kind of reservorr for electrolytes

In our study 2% NaCl m the dunking water for 6 days lowered
considerably the Na/Cl ratio 1n the connective tissue Provided that the
NafCl ratio 1n the plasma 1s unct d the d chloride ¢
tion 1 the connective tissue during salt Toading could be explamed by
either deposition of chlonde or a lack of sodim deposition, ot by 2
combination of these To clanfy thus, the concentrations of so;ixum and
<hlortde 1n plasma and skin were determined simultaneously on a small
?uml;e::l of mice, which had recerved 3% NaCt m the dnnking water
Secstons i st concmeanons Thom s e te
lfle Na/Cl ral’:o i the plasma was a little efevated after lr?luts ::;;n::g‘
W ouns eamedertly decreased mn the skin The treatment, howcver:
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Table 2

Electrolyte values for plasma and shin of five mrce treated with 3% NaClin the dnnking
water for 6 days and of a control group analysed simultancously, for which mean values
are given with the standard errors

Plasma Skin
I
Heb Na 5 a water Na ‘ Cl
Mouse no ) £ 00 1
00 £/100 g imeq/100 g/meg/100 g
/100 mi} megfl , meq/! dry tissue’dry tissue ‘dry nissue
1 173 218 138 238 ' 2as ! 422
2 163 151 13 | 260 | a4 401
3 142 24 164 234 ’ 260 365
4 - 200 142 234 266 429 | NafClratio
5 J - 184 128 242 | 195 335 |plasma skin
Average 159 145 060

199 | 137 243|736 390
Control 137202013623 510541 2[28924 1 /252205 {280204] 130 0%
(n=23)

I |

Ammals treated with large doses of cortisone showed the same changes
as the dehydrated group

Treatment with oestradiol caused a considerable ncrease mn ground
substance and 1n water content of the connective tissue Tlus 15 1n agree
ment with the results of previous mvestigations (ScuvipT 1958, Hvip
BERG 1959) The increase m chlonde concentration was of the same
magnitude as that in water content The sodium concentration, however,
showed a further increase of about 159, The potassium values were
only shghtly elevated The concentrations of the electrolytes m the plasma
remamed unchanged during the treatment (table 3)

When 2% NaCl was added to the drinking water of the oestradiol
treated muce, the concentrations of sodium, chloride, water and hexo
samine were all lugher than in the previous group

The hexosamine levels of all the groups agreed with those found m
previous mvestigations (HVIDBERG 1959)

Table 3

Plasma ¢oncentrations of sodium chloride and potassium i twa groups of mice analysed
simultancously one group was treated with oestradiol The control group was the same
as for the figures in table 2

n Hgbg/lol)ml’ Na meq/t

Cl meg/l X meq/l
mean sem j mean sem J

mean sem | mean sem

}
230137202 {136 £ 35 [105 £ 12 524 017
(C)g;‘l‘rraodllolue:xed 20! 13702 [ 134 £ 22 ] 109 + IOJ 50 « 012




CONNECTIVE TISSUE ELECTROLYTES 137

a connection between the electrolyte depot and the ground substance of
connective tissue In cartilage chondromtin sulphates (also acid muco
polysacchandes) are known to deposit sodium (DUNSTONE 1959, FARBER
1960,

Th)us 1t seems probable that the acd mucopolysacchandes of the
ground substance are Tesponsible fos the same effect in the sk According
10 UssING et al (1960, pag 205) the macromolecules in the interstitial
space act as muxed cation anton ton-exchangers This s possibly because
the acidic and basic groups are placed at some distance apart

The depositing mechanism seems therefore to occur in the collod
structure of the connective tissu¢ ground substance for water as well as
for some of the electrolytes It should, however, be mentioned that other
possible mechamsms eust and may act simultaneously Changes m the
PH of the tissue buffer systems may explam part of the depot mechanism
of the connective tissue In our mvestigation netther the pH nor the
buffer capacity of the blood and the tissue were detenmimed It 1s there-

fore 1mpossible from the results reported here to tackle this problem
Studies with this arm are in progress

Summary

By determunating the sodum, chlonde, potassium, hexosamune and
water ¢ontents of mouse skm, the problem of the connective fissue
electrolytes has becn approached Adding 26% KC1 to the drmking
water for 6 days did not change the values When 2 or 3% NaCl was

given the chlonde concentration increased by zbout 30% m the tissue,
\ the sodium d h

d The Na/Cl
ratio of the plasma was not affected by this treatment, since the concen

trations of both 1ons were raised by about 30% Deprival of water for
6 days resulted 1n an equal decrease 1 sodwm, chionde and water
contents Acute rehydration of these animals with sntrapentoneal isotonic

salme raised both the sodum and the chlo
nide conc
0% crore sty sodn entrations bv ahont

had the same effe 1
which 15 known t L i Lonmect
[ uve tissue ground substance i
:’hxs particular mouse stran doubled the contents of Na, CI and water.
ut sodiim retention was about 15%, tugher than that of chlonde, u;
spx_;;‘ of unchanged plasma clectrolytes ’
e results recorded here support the
view that the connect:
can deposit and mobihse sodum as s+ 1 pnecte e
stances The colloids of the ground st
polysacchandes, presumably play any , ... paas all s progess
Acta pharmacologica, vol, 20 fasc, 2

-



136 HVIDBERG, JENSEN-HOLM AND LANGGARD

produced an equal ncrease of appronimately 309 i the sodum an
chloride concentrations of the plasma At the same time the sodun
concentration in the tissue water was unchanged whereas the concentra
tion of chlonde i the tissue water was ncreased by 50% The sam
change m the Na/Cl ratio of the tissue was found m the group the
recenved 29, NaCl in the dninking water

The retention of sodium i the tissue after treatment with oestroget
hormones 1s greater than those of chlornide and water This 15 not causec
by a change m the plasma electrolytes, which remamed unchanget
(table 3) When oestradiol-treated, ammals were given 2% NaCl m the
drinking water as well, the sodum retention exceeded the values founc
m the group treated with oestradiol alone, whereas the changes founc
m the group given 29 NaCl but no oestradiol (1 ¢ dehydration and
chloride retention) were absent The excess of sodium in the skin of
the oestradiol-treated ammals seems to be deposited m the mereaset
amount of connective tissue

These findings can best be understood on the assumption of a shif
of both sodium and chlonde tn the tissue independently of the plasms
concentrations Changes m the electrolyte dissolving parts of the extr2
cellular water or changes n the structure of the colloids are possibk
explanations of the mechamism

It 15 notew orthy that KCl given m the drinking water mstead of NaCl
at the same molar concentration produced no changes mn electrolyte
concentrations of the tissue Tlus focusses attention on the sodium 108

As stated, these observations agree with those of earlier imestigations
and with the pomts of view expressed in some recent publications (LEVITT
et al 1956, SweeT, Levitt & Hobes 1961) Other authors howeveh
hold different opmions GUNTHER, DuLCE & SchuTTE (1961) found the
electrolyte changes in the shin after adrenalectomy to be pnimanly due
to the changes m the water contents According to these authors the
concentrations of sodmm and chlonde are always the same 1n a partt of
the extracellular space, named the sodium space and the chlonde space
The changes n the water contents should thus take place 1n a non-
electrolyte dissolving part of the water, n close relation to the collagen
fibrils However, the * non solvent water” of the skm may be somewhat
constant 1 amount (EILERs & Lapout 1946) Moreover, MANERY,
DanELson & HastiNGs (1938) and WiDDOWsON & DICRERSON (1960)
found a constant tatio of collagen to water HviDBERG (1962) claimed
that the water depositing effect of the connective tissue was due to the
collowds of the ground substance Hsaluronic acid plays an importan!
role, since quantitative as well as qualitatne changes m this substance
affect water binding (HVIDBERG & JENSEN 1959)

In our mveshigation the results from the oes
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& RosENGREN (1958),
akie (NA) by the method of BERTLER, CaRLSSON

ot r:i?):::unc (Ds by the method of CARLSSDN & WALDECK (1958), modified by
CaARLSSON & Lovoawist (1962)

Results and Discussion

The accumulation m the bram of O methylated catecholamine meta-
boltes (MT and NM) brought about by malamide was significantly
enhanced by chlorpromazine and halopenidol (table 1) The threshold
dose for thus effect may be roughly estimated as 2 5 and 0 2 mg per kg for
chlorpromazine and haloperidol, respectively In the ammals treated with
tranquillizers, the accumulation of MT was possiby enhanced by eleva-
tion of the ambient temperature to 30°, but mn our hmuted matenial the
il was not i fi The levels of NA and DA were
not ficantly mfl d by the tr: \ii in the expeniments with
halopersdol the DA fevel was about 25% igher when the mice were kept
at room temperature than at 30° (p < 0 005), but na corresponding effect
was obszrved 1n the expertments with chlorpromazine The material was
not sufficient to perrut any clear concl about the of

p on the hols levels

A few expariments were performed with promethazine and phenoxy-

benzamine (= bensylyt (NFN)), but 1n them no sigmificant effects were
observed

Our expermments show that low doses of chlorpromazine and halopen-
dol, 1 ¢, two major t 1) with different ch ! structures but

possibly sunilar modes of action, exerted a charactensstic effect on the
b of bramn hol they ent d the 1l

1on of
the O methylated metabolstes MT and NM brought about by MAO

mhrbition without ifluencing the levels of the catecholamtnes themselves
Among several possible mechanisms the most likely appears to be that
chlor and halopenidol block zIc -
bram ac - ©°-

tryptam.

fubito

uo weunue precursors S hydroxytryptophan and
dihydroxyphenylalanine It does not seem unreasonable to assume that
this receptor blockade results 1n a y activation of mono-
amunergic neusons This activation should lead to mereased release of
ani quently to d formation of
metabolites The reason why the 1nereased monoamine rc'l‘;:: ’(]!z::n:;
result i a decrease 1n monoamume levels may be that newronal activation
stunulates monoamine synthesis

Experiments are 1n progress m this laboratery to elucidate the mecha-
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From the Department of Pharmacology, University
of Goteborg, Goteborg, Sweden

Effcct of Chlorpromazine or Haloperidol
on Formation of 3-Methoxytyramine and Normetanephrine
in Mouse Brain
By
Arvid Carlsson and Margit Lindgqvist
(Recewved June 13, 1963)

Unlike reserpine and simular agents, chlorpromazmne and halopenidol
have little or no effect on the monoammne levels of the bramn Large doses
of chlorpromazine have bzen shown to mterfere with the effects of reser-
pie and also with the effects of MAO miubitors on bram monoamine
levels (EHRINGER, HORNYRIEWICZ & LECHNER 1960, PLETsCHER & GEY
1962) 1t appears that these effects are at least partly due to hypothermi
(CGsTA, GEssa & BRODIE 1962, PLETSCHER 1963)

The effect described 1n this paper appears at a lower dose level and 15
not secondary to hypothermia

Methods
Whte mice of either sex, weighing about 20 g were mjected intraperitoneally \:ll:l

" NN

malamide alone The animals were Kept Usuany 4l 100 witptisiuee o

but 1n some experiments at 30”
The brains of 9 mice were pooled and homogcmzed with 18 ml 04 N perchlotic
£ - =1 cenfanrmetaneph-
N st N + thod of
e Was
ARLSSON & LINDQVIST (1%02) s antthusv o a
Slr-n from lhe 1on exchange column by mcans of 4 ml 01 N ammonta Ths eluate
- =>"'€—=1§ N HCl The MT was
[ '- . « pt that our chromato-
graphxc technique did NOL HELtass ure wn onde
The remarming part of the extract (about Smb \v:xs taken
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dol on the moncamines
nism of the effect of chlorpromazine and halopers
Tt has been shown that chlorpromazine and haloperido! cause an mcrease

1n the Jesels of b ltic and dihydroxyphenylacetic acids 1n rabbit
brain (ANDEN, Roos & WERDINUS 1963) )
1t 15 evident that the possible usefulness of \ levelsas ]

of neuronal actvity meits further investigation

Summary

The accumulation 1n mouse bram of the catecholamine metabolites
3.methoxytyramune and normetanephfine brought about by mhibition
of monoamine oxidase was found to be c¢nhanced by small doses of
chlorpromazine and haloperido!, but phenoxybenzamine (bensylyt) and
promethazme were meffective Hypothermua could be elimimated as a
causative factor

The effect 1, 1t 15 suggested, due to a compensatory activation of meno-
amunergic neurons after blockade of monoamnergic receptors
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Table 1.

Brain monoamine levels after various doses of chlorpromaztne,
haloperidol, phenoxybenzamine (bensylyr) or promethazine to mce pretreated
wath nialamide (100 mg perkgip)
- . - e U Vam 4 e el Mas1ha relatet

Figutes 1n brackets indicate number of experniments
Each expet;ment was performed on 9 pooled brans

Drug Nor- Nor 3 Methoxy
mgikg 1 p l adrenaling Dopamine metanephrine tycamine
Chlorpromazine
25 -3 -3 om (V] 036 ()
s 049 121 053
£0050 (2) £0145 (2) ¢0on @ +0045
51y 062 116
+0045 (2) 0119 (3) iooaz 3) 0083 ()
52) 055 11 0814
+0045 (4) +0080 (5) 1002[ ) £0060 (5)
25 054 t1s 4t
+0095 () £0075 (2) £0010 (2 0010 (@
: 061 (1) 134 () 008 029
<0010 (2 0014 (O
Haloperidol
15 1 (R}
¢ooyo (e} +0155 (2) ~ooss @ £0000 (2)
1 114 061
;oozs () +0019 (4) Aooos @ _009% @
B 57 091 078
L0027 (&)} %0031 (3) 10009 (@) =006 ()
12) 057 - 0088 0699
£0016 (1) - ooos Q) 0065 (1)
02 063 134 067 043
+0030 () =0035 (2 0015 () _0005 ()
005 053 087 0N
+0055 (2) +0040 (23 +0010 (2) +0045 @
Phenoxybenzamine
20 065 08 a30
£0033 (B +0200 (3) 0044 (3) 20014 3
e
Promethazine
20 089 (1) 131 () 004 (1) 025 D
20 + 10 064 (1) 139 (1 008 (1) 02s (D
. e
Control
0 063 1 006 029
+0044 (5 %0150 (5) ool (D 20035 (M
oY 062 100 4 034
+0037 (4) =0092 (4 0015 (4 +0036 4)
o) 062 113 05 031
40028 (9) 10097 (9) 0009 (11) -0025 (10

ere kept at 30°
1) The mice were KepRat 5o vemnarature and 30 combined)

3)

ol
4 . n control

-
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From Sct Hans Hospital Dept E, Roskilde, Denmark

Adrenergic Mechanisms and Amphetami Induced
Abnormal Behaviour
By
A Randrup, T Munkvad and P. Udsen
(Recened July 11 1963)

It has often been assumed that the stimulating action of amphetamine
15 exerted through adrenergic mechamisms m the central nervous system
(DeLL 1960, BRODIE, SPECTOR & SHORE 1959, WOOLLEY 1962, ELKES
1958, VAN RosSUM, VAN DER SCHOOT & HURKMANS 1962, VAN DER
Schoor 1961)

Although eriticized by GELDER & VANE (1962) 13 recent years, thus
assumption found some further support when it was shown (VAN DER
Scnoor 1961, MaxwrrL 1959, Tripop 1952) that several adrenergic
blocking agents antagomze amphetamine nduced motor strmulation of
nuce (Tripod however, expresses doubt whether this antagomsm 1s m
fact caused by a specific anti adrenergic effect)

Int our laboratory we have observed that rats given moderate doses of
amphetamine (1 5-3 mg/kg) not only are hyperactive but the acti~
wity 1s also of a grossly abnormal stereotyped character Ths effect of
amphetamine has not been studied earher i deia, although abnormal
‘behaviour that may be comparable (biting the cape wire salf ~
o

PR [

v vu wunutiidl activittes will be described, and 1t
wiit be shown that the abnormality 1s not antagonized by several powerful
adrenergic Ylocking agents

Such studtes on the mechamsm of the action of amphetarmine on the
central nervous system appear to be of iterest for psychuatry (KARLE 1960
UTina 1961, stmee in later years it has been reported repeatedly that u:
beaman sabjects amph and meth (in doses of roughly
1-18 mafhe) can produce a psychote state so closely resembling schyzo-
phremaasofientocause! ) “'OVVELLI953,SA!\0&NAGASAKA1956,

53

A 18 pharmacotogioa, vol 20 tasc. 3,
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Ehringer, H, O Hornykiewicz & K Lechner Die Wirkung des Chior
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Pletscher, A, K F Gey & E Kunz Accumulation of exogenous mono
amincs 1n_bran in vho - T
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March 1963 To be publi

Pletscher, A & K F Gey = - - -
monoamines and amino "
prothisenc In Paton, W D M and Lindgren, P, Editors Pharmacolog
1cal analysis of central nervous action Proceedings of the First Interna
tional pharmacological Meeting Pergamon Press, Oxford, 1962,8 7584
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h DHE (3 rats)
ven 3 h before {3 rats) and after as witl

?5 m:/kg were given 3 h before amphetanune (3 rats) 2nd 100 mgkg 1 h before
(2 rats) Esght of these eleven rats dred within 24 hours

Tranquillivers

Reserpme (Serpasil ®) Doses of 75 mg/kg1p + 15 mglkg s¢ were given 13}
hours before the amphetamtne 10yection (5 rats) All animals survived more than
24 hours but remaimed sedated and became extremely emacsated during subsequent
da;

yLs‘h!arpmma:me (Prozl ®) Doses of 12 mg/kg s ¢ were given after amphetamme
as with DHE (7 rats) and simultaneously with amphetamune (2 rats) Smaller doses,
2 9 mgfkg, were also trred, both after and symultancously with amphetamine (19 rats)
All rats survived

Haloperidol Serenase ® (JaNsseN 1961) Doses of 0 06 mg kg (2 rats), 0 12 mg'kg
(5 rats) and 0 24 mg/kg (2 rats) were mjected 5 ¢ after amphetamune, as with DHE,
0 12 mgikg was given simultaneously with amphetamime (2 rats) and 0 24 mg/kg one
hour before amphetamine (2 rats) All animals survived.

Ethoxybutamaxane 15 described by SLATER & JonEs (1958) as a drug that resembles
known tranquilliang agents Doses of 3 mg/kg (in terms of the hydrochioride) were
mjected s ¢ after amphetanune as with DHE (7 rats), 1 mg/kg was given 50 run
before amphetamine (2 rats) and after amphetamume (2 rats) All anmmals sunved
An amphetamne analogue

-t

Amph hl s

and reserpine were used in the standard
solutions eommercially prepared for injection into human subjects The other drugs
were digsolved fore use D and dihyd
(:}ss‘:lv‘e‘d m propylene glycol 1N H;S04 (95 5) hydereine +

ethat da = Anenn o~ . .

W .
and . .
test
mstead of a -
was always .
By of o expenmeat T i o smebelampe stone o
by the dealer on the same
their weights by Jess than )
with any drug The numt : .
the prelminary and in the

were
n mramiten o1t

Results
Description of the Abnormal Bebaiour
1n the first sertes of experyments 24 Tats were given 3 mg/kg of ampheta-
mme, and a charactenstic abnosmal behaviour was seen from about
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BREITNER 1962, MASARI 1956; MCCONNELL & MCILWAINE 1961, WALLSS,
McHaRrG & Scort 1949) The psychosts 1s usually the result of chronic
abuse, but 1t has also been observed after a single dose (CONNELL 1958,
P 33 and 42, Waruis, McHARG & ScotT 1949)

Methods

The ammals used were highly mbred white male rats 36 months old, weighing
160-350 ¢ The rats were placed 1n separate cages, after imjection of drugs, they were
Kept under constant observation by the same trained observer for four hours or longer

The drugs and therr applications were

Amphetanune (Dexedune ®) The doses were 15 and 3 mg/kg (n terras of
d amphetamine base) injected subcutaneously Along with other drugs only the larger
dose, 3 mg/kg, was used

a~Adrenergic bloching agents

Benzylyt (NFN), phenoxybenzanune (WHO), = dibenzy line ®, = blocadren ®) The
largest dose used was 150 mg/kg 1 p + 300 mg/kgs ¢ (n terms of the hydrochlonde),
and this dose was always applied before the amphetamine, the time mtervals between
the two drugs being 1 hr 10 mun (4 rats), 1 hr 30 muin (2 rats), 2+ hrs (4 rats), 3 brs
20 nun (2 rats) or 24 hrs (2 rats), three of these ammals died within 24 hours Smalkr
doses varying from 37 5 to 225 mg/kg were also tried (14 rats) they were gnenip
ar s ¢, from 21 hours before up to 40 mmn after amphetarmne

Dihydroergotamine, DHE 45 Doses of 100 mg/kg (in terms of the methanesulpho
nate) were injected s ¢ 30 mimn before amphetamine (4 rats) or 5 min before ampheta
miune (3 rats) Also 5 rats were given this dose after amphetamine at the time when the
arumals had just begun to ick the cage wire netting Two rats died within 24 hours,
bath had recewed DHE before amphetamine

Hydergine @ This substance 58 a mixture of equal parts of dihydroergocornine
dihydro ergocristine and dihydro ergokryptine Doses of 100 mg/kg (n terms of the
methanesulphonates) were 1njected s ¢ 30 nun before amphetammne {4 ratsy, § Wi
before (3 rats) or after amphetamine as with DHE (3 rats) 50 mg/kg after ampheta
mumne was given to two rats All ammals survived

Phentolanune (Regitin ®) Doses of 300 mg/kg sc (referring to the methanes
suiphonate) were guven 30 mun before amphetanune (3 rats), 10 min before (3 ats)
or aftet amphetamme as with DHE (3 rats) Six of these nine rats dred wathin 24 hours
Smaller doses were also tried, 200 mg/kg (2 rats) and 100 mg/kg (2 rats) were given

after the amphetamine

§ ddrenergic blocking agents
Pronethalol (BAN) (Nethalide, Alderin ® 2 1sopropylaniino 1 (2 naphtyl) ethanch)
{BLACK & STEPHENSON 1962, DorNHoBsT & ROBINSON 1962) Doses of 300 mg/kg
(in terms of the hydrochloride) were injected s ¢ 40 min_before amphetamine (3 rats),
30 s, before {2 Tats) and after amphetamine as with DHE (S rats) One of the rats
ronethalol before h died within 24 hours 5 rats were injected

after with 150 me/kg
alter awphetamine DCH (PowEeLL & SLATER 1958, BLACK & STEPHEN

Inoradrenaline,
so: ;cg’g;rﬁiﬁrrzﬂmy Doses of 50 mg/kg s¢ (n terms of the hydrochloride) were
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, eatin,
gradually replaced by mor: r?‘m:_aE activitres, such as groomeng, eating

ells of groomung actvity) at the wire netting of the cage,
Xstslky‘i[}::xalls anﬁenhng.gfor penods of 43-99 min Smifing the floor
occurred, but only transiemly The area covered was penodically re-
stricted, but even then 1t extended over as much as a half to a whole cage
wall (25-50 square inches) A few movements of the mouth were seen in
two rats and constant licking in one, the remainmg ten rats on this dose
Kept thewr mouths still and closed As the head was elevated, the mouth
could be kept almost constantly under obsenation E A tendency to
remain on one spot was noted, since 1t was rot as persistent as with the
3 mg dose no time were recorded Walking was always 1n the forward
direction None of the rats pressed or leaned the body agamnst the wall at
any time A direct compartson between the effect of the two doses was
made by means of the expeniment shown schematically 1n table |

Effect of adrenol; tic substances

o Adrenergic Blocking Agents Nene of the four @ adrenergic
blocking agents, dibenzyline, dihydroergotamne, hydergime and phento-
lamne, mhibited the constant stereotyped bebaviour nduced by 3 mg/kg

Table 1
-~ . ‘ 0
Rat No 6th June 13 June 21 June
1 Dose 3 mgfkg I e .
Behaviour } A B‘C b normay lD’Emg/kg )
| 3 mefkg safine
Behaviour ABC. natwal InsEmykg
3 Dose 15 me/kg 3 merk
Behaviour AR ARCE whee
{
4 Dose 15mgk
Bmwous L A o
5 Dose salae )
Behaviour 2 normal pEEkE ek
|
6 Dose saline
Behaviour | nomma b 3 mefkg

ARC
"} The bedaviourat characierucs are deseribed in the texy
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| 13 [ S eum Sl stigais 1
e s -

N s
S S e

Rat showing the abnormal behaviour deseribed
under items (A) (B) and (C) in the text

30 min to about 2 hours after the ijection A representatnve rat 1s shown
m fig 1, the behaviour 1s described below

A All the 24 rats smffed constantly and actively, but only covered a
small area, about two square mches, of the cage floor (20 rats) or the
lower part of one of the walls (4 rats) Moyements of the mouth and hiching
or biting of the cage wire netting were seen m alf rats

B Total absence of locomotion Of the rats 22 took only a few steps
(backwards only), and all the rats remamed for a certain pertod (12-138
mun, 18 rats more than 30 nun ) on the same spot, usually a corner of
the cage Only two amimals walked (several times round the cage), always

bachwards
C All the anmmals pressed their backs or their sides agamnst a cage

corner or a wail

The behaviour described above developed about 30 mun after the
myection and ceased about 2-3 hours later Before and after 1t was fully
developed, a behavioural pattern similar to that observed after 1 5 mg/hg
as described below, was seen n all rats It should be pomted out that
dunng some part of these pre- and postphases, all the 24 rats showed
some movement, walking forward and smiffing over the greater part of
the wire npetting of the whole cage The change from one behaviour
pattern to the other occurred sometimes within a few mumutes, on other
oceasions more gradually, but 1t could be readily recognized m all the
rats Three to five hours after the mjection the constant smifing was
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gradually replaced by more rormal activities such as grooming, eating
and drinking, the animals finally falling asleep

‘The pattern of behaviour elicited by I 5 mg/kg (13 rats) 1s charactenzed
as described below D All the rats smiffed constantly (only snterrupted by a
few short spells of groomung actwvity) at the wire netting of the cage,
mostly the walls and ceiling, for pertods of 43-99 min Sniffing the floor
occurred but only transiently The area covered was peniodically re
stricted, but even then 1t extended over as much as a half to a whole cage
wall (25-50 square inches) A few movements of the mouth were seen 1n
two rats and constant licking 1n one, the remaining ten rats on this dose
kept their mouths stll and closed As the head was elevated, the mouth
could be kept almost constantly under observation £ A tendency to
Temam on one Spot was noted, since 1t was rot as persistent as with the
3 mg dose, no time were recorded Walking was always 1n the forward
direction None of the rats pressed or leaned the body aganst the wall at
any time A direct comparison between the effect of the two doses was
made by means of the expertment shown schematically mn table 1

Effect of adrenoly tic substances

~ AA A - . c
. w8
o Table 1
Rat No 6th June 13 June 21 June
- S I C Y, Lsmened
Dt | Ak e e
oo et | g ae
U | e e | o
Spo 1 e P | smne
B ), R It
?“m
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amphetamime Two of the animals treated with hydergine and one treated
with phentolamine were not observed to lick the cage wire, but exhibited
only the constant smifing; all the other rats (numbers given under
“Methods”) showed both smiffing and bching, stmilarly to the rats
treated with amphetamime alone In view of the high (sublethal) doses and
the time intervals between jmjections, which gave the agents optimal
conditions for exerting thetr blocking action (see below), this result
indicates strongly that mhibition of the stereotyped behaviour by blocking
the a-adrenergic receptors 1s not possible This does not exclude the
possibility of a depressing effect of the blocking agents on the general
level of motor activity (see mtroduction to this paper), but this was not
measured in our expertments (but, see below, experiment with dibenzyline
and nethalide)

The eye shits of the rats treated with amphetamine only were always
large and ctreular, and the eyeballs protruded These effects were absent
from alf ammals treated also with dibenzyline or hydergine With amphe
tammne + dihydroergotamine or phentolamine the eye shits were extremely
narrow These effects of the blocking agents lasted through the whole
period of observation

Dibenzyline appeared to exert a tammg effect on the rats, so that they
scarcely 1esisted handling at the subsequent amphetamine mjection The
taming effect set i gradually, ssimilarly to the adrenolytic effect of diben
zyhne (PEART 1956), this was observed with eight of the ammals recening
the maximum dibenzyline dose, 450 mg/kg At 30 mun after the mjection
saven of the rats resisted handling, and were spitting and hissing, one
hour after the injection only five of the anmals behaved in this way, after
two hours they were all tame and easy to handle (but did not appear weak
or i1} The ammals were still tame after the stereotyped behaviour had
been induced by amphetamme In contrast, untreated rats and rats treated
with amphetamme or with phentolamme and amphetamune did not
become tamer on repeated handling

The sats imyected with each of the blocking agents and saline were all
quiet, grooming, dnnking, sleeping and intermuttent smifing was observed
Occastonally movement ot twitching of the mouth was seen, but never
hicking or biting of cage wire Amphetamine with the solvent propylene
glycol — H,S0; (3 tats) caused the same behaviour and eye reaction as

amphetanine alone

p-Adrenergic Blocking Agents
Like other sympathomimetic compounds without aromatic OH-groups,

amphetarune has no @ adrenergie actvity (ARIENS & Smonts 1960)



AMPHETAMINE INDUCED BEHAVIOUR 151

Table 2

on rats
Effects of

tytic su and trang
\njected with 3 mg/kg of d amphetamme

T o
8 2 {,ag
HHE
Maxmat (557 | SEL Other effects upen
Substance dose |E£8 | 8¢ amphetamine treated fats
mgkg |S8Q el 288
sy8Ei 2yt
Ese el E2NE
J 4 | 12714 | Tamng effect Prolongs stereo
Dibenzyhne asoaan | on T oed ehavour?) and deleys)
onset
Dihydroergotamme | 100 (12) o/12 12/12 | Delays onset of stereotyped be
haviour3)
Hydergiae 100 (10} o107 | 10/10 do
J 300 ;090 | 99 do
Nethalede 300 (10) o101 | 0/10 Prolongs stercotyped
behaviourd}
oct 50 (6} 06 /6
D benzyhae +
Nethatide 225 +
1500 (5) | o8 sI5 Decreases motor acuvity Pro
| longs stereotyped behaviours)
Reserpine 22545y 09 sI5
Chlorpromazing 129 99 9/9 Increase followed by decrease of
locomotion
Halopendol oz(n k7 o7 lncrease followed by decrease.
of lacomotion
Ethoxybutamoxane M by il do

1) The figures in parenthescs show the numbers of animals given the maximum dose
Coc further detasls see ynder  Methor

s

2) Exght of the fourteen rats were stll icking or biting more than v o~ ¢
amphetamine onc as late a¢ tha ~a  —

3) Delay 15-30 . . .

4 Three of the § = . . .
hours after amph

ER . . .,
e

t % Lutinafew ammals but not of smifing see text
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However, amphetamne releases nor adrenaline from bram and other
tissues of the rat (McLEAN & MCCARTNEY 1961, VANE 1960), and pechaps
also adrenaline from the adrenals, 1t 15 concetvable that a B adrenerge
action of the released amines 15 essential for producmng the abnotmal
stereotyped behaviour of the rats

However, the two f adrenergic blocking agents nethalide and DCI did
not antagomize this behavioural effect of amphetamine Only nethalide
when given in maximal dose after aphetamine, appeared to reduce licking
and biting i two of five animals, but these two ammals did not interrupt
thetr continuous smiling All other ammals were sniffing, licking or
biting contimuously, as on amphetamine alone The ammals treated with
nethalide and salime were quiet and much like those treated with o adre
nergic blocking agents and saline, but DCI appeared to have some stt
mulating effect (thus 1s also reported by v » Scroor 1961), and spellsof
discontmuous wire licking were observed with this drug It thus seems
that blocking P adrenergic receptors does not hsbit the abnormal be
haviour, and this conclusion 1s supported by our expermients With
reserpinie (see the next section)

The combined effect of a- and B adrenergic blocking was tested on five
rats given both dibenzyline and nethalide, as shown m table 2 These
animals licked and bit the ware netting of the cage floor continuously, but
they appeared extremely quiet compared with anmmals recerving amphe
tamune alone For a period one ammal was seen lymg with virtually no
movement of body or head, but gripping the wire with the teeth, while the
tongue moved up and down The other anmals were licking and biting
with small, slow movements of head and jaws The ammals were not
weak or 1ll, and all survived Three rats treated with the two blocking
agents and saline were quiet, but showed no licking, biting or smifing
This expermment thus demonstrates that a high level of motor activity 15
riot a necessary prerequisite of the abnormal behaviour

Effect of tranquillizers

Our expeniment with reserpine (see table 2) gave further evidence
mdicating that the release of adrenaline and nor adrenaline does not play
an essential role m the production of abnormal behaviour by ampheta
mne The high dose of reserpine used (see “Methods™) would ensure that
nearly all adrenaline and nor adrenaline was removed from the tissues of
the rat at the time when the amphetamune was myected (CosTA & PsCHEIDT
1961, Hittare 1960, KARKL PAASONEN & VANHAKARTANO 1959) In
spite of the heavy sedation, all the ammals reacted readily to ampheta
mmine, became ghly active, with the usual abnormal stereotyped activity
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Six and a half hours after receiving the amphetamine, they were ag:lxm

heawily sedated Dunng the penod of abnormal actwvity thew eye sl 1llls

remained narrow, and the pupils of all the ammals were extremely small,

undoubtedly much smaller than those of untreated ammals of anumals

treated with amphetanune alone The extreme narrowing of the pupils 1s

a charactenisuc action of reserpine, which 1s most probabl): fi:xe to ccrltral
n © -

I P -

t1on has been made by ELDER & DILLE (1962) on cats given first reserpine
and then LSD

In contrast to reserpine, three other tranqullizers that belong to other
groups, chlorpromazine (a phenothiazine), halopendol (a butyrophenone)
and ethoxyt at d were effective antagonsts of
amphetamine induced abnormal behaviour The effect was most clearly
seen when the tranquillizers were given after amphetamme at the time
when the rats had yust begun heking the wire netting of a small area of the
cage floor Withun 2-15 minutes each of the three tranquillizers (chlor-
P 12 mg/hg, halopendol 0 12 mg/fhg, ethoxyb oxane 3 mg/ke)
caused 1n all ammals a change m behaviour, beginning with the ammal’s
rasing 1ts head, smiffing over the walls and walking forwards (+ e increase
of locomotion, one rat, m which amphetamme mnduced backward
walking reverted four minutes after chlorpromazine abruptly to forward
walking) The heking decreased or ceased, and shortly after the sniffing
d hed (no longer , and the antmals became quieter

Beh t effect of the trypt e of I

The fact that vanous amines, incleding some tryptamnes, show motor
stmulating activity (v D SCrOOT 1961, VANE et af 1961, Aues &
FEIGEN 1941} wndi that of ampt not to be suffi specific
to be classed as adrenergic We wondered 1f other ammes also would
p;;oduc: the abnormal behaviour of rats and tested o methyltryptanune,
the tryp ] of Tt was found that with 40 m, .
(of the D, L formj a behaviour pattern could be ehicated that clogs/e%
resembled the amphetamine mduced pattem ABC (see above) with all
#s charactersstic features There was also a pre phase with constant
smifing but this smiffing was almost exclusnvely at the floor, whereas with
amphetamine 1t was at the walls and the ceting The duration of the
abnoemal behaviour was much onger with «
post phase was not seen It also lasted lon:
active (1-2 hours),

methyltryptanune and a

2et before the ammals became
and duning thes period they were quiet but awake
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Discussion

For the evaluation of these behavioural studies it 1 important to know
whether or not the blocking agents are able to cross the blood bram
barrier and to exert an action on the central nervous system The rele
vant mformation can be found in standard pharmacologtcal textbooks
and 1n some recent original papers Dibenzyhne has been demonstrated
n bran tissue after mntravenous mjection (BRODIE ARONOW & AXELROD
1954, table 6) and there 1s strong evidence mndicating several central
actions (NICKRERSON 1959, MuNoz & GOLDSTEIN 1961, ELDER & SCHELL
ENBLRGER 1961, SINGER 1961), also the taming effect observed by us
(and by ELDER & DiLLE 1962 1n cats) suggest a central effect of this drug

It has also been demonstrated that dihydroergotamine and hydergme
(NICKERSON 1959, SANDOZ) as well as phentolamine (Trirop 1957,
SICUTERI, MICHELACCI & FRANCHI 1962) exert central effects The B
adrenergic blocking agents nethalide and DCI have both been demon
strated m bramn tissue after systemic application, and there 15 some
evidence for central actions of these two drugs (see references gien
under “Methods’)

The time mtervals between the blocking agents and amphetamnt
were chosen with the mtention of creating optimal conditions for
developing the adrenergic blocking action Injection of the blocking
agents after amphetamme was done primarily because tranguiihizer acth
vity was most easily discovered by this mode of mnyection

With tius background, our expersments with adrenergic blocking agents
and with reserptne suggest that if the o- or § adrenergtc receptors known
to exist m the periphery exist also n the central nervous system, they
would not be mvolved 1n the development of amphetamne nduced
abnormal behaviour of rats

Admuttedly, the tranquillizers chlorpromazine and ethoxybutamoxane
which do antagomze abnormal behaviour also exert an a adrenergic
hlocking action If the latter property, however, 1s to be held responsible
for their anti amphetamine action, it becomes hard to understand why
the four classical strongly @ adrenergic blocking agents that exert other
actions upon the central nervous system do not share the anti ampheta
mune activity Further, the strongest amphetamme antagonist used m
our expeniments was halopenidol which 15 a tranquillizer with extremely
low u adrenergic bloching activity (JANsseN 1961) It therefore seems
most fikely that the anti amphetamine activity of both chlorpromazine
ethoxybutamoxane and haloperidol may be due to the tranquillizing

ave In cOmmon
acg‘::z ;;;{z];xmx\ and e adrenergic blocking thus seem to be due to tw}(:
different properties of the compounds, a concluston in agreement Wil
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views expressed by NICKERSON {1959), but contrary to those of same other
authors (BRODIE, SPECTOR & SHORE 1959, SLATER & JoNEs 1958)

Qur concl about the ad recelVES‘f“ﬁhﬂ support
from the observation that the bel 1 effects of amp are o
closely mumicked by the tryptammne analogue of amphetamune, a methyl
tryptamne This sesult might be considered as support for the hypothesis
of Vane (GELDER & VANE 1962, VANE 1960), who has suggested that
amphetarmme may act upon tryptamine receptors 11 the central nervous
system Here 1t must however, be recalled, that the adrenergic blocking
agents dibenzyl hydroerg and hyd also possess anti-
tryptamine (antiserotonm) actvity (VANE 1960, GADDUM & PICARELLY
1957, GADDUM ef af 1955, DOEPENER & CERLETTI 1958, FANCHAMPS ef al
1960), and we have observed that the strong tryptamine antagomist
Desenl or UML-491, Sandoz (DoEPFNER & CERLETTT 1958, FRANCHAMPS
et al 1960) cven at the extremely high subcutaneous dose of 100 mg/kg,
does not abolish the stercotyped behaviour induced by either ampheta-
mune or a methyltryptarmine

A detailed account of our work on tryptamme mechanisms 1s being
prepared for publicatson later, but the experiments seported in this paper
have led us to think that the recep lved n the prod of the
abnormal stereotyped behaviour after amphetamine and a methyltrypta
mune are difierent from both the ad: gic and tryp!
receptors recogmsed m peripheral systems These new receptors may occur
only m the central nervous system and appear to have a speaficity that

permuts the action of amnes from both the adrenaline and the tryptamine
senes

Summary

Two patterns of abnormal stereotyped behaviour induced 1n rats by
moderate doses of amphetamine are described The abnormal behaviour
1snfubited by several tranquillizers, but not by ordinary ¢ or B-adrenergic
blcc!ung agents It can also be produced by the tryp \! of

@ methyl tryptamne, but 15 not inhvbited by some tryp-
tamune (serotonin) antagonists In the light of these findings the specificity
of the receptors mvobed i the beh,

al effects of amph
@ methyltryptamine 1s discussed and
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When the Jower dose was given, morphine was yected as 3 mg'mlmn 097 sodium
chlonde solution
Compound 48/80 and polymyxn B sulphate were administered xmnpe.moneal]y
a5 2.35 mg/m! of compound 48/80 and 1 25 mg/ml of polymyxia B n 097 sodrum
chlonde solution. The trealment schedules for compound 48/80 and pelymywun B were
the same as those previously described by PARRAT & WEST (1957) with shight modifica-
tions Compound 48/80 was given m a total amount of 22 mg'kg in 7 doses over 4 days
The total amount of pofymyxin B admamstered was 15 mg'kg, gaven in 6 doses over
4 days Some of the rats died during the 4 days of treatment
Experiments To determine hustamme we used total brams of single animals and
about 1 g of skin (owter Jayer + inner layer), which was excised after deprlation from
the forepart of the back of the animals The tissues were treated and thewr contents of
hustamine determmed as described by NorN (1963) In contrast to the results of
experiments vith dogs (ADAM 1961), we found no measurable amounts of histamine
1 the rat hypophysis, 1t was therefore Jeft i situ when the brain was taken out
To evaluate the susceptibslity of our ammals to the action of strong histamine
Iiberators, one group was treated with compound 43/80 and one with polymyxin B
The ammals were allowed to recover for 48 hours after the Jast dose, they were then
fotled 2nd the amounts of ustamine m bram and skim were determmed
The effect of repeated morphine administration on the histamine contents of brain
and skm was nvestigated. For this purpose we used morphine tolerant rats, which
were killed 48 hours after the last daily dose of morphime (150 me/kg) To evaluate
any possible effect of a single touc dose of morphine on the histanune contents of
‘brain and skin, 150 mg'kg of morphine were given to normal rats, which were killed
48 hours later
The effect of ‘analgaesic”™ doses of morphine on the histamune contents of bram
and skan was also studied  According 10 JGHANNESSON & Scyou (1963b), most of the
normal rats given 8 mg/kg of morphie showed an increased pain threshold after
30 minutes We therefore myected normal sats with this dose of morphine and killed
them 30 munutes later For comparison, some of the ats given 150 mg'kg of morphine

were also killed 30 minutes after the iyections Histamane was determined 10 braim
and skin as usual

The histanune releasing

p: of d 48/80, chionde and
polymyun B sulphate were studied i vifro 1n a suspension of mast cells derived from

the vat perstoneum  For this purpose 14 rats were mjected with 18 ml of a buffered
solution consising of 1 6 x 10-1M NaCl, 3 x 10-3M K €1, 9 x 10-4 M anhydrous
CaCl; plus 10% (v/v) of the Sorensen phosphate buffer (48 x 10-2M Na;HPO,
ZH10 4 3 x 102N KHP0) The rats were Kalled about 30 seconds after the myec
uon The abdominal wall was opened, and approximately 12 ml of the tnjected solu-
tion, now containing mast cells, were removed from the Pentoneal casity The wath-
d_ll;un Specimens were paated, and the were

‘e concentration of histamine 1n the pooled mast cell Suspension was 115 pg/m!
3;":;83: :rrp ll:n::rgf“ ”‘:lt:e_lz‘s\ksn out of the pool and incubated with ~oman —2
fuged and the nusta
supernatant The ar
as a percentage of t

Determinanion of hustamme
modified by Norx (1963),
Al results are expressed

oa Supie
was performed by the method of Lowry
EIVINg an average recoven ooy

Ty of Y
25 8 hustamine base per g lm:bom 90%, from the bram.

m
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From the Department of Pharmacology, University of Copenhagen
{Professor Knud O Moller, M D)

The Lffect of Morphine on the Histamine Contents of
Brain and Skin in the Rat
By
Torkell Jéhannesson and Svend Norn
(Recerved June 19 1963)

In the literature morphine 1s classified as a histamme [iberator 10
peripheral connective tissues (NASMYTH & STEWARD 1950, FELDBERG &
PATON 1951, MONGAR 1956, MiLTHERS & Scuou 1958) Results of
experiments demonstrating the lustamimne iberating capacity of morphiné
1n the brain, however, do not appear to be so far available In the
vestigation reported below, we have therefore studied the effect ©
morphine on the histamine content of brain and have compared 1t with
the liberation of histamine m the skin of rats The influence of compound
48/86 and polymyxin B on the listamune contents of both brain and skin
has been studied Further, the histaqune liberating capacities of compound
48/80, polymyxm B and morphine have been compared m vitro m 2
suspension of cells dernved from the rat peritoneum

Cxperiments and methods
Adult male albino rats (130220 g) were used Morphmne tolerance in
the rats was produced as previously described (JGHANNESSON 1962) The
last dady dose amounted to 150 mg/kg morphine The daily injections of
morphine were given subcutaneously and medsanly 2-3 cm above the
root of the tail

he expefiments proper motphme was given
and wyection solutions For t
Daosc:loncally 1 amounts of [50 mg/kg or 8 mg/kg When the higher dosc was
":\l/;np:morphme was admunistered as the chloride as an agueous solution of 40 mglke
Biven,
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Table 2 o
ha Bam Fees A W <. .
- . :
: N 1 the control and the tecated
b values for thé statistical comperation betwee
grem andshe groups The statisucs are carnied out accordmg 10 the 1ot

Rats given single
Conot Marphine tolerant igechons of 150 mg!
group rats
e
Bram | Sem Braw | Sk
2 83 413
64 234 82 366 oh e
11 235 27 346
T4 01 w3 156 ki 406
49 92 34
87 21 99 2
7% 4 "7 369 90 B3
91 208 | 26 358 32 28
B4 235 31 nt 34 99
&2 282 ( 59 368 94 137
38 302 TR Y] - M
22 %3 g1 388 - -
90 264 90 352 t z :
83 328 94 213 - -
wa w0 104 ( 268 - -
86 414 { 75 1S -~ -
89 253 &9 i 187 ~ -
['$Y 194 1 19 8L - z
33 6 24 240 N _
50 254 1 74 22 < -
81 M1 29 258 - -
87 261 291 286 - -
39 261 33 246 - -
78 - - - - Z
807 (30 11 (86203 ( 311 16| 835403 | 318529
504>P>n; F =005 l°8>P>07502>P>01

group a shightly sigmficant (B = 005) inerease m fustamme was found
i the skin In the skin, the mdividuaf results were vanable, with a large
standard deviation

Six normal rats recens ed 150 mg/kg and znother six 8 mg/hg of morphine
They were killed 30 nunutes later, and histanttne was determined 1n bram

and skin Histamumne was found 1 the same amounts as in brain and skin
of 4 control animals

Fhe k releasing

1y of 1 48/80, morphune and poly-
myxwn B in a suspension of mast cells derned from the rat pervtoneum

Compound 48/80 was apglied (o the suspension at five ifferent con
centrations  morphine and polymyxin B each  three The results are
shown 1n fig 1
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Results

The effect of compound 48/80 and polymy xin B on the
lustamune contents of bram and shin

Seven rats secerved compound 48/80, and 5 rats received polymyxm B
by mtraperitoncal injections mn increasing doses for 4 days The rats were
kalled 48 hours after the last dose and histamine was determined in bram
and shin For comparnison, histamire was determined 1 bramn and skin
of 4 rats hilled without any previous admunstration of drugs The results
are given 1n table I On an average, compound 48/80 and polymyxin B
reduced the histamune contents of the shin by 75% and 70% respectuely
These substances had, however, no effect on the histamine content of the
bram

The effect of morplune on lustanune contents
of bram and shin

Twenty one morphine tolerant rats were killed 48 hours after the last
dose Eight normal rats recerved 150 mg/kg of morphire by single mntr
penitoneal ingectrons They were hilled 48 hours luter For comparison 22
rats were killed without any previous admumstration of drugs Histanune
was determuined mn bram and skin of the rats The results are goen It
table 2

The results show that morphine, whether given repeatedly or as 2
single toxic dose did not significantly affect the histamine contents of tat
bran or skin (P > 002, by the t test) However 1n the morphine tolerant

Tuble 1

Concentrations of histamine 1n brain and skin of rats given repeated intrape

tions of compound 48/80 and polymyxin B and killed 48 hours after the last d

histamine contents are expressed as ng histamune base per g tissue The means

are given and the P values for differences between control and treated groups as calcul
by the t test

ritoneal injec
ose The

sem
ated

Control Rats treated with Rats treated with
group compound 48/80 I polymyxin B
- —_— | =
Bran Skin Bram |  Skin Bratn Skin
120 w0 |12 127 L oue 121
124 410 120 82 25 121
13 450 118 n7 1 17
133 413 109 136 133
- 17 90 120 ns
_ - 17 120
113 82

“j35204 | 4lfxil | 117 02 los+ogl 122 _04 | 12103
—_— 03>P>02 P <0001 09>pP>08| P<000l
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1t 15 therefore highly probable that the faslure of compound 48/20 and
polymyxin B to release hustamme from the bram 1s due to a fature m
permeation of these substances inta the bran from the blood

PARRATT & WEST (1957) adrmumstered 140 mg/kg of morphune mtra
perttoneally n 7 doses over 4 days Esght hours after the Jast dose they
found a reduction 1 Tustamine to 60-80%; of the control value sn most
tissues Detads of the experuments were however not given

Our results for the effect of morphine on the | of
tissues are not 1n agreement with those of PARRAT & WEST We found no
reduction 1n hustamine contents of brain or skin mn normal rats whether
gnven a single toxe dose (150 mg/kg) or a smgle analgaesic  dose
(8 mg/kg) of morphine intraperitoneally Further histamune was found 1n
the same amounts 1 the brams of morphune tolerant rats and of normal
rats The same was also true of the skin {table 2)

PARRATT & WesT (1957) found that the return of tustamune to the tissues

vaulu stduor of morphine tor this reason it therefore seems pro
bable that no fustamure was released at all by morphine from the bram
or the skin of our animals

The results of our experiments 1 vitro confirm that morphine may
indeed Liberate histamine but only when applied at extremelv hirh

« wu vu pgp HLIpINE an the bran 30 minutes after intrapentoneal
admmistration of 10 mgfkg Further the concentrations of morphime
seldom exceeded 40 pg/g braw even whenp highly toxic amounts of the
drug were adnunistered to rats (JouannEessoN 1962) From our expert
ments it 1s therefore concluded that netther the development of morphne

tolerance nor the analgaesic action of morphine 1n rats 1s connected with
Liberation of hustamine

Svmmary
{ The effect of d 48/80 polymyxin B and hine on the
tustamne contents of bram and skin of rats was 1nvcsngatcrd For com
pasison  the lustamine releasing capaties of these substances wy
tested ¢n v1tro 1n 2 mast-cell suspenston e
¥

of d 48/20 and pol B reduced the inst
% p th ta
mine contents of sk by 70-80 € histamine conte
. % the histamy tents of bram re
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RELEASED
HISTAMNE
N%

COMPOUND 48/80 MORPHINE ~ POLYMYXIN B

Fig 1 The of h released, as p ges of total contents 1n @ suspension
of mast cells derived from the rat p b; pound 48/80 pol Bor

morphine
Columns 1-5 indicate the p of h released by compound 48/80 apphed
ats to the susp The were 005-0 5-50-50-300 pg
per m!
Columns 6-8 indicate the percentages of histamine released by morphine at the concentr
tions 10-100-1000 pg per ml
Columns 9-11 indicate the | ges of released by polymyxin B at concen

trations 0 5-5 0 50 pg per ml

When applied at a concentration of 05 pg/ml 1o the suspension,
compound 48/80 and polymyxin B released 729 and 66%, of the total
lustamine tn the suspension, respectively Applied at a concentration of
100 pg/ml to the suspension, morphine relcased 39 % of the total amount
of histamine

Discussion

Histamine was found m much lower amounts m bram than m skin
The histamine contents of the tissues can, however, differ from time t0
time (see control groups m table 1 and 2) There were about 12 weeks
Dbetween the two sertes of experiments, and 1t 15 therefore posstble that
the histamine content of the tissues of the rat undergoes seasonal vartation

Compound 48/80 and polymyxin B were found to release 70-80% of
the histamine in the skin of rats, whereas the lustamine content of the
bramn was unaltered (table 1) These results are in agreement from the
experiments of PARRATT & WisT (1957) with rats SWIFT (1956} empha
sized that polymyxm B does not diffuse from the blood into the bran
‘According to RILEY & WEST (1955), the mast cells wall escape the action of
compound 48/80 if they lie 1n the perneurum of the peripheral nerves
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Morphine and Normorphine in the Brains of Rat.s given
identically analgaesic Doses of Morphine, Codeine or
Normorphine*

By
Torkell Jobannesson and Jens Schou
(Recerved July 25 1963)

The palarographic method for g e determmation of morphine
1n biological samples, described by PARREGAARD (1957) and later modified
by MiLTHERS (1958 & 1959) has recently been improved by JOHANNESSON
& MILTHERS (1963) so that amounts down to 0 4 yg morphine can be
measured m tissue samples Nomorphme can also be measured by the
techmque

In prelominary expenments we demonstrated morphme 1n the brams
of rats mjected with codeine in toxic amounts This gave some support
to the hypothesis of SANFILIPPO (1948), who postulated that the analgaesic
effect of codeine could be due to its transformation into morphine 1 vivo
That O-demethylation of codeine into morphune occurs has been venfied
by several imnvestigators, who have shown morphme 1n the urine of
human subjects and of various ammals given codemne However, st has
been doubted whether the Iiberated morphine can gam access to the
central nenous system (WAY & ADLER 1960), especially when given to
laboratory ammals 1n amalgaesic doses (MiLer & EvLiott 1955) To
test the validity of SANFILIPPO's (1948) hypothesss, we decided to determine
and compare the analgaesic actions of morphine and codeme 1 tats
Then, at defined levels of analgaesic effect, obtamed by giving either
morphine or codeine, the concentration of morphine would be determined
1n the bramns of the ammals

BECAETT et af {1956) put forward the hypothesis that morphine under
goes N-demethy) mno before exerting its analgaesic
action MILTHERS {1962) found that N-demethylation of morphine may
occur in the brauns of rats Fusther, JoHANNESsON & MiLtHERs (1962)
concluded that the bram concentrations of morplune and normorphine

* A preliminary report of thus imestigat

it
Pharmacalogicat Meeting Praha August ¥ g2uen was gnen at the Second lnternational

Acta phacmacoionat, ot 38 fase 3

"



164 T JOHANNESSON AND § NORN

3 Morphine did not reduce the tistamune contents of bram or skin
whether it was adminsstered repeatedly or as a single myection

4 In the mast cell suspension, morphine was found to be a 300400
times weaker liberator of hustamine than compound 48/80 or polymyxm B

5 It 1s concluded that only at extremely high concentrations may
morphine release lustamme The results indicate that neither the develop
ment of morphine tolerance nor the analgaesic action of morphime is
connected with liberation of histamine
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The polarographic method for quantitative determmation of morplune
1n brological samples, described by PARREGAARD (1957) and later modified
by MictrErs (1958 & 1959), has recently been improved by JEHANNESSON
& MiLsers (1963) so that amounts down to 0 4 ug mosphine can be
measured 1n tissue samples Normorphine can also be measured by the
techrique

In prelimunary expenments we demonstrated morphine 1n the bramns
of zats mjected with codeng m toxic amounts This gave some support
to the hypothesis of SANFILIPPO (1948), who postulated that the analgacsic
effect of cademe could be due to 1ts transformation into morphine i1 1iv0
That O-demethylation of codetne into morphine occurs has heen venfied
by several mvestigatars, who have shown morphine 1n the uftne of
human subjects and of various ammals gven codeme However, 1t has
been doubted whether the hiberated morphine can gan access to the
centfal nervous systeme (Way & ADLER 1960), especially when gven to
laboratory antmals 10 analgaesic doses (Micer & Extiorr 1955) To
test the vabdity of SANRILIPPO's {1948} Bypothess, we decided to determine
and compare the analgaesic actions of morphime and codeine 1 tats
Then at defined Jevels of analgaesic effect, obtamed by ming eiher
Tworpute ot cadeine, Yhe concentration of MOrphing we td ha A~
I the hen o ®

3 . v it Defole exering s analgaesic

action Mivnters (1962) found that N-demethylanion of morphmfa:lay

Oceur 10 the brams of rats. Further, JoANNESSON & MiLtstens {1962)
i\ that the bram of morp and nor
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?;xghl be nearly the same if given in sdentrcally analgaesic doses to rals
1 ct[s ;ts(sjumpnon was, however, not tested experimentally We therefore
ncluded normorphine i our experiments and compared 1ts analgacstc
effect with those of codeine and morphine We also determined nor
morphine mn the brains of rats given this drug 1n amounts that produced
the same levels of analgaesta as those n the expertments with morphine
and codeme

Methods

Adult male albino rats of a single stramn (140 230 g) were mamtamed
under constant environmental conditions with frec access to water and
a commercial food preparation before the experimental period

Anal v Electrical stimul; was used as the pam stimulus Impulses
of square wave type were delivered continously from an mmpulse generator (haiser ®
stumulator} at a frequency of 1 Hertz Each sumulus had a strength of 3 Volts and
Isted for 20 mulliseconds The voltage of the stimul was checked continuously by 2
cathode ray oscillograph nserted 1n the cireuit The electrodes were made of the
nyection necn{ks (2R2 No 16) attached mn a Perspex holder 8 mm apart and with

' -

anvanh kev

v
4 em from the hairy margn of the tatl root The rat was then allowed to move e
n an open plastic dish measuning 35 x32x12 cm When the animal was completely
quiet after the msertion of the electrodes the circurt was closed by presswg the
telegraph key Only a squeak was regarded as a posttive pain reaction Undet the
described standardised conditions about 80% of the ammals did squeak at the
first sccond third or fourth stimulus generally reacting to the first two starult
Only those ammals ( reactive rats ) were used for the further expeniments the fest
being discarded OF a group of such reactive rats the vast mayotsty did indued
squeak at the first or second sumulus on both occasions if the reactve rats Were
tested twice at annterval of 30-45 minutes The number of stimuli needed to provoke
a squeak did not vary by more than +2
In the experiments with the analgaesics all the animals were tested whitiy 20
munutes before administration of the drug The drug was injected and the arumals
were tested agan 30 mmnutes later We defined analgaesia as occurnng when 3 st
mult more than the number of stimult given to provoke a squeak s the control
test could be gwven without response
Injection of analgaesies The drugs were dissolved n salme (0970 and njected
wteaperitoneally by means of a tuberculin syringe divided to deliver 001 mi The
co ations of the were ad| d so that the njccted volumes always

amounted to 2 mi/kg

Analytical procedures
of morphire 1n the brans were performed as described by J&

rs (1963) The procedure mcludes descending paper chroma
The average recovery for amounts of 0 5-1 0 pg morphine

Determnations
SIANNESSON & MILTHE!
tography for 16 hours
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shown on the polasogram.

Normaryhln[: wasg:xtracted from the bran as desenbed by Miusess {1961)
Paper chromatography was extended to 36 hours to secure sufficient separahon
Waormorphine was then ehuated and d by the same tech h
The average secovery was about 65% for 1pg normorphine In caltulating the

of hine al was made for the low percentage fecovesy

The results are expressed as py of the chlonde per g bram and efer 10 “rec®
morphing of normorphine (autoclaving omutted) The Tesulits of the quantiauve
analysis are given 25 dtomal fractions When these figutes inchude two decimals
{he first ane 15 siguficant, the second bemg indicative only For statistical evaluarion
we eployed Stodent s € west. In shese cakevlations #m, yefernng 1o 3 pescephible
morphine reaction on the polarogram, but one that could not be measured guanyta~
<xely, 1 enteted as O 10 pafg, and ad 15 entesed a3 0, to sigify that no trace of
morphine feaction coufd be sten 1n the polarogram

Results

® ¥ exp wese pesformed to establish the best time
after the myection of drugs for analgaesimetry and removal of 1he bran
for anafysis Funther, the range of concentration of morphine n the brain
was studred aftec admunistering morphune and codemne 1 Larger doses
The results (table 1 and 2) indicate thar the Tughest concentration of

h was found app 1y 30 minutes after wmtcapertaneal
tngection of merptune and codene This ime perod was always used 1n
the subscquent expertments

Toble ]

Codeine dose (mg/kg)

o 7 50 ] 200
Sermlumetmumed ) 35§ 3 | 4 [ % T
nd 03 o rm
OW 4 o4 b o3 | am | ge | 43
0% | o045 | o042 | 33 43 38
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Table 2

The concentration of morphine 1n brains from rats (ug/g) 1yected intrapentoneally
with 20 or 50 mg/hg and killed at various times after injection

Morphine dose (mg/kg) l 20 5
Survnval time (mnutes) J 15 30 45 ] 60 30
040 042 038 am 20
046 08t ost nm 21
8] 12 ~ nnr 22
- 17 - - 30
- - - - 39
Analgaesimetry

9 groups of rats were used, each of 30~50 animals, allowing 3 dosa’e
levels of each drug 1o be exammed Morphne was used at doses of 25
50 and 10 mg/kg, codeme and normorphine were given In amounts of
10, 20 and 40 mg/kg The results are summarized n fig 1 The regression
coefficients do not significantly differ from each other The potency
factors for normorphme, codeine and morphme were approxlmatcl)
1 18 58 The relative potency of morphme and codeme was 33 1

£D0y MORPHINE CODEINE  NORMORPHINE
100 T
70 T
50 T
37s
30 +

20 T

o t +
,eg/sig 25 50 {00 200 400 600

Fig | Theanalgaesicel
given by P
Tatar
. - 5 e e coale)
N (ve analgaesic response
" - ses of morphine codeine
375°, and 70% of the

flect of morphine codeine and normorphine 1n rats The drugs were
[RLY c anal effect was determined 30 minutes

and normorphine 1ndL we v e
ammals
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Morphine and normorphine analyses

From the dose response curves we then chose doses of the three drugs
that produced analgaesia sn 37 5 and 709 of the ammals These doses
were, for morphme $ and 8 5 mg/kg, for codemne 16 and 30 mg/kg and
for normorphune 28 and 91 mgfkg fesp ely In fusther exp
these doses were given to groups of Tats varying tn number from 8 to 20
After measurement of their sensitvty to electnic stumuly, the drug was
given and the analgaesic response was tested 30 minutes later Immed-
1ately after the rats were killed, and the brans removed for chemical
analyses The results of these experiments are summarized 1n table 3
and 4 In several of the analyses only trace amounts were demonstrated
and could not be evaluated quantitatively These analyses are given as
nm 1 the tables, two samples in which no morphine could be detected
are given as k d The analgaesimetric tesponses determmed did not differ
significantly (P > 0 05) from the expected values (37 5 and 70%)

For determming the mean concentrations and standard errors of the
means m the different experimental groups 0 10 pg/g was used as the
value for those given as #m 1n the tables In this way the mean con-
centrations of morphine 1 the brains of codeme treated rats amounted
t0 0 190 03 ug/g at the 37 5% analgaesic level No statistical difference
existed between this figure and the mean concentration for the ammals
treated with morphine to obtan an identical degree of analgaesia P>
01) This figure was 0 26 4-0 07 ugfg At the 70% analgaesic level codeme

Table 3
givsenlriilqni of morphine {ugfg) in the brans of rats gaven identically anateaesie
: . . . "
¢ - . .
¢ . ' .
anaiyns
A ammals showing analgaesia
NA ammals showing no analgacsig
375% analgacsra 0%, analgacua
i NA | A NA | A
Mortphine given 023 ) o (1 024 42 028 2
g;: 63} 024 (2) 032 () 026 :Zl
A g) 052 (9 am (2) 030 (1)
n N '} amo(2 mm (2 036
B - - nm (D) am (D
Codeine given | 'g‘zg g: LI T ey T T35 gj
| o7 & oo e ok g
| oam Q) - ol
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Table 2.

The concentration of morphine in brains from rats (1g/g) mjected intrapentoneally
with 20 or 50 mg/kg and killed at various times after mjection

Morphine dose (mg/kg) , 20 50
Survival time (minutes) 15 30 I 45 f 60 30
040 042 038 nm 20

046 081 061 nm 21

L1 12 - nm 22

- 1.7 - - 30

- - - - 39

Analgaesimetry.

9 groups of rats were used, each of 30-50 amimals, allowing 3 dosagt
levels of each drug to be examined. Morphine was used at doses of 25
50 and 10 mg/kg; codemne and normorphine were given in amounts of
10, 20 and 40 mgfkg The results are summarized 1n fig. 1. The regressiod
coefficients do not significantly differ from each other. The poter©
factors for normorphine, codeine and morphine were approumaltl)
1:1.8:5.8 The relative potency of morphine and codeine was 330

£ED
o MORPHINE CODEINE  MORMORPHINE
100 1
70 T
50
37s
30 1
So
20 1
o L—
DOS!
mg/ 25 3 102 205 400 602
Fig 1. The analgaesic effect of Morphune, codeme and normotphne 1n rats The drugs ‘;::
given by T 1 and the effect was d 30 mun!
later. e - :
" « pesponst
e codein®
S:; Hotmwer ooa o % efthe

ammals
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Morphine and normorphine analyses

From the dose response curves we then chose doses of the three drugs
that produced analgaesia 1 37 5 and 70%, of the anmals These doses
were, for morphine 5 and 8 5 mg/kg for codemne 16 and 30 mg/kg and
for normorphine 28 and 51 mgfky, tespectvely In further expeniments
these doses were given to groups of rats varying in pumber from 8 to 20
After measurement of their sensmivity to electric stimuly, the drug was
gaven and the analgaesic response was tested 30 minutes later Immed-
sately after the rats were killed, and the brams removed for chemical
analyses The results of these experiments are summarnized m table 3
and 4 In several of the analyses only trace amounts were demonstrated
and could not be evaluated quanttatively These analyses are given as
nm m the tables, two samples m which no morphme could be detected
are given as nd The analgaesimetric responses determuned drd not differ
sigmficamly (P > 0 05) from the expected values (37 5 and 70%)

For determuning the mean concentrations and standard errors of the
means m the different experimental groups 0 10 pgfg was used as the
value for those given as #m 1n the tables In this way the mean con-
cenfrations of morphine 1n the brams of codeme treated rats amounted
10 0191003 pg/g at the 37 5% analgaesic level No statistical difference
existed between thus figure and the mean concentration for the animals
treated with to obtam an 1d 1 degree of anal, (P>
01) Thus figure was 0 26 -0 07 ugfg At the 70% analpaesic level codetne

Table 3

Concents:

Goncems ationy of marphine fuglg: m the bnmf of rats given 1denuicallv analyaesic
¢ '

<

r

A Jnays.
animaly showing anatgaesia
NA amumals showing no u{xllgaesla

37 3%, analgaegsa 70% analgaesia

NA | A NA A
Morphine grven %1)3 o) ‘ o D23 (2 024 2
K 5: g; 024 () 032 @) 026 :1),
e 052 (2 amo () 930 1)
~ am @) nm Q) 036 12
o - - am (1) nm o (2)
Codemne given 020 (&t 0 @ [ !I- S
024 @ 3 o @
o @ am @ 03 {z)
| oam @ N z el

i - am (1)
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Table 4

Fananntons amg Af oo amab auf <= ala b - e 4
-
used for each analysts
A ammals showing analgaesia
NA ammals not showing analgaesia

J 37 5% analgaesta J 70% analgaesta
| NA ] A | NA A
Normorphine 059 | 083 (2 10 (D 12 0
given 062 (2 | 085 (2 14 (1) 12 (1
069 (2) ' - - 12 (0
0713 () - - 14 ()
- ] - - 15 (0
- - | - 15 (h
Mecan
concentration 072 + 004 pg/g 13£01ng/s

admunistration produced a mean concentration of morphine 1n the bram
amounting to 024 005 pg/g, the figure after administration of mor
phune bemng 020 +-0 04 pg/g These figures also do not differ significantly
(P > 05) However, no tendency to a higher brain concentration could
be demonstrated in the amimals subruitted to 70% analgaesi2 than
those submutted to 37 5% We do not place much emphasis on this fact
because of the two very high concentration found 1n the 37 5 %, morphime
analgaesia group (see table 3) If these figures are excluded from the
mean calculations, this group would show a mean of only 019 ngle
which may be a more valid figure The same mean 1s found 1f all the
results from the 37 5% analgaesia group (obtamed with morphne and
codene) are bulked, whereas the mean for the 709, analgaesia group1s
022 pg/g calculated m this way

Discussion

In several expertmental ammmals and human subjects morphine f1as

been demonstrated 1n the urine after codemne administration This was
first shown 1n the rat by ADLER & LaTHAM (1950), and later confirmed
by several groups of workers 1 expertments on different spectes (ADLER
et al 1955, Woops ef al 1956, PERREGAARD 1958, a review Is EIven by
Way & ADLER 1962) 1 vitro the demethylation of codetne to morphine
was demonstrated by AXELROD (1955), who incubated liver micro
somes with codemne 1n the presence of reduced triphosphopyridine

nucleotide and oxygen
The analytical evid
morphine was, as mentio!

ence for m ino transformation of codeme 1nto
ned above, not obtained until 1950 However,
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already w 1938 WoLFF had suggested that the reason why morphine
addicts could be mamtained on codemne was most likely because such
indmiduals could demethylate codeme and thereby hberate morphune
Later SAnFILPPO {1948) postulated that the analgaesic action of codetne
1s due 1o 1ts conversion mnto morphine In our experiments the concentra
tion of morphme mn the brain of rats gven either codeme or morphme
0 otder 16 obiain the same degree of analgaesia was found to be within
the same range (table 3) These results strongly support the view that
codemne acts after transformation 1nto morphine Nevertheless, objections
can be rased 10 this conchusion The sensitivity of the analytical procedure
15 rot sufficient to determine the concentration of morphine present in
all the matenials Most of the measurements were performed on amounts
around the hmits of the method for quantitative determimation Further,
most of the analyses were performed on bulked bramns from two animals,
moreover 1t 15 possibly erroneous to try to correlate total brain concentra
tion and analgaesic actvity of a drug Honeser, we feel justified in con-
cludmg that morphine 1s found i the brawn after admunustration of codewne
mn analgaesic doses to rats The concentrations were 1n fact at the same
quantitative fevel as if morphine had been given to obtam the same
degree of analgaessa

We also attempted to obtan evidence about the hypothesis relating
N demethylation of morphine to analgaesia (BecKETT ef af 1956)
MuLTiERS {1962) has secently shown normorphine m the brawn of hepa
tectormuized rats injected with morphine One of the predictions of the
hypothesis 15 that morphire and normorphune are drugs of almost equal
1‘1‘:(3::1‘: t\w:hiy However, several imvestigators have found nor-
l95? LAss:c:A :;s [a)cEm]Z than morphune (¢ g. MILLER & ANDERSON
( l967:) suggested that the l: Rmmj 1038) poamnisson & MiLiieRs
be explamed by its lowe: ; - analgacsic effct of normorphune might
T degree of penetration nto the bram They

assumned, however, that morphine
, and nomorphune are found
amounts in the brams of rats Ny an s ot

g given identically apalgaesic amounts of

In our analgaesimetac exgeaments morphine was found 10 be © tmes
25 polent as normorplune Further,

the concentrations of normorphine

::zrs\;i :’r; the bl;:]lms from anumals gven thss drug were much htghe;pthnn
— M::orp ‘:nc n ammals given morphine 1 1dentically analgaesic
e :;ng“ex‘:ese crdcsru\ts ;mnnol be regarded as conclusive, because

e used for the analyses, the hypoth
al SIS stm\ngly contra indicated by our findings Ypothess of Becee et
. q

and!;n::phmc o ha the analgaesic p of codeine
Thus 1210 of analgaesic potencies has

ve
different species
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been found to range from 1 2to 1 10 (SCHAUMANN 1957), the same ratio
for normorphine and morphine ranging from 1 2 to 1 18 Rauscuefal
(1959) compared the analgaesic potency of the three drugs n mice and
found morphine to be 7 and 12 times more potent than codeme and
normorplune, respectively From our determmations on rats, morphine
1s 33 times as potent as codeine, and the ratio between the analgaesic
effects of morphine and normorphune 15 6

The ammals whose bramns were removed and amalysed for morphune
or normorphine were all tested analgacsimetrically mmmediately before
being hilled In table 3 and 4 the analytical results are divided 1nto those
from rats showing analgaesic and those showmng non analgaesic T&-
actions These results, even though few mn number, mdicate that the
analgaesic effect in the rat 1s independent of the total amount of morphine
or normorphine found in the whole bramn

Our results are, as already mentioned, mdicative rather than con
clusive We believe that a greater sensittvity of the analytical proccdurc
would make possible a more appropriate quantitative comparison be
tween biological activity and concentration of amalgaesics 1 different
parts of the central nervous system than we could achieve i our M
vestigation

Summary

An analgaesimetric procedure on rats was employed to compare the

analgaesic potencies of morphine, cedeme and normorphine Morplune
was found to be 33 and 6 times more potent than codemne and not-
morphine, respectively

From the dose-response curve identically analgaesic doses of the lhr:C
drugs were choosen that would be expected to produce 37 5 and 70%
analgaesia At thesc dose levels the concentrations of morphine m the
bramn were i the same range whether analgaesia was produced by
morphine or codeme (0 19-024 pg/g on the average) These results ar¢
1 agreement with the assumption that codeme 1s O demethylated mto
morphine before exerting 1ts analgaesic effect

The concentration of normorphine 1n the brain was 4-5 times fugher
than the concentration of morphtne when these drugs were admunistere
n identally analgaesic doses This mvalidates the hypothesis that mor-
phine analgaesia 1S due to normorphe
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Spontancous and Pralidoxime-induced Re-activation of Brain
Cholinesterase in the Chicken after Fatal Nitrostigmine
(Parathion) Poisoning
By
O. Karlog and F. Poulsen
{Recened July 24 1963)

An increase m poisontng of poultry by accidents with or misuse of
organo-phosphorus msecticides has emphasized the problems of verifica
tron By the screening method of FRIEDBERG & Sanat (1958) the probability
of poisoning with organo phosphorus compounds can be assessed by the
degree of re-activation of tnhibited blood and brain cholinesterase obtained
during incubation with pralidoxime This method was considered suitable
for the purposes of the study reported here In chichens the cholimesterase
actiity of the blood 1s confined to the plasma (AucustmssoN 194,
BLABER & CUTHBERT 1962), and the hematocrit cannot be determmned on
the dead amimal Prclimimary mvestigations showed the bram tissue ©0
be a more suitable test material Before the routine use of thus sereening
method, 1t was found necessary to determme the cholinesterase activity
1n bram tissue from normal clichens at different times after death and to
investigate possible spontaneous re activation (ALDRIDGE 1953, Davisoy
1953a, BLABER & CRFAsY 1960a & b, Jrnsen-Howm 1960) 1n poisoned
chuckens The eflect of the age of the carcass material on spontancous an
nduced re-activation was also investigated (HoBBIGER 1955, FRIEDBERG
& Sanal 1958)

As the msecticide nitrostigmine*) 1s the most frequently used organo
phosphorus compound, the experiments were performed on chickens
after fatal poisoning by its oral application

To imutate the unfavorable conditions found n practice, the dead
animals were stored at 18~20°C Besides the choliresterase determinations,
chemical determinations of nitrostigmuine and 1ts metabolites were per-

formed on the contents of the crap, the gizzard and the intestnes
9 Nitrostigmine (NFN) parathion = 0 0 digthyl 0 p nitropheny! thiophosphate
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Matenal and Methods

Twenty two chickens (weight 12-16 kg) were used for the experuments, twelwe
were used to determune levels of bramn cholinesterase, and the remamng ten were
dosed by stomach fube with 35 mg mitrosigmine (Bladan F ®, Agro-kemn Led,
Copenhagen) per kg body weight Analyses of the nitrostigmine preparation by paper
and thin layer chromatography showed only fraces of p-mitrophenol and no para-oson
or 1soMmeric mutrostigmune

Alter death the matertal from two of these antmals was imniedsately analyzed, the
remaining careasses being stored undissected at 18-20°C for 1, 2,4 and 8 days After
remoyal of the bram for cholinesterase detefmunation, the gut was taken out whole
and emptied The gut contents were then analyzed for mittostigmune and metabolites
by the method of karwog (1957)

The cholinesterase activity of the brain tissue was measured by the Warburg
technique (AUGUSTINSSON 1948) The cerebral hemispheres cooled 1n jcewater were
‘homogenized 10 I ml of bicarbonate buffer for 2 minutes 8t maximal speed in 2n

MSE 7700-B. The re- was Iished by with
10738 prahdoxime todwde 10 Warburg butfer (pH 7 6) for 2 hours at 20-22°C The

cholinesterase activity was recorded as the output of CO; per 100 mg of bramn tissue
per 30 mun

Results

In table 1 are shown the results of the cholinesterase determimations
bramn tissue from the normal chickens stored under the same conditions
as the poisoned anmmals In the fresh matenal a uniform level of activity
was found but after storage for four days there was a 15-25% decrease
m activity No further decrease resulted on storage for eight odays The

addition of prakidoxime did not alf V!
ter activit:
ada o ity n either the fresh or the

The chuckens d by oral appl of developed
g::sc:hr tremor, dyspnoea, paresss, increased glandular Secretlruny
G rr) l;ea termunal convulsions and coma Death occurred 18-50 minutes
\m:‘l; ‘:apphcanon In table 2 the results of the cholimesterase determina-
examnsn ::lw that the actrvity was low in the braim tissue from the cluckens
s clt:’\medmely after death In chickens stored for 1 or 2 days the
N Cimr ;;ynxzansn atl rle;as; !w/l\c; as mﬁh but still constderably lower than
al birds After 4 days storage the activi
\m'gs hxghu;‘ than immedsately after death ® 1y was foue
oOmpare: 1]
ot p: with the control chickens, an inlubition of some 60, was
After storage for 8 d;
S
tat mmedensly ays the activity was six to exght times tugher than

after death, comparss
shawed only 30% ntubition panson with the unporsoned controls

ltcan be seen
that there 1s a large spontancous re activation of inhibited
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Table 1
Brain cholinesterase activity in 12 normal chickens before and after
mcubation with pralidoxime 10dide
] { Brain cholinesterase actity
After incubation [ m“b“"' bmrt‘;‘"
with 10-9M pra | SO
prahdoxime act

Number of days

|

between death | Chick No
nl COy/100
and analysis i mg/30 min l deolxznoc‘;(l)&:)de ’ sty after incuba
f " 0 tion with pra
| | mg/30mn hdoume
1
\ ] 1400 ’ 1280 I 109
| 2 1380 ! 1290 Lo7
0 |
1 1260 | 1200 105
I 4 1420 | 1290 1o
3 1050 , 1150 f 091
6 1060 | 1100 | 096
4
7 950 1040 | 091
8 1050 1080 097
9 110 1150 | 097
10 1100 1090 \ 1o
8
noo | 980 1000 098
12 1040 1030 096
Table 2 "
the

Brain cholinesterase activity in 12 chickens dead after poisoning with mitrostigmne
activity measured before and after re-activation with pralidoxime
r ’V Brain chohinesterase activity
- activity before 1
{ After ‘(;W;;ﬁa“on cubn)l'mn with
Chick No ul CO,/100 ‘l”:‘ i d%"‘" prahidoume/actt
idoxime todide [ aner incur

Number of days[
between death

and analysis mg/30 min BLCOYI00 o0 with pra
mg/30 min lLidoume

(‘ 13 10 ]' 120 f 009

0 [ 14 120 1280 009
! 15 285 | 1120 025

! 16 435 780 056
17 235 900 026

2 J 18 315 950 033
- 430 810 o0st

4 2 420 670 063
' a1 635 300 07

8 2 | o0 950 082
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cholinesterase during storage of the carcass at 18-20°C, especially dunng
starage for more than 4 days

‘Table 2 also shows that mfubited cholmesterase incubated with pralido
xime mmedrately after death could be completely re activated to the Jevel
present m normal chickens After 1-4 days of storage a considerable
te activation could stll be produced, but after storage for 8 days no
Increase 1n activity from addition of pralidoxmme could be shown

The results of the nitrostigrune determinations are shown i table 3
It can be scen that 32 to 53% of the adnumstered dose was recovered with
no relationship between recovery and duration of storage Analyses by

paper ck aphy and sp ph y showed that only 1-2%
of the gr was hydrolysed to p-mitrophenol. No para was
detected

Discussion

The cholinesterase activity found m the cerebrum of fresh normal
chickens was of the same order as that found by Davisov (1953b), and
the observed smallinfluence of storage on the activity 15 1n good agreement

Table 3

Nitrostigrune n contents of crop gizzard and intestines of
10 chickens after fatal porsoning with mitrostigiune

| Nifrosugmme
Number of da;

ys Nutrost, recovered from
between death | Chick No | admimieres | the contents of Recovery
and analysiy mg crop gizzard and per cent
mlesune
mg
’ \
o 3 L 258 53
| 14 56 207 3
i 1s o 206 %
y o a 166 ™
2 v A 159 32
s 46 156 "
)
4 i > 9 183 ¥
] 2 164 3
s |0® « 22 5
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with the results of FRIEDBERG & SAnAT (1958) on matenal from mammls
and man

The percentage of the applied mitrostigmine recovered from the gut of
the poisoned chickens, 32-53%, suggest that there was the same degres of
absorption of this compound by all the treated ammals Therefore mhibi
tion of the bram cholinesterase 1mmediately after death was probably
about 909 1n all of them, with gradual re activation during storage This
spontaneous re activation, which 1s probably caused by hydrolysis of
the phosphorylated enzyme (ALDRIDGE 1954), 15 highly dependent on
temperature (FRIEDBERG &. Sahat 1958, JENsEN Hou 1960) Our results
on spontaneous re actnation during an 8 day period agree welt with
those obtamned by FRIEDBERG & Sanar (1958)

Storage of the carcase of a poisoned ammal under unfayourable cond:
tions may result m the spontaneous re-activation of cholmesterase {0
normal levels within one week This has as much cffect on the practicil
value of the method for investigating mitrostigmune poisoning as has the
effect of possible transphosphorylation on the re activatabihity of the
cholinesterase (HOBDIGER 1955 & 1957, WILSON 1955, DAVIES & GREE
1956) In our study mitrostigmine poisoming dtd not seem to produce ths
state of completely 1rreversible cholesterase inhibition

FRIEDBERG & SARAI (1958) 1 therr paper, put forward a re activaton
mdex

Cholinesterase activity without praidoxime
Cholinesterase activity with pralidoxime

and stated that a vatue for this index of one or less gives evidence of an
mhibition of cholinesterase caused by organophosphorus smsecticides
They also found an index of approximately 12 for cholmesterase it
tissue from non poisoned anmimals In our study the mndex was about 10
for such matenial This difference 1s probably due to the fact that the
preparation of pralidoxime used by us showed lttle effect on normal
cholinesterase activity, whereas the preparation used by FRIEDBERG &
Sakal produced an mhubition of about 209 It can thus be scen from
our studies on chickens that an index of 0 8 or less gives a good :mzlc:mon

ndex of 0 8 or more the possibility of porsoning with organophospno! “g
compounds cannot be excluded, especally 1if the matenal has been store

for some time Poisoning with mitrostignune could stll be verfied by a
ysis of gastro mtestinal contents as 30-50% of the admimn

cal anal
fs]::::'l dose can be detected after storage at 18-20°C, for 8 days
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Summary.

Oral ad 1on of 35 mg of mit per kg body weight to
ten chickens resulted n acute fatal possoning The cholmesterase actvity
of their bram tissue was examned after storing the carcasses at 18-20°C
for 0 1,2,4and 8 days Immediately after death the activity was lowered
to about 10% that of normal chuckens, storage, resulted m a considerable
p e the amount depending on 1ts d After
storage for 4 days the activity was about 40% and after 8 days about 709,
of the actvity 1 brain tissue from normal chickens stored under the same
conditions On ncubation with 103 M pralidoxime rodide for 1 hour at
20-22°C the inhubited brawn chol could be compl e i
immediately after death After storage for 14 days 1t was still possible
to obtamn considerable re activation, whereas n bramn tissue stored for
more than 4 days artificial re activation was difficult to Tecognize because
of the spontaneous re activation that had taken place
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The Effect of Pirexyl @ on Normal and
Depressed Respiration
By

S H Johansen, Mogens Jorgensen and V, Dyrberg
(Recerved June 17 1963)

Resp y dep 15 an undesirable side effect of those antitussive
agents that act by rasing the central threshold for cough If the cough
reflex can be interrupted on its afferent hmb or even more perpherally
1n the reflexogenic zones of the tracheot 1 tree, congh supy
1s not accompamed by meduilary depression (H A Bickemman 1962)
With the object of developing an aptitussise agent having minsmal central
action 1{2 benzyl phenoty) 2 pipendinopropane phosphate (pirexyl ®)
was chosen from a senes of substituted benzyl phenoxy propanes and
tested on man (RUBINSTEIN ef o 1962), cough suppression wathout
serious side effects was reported

In antmal expersments pirexyl ® was shown ta have an mhubiting effect
on the induced cough 1n cats as well as rabbits and dogs It appeared
that the agent exerted its antitussive effect both centrally and at the
periphery, but that the central depressant effect was observed only after
larger doses 1n cats and rabbts, pirexyl ® 1n doses of 1-10 mgfkg would
mcrease ventilation and i rabbits the respiratory depressant effect

of morphune was counteracted by 5-10 mg of pirexyl ®@ Prompted by
the above observations, an mto the

prrexyl @ 1n man has been carned out

y effect of

Metbod
The experiments were performed on three normal m a!
and body measurements The method for recording n’:‘;.:(::; :'usx:lc‘:f:mh:‘:;g:n
desenbed 1n detauls ehewhere (DVRReRG et of 1962) The subjects were made to
breathe inte a closed circut vath a feservorr bag filled before each expenmment with
10 1 of purc oxygen, and the expired carbon dioxde %3s affowed 10 ancumuh!‘:l m
Aca pharmacologica, vol. 20, fasc. 3

15
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Table 1.
Chatacteristics of the three experimental subjects
Age Height Weight
Subjects |40’ vears 1n em n kg
oT 20 177,5 775
NM 23 1735 625
HI 20 185,5 740

the circuit duning the expeniments  End-expiratory carbon dioxide was continuously
measured on an infrared analyser (Capnograph, Godart) and the expired volume with
a preumotachograph (Fleisch) Both variables were continuously recorded on 2
Honeywell @ ultraviolet recorder

Each experiment conststed of 13 rebreathung procedures, during which endogenous
carbon dioxtde was allowed to accumulate 1n the breathing circmt until a concentra
tion of 8 per cent was reached, when the procedure was ended A rebreathing procedure
would Iast from 6 to 7 minutes and was repeated every 10-15 munutes The first 5
rebreathing procedures served as controls The subsequent § procedures were done
under influence of the drugs tested The control curves were recarded within the fiest
75 minutes, and the subsequent period of observation of the drug effect 1n each exper
rniment amounted to about 2 hours On cach subject two experiments were pcrronmed

on scparate days

ExPER T

‘q
sop—— .
80 g 7 G INCO,

f

atory maute volume (I/mmn) to Increasing concentrations 0!

Fig | Rcsp%nse.}négsﬂ;n exypnred alr (senulogarithmic plotung) § control curves for
carbon dioxide (7% subject N M
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1 The respiratory effect of pirexyl ®, 10 mg per 70kg body werght, was tested alone
Il The xc:’plra!cry effect of pettudine, 50 g per 70 kg body weight, was tested
during 3 rebseathung procedures, and then pirexyl ®, 10 mg per 70kg ‘body werght,
was 1njected and the effect on the sespiratory response was observed during 5
rebreathing procedures
Al injections were given mntravenously
From the continuous record of respiratory runute volume and €O per cent m the
end-expiratory aif, concomuant values were tabulated Under conditions of repeatedly
changing pCO; levels, ineanity of ventilation agamst pCO, canpot be obtaned
{Bruvinie ef of 1960) Consequently the loranthm of the ventilation was plotied
agamnst pCO2 (8 1) In ¢ach expenment all the values of CO; per cent and of log
ventilation from the first § control procedures were pooled, as were all values obtained
under wfluence of the drugs tested, and the different regression equations were deter-
runed. Ventilation 1n Ltres per minute at 7 per cent CO; was calculated from the
equations and used as ndicator of the ventilatory response m the expermments A CO;
per cent of 7 was chosen because changes 1 the sensttivity of the respiratory centre

stand out more clearly at elevated tensions of carbon dioxide (EckensOFF & OfCH
1960)

Results
The rcs'plratory effects of pirexyl ® alone and along with pethudime were
from the calculated latory to 7 per cent CO; The

results are presented n fig 2
Prrexy] ® The respiratory effect of 10 mg pirexyl ® per 70 kg body
weight was small and mconsistent, giving nise to a slight tncrease

Tespiratory minute volume 1n two subjects, and an equally sight decrease
m the thurd

Danerreesm g

[ srven remes ne

Fig 2. Graphic representation of the
caleutated reg;
€O; in snd-expiratory air after nfection of pmxylp %‘ ;7?:,’,“;‘77‘3?;"“‘“ i) at 7%
mef70kg) and then pirexyl ® 10 mgl70 kg, & or of petidine (35

[Farrensernones s exne ®

19
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Pethidine and then pirexy! ® In all subjects 50 mg pethidine per 70 kg
body wesght produced a decrease 1 ventilation of between 30 and 50 per
cent

When pirexyl ay, 10 mg per 70 kg body weight, was mjected in the
presence of pethidine, the ventilatory responses were not pronounced,
although 1n two subjects increases 1n ventilation were observed In each
the respiratory minute volume was far from being restored to the control
values, that 1s, the ventlatory responses before injection of pethidine
In the third subject no alteration 1n ventilation occurred

No side effects were observed after the intravenous mjecton of this
dose of pirexyl ®

Discussion

Pethidine exerts a depressant effect on the respiratory centre leading fo
diminished ventilation, mainly through a reduction 1n tidal volume The
demonstration of this effect, after a dose of 50 mg per 70 kg body weight
supports the contention of ECKENHOFF & OEcH (1960) that the rebreathing
techmique reveals drug-induced alterations 1n ventilation It has been
demonstrated by our experiments, that pirexyl ® mn the dose given exerts
no depressant effect on the respiratory centre

The question whether prrexyl ® m man has respiratory stimulatory
properties 15 less easy to answer Small increases m ventilation were
admuttedly observed 1n two subjects when the drug was given alone, and
also when 1t was given after pethidine, but in the latter mstance the
ventilatory increase was not of an extent that would 1n any way suggesta
specific and effective antagonism to a central depressant narcotic

Summary
The mfluence of an antitussive agent, pirexyl ®, on the ventilatory
response to carbon dioxide was tested on three normal men by a rebreath
mg techmque Neither when given alone, nor when given to persons
whose resprration had been depressed with a narcotic, did pirexyl ® have
any significant effect on respiration

Acknowledgement
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The Teratogenic Effects of Thalidomide, Imipramine HCl and
Imipramine-N-Oxide HCI on White Danish Rabbits.
By
Valdemar Larsen
(Received November 8, 1963)

When suspicion began to appear 1 West Germany, Great Bniain
and Australia that there might be a connection between an mcrease it
the number of malformed babies born and the therapeutic use of thal
dormde, alpha-pthalimido glutarimide (WIEDEMANN 1961, MCBRIDE 1961,
Lenz 1961, SpeIrs 1962, SMITHELLS 1962, MORGAN 1962, PLIESS 1962,
LECK & MILLAR 1962, GRAINGER ef al 1962), a drug introduced ©©
therapy 1n 1956, investigation was soon begun to ascertamn whether such
2 harmful effect could have been foretold tn experiments on animals

Now we know that, 1f by chance the night strain of the right test ammal
had been used or if some special technique had been employed, a warning
mught have been given The drug 1n question may only have 2 teratogenlc
effect on certam stramns of mice (GIROUD et af 1962, HAGEN 1963) and
rabbits (SOMERS 1962, SELLER 1962) Many authors have shown it to
decrease fertilty 1n rats, but to have no teratogentc effect on them (X
CHRISTIE, 1962) However, by means of a particular technique McCott
et al (1963) have shown 1t to produce many skeletal malformattons 10
rats The teratogenic effect of thalidomide can also be demonstrated cg
chick embryos (KEMPER 1962, EHMANN 1963, WILLIAMSON ef al 1963) ﬂﬂk
rabbit embryo, blastocysts (LUTwWAK-MANN & Hay 1962) Much wo?
has been published on congemtal malformations (KALTER & WARKAN‘C’
1959, CiBA FOUNDATION 1960) and on the teratogenic and embryotomc
effect of thalidomide (2 © MELLIN & KATZENSTEIN 1962) Below lhelf
will only be mentioned a few of the authors who have found after tha slc
domide and other drugs effects and abnormalities, stmlar to thoo[
mentroned n this paper FELISATI (1963) found a hook-like posml?l:md
the forepaw 1n rabbit foetuses, and RobsoN & SULLIVAN (1963) fo
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musshapen front paws after the admumstration of 1mipramune to the
mother MuURPRY et al (1957) found abnormal forelegs and hndlegs
and abnofmally short tauls 1n young sabbits after treating the mather with
thiadrazole They have also shown that the same agent produced shorten-
1ng of the upper beak 1n chick embryos EHMANN (1963) also found beak
and eye abnormalities m chick embryos after thaidoride Lenz (1961)
has reported aplasta of the kidneys 1n children after the admumistration
of thahidomde 1o the mothers 1f nothing 15 stated below to the contrary,
1t 15 1o be understood that the abnormalities mentioned were produced
by admumstenyng thalidomude to the mother during pregnancy WILLIAM-
soN (1963) found both eyelsd defects and failure of ventral closure 1n
chick embryos RusseLL & McKicuaN (1962) found umbihcal cord
anomalies m & child WiLLiamson ef af (1963) and Kam & SAmOHARA
(1963) noted haemangiomas 1n chuldren

POWEL & JOHNSTONE (1962) found senous defects 1n the diaphragms
of two children after the ad of pl ne to the mother
WILLIAMSON et al (1963) recorded ectopic viscera 1h cluck embryos after
thalidomide Abnormalities of the unnary tract have often been noted
(Priess 1962, WiLLIAMSON e af 1963) RORSON & SULLIVAN (1963) found

the pentoneal cavity and stomach full of blood 1n young rabbits after
admimistration of ymipramine

Matenal and Methods

Forty female rabbits of the Danish Whate Country Breed were us
ed 1n this ex-
;::ncm‘ 3\1 rahblts’wel'e from the Danish State Serum Institate They had all
N Mmate rEV1ON 03
oen w...’i. 4 Aus_y\l‘é ?r‘thim had had I DLtter each 21 had each kit nl
y

Manng

anF:vc:l\'a ¢;:e°;a::: \n;; }:)ul together with a buck rabbut i a 70 X 70 om <age for

it ut 1S A group of 6 or 4 doe rabbuis were mated on the s;
'y € e tmterval between the MAtAg of ToumT Wae navar tae o4 — = o

Vaginal smears wete taken at the -

22 rabbuts also during the matin  «

Spermatozoa were found 1n 3 ¢

found mn 22 doe rabbits that 3 »

any evdence of spermatozoa a
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Fig 1 Inupramine-N-oxide hydrochlonde

fact may indicate that spermatozoa disappear rapidly from the vagma From 13 of
the 22 rabbuts showng spermatozoa vagimal smears were made twice n 5 of these
spermatozot were only found once Vaginal smears taken during the long matng
period thus seems to be a less safe mdicator of a completed mating 1 rabbuts than
i rats In this expeniment pregnancy occurred more often than would have been
cxpected from the vaginal smears In the seven matings not followed by pregnancy
five different buck rabbits were used

Adnunustration of Drugs

Al b were ad; i daily (ncluding Sundays) on the days ndrcated
n table 1 Subcutancous mjections were ginen on the assumption that they would
result n a more retarded absorption than intraperitoneal and subsequently have @
more prolonged action A suspension was made with 10 g thalidonude and 375 md
mucilage of acacia, made up to 100 ml with Tyrode’s solutron One mifkg corre
sponding to 100 mg/kg, was administered daly

Inipr N-oxide hydrochlonide, mol wt 332 86 1s shown m fig |
Two solutions of imipramine-N-oxide HCl were employed 15 g substance were
dissolved 1n 30 ml distilled water and 170 m 1sotonic pyrogen-free glucose solution
two mi of this solutton corresponding to 15 mg/hg body-weight the second 1me
pramiune-N-oxide HCI solution was made mn the same way with 25 ¢ of the sub-
stance, 50 m! water and 150 ml of the glucose solution, corresponding to 25 mg/\g
Tmupramine-N-oxide HCI 1s more soluble 1n a solution of glucose than in Tyrode’s
solution The two imipramine hydrochlonde solutions were made stmularly

The large quantty of 2 mi/hg rabbit was mypected to delay absorption and to
reduce tissue damage at the site of iyection The rabbits n the control group were
given 2 mi/kg Tyrode solution daily

The Offspring

Six of the pregnant rabbus were allowed to give birth at termina normal Way

30-32 days after mating The results for these are marhed with an asterisk wn table 1
The remaining 34 rabbits werc anaesthetized with ether on the 30th 3ist o 32nd
day of gestation The offspring were removed by caesarcan scction, the membranes
were opened, and the umbtlical cord was cut after being pinched off The )OU“dS
rabbits were kept warm and their respiration was allowed to begin Foctuses observe
moving in the uterus or after the removal were regarded as Iine and rccordcdhm
column 5 i table 1 On going through the reports, howeer, 3t could be secn that
all foctuses that more h After this ¢ the dam was

nung the thorax
“"Ec?el:;] 2:: O?g‘he young was exammed macroscopically for 1) gross appearance,

d also began t
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whether normal or abnormal and 2) the presence, normal development 2ad size of
ears, eyes, n0se with 2 nostrils, mouth with 4 (6) cisors and tongue, forelegs with
5 toes and hindlegs with 4 toes, and tail and the normal attachment of umbtlcal
cord to the abdonunal wall

The findings were recorded, and every abnormal foetus was specially marked with
paint and the marking was noted together with the abnormality found After an
extrauterine life of 3 hour to 1 hour, the foetuses were killed with ether, marked
with clamps, which were placed on different parts of the body and weighed The
panted marks, the clamps and the werghts ensured an exact record of the origin of
each foetus

After openng the abdomunat and thoracic cavities, the kidneys were nspected
for presence and normal appearance The size and position of certain organs was
noted kidneys and adrenals, stomach and intestine (although not stenoses), spleen,
diaphragm, liver with gall bladder, urinary bladder, heart and lungs The heart was
not opened After the abdomunal cavity had been eviscerated, x-radiograms were
taken, usually only 1n a lateral position, though a few were taken of the foetus in a
supine position

Almost all films taken 1n the lateral position were made with the animals placed
on their left sides with night forelegs and hindlegs pointing forwards and with left
forelegs and hindlegs pointing backward Further, the dorsal side of the right forepaw
and the left lindpaw and the plantar side of the left forepaw and the right hindpaw
were directed upwards, g all the bones of the 10 beseen 3

Results

A thorough report of the doe rabbits, their offspring and further
expenimental findings are given 1 table 1

Key 1o 1able I Lust of further anomalies found in the foetuses

B Onlycmsnn oo L s B} .
Q- )
@ .. . “ o
o1 e uunk perforation” of the skull at base

€ Open eyes found at the removal
vy and a the 1 moval of the young one (interpreted as lack of eyelid, eyes
1) dA“bn'ovr;xlElues i the abdomunal wall at the entrance af tha —Lt
1o f21 reab ya
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x-Radiograms

As the examination of the x-radiograms progressed 1t was found
necessary Tiot only to examine the bones of the forelegs, but ako to
ex&cnq radiography to the whole skeleton, The presence and appearance
of various bopcs were subsequently recorded: humerus, radus and ulm
secn' as two distinctly separate bones, metacarpal bones seen as 4 bones,
pelvis seen as 4 bones, separated from each other, femur, tibia and
fibula seen as one bone, tarsus seen as one bone, metatarsal bones seen
as 4 bones, the vertebral column, consisting of 7 cervical, 12 thoraci,
7 .lumbnr, and 4 sacral vertebrae, and up to 16 coccygeal vertebrae skull
with the normal (number of) teeth in upper and lower jaw, wmcicors,
premolars and molars, and a nasal bone. The size of the fontanelle was
measured in mm.

Fe_w of the gross abnormalitses that would be obvious also to anon-oste-
ologist were observed. One young rabbit with a protrusion Itke an elephant
trunk on the forehead lacked the upper jaw, including corresponding tecth
and nasal bone, but this gross abnormality would have been apparent with-
out x-rays. The 5 young rabbits that had either abnormally small tails
or none at all (see table 1, column 10) showed an average of only 5 caudal
segments (for further details, see table 2) on x-ray exammation, but
macroscopic 1nspection had already shown them to be abnormal on
account of the diminutive tail Moreover, the distal segments were 50
vaguely outlimed 1n many young rabbits with the normal number of tail
segments (the same film, the same time of exposure and the same devel

Table 2
A - "Average numbers of
Doe rabbits treated with :;;eeﬁees;l:?:{"{un countable caudal
of the groy & segments 1n young
sroup of the group
100 mg thalidomide
1st to 17th day 3
100 mg thalidomude 3 mm 13
3rd to 20th day 22 18
100 mg thalidomide mm ¢ 24 mm 7
26 mm 7

6th to 20th day

09% NaCl
3rd to 20th day 3gsmm 38mm oo

15 mg imipramine HCU

3rd 10 18th day 31 mm 2

25 mg imupramine HCl 32mm 122

3rd to 20th day 34 mm 13

15 mg supramine-N-oxide

3rd to 18th day 20 mm 3

25 mg trspramine-N-oxide 22 mm 123
25mm 12

3rd to 18th day
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AVERAGE WEIGHT IN GRAMS

0 20 30 [z

DAYS AFTER BIRTH

Fig 2 growth of offspnog

$1nters from dot rabbits 1o 660 group C no 534 group H, no 158 group G and no 515
group F See table |

opment techuique were used throughout) that the distal segments 1
another young rabbit with lesser calafication would probably not be
scen (counted) even though present Thus an x ray finding of a defieit
of caudal vertebrae cannot be in stself & proof of anomaly As a defective
devetopment of the bones might result in conspicuously large fontanelles

they were measuted on all the radiograms Table 2 shows no difference
‘between young from treated and untreated dams

Growth of the Offspring
As can be seen from table 1, there were 6 doe rabbits that pave birth
to young One nf them 2 3 -
therefore killed . - i
of the other fo

N w fuson 10t wo months The young from
the control group H gave clear ewidence of greatest growth, see fig, 2

Whether this was due marnly to the fact that they were the oflspning of an.
untreated rabbit or 1o the fact that they were anly three 1 number, com-
pared with 4-7 on the other three litters, 15 difficult to say The smaltest hit-
ter but one, belonging to group C consisted of the young of a thahdormde-
treated rabbut, they should have shown a growth curve Iying between the
curves marked H and F, so there s some possiality of inhibition of growth
10 growth depends upon number of young 1n the htter the curves F
and G are consistent As the dams m group F have been given 25 mg,
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subcutaneously 1n x-y days
after mating

y
Yy

y
Oth day

pramine

y

c
Y
pramine-N-oxide

,
y
pramine-N-oxide

om 3rd to 20th da;
15 mg imipramine
from 3rd to 18th da:
from 3rd to 18th da:
from 3rd to 18th da
093 NaCl

from 3rd to 20th day

25 mg 1|
15 mg imy

Daily treatment with mg/kg

from Ist to 17th da
100 mg thalidormd,

from 3rd to 20th da
100 mg thalidomide
from 6th to

25 mg m,

100 mg thalidomide
fr
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but those 1n group G only 15 mg mupramine N-oxude per day these
curves are only consstent 1f we assume that the drug given to the dam
promotes gtowth of offspring mcreasmg with the dose given This can

hardly be assumed At any rate the resplts do not suggest inhibitron of
growth

Discussion

According to the results tabulated m tables 1 and 3, the fectility of the
cabbuts declined more and more the earlier after mating the admunistra-
tion of thaldomide was begun By begimming the adminisiration not
before 6 days after mating, not only 15 the Jargest number of offspung
secured but also the largest number of abnormal young, both m absolute
numbers and as a percentage of the total number of young An interval
of 6 days seems to be the best Table 3 shows that at an interval of 6
days just as many offspring per rabbit (4) are produced as in the control
group receiving saline Apart from the anomalies, the two groups are
closely simular in other respects

As the two tmipramm drugs would possibly impede pregnancy (Ros-
soN & Suptivan [963) if adnumstration were begun tmmediately after
mahing, we chose 10 begin admumistration 3 days after, on the other hand,
10 begin 100 late might result 1n no tesponse, because the proper moment
for the accutrence of a teratogenic effect had already been passed For
fertlity the interval of three days seems to have been well chosen On
average more living young per rabbit were found m the two groups
receving ymipramine or impramine-N-oxide than in the control group,
when calculated per pregnant rabbit Further, the imipramme treated
1251t pave bintht 1o a greater weight of hving young, both on average
per rabbit and on average per rabbit that became pregnant, than did the
control rabbits As for dead foetuses or partly resorbed foetuses, table 4

Table 4

| Number of rabbits with
dead foetuses or
Treatment with Temains of foetusessf
number of rabbits

Number of dead
fortuses of remainsy

of foetuses
becoming pregnant
Thalidomide
s Loy a0
topramine HCY 33 F
Tmipramine N-oxide HCl 58 :

* Besides Ining young ones i most cases
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shows that many of the thal:domude treated rabbits contained so many
of them that these rabbits appear different from those in the 5 (3) other
groups, though these can hardly be said to differ from one another

As for the teratogenic effect, tables | and 3 demonstrate that al
thahdomide treated rabbits 1 which the foetuses were big cnough to
permit reliable inspection showed at least one abnormal young per tter
The most frequent anomafies can be seen from table 1, and other anom
alies are recorded 1n the key to table 1 It should be rematked here that
whether “malformed front and hind paws™ are to be considered a terato
geme or an embryotoxic effect 15 not clear, because we have not obsened
whether young rabbits with malformed paws, if left alwe, develop to
wards normal and we have not conducted histological examnations 0
decide whether or not the tissue m the paws consisted of normal el
m & normal state

From table 3 1t can be seen that 21 out of 35 young were abnormal
m some way Of the wmpramine-treated rabbits’ young, one out of 53
was found abnormal with an extremely short tul, among the imipramin®
N-oxide treated rabbits” young, one out of 59 was found abnormal it
having only onc kidney These abnormalities were not found 1 the
control group, but so often in the thalidomide groups that herc at feast
the possibility of co mcidence must be rejected It will be reasonable
therefore, to accept that the effect of rmipramine or ymipramine N oué
has been the cause of the abnormality of the two young

As for the x ray examtnations, one might perhaps consider them super
fluous or even misleading But the picture of a skeleton, where the onfy
abnormal thing seems to be that the metacarpal and metatarsal borcs
or 1n some Instances the whole skeleton are reproduced famntly and that
some caudal segments are absent, 15 a result of some value It1s pefore
hand 1mpossible to predict with certainty whether or not a drug will
pasticular produce anomalies in the skeleton

Summary

Forty female rabbuts of the white Damush breed were mated, and (4
were given thalidomide daily for a fixed period, 10 recetved Jmipraming
HCI, 10 recerved smiprammne-N-oxide and 6 controls received saline
solution All injections were subcutaneous
Macroscopic examunation showed that 22 of 35 young of thalidomde
treated rabbits were abnormal m some way, one of 53 young of :mxpﬂ;
ymne treated rabbits and one of 59 young of imipramne-N oxide treate!

cmal, whereas no young from the control group of 28

bits were abno
?gel;bnormal “The effect of thalidomide depended on the time betweel
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matng and d 5 Thalidomude 1 2 dost of 100
mgfkg markedly reduced the festihity, but smpramune HCl and imipra-
mine-N oxsde (15 mg or 25 mg/kg daily) did not “Thus, the white 'Dams‘n
sabbat can be used for mvesugating the teratog effects of thalid

Ike substances

Acknowledgements

‘The thalidomide employed was 2 gt from Dustillers Co (Brochemicals)
Ltd marked P 10/749

REFERENCES
Ciba found: Congenstal malf . London 1960
Carste G A Thalidommde and 1 Lancer 1961,
L 289

Ehmarn, B Teratogenic effects of thalidomide Lancet 1963, 1, 712,
Fths;“. D Thalidomide and congemtal abnormalities Lancer 1962, 1,

Gurond A H Tuchmzn Duplessis & L Mercrer Parot Thahidomde and
congenital abaormalines Lancet 1362, [ 298-299

Gramger, R G, A H Mofnis & P Ward  Phocomelic deformity and
materpal thaltidomide admsmistration report of four cases Brit J
Radisl 1962, 35, 68791

fagen, Odette Drugs and congenital abnormalities Lancet 1963, 1, 501

Kqui 1;;1::1112.& Mamory Shigobara ‘Thalidomide 1n Tagan. Lancet 1963,

Kalter, H & J Warkany E; of mal
go?rxg;:i’nm 0 marhmals \:y m!’!a’nn\xc procedute Phyyol lm 1955

Kemper, F Thalidormid und Cmv'u;kllmg von Hilhges-embryonen Arz
meimuetel /mchung 1962, 12, 641

eck, IA L M Millar lnnd:nce of malformatione <inra tha
0,13 = b Auu (uugewtal abnormalitres Lancer 1561,
McCGLLJ D M. Globug & S Roh ntan T N tal mal
Engl §
. w168 Brit
Murohv M1 o~ ww’ TP
'
Phes ety svuy it aviormalities Lancer 1962, 1,
well, P D
:b ’B‘:'n ;kd ) l”z'l(:gﬁ;m;e 'rhtnme(ﬂune aad foctal abnormalities
obson.

Rus



198 VALDEMAR LARSEN

shows that many of the thalidomide treated rabbits contamed so many
of them that these rabbits appear different from those 1 the 5 (3) other
groups, though these can hardly be sard to differ from one another

As for the teratogenic effect, tables 1 and 3 demonstrate that all
thalidomide treated rabbits 1n which the foetuses were big enough to
permt reliable inspection showed at least one abnormal young per itter
The most frequent anomalies can be seen from table 1, and other anom
ahes are recorded m the key to table 1 It should be remarked here that
whether “malformed front and hind paws *are to be considered a terato
genic or an embryotoxic effect 15 not clear, because we have not observed
whether young rabbits with malformed paws 1f left alive, develop to
wards normal and we have not conducted histological examunations to
decide whether or not the tissue 1n the paws consisted of normal cells
11 a normal state

From table 3 1t can be scen that 21 out of 35 young were abnormal
tn some way Of the imipramine treated rabbits’ young, one out of 53
was found abnormal with an extremely short tail, among the impramne
N oxide treated rabbits’ young one out of 59 was found abnormal m
having only one kidney These abnormalities were not found m the
control group, but 50 often 1n the thalidomide groups that here at Jeast
the possibihity of co nctdence must be rejected It will be reasonable
therefore, to accept that the effect of imipramine or tmpramme N oxide
has been the cause of the abnormality of the two young

As for the x ray examinattons, one mught perhaps consider them super
fluous or even musleading But the picture of a skeleton where the only
abnormal thing scems to be that the metacarpal and metatarsal bones
or 1n some nstances the whole skeleton are reproduced fantly and that
some caudal segments are absent, 1s a result of some value It 1s before
hand 1mpossible to predict with certamnty whether or not a drug will 11
particular produce anomalies 1n the skeleton

Summary

Forty female rabbuts of the white Danish breed were mated and 14
were given thalidomude daily for a fixed period, 10 recerved mipramine
HCl, 10 recerved imipramine N oxide and 6 controls recewved sahne
solutton All myectrons were subcutaneous

Macroscopic examination showed that 22 of 35 young of thalildomude
treated rabbits were abnormal 1n some way, one of 53 young of imipra
mine treated rabbits and one of 59 young of imipramine N oxide treated
abnormal, whereas no young from the control group of 25

ts were
rabbifs haltdomide depended on the time between

were abnormal The effect of t
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appeared 1n 1959 (Boura & GreeN) From its extensive use m the treat-
ment of hypertension 1t 1s known to possess certain disadvantages, such
as poor absorption from the gastro intestmal teact due to 1ts quaternary
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The first compound 1n the field of adrenergic neurone-blocking agents
was TM 10 (Fig 1a) introduced by HEY & WiLLEY 1n 1954 These authors
related the blocking action to its pawerful local anaesthettc activity, an
interp that was d by Exrey (1957) Later 1t became
ewd:n( lhat ™ 10 m(erfcres with the lasl s!age 1n the brosynthesis of

by {BaN & FiELDEN
1957) A prelimunary tral on paﬂents with hugh blood pressure indicated
that 1t was effective as a hypotensive agent, but too toxic for chimeal use

Another compound 1n the same field 15 bretylwm (Fig 1b), which
appeared 1n 1959 (Boura & GREEN) From its extensive use 1 the treat-
ment of hypertension 1t 15 known to possess certam disadvantages such
as poor absorption from the gastro intestinal tract due to its quaternary
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structure, a high frequency of side effects (TURNER 1960) and development
of tolerance 1n man

The first observations on guanethidine (Fig 1¢) were published 1n 1960
by MAXWILL ef al In the last two years this compound has recened
ntensive pharmacological study, and in the clinic st has proved to be of
value n the management of hypertension

Recently a new series of adrenergic neurone blockers has been reported
by Boura et al (1961) They (Fig 1d) are denvatives of bretylum m
which the quaternary part 1s replaced by a dimethylated guanidino group
the adrenergic blocking activity 1s claimed to be twice that of guanetht
dine

This paper deals with the pharmacological properties of Ph 881/7%)
(Fig 1e), which was synthesized by HJELTE ef al 1n the Research Diviston
of AB Pharmacia, Uppsala, Sweden It 1s distinct from guanethidine in
having a benzene ring fused to the 8-membered azocine ring Tn ammal
experiments Ph 881/7 shows properties remarkably different from those
of guanethidine

Methods and Results

The compounds used were N (B d hyl) hexahydrobenzo [d] azocime

sulphate (Ph 881/7) contatming 82 1% of the base, guanethidine sulphate contaming
80 1% of the base ad line (ad line M d line bitartrate ampheta
mune sulphate, D h Iphate and h t bromide (

M & B) All doses recorded below refer to the salts, except those of adrenalne and
noradrenaline, for which the dose of free base 1s given

Effect of Ph 881(7 i the unanaesthetized Ammal

Mouse Only slight symptoms were seen at subtoxc dose levels (<50
mg 1p) These consisted of transient mydrasis, diarthoea and muscle
wenkness The mice, however, were not curarized even by sublethal doses
being able to keep their positions on an mclined screen

Rat Rats were given continous mtravenous wnjections of Ph 881/7
through a polythene catheter previously placed in the jugular vein As
small a dose as 1 mg/kg 1 v caused some signs of central sumulation the
ammals becoming aroused and beginning to scratch their noses Further,
they became hyperactive and tried to escape from their cages When the
ntravenous wnjection was continued, the rats became depressed by a dose
of 10 mg/kg Next, gnnding the tecth and momentary seizures often

appeared, of the speed of myjection did not exceed 1 mg/kg/min, approx

d was given at the Scandinavian

DA Y on this p
Summer i‘lcetmg of Pharmacology at Gdteborg 1962
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d rat
Ph 881]7 un blood pressure of the ynanaesthetize
AFE 025 ::fk;“aﬁe:[alme Ng a"o 5 ug/kvg noradrenaline For details see text

m; could be given before death occured A simultaneous blood
;?cssﬁﬁgl‘eccrdmg (iig 2) was made of these rats through a catheter
wnserted 1 the common carotid artery It will be noted that 1 my/kg as
well as 4 mg/kg of Ph 881/71v caused shight transient hypertension After
4 mgfkg the pressos Tesp to hine and was poten
tated

Cat In the cat 20 mg/kg s ¢ caused maxmal relaxation of the nicti-
tating membrane after a latency pertod of 20 min This effect perssted for
2 days At the same time moderate bradycardia and diarrhoea appeared,
these symptoms were only transient, whereas the tone of the nictitating
membrane did not return to hormal until 8 days later For companison
the same dose of guanethudine was given The onset of action of this
substance was much slower than that of Ph 881/7; the maximal relaxation
did nbdt occur untit about 7 ht after the subcutaneons imyection Fhe tone
of the membrane was normal after 10 days

Haemodynanne action of Ph 831{7 i anaesthetized normotensne cats

The effect of Ph 88177 on blood pressure m anaesthetized ansmals has been tested
o cats anaesthetized with chloralose (100 mg/kg i p ) or aliypropymal (1S mefkg1p )
Both were used because prelimunary expenments had shown that the iniial hyperten
sive phase after bretybum and was less. m 1than

hioral This finding 1s 1n with those of Expitey & Steont
BLAD (1954) who observed that chloralose does not deplete the adrenating and ner
2drendlne stores of the adrenals as do some other znaesthetics This probably means
that more 18 available for different amine releasing compounds 1otroduced dunng the
1 h As the ad fvurone iocking agents possess a sympa-
thomymetic pressor component one myght therefore speculate that this component
may conckal 2 possible hypotensie effect of the compovnd tested in an acute experi-
ment. This would not be so when allypropymalis used because the mtial hypertensive
phase of am 3! 3 18 dess 1w thus

18 30 shows the effect of 5 mg/kg of Ph 881/7 1v on a chloralgse
anaesthetized cat Apart from a transient hypertenston,

there was an

16
~
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structure, a igh frequency of side effects (TURNER 1960) and development
of tolerance 1in man

The first observations on guancthidine (Fig 1c) were published in 1960
by MAXWELL ef al In the last two years this compound has recened
intenstve pharmacological study, and n the clinic 1t has proved to be of
value in the management of hypertension

Recently a new sertes of adrenergic neurone blockers has been reported
by BOURA et al (1961) They (Fig 1d) are denivatives of bretylum in
which the quaternary part 1s replaced by a dimethylated guanidmo group
the adrenergic bloching activity 1s claimed to be twice that of guanethi
dine
This paper deals with the pharmacological properties of Ph 881/7)
(Fig le), which was synthesized by HIELTE et a/ 1n the Research Drvision
of AB Pharmacia, Uppsala, Sweden It 1s distinct from guanethudine in
having a benzene ring fused to the 8 membered azocine ning In ammal
expeniments Ph 881/7 shows properties remarkably different from those
of guanethidine

Methods and Results

The compounds used were N (B | hyl) hexahydrob [d) azocine
sulphate (Ph 881/7) contaiming 82 1 % of the base guanethidine sulphate containing
80 1% of the base, adrenaline ( line MCO) drenaline bitartrate amphetd
mmne sulphate, b ampt hate and h bromide (vegolysen ®
M & B) All doses recorded below refer to the salts, except those of adrenalne and
noradrenahne, for which the dose of free base 1s given

Effect of Pl 88117 m the unanaesthetized Anunal

Mouse Only slight symptoms were seen at subtoxic dose levels (<50
mg 1p) These consisted of transient mydnasis, diarrhoea and muscle
weakness The mice, however, were not curarized even by sublethal doses,
being able to keep their positions on an inchined screen

Rat Rats were given continous mntravenous mjections of Ph 881/7
through a polythene catheter previously placed n the jugular vem As
small a dose as 1 mg/hg 1v caused some signs of central stimulation the
animals becoming aroused and beginning to scratch their noses Further,
they became hyperactive and tred to escape from therr cages When the

Intravenous mjection was continued, the rats became depressed by a dose
of 10 mg/kg Next, grinding the teeth and momentary seizures often
appeared, 1f the speed of myection did not exceed 1 mg/kg/min , approx

d was given at the Scandmnavian

*) A prel y on this
Summer ?vfcehng of Pharmacology at Gbteborg 1962
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Fig 4 Hypotensive effect of guanethidtne or
Ph 88177 mixed 1n the feed of renal hypertensive ats
For desctiption see text

After a pre treatment period of 2 weeks, sufficient Ph 881/7 or guane-
thidine was mixed 1 the feed to give a dose of approx 10 mg/kg/day
Later the concentration m the feed was increased 3 times After the end
of the medication, blood pressure determmations were continued until
the pressure returned to the mtal tevel

In Fig 4 the results from such an expensment as that described above
1re plotted graphically The average blood pressure in the pre treatment
period was 140 mm Hg for both groups At 10 mg/kg/day 1t decreased
by about 15 mm, at 30 mg/kg/day the average was 30 mm below the
imtial level When the rats were fed on a normal diet agam, the blood
pressure increased gradually and reached the pre treatment level after
2 weeks The hypertensive effect of Ph 881/7 was moderate, probably
because the rats were only shghtly hypertensive imtally From thus
experiment one mught still conclude that Ph 881/7 has a hypotenstve

effect when given by mouth and that its potency 1s of the same order as
that of guanethudine

Effect of Ph 881{7 on qutononuc nerve transmussion

For these experiments cats were anaesthetized with 01 g/kg chloralose 1p The
compounds to be tested were smyected into the saphenous vein As mdication of un-
affecred sympathetic pathway the maximal response was chosen of the nicutating

to an electncal L of the cervical h ¢ Thenerve was
either pre or post by npulse
s at
a Trequency of ¥5 sec, the pulse length being 15 msec and the voltage 1 5—6“0 v
As an indication of unaffe nerve

the maximal
fall was chosen 1n blood pressure elicited by electrical stumulatson of the pcnpher:'l

&nd of the cut vagus nene tn the neck the stimutation descr)
Pparameters being as
above The blood pressure was recorded 1n the right carotid artery * toed

~
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Fig 3 Blood pressure analyses of Ph 881/7 and different anaesthetics

a) Blood pressurc tracing from a chloralose anaesthetized cat (100 mg/kg s p)
€O = caroud occlusion for 1S sec, NA = 05 pg/kg noradrenaline, A =25 pg/ks
adrenaline

b) Allypropymalanaesthetized cat (75 mg/kg1p)
The upper tracing 1s the blood pressure curve The second tracin,
of the I resp to 1
pathetic trunk at the dots
The third tracing 1s a record of the respiration The bottom record indicates the ume
n min

For further description  see text.

g shows contractions
of the cervical sym

nsignificant decrease 1n blood pressure (20 mm Hg) The carotid occly-
sion reflex (CO) was mhibited, but the noradrenaline (NA) and adrenaline
(A) respanses were enhanced It 1s noted that the hypertensive phase of
Ph 881/7 15 small, especially compared with that observed after guaneth-
dine
Fig 3b illustrates an expeniment with an allypropymal anaesthetized
cat, to which 10 mg/kg of Ph 881/7 were given 1v In spite of the highef
dose, the hypertensive phase was smaller than m the experiment recorded
mn Fig 3a Further, 1t 1s seen that this dose caused a sigmficant fall m
blood pressure (40 mm Hg), which was, however, not always reprodu
cible

It may therefore be sard that Ph 881/7 has no significant effect on blood
pressure 1n normotenstve cats or rats (Fig 2)

Hyposensne cffect m renal hypertensne rats

Male rats werghing 200-300 gms were used Hypertension was induced by clamping
the renal arteries with silver clips, as descuibed by WiLson & Byrow (1939) Two
months after the operatron, moderate hypertension developed, when the blood pres-
sute had been constant for a week, two groups of 6 rats were selected Blood pressure

determunations were carried out as described by BiNG (1956)
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Fig 4 Hypotensnve effect of guanethid ne of
Ph #3177 muxed 1n the feed of renal hypertens ve rats
For descr pton see fext

Afier a pre treatment period of 2 weeks sufficent Ph §81/7 or guane
thudine was mixed m the feed to gve a dose of approx 10 mg/kg/day
Later the concentration i the feed was mncreased 3 times After the end
of the medication, blood pressure determimationts were continued unti}
the pressure returned to the imtial level

In Fig 4 the results from such an expertment as that described above
are plotted graphwcally The average blood pressure in the pre treatment
period was 140 mm Hg for both groups At 10 mg/kg/day 1t decreased
by about 15 mm, at 30 mg/kg/day the average was 30 mm below the
initial level When the rats were fed on a normal dret agamn the blood
pressure increased gradually and reached the pre treatment level after
2 weeks The hypertensive effect of Ph 881/7 was moderate, probably
because the rats were only shghtly hypertensive mitially From thus
expenment one mught shill conclude that Ph 881/7 has a hypotensive

effect when given by mouth and that 1ts potency 1s of the same order as
that of guanethudine

Effecs of Ph 8817 on autongmus nems transmsyan,
For these

cats were with 01 g/kg ch ip The
compeunds 1o be tested were inected mnto the saphenous vein As mdication of un
affected sympathenc pathway the maxmal response was chosen of the nuctitat no
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Fig 5 The effect of h (Ce),
on ganglionic transmission
of the at

The figure depicts
were applied where indicated by -
electtical stimulation of the ce .
Fig S;L\ shows (hnl‘o 5 mp/kg
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p and left the hyp: e to

Fig 5 demonstrates the effect of hexamethonium, guanetiidine and
Ph 881/7 on transmisston across the supersor cervical ganghon n the cat
Contractions of the mictitating membrane were elicited exther by electrical
stimulation of the cervical sympathetic trunk or by mtravenous mjection
of adrenaline  As seen from Fig 5, Ph 881/7 blocked pre- and post-
¢ nerve stimulation equally well, as did guanethidine, without

anghont
gone he sensitivity of the nmictitating membrane to mnjected adrena-

decreasing t
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Fig 6 The effect of hexamethomum {Cs), guavethsdine
or Ph 881(7 on the depressor response caused by electrical stmulation of
the cut vagus nerve to the heart (PVS) 1n the cat

Fig 62 shows that Cg lowered the bload pressure and caused 2 partial block of the
PVS response

Fig 6D shows that

Blocked the 1 vagal smatially, but
that 1t was restored 3 hr later
Fig 6¢ shows that Ph 881/7 left the PVS response unaffected
ling This was mn fact d in of either sub The

surprising difference between guanethydine and Ph 8817 was that the
fatter caused a small relaxation, whereas the former caused a long lasting
(>5 hr) and marked contraction of the membrane

Fig 6 shows the effects of hexamethomum, guanethudine and Ph 881/7
on the fall 1n blood pressure mmuated by electrical stimulation of the

penpheral end of the cut vagus nerve m the neck Tt shows that hexame-
thontem snhibuted the 1

P to of the p 1 vagus
(PVS) whereas guanethidine caused mumediately after the myection

complete abolition of this response, which was not restared uatil 5 hr
later The bottom tracing shows that 10 mg/kg of Ph 881/7 1 v — a dose
that always blocked sympathetic nerve transmission — left the PVS
response unaffected In other expeniments there was possibly a transient
block of the PYS response also after Ph 881/7

From the expenments sllustrated 1 Fig § and Fig 61t must be con-
cluded that Ph 881{7 blocks sympathetic nene iransmission at a site
penpheral to the ganglion and leaves the nuctitating membrane hypersensi-
e to anyected adrenaline Further, Ph 881/7 has no direct of indirect
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effect upon the membrane as 1s found with guanethudine, which always
causes a long lasting contraction

Anti-amphetanune effect of Ph 881)7 on blood pressure i the rat

MaxweLL ef al (1960) d ted a clear antt ) effect of guanethi
dine 1n the pentobarbital h d dog when the sut was given 48 hr before
the cxperiment In order to sec 1f Ph 881/7 showed the same effect the techmque was
adapted to rats They were anaesthetized with urethane (1 § g/kg s ¢) v mjectons
were made via a polythene catheter an the right jugular sein the blood pressure being
recorded manometrically via a glass cannul 1n the left carotid artery

The dose of amphetamine sulphate was 1 mg/kg 1v The rats shoved
pronounced development of tachyphylaxis towards amphetamine Conse
quently reproducible increases 1n blood pressure from subsequent e
tions could not be obtaned, and 1t was found necessary to use a controf
group of untreated rats Each rat was thus only myected once with
amphetamine, and the responses of the untreated ones were compared
with those of the rats that had recerved guanethidine or Ph 88177 24 br
or 48 hr before amphetamine The results obtamned are given n table I

As seen from table 1, guanethidine showed no antt amphetammne effest
at all, either after 24 hr or 48 hr Ph 881/7 reduced the response whent
was given 48 hr before amphetamine It was indeed surpnsing that the
results on the dog were not reproducible 1n the rat, because 1t 1s known
from the work with other compounds 1n the same seres that this animal
1s well able to develop a complete resistance to amphetamine

Table 1
Anti amphetamine effect of Ph 881/7 and guanethudine 1n rats
| Given
No of = sc hr {Amphetamine response Result*)
Compound exp | befoream | mm Hg °
phetamine {
Control { 11 ( J 13 £3°% | 16 + 4*9)
R B
S —
e 2 J 24 14 } 14 ) [
Guanethid n i H 1 s 1 3 0
R
- —
4 74 14 ! 18 / 0
Ph 817 4 o 10 -
hetamine response was unaffected
*) 0 indicates that the amp! csponse was reduced

(-+) indicates that the amphetamine T

s
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Fig 7 The antagomzng effect of & ampheramtae oo

Pt 88117 induced block
The tracings Show

of the mctiatng 10 the ¢at, "’f dats andicate
the time at whych the cervical nerve was 1
For detasls see text
between D amph and Ph 881f7 in the cat

As shown by Day (1962) 1t 15 possible to overcome 2 guanethudine
mduced block of the sympathetic nerves by gving D amphstamine
sulphate He also showed that the blocking effect of guanethidme did not
appear sf p amphetamine was given first

Simifar expenments were carned out with Ph 881/7, as shown 1n Fig 7
Fig 7a shows the of the brane beng blocked
fy 6 mg/kg of Ph 831/7 When 05 mgfkg of p-amphetamine was then
fven it caused an almost complete recovery after 3 hr On the other hand,
when 0 1 mgykg of D amphetamne was given before 6 mg/kg of Ph §81/7,

1t was unable to antagomze the blocking effect of Ph 881/7, as shown 1n
Fig 7b

Toxicology
Acute Toxicin

L0100 vas devermaned by inravenous imjection 1 mice by the method
of ok {1958) the speed of yection berng approximately 5 mg/hg/
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effect upon the membrane as 15 found with guanethidine, which alwzys
causes a long lasting contraction

Anti-amphetamme effect of Ph 8817 on blood pressure i the rat

MaxweLt er al (1960) d d a clear antt amph effect of guaneth
dine 1n the pentobarbital anaesthetized dog when the substance was given 48 hr before
the experiment In order to sce 1f Ph 881/7 showed the same effect the technque was
adapted to rats They were anaesthetized with urethane (15 g/kg sc) Ty imections
were made via a polythene catheter in the right jugular vein, the blood pressure being
recorded manometrically via a glass cannula 1n the left carotid artery

The dose of amphetamine sulphate was I mg/hg 1v The rats showed
pronounced development of tachyphylaxs towards amphetamine Conse-
quently reproducible increases m blood pressure from subsequent 1ye
tions could not be obtained, and 1t was found necessary to use a control
group of untreated rats Each rat was thus only injected once with
amphetamine, and the responses of the untreated ones were compared
with those of the rats that had received guanethidine or Ph 881/7 24 hr
or 48 hr before amphetamine The results obtamed are given i table |

As seen from table I, guanethidine showed no anti-amphetanune effect
at all, erther after 24 hr or 48 hr Ph 881/7 reduced the response whent
was given 48 hr before amphetamine It was mdeed surprising that the
results on the dog were not reproducible in the rat, because 1t 15 hnown
from the work with other compounds in the same series that this ammal
15 well able to develop a complete resistance to amphetamine

Table 1
Ant1 amphetamine effect of Ph 831/7 and granethidine 1n rats
H Gnen
No of | sc hr |Amphetamine responsc Result®)
Compound exp before am mm Hg %
phetamine
i !
Control l 11 ’ ‘ 135300 164 4**)
S S
e
2 24 i4 14 { 0
Guanethidime r 3 r i | b / b 0
[ S .
4 ’ 24 14 f 8 f 4
Ph 881/ 4 [ 8 9 [ 10 | )

the amphetamine response was unaffected

hat
#) ¢ indicates & he amphetanune response was reduced

() indrcates that ¢
s
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anethidine I muce were pre treated with the monoamine
il;:gs: ‘fn&:;ﬂtor ipromazd and of 24 hr later guanettudine %as ‘?veer::
they showed the charactenstic pictuse of noradrenaline rdeas;m/ ;1; -
actity, piloerection and mydriasis This was not so when P):i /1w
admmstered Whether ths difference mayﬂfrove to‘:;cnan advantag

t of hypertensive patients 1s still in ques
‘hsrhu:as‘t‘::ae:g Y Zp‘ . prop of g hudine may account
for the delayed relaxation of the pictitating membrane 1n unanaesthetized
cats when compared with that of Ph 881/7 This difference 1n onset of
action also may have clinical consequences

Summary

In anaesthetized cats 10 mg/kg 1v of Ph 881/7, a new guamdine
denvatne, blotks sympathenic nerve transmisston at some site between
the supenor cervical ganglion and the nictitating membrane without
antagonszing the effects of adrenaline and noradrenaline It lacks the
1nal sympath action of g hidine, which suggests a weaker
amne releasing capacity or hone Penipheral vagus stimulation 1s un
affected or only transiently depressed Ph 881/7 has little or no influence

on the blood pressure of normotensive antmals, but it suppresses that of
the senal hypertensive rat
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min LD50 (24 hr) was determined after intrapentoneal or oral admi
stration Ten muce were used at each dose level and the results were
calculated by the method of LITCHFIELD & WiLcoxoN (1949) The results
obtained were

LDI00O mice 1v 145 4 3 2 mg/kg (n = 10)
LD50 mice1p 83 (76-91) mg/kg (n = 40)
LD50 mice po 1225 (980-1530) mg/kg (n = 40)

Sub-chrome Tovicity

Sub chronic toxiaty of Ph 881/7 was investigated on male rats No
macroscopic or histopathological changes of thyroid glands, lungs, heart
lwver, spleen, kidneys, adrenals, testes or bone marrow to be ascbed 10
drug admumistration were observed after oral adminstration of 9 6,28 or
84 mg/kg/day for 124 days, nor were any changes in the blood picture
caused by these doses No changes i behaviour or tn increase in weight
occurred during the test period

Discussion

The toxicological results for the LDS0 1 p and LD50 p o indicate that
the absorption of Ph 881/7 from the gastro ntestmnal tract 1s only mode
rate or slow Experiments with hypertensive rats, however, showed that
oral Ph 881/7 also exerts a hypotensive effect equal to that of gu:mcthldlﬂe

One striking difference between guanethidine and Ph 881/7 revealed by
the expenimental results 1s 1n the latter’s lack of sympathommetic Pmr
perties It seems to be a qualitative one, as the contracting effect Dd
guanethidine on the mictitating membrane (Fig 5) was very marked an
long lasting (>5 hr) whereas Ph 881/7 entirely lacked thus action m
spite of the fact that the doses used were equipotent 1n adrenergic neuron¢
blocking effect Guanethidine also caused a sustained blood pressure Tis¢
(>2 hr) mn the cat, whereas that of Ph 881/7 was only transtent (Fig 3)

It now seems well established that the tmitial sympathomimetic phase
of guanethidine 1s due to release of noradrenaline from endog€:0115
stores This action, however, may well be unrelated to the blocl mg
as the sympathetic block of guanethidine 15 fully develope
pefore the tissue 1S depleted of noradrenaline (McCUBBIN ef al 1961)x
Therefore a possible weaker anune releasing capacity of Ph 881/7 does no!
necessarly indicate 2 weaker blocking effect o dhat

Another type of expertment suggested by RICHTER ( 1962) sho\;l'et o
the release of amines after Ph 881/7 was small compared with that p

properties,
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From the DX it of Phar logy, University of
(Professor Knud O Moller, M D)

Analgesic Actvity and Brain Concentration
of Morphine in Tolerant and Non-Tolerant Rats given
Morphine alone or with Neostigmine
By
Torhell J6hannesson and Jens Schoa
(Recerved July 25, 1963)

Numerous studies have been performed m attempts to elucidate the

h of tol develop! agamnst the 1 and other
pharmacological effects of morphime Several possibilities could explain
development of tolerance, such as decreased sensitivity of the receptors
in the central nervous system or an altered fate of morphune in the tolerant
organisms that could lead to a decrease 1n concentration at the site of
action The Jatter possibility would 1mply an altered distnibution pattern
of the drug caused, for example, by a dimumshed permeability of the
bload braw battier or a lower concentration 1n the blood of the freely
diffusible form of morphune Thus might be produced not only by mereased
binding of the drug to plasma protemns and glucuromde formation,
but also by a delayed absorption rate or an increased rate of excretton
The validity of the hypothesis of an altered biological fate of morphine
1n the tolerant organism has been tried 1n expeniments on tolerant and
non tolerant rats or dogs (Woops 1954, Szers & McCURDY 1956, JGHAN-
RESSON (19622 & b) Recently MuLe & WooDs (1962) used N-14C-methyl
labeled morphine to study the distribution of the substance tn the central
nervous system of tolerant and non tolerant dogs after subcutaneous
admumstration of 2 mg/kg However, none of these authors attempted
a companson of the analgesic effect and the concentration 1n the bram

of morphune after Jow analgesic doses grven to both tolerant and non-
tolerant rats

SLALGHTER and assocuates reported 1 1940 (a & b) that neostigmine
wnereased the analgess effect of morphine 1 cats and human subjects

Since then many authors have reported that several cholinergtc agents,
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Hey,P & G L Willey Choline2 6 xylyl ether bromide an active quaternary
local anaesthetic Brit J Pharmacol 1954, 9, 471-475

Litchfield, J T & F Wilcoxon A simplified method of evalnating dose
effect experiments J Pharmacol 1949, 96, 99-113

Maxwell, R A, A J Plummer, F Schneider, H Povalski & A I Daniel
Pharmacology of [2 ydro-1 cthyl] sulfate
(SU-5864) J Pharmacol exp Therap 1960, 128, 22-29

McCubbin, J W, Y Kaneko & I H Page The peripheral cardiovascular
actions of guanethidine 1n dogs J Pharmacol exp Therap 1961, 131,
346-354

Richter, A W Estimation of the 1 v mean lethal dose for mice by a constant
nfuston titration Acta pharmacol et tovicol 1958, 15, 37-42

Richter, A W Personal communication 1962
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intraperitoneally m amounts of 10 mg/kg 3} hours before measuring the degree of
analgesta The rats on this dosage were affected by diarrhoea

The analgesic effect of morphine was determined by giving successive electneal
stmult each lasting 20 mullise¢ , of defined voltage 3 volts) and frequency (1 Hertz)
hrough tlectrodes mnserted 1nto the tails of the animals The techmque has been
described 1n detail by JoHan~Esson & Scriou (1963) In the previous iuestigation
3 doses of each of the loyed hine codemne and h
were used and apparent rectilmearity and paraflelism was obtained between the
measured analgesia and the grven doses, both plotted as loganthms In the mvestigation
teported here we therefore rednced the number of dosage levels 10 two for each expen
mental condition though aware that this might lower the significance of there sults
The normal pan thresholds of the ammals were established mmmediately before
administration of the morphine Morphine was then ijected, and the analgesic
effect was determined 30 minutes later Neostigmne or reserpime, when given alone,
had no anatgesic effect i our ammals

Experiments on degree of analgesia The analgesic eflects of 5 mg/kg and 10 mg/kg
of morphine were determuned 10 non tolerant rats ‘To be able to evaluate any possible
snfluence of neostigmune on morphtne analgesia, morphine plus neostigmne were
£iven to another group of non tolerant rats, and the analgesic effect was determined.

The morphine tolerant rats were put on to expeniment 17-20 hours after the last

PR -

daily dose of morrh ne As ¢ o

nontole - .

the bra . . .- 1 .

morph = . - -

gven ' . .

was de - . .
The

. UL JeseTpine O morphine analgesia was investigated 1n acute expert
ments Non tolerant rats were given feserpine by intraperitoneal mjections 3% hours
later they were given 10 mg/kg of morphine The anafgesic effect was determined
30 minutes Iater
choht:e able to evaluate any possible effect of neostigmine on the concentration of
e :bem tx_n the brain of morphme tolerant and non tolerant rats, a representative
e t of rats that had received morphine (10 mg/kg) alone or morphine plus
- igmine were killed immedtately after the analgesic effect had been determuned
eir bramns (imcluding the brain stem and the cerebellum) were taken out and homo-

zermud Morplune was determined exther 1n brain homogenates from single amumals
0 pooled homogenates of brains from two ammals
” Determunations of morphine were verformed notseas—t

» sua
the anatytical orocedure 1 i sl sast uyection of morphine, was taken though

ts polarogram gave
henever no morphine was found gave o reading (nd) This symbol 15 used
In o :
og . .-

€l Jomawrsson & Scun . 2 muw walivery evaluated, 1s entered as 010 g/
ou 1963) Th 28
Performed, as described by BL’lL e symbol nd was entered as 0 A X2test was

19
©f measunng the degree of aﬂalgesfm 50) where mentioned 1 presenting the results
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for example neostigmne and physostigmine, can potentiate the effect of
centrally acting analgesics such as morphime and pethudine (¢ g Frop-
MARK & WRAMMER 1945, CHRISTENSEN & GROSS 1948, KovLos ef af 1950,
SLAUGHTER 1950, PORszASz et al 1951, Szerp 1957, Saxcna 1958
SCHAUMANN 1959) However, 1n contrast with these findings ANDREWS
(1942), DE JoNGH (1954) and HERREN, MAIBAUER & MutLER (1957) coutd
not confirm that neostigmne mcreases the analgesic action of morphine
It 15 also controversial whether or not neostigmine admmstration leads
to a hugher brain concentration of morphine after a given dosage of this
drug, as was suggested by KnoLL, KoMLGs & TarDos (1953) Szems &
McCurpY (1956) mjected neostigmine subcutaneously 20 mimutes before
intravenous njection of morphine (30 mg/hg) and found no effect on the
bram concentration of morphine Further, JORANNESsoN (1962b) found
no sigmificant difference between the concentrations of morphine in the
brain of rats given high toxic amounts of morphime intraperitoneally
with or without neostigmme

The intention of the experiments reported below was to measure i
parallel the extent of analgesia and the brain concentrations of morphiee
m tolerant and non-tolerant rats Further, weduplicated thesc expermen's
with the addition of mjections of neostigmme at the same tme as the
admumstration of morphine in an attempt to solve the problems mentioned
above Fnally, rats of a single group were pretreated with reserpin®
before measuring the degree of analgesia to test the assertion of SCHAU
MANN (1958) that morphine analgesia 1s mediated by release of cate
cholamines

Methods

Adult male albino rats (130-220 g) were used Morphine tolerance 10
the rats was produced as previously described (JOHANNESsON 19622) The
normal rats are referred to as non tolerant rats

Doses and myection solutions Morphine chlonde was dissolved 1n saline (0 9°0)
and 1njected 1ntraperitoneally by means of a tuberculin syninge calibrated to defiver
001 m! Morphine was given 1n amounts of 5 mg/kg 10 mg/kg or 20 mg/kg The con
centrations were adgusted s0 that the mjected volumes always amounted to 2 mifkg

de was also d 1n stline (09%) The myection solution
contamed 0 1 mg/m! and the dose was 0 1 mg/kg This dose gave no fascrcuistions 1o
our antmals When giving both morphine and neosugmine to the same ammal we
wngected morphine first and then ncostigmune from another syrnge mmediately

ards
nn;‘:‘;emme (Serpasil ®) 2§ mg/ml) was diluted with sahine to contain 0 § mg m!
The 1njection solution was prepared immediately before use Injections were gvent
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Intraperitoneally in amounts of 10 mefhg 3§ hours before measurng the degree of
analgesta The rats on ths dosage were affected by diarthosa.

The andlgesic effect of mosphine was determuned by giving successive electrcal
fimuls, each fasting 20 mllsec , of defined voltage (3 volts) and frequency (1 Hertz)
hrough electrodes mserted 1nto the tasls of the ammals The technique has been
Jescribed m detmi by Séwannsson & Scuou (1963) In the previous mvestigation
1 dases of each of the analgesics employed hine, codetne and )
sere wed, and apparent Tectilineanty and parallehsm was obtained between the
measuted analgesia and the given doses, bath plotted as loganthms Inthe investigation
teported here we therefore reduced the number of dosage evels to two for each expert-
mental condstion, though sware that this might Tower the significance of there sults
The normaf pam thresholds of the animals were established rmmediately before
adeunustration of the morphune Morplune was then mjected, and she analgese
effect was determined 30 mumutes later Neostigmine or resespine, when given alone,
had no apalgesic effect in our ammals

Experyments on degree of analgena The analgesic effects of 5 mg/kg and 10 me'kg
of morphune were determined m non tolerant rats To be able to evaluate any possible
nftuence of neostignune on morphine analgesia, morphite plus neostigming were
given o another group of non folerant rats, and the analgesic effect was determoned

The morphine tolerant rats were put on to experument 17-20 hours after the last
dazly dose of morphine At this time therr pain threshold did pot differ from that of

lerant controls, and o d amounts of coutd be n
the brain by the analytical procedure wsed (sce below) Lower doses than 10 mgfkg of
morphine had na measurable analgesic effect on the tolerant rats They were thesefore
i’;’:” dal,l: mgfkg and 20 mefkg of morphyne For comparison, the analgesie effect

Tbem?:eﬁ ::_ moplune tolttant vats Teceving morphine plus neostigmme
et Nm»!olmn:&;pm on morphine analgesta was investigated 1n acute experi-
et e rats were given feserpime by intraperitoneal injettions 3% hours
M) €y were gven 10 mgkg of morphine The analgesic effect was determined

inutes fater

- To }:c able to evaluate any possible effect of neostigmine on the concenttation of
. u0;‘;;,“?: ;u e braw of morphioe folerant and non tolerant rats, a representative
iy of rats that had receved morphime (10 mg/kg) alone or morphune plus
Thelrfm"c were killed immeduately after the analgesic effect had been determined
kcnmdm:;; Oncluding the brawn stem and the cerebellum) were taken out and homo-
% rphine was determned esther sn bran homogenates from single animals
11 poofed homogenates of brains from two anmals.
rftmnanq'yn.lr of morphime were performed nalarnoessh —1t *

. . . .

- . . . -

o 1 * v O quaninauvely evaluared, 1s entered as 0 10

o mv«v:m :emdc:; lB%J) "n;z symbol r.d was entered as 0 A Xltest’-\lngﬁ
o mcns“‘d‘unng lhdme hes amu;{g:s g 0}, where mentioned n presenting the results
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Fig 1 The analgesia produced by morphine in non-tolerant and tolerant rats with and
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Results
Measurement of degree of analgesia The analgesic effect of morphne
tolerant

was, o6 could be expected, found to be significantly greater i non-|
than jn tolerant rats (fg. 1) At the ED50 level the potency factor was 3
~The reliability of the procedure 15 demonstrated 1n the figure by the
\ts frow another investigation (JOHANNISSON & ScHoU

inclusion of resw f
1?)63) i which the effect of morphine on non-tolerant rats was determined
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fy the same methed at three different dosage Tevels (2 5,5 and 10 mg/kg)
In the senes of expenments separted here we used only tho dosage levels
(5 and 10 mg/ke) of morphine on won tolerant rats, and the results do
not differ to any sigmificant degree from those previously obtamed
In nop tolerant rats neostigmine (91 mgfkg) gven mirapentoneally
immediately after the morphine injection Seemed at first sight to decrease
the analgesic effect of morplune (fg 1) This resuft did not, however,
appear sgmificant on amalysis We found 32 =013 at the S myfkg
dasage level, corresponding to P about 07 At the 10 mg/kg morphine
{enef we found 12 = 4 10, corresponding to @05 > P > G 025 This grves
denceolad the ana} flect of morphuncat this dosage
Tesulting from the stmultancous 1ngection of neostigmine 1 non tolerant
Tats However, because of the small probability of a duffe m anal,
Tesponse 2t the S mg/kg morphimne level caused by neostigmrne, and the
relatively sinall probability of a difference at the 10 mg/kg morphune level
we donot belreve tha there 1s a true effect of neoshigmine on the anafgesic
fesponse to morphine by non-tolerant rats Thys view 15 supporied by
the expenmental resuifs obtained on tolerant anymals Here the anafgenc
fespouse to marphune was the same whether the drug was given alone
or with neostigmune (fig 1)

Table 1
f:;?.?ﬁ{\"lﬂ“: af morphuns 1n brains (ugfg) of rats gven morvhine :{0 mMelkel atana oo

. .. . .
a3yt anaysn
3 amrals thowing aoalgesia

T3 ammals 0ot showing analgesia

. ‘Non talerant conteols. Marphung tolecant
~
na | a n-a | a
T
9511y 0s0(1) 931y
No;%\\,\:c " D60 (1) 064 () 038 ‘(27 ewm
s%e T 064 (2) 068 (2}
N 0Ty 10
041}
Morphine ¢ am () od, () 041 (2
248 (1) 036 (2 @
10 mgig + weosy; 2 B
) le‘, cosgmunt {335 (7 038 () 3:3 3;
691 (2}

[
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A single group of rats was pretreated with reserpine (1 mg/kg) 3% hours
before ijection of 10 mgfhg morphine The analgesic responses did not
differ from those of non-tolerant controls
Bram concentration of morphme To elucidate whether the penetration of
morphine 1nto the brain 1s altered by development of tolerance or treat
ment with neostigmune, 10 mg/kg morphme was gnen to tolerant and
non-tolerant rats with and without simultaneous neostigmune jections
The ammals were Milled 30 minutes later, immediately after theie anal
gesic responses had been tested, and the brains vere removed for quanti
tative morphine analysis The results are tabulated n table 1 By the
t-test no sigmificant differences were demonstrated between any of the
expenimental groups (P > 0 [ n all instances) The mean concentrations
with therr standard errors, were for the non-tolerant 0 62 - 004 and
for the tolerant rats 066 4+ 013 When neostigmune (0 I mg/kg) was
given simultaneously with morphine, the figures for non tolerant were
058 -:017,and 0 48 4 0 12 for the tolerant rats Ifall the results from the
brains of ammals gnen neostigmine were pooled (non-tolerant and tole-
rant) and tested agamst the pooled figures for tolerant and non tolerant
rats to which only morphine had been given, there was still no statistical
difference between the groups (t-test, P > 0 1)

Discusston

In these experrments motphine was found to be approximately 3 imes
less active m the tolerant than 1n the non-tolerant rats at the EDSO0 level
(cf fig 1) Almost 1dentical amounts of morphine were found mn the
brains of tolerant and of non tolerant rats given the same dose (table 1)
The lower analgesic effect of morphune 1n the tolerant rats 1s therefore not
due to smaller amounts of the drug 1n the whole bran

We do not therefore beheve that the concentration of diffusible mo¢
phune 1n the blood or the permeability of the blood-brain barrier 15 altered
during the development of morphine tolerance We cannot draw any
further conclusions about the pattern of distnibution of morphmne 1
tolerant ammals from the experiments described here However, if such
sigmficant changes had been present, they would be expected to effect
the concentration of morphine 1n the bran In studying analgesic effects
1t 15 only a rough gwide to determme concentrations 1 the wholc bram
We must admat that any alteration 1n local concentrations in specific areas
of the central nervous system owing to tolerance would not be umveiled
nts The sensttivity of our procedure of analysis 15 not

by our expernmel
y her elucidation of the distribution pattern withmn the

sufficient for furt
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central nervous system This was recently attempted 1n dog by Mm_; gc
Woops {1962) and MuULE, WooDs & MeLLer (1962) They used N-14C-
methyl labeled morphine m an mvestigation of the distnibution pattern
1n the brains of tolerant and non tolerant dogs

J61 N (1962b) ad d large of morphine with
or without neostigmine to morphine tolerant and non tolerant rats by
simultaneous 1ntrapentoneal injections Neostigmine ncreased morphune

v 1

other effect than an 1ncrease of morphine concentration m the brain
In the expeniments reported here neostigmine was, however, found not to
increase the analgesic effect of morphine 1n morphine tolerant or non-
tolerant rats This mvestigation has therefore confirmed that the concen-
tratron of morphine in the brams of tolerant and non tolerant rats 1s the
same, tegardless of whether the rats have recetved morplune alone or
simultanecus with neostigmne (table 1)

Instead of a potentiation of morphune action, we found, on the con-
trary, that scemed to morphine gesia to some

extent 1 non tolerant rats However, statistical analysis showed this

difference to be probably not real Apparently neostigmune had no
IRINENCE UPON RRAIAIm 10 thatalas « oo 7 ~

forein agreement w bR

from the Leungtc ) m e wu vunn (iso4y 1L EXPETIMENtS O
guined pigs and of HERKEN et al (1957) working with rats

Besides neostrgmine such cholinergic substances as physostigmine and
carbacholine have been found to increase the analgesic effect of morphine
and pethidine (¢ g PORszASZ et al 1951) In this connection 1t 15°of 1nterest
that BeRTLER ef af (1958) and VARAGIC & VoIvopid (19'62) found
carbacholine and physostigmine to release catecholamines, and ScHAu-
Many (1958) put forward the hypothesis that morphine analgesia 1s
.rf\cdn:ued through release of noradrenaline In his expenments with mice

foungd that p with pine, which depletes the
ussues of 5 hydrosytryp and drenalne, the
analgesic action of morphine We were, however, not able to confiem his

results tn our experiments (fig 1) 1t1s therefore concluded that morphine
analgesta in the rat 1s not pnmarily connected with release of catechola-
mmnes and 5 hydroxytryptamine This view s supported by recent expe-
niments by sLoaS ef al (1963) They found sdentical concentrations of
catecholamines and § hydroxytryptamine i brains of non tolerant ratsand

in,
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highly tolerant animals killed 24 hours after the last morphine injection
If the cholinergic substances mentioned above do exert any influence at
all on morphine analgesia in the rat, it is at any rate not connected with
release of these biologically active amines.

Summary

A method for measuring degree of analgesia has been used to compare
the analgesic potency of morphine in tolerant and non-tolerant rats At
the EDS50 level, morphine was about 3 times more potent in non-tolerant
than in tolerant animals. Neither in non-tolerant nor in tolerant rats dd
intraperitoneal injection of neostigmine alter the analgesic response to
any significant degree.

The concentration of morphine found in the brains 30 minutes after
intraperitoneal injection of 10 mg/kg morphine did not differ significantly
between tolerant and non-tolerant rats. Intraperitoneal injection ©
neostigmine (0.1 mg/kg) simultaneously with the morphine injection did
not influence the concentrations of morphine in the brain. Pretreatm?nf
with reserpine (1 mg/kg) did not alter the analgesic response to morphine
in non-tolerant rats.

Acknowledgements
One of the authors (T.J.) received stipends from Visindasjodur (Reyks-
vik) and from Fonden til lagevidenskabens fremme (Kobenhavn).

REFERENCES

Andrews, H L The effect of morphine and prostigmine methylsulfate on
measurements of pain threshold J A Af 4 1942, 120, 525-526

Bertler, A, A Carlsson, M Lindgwist & T Magnusson On the catechol
amine levels in blood plasma after 1 of the symp drenal
system Experientia 1958, 14, 184-185

Burn, J. H, D J Finney & L G Goodwin Biological standardization
Oxford Umversity Press, 1950 (p 109)

Chrnistensen, E M & E G Gro« ' ) [
morphuine, meperidine and m¢ .
Flodmark, S & Th Wrammer = -

and prostigmine studied by ¢ .
Acta physiol Scandinav. 1945, 9, 88-96

Herken, H, D Maibauer & 5 Muller Acetylcholingehalt des Gehlmskund

. B S ek a

Jo““::‘o:;l:;l;e .lolexant ‘and
1962a, 19, 23-35

lerant rats Acta p { et toxicol



MORPHINE IN TOLERANT AND NON-TOLERANT RATS

Jobannesson, T The concentrations of morphine in the bramns of rats
recering morphine and neostigmune Acta pharmacol et toxicol 1962%,
19, 286-292

Jobannesson, T & K. Milthers* D of morphine
News 1963 un press)

Johannesson, T & J Schou Morphine and normorphine i the bramn
of rats given 1dentically analgaesic doses of morphine, codeine or
normorphine Acta pharmacol et foxicol 1963, 20, 165-173.

Knol(l_. J,E Komlés & & L Tardos Uber die Rolle der Eimeissbindung 1m

-y PR . .

T ogeu sty s Ay 1im

Muk, S § &L A Woods Distribution of N 14C-methyl labeled morphine
1 Incentral nervous system of non tolerant and tolerant dogs J Pharma-
col 1962, 136, 232-241

MulE, S 3, L. A Woods & L B Mellet Distribution of N-I$C-methyl
labeled morphine 11 Effect of nalorphune 1n the central nervous system
of non tolerant dogs and ob on 3}

1962, 136, 242-249 7 Pharmacol
barcrzer 1 e v v
. AL
N - ] L)
. .o C
s L, s Ce o x chamsmus
Slau . s e 20
Sloan I W 3 W Rennne & T B s
A | ¢ B 2 T E ' "\ The effect of
amine &+ . tissue catechol-
Szeth, 3 €, . 3, 4, 261-270
Jevallor . . morphine anA
Szerb, 3 ¢
bram
and n
Vanagt, ¥ .
mate
J Phc
Wood:

L
tolerant dogs and rats J Pharmacol 1954, 112, 1se1ge" DO 27

PRy

221



Acta pharmacol et toxicol 20, 222-226

From the Research Laboratory of H Lundbeck & Co AfS,
Ottihiavey 7, Copenhagen, Denmark

Hydroaminacrine IT.
Its Effect on the Interaction of Edrophonium
and Decamethonjum
By
Y. Dyrberg*), W. Hougs and S H. Johansen*)
(Recerved August 8 1963)

Hydroaminacrine, which 1s a powerful inlubitor of plasma cholieste
rase (SHAW & BENTLEY 1953, JenseN Howm ef al 1961), reduces the
amount of suxamethonum necessary to produce neuromuscular blockade
n the rabbit by 60-70% (DYRBERG et al 1962) Thus reduction 15 most
probably related to the fact that suxamethonum 1s hydrolysed by the
cholinesterase of the plasma In the experiments reported here, decame
thontum was included for purposes of comparison, since the degree ©
muscular paralysis with this agent 15 not affected by changes mn the
plasma content of this enzyme

Technique

erme and
ections
lated

As 1n our investigation anto the mter rel hip between h
suxamethontum we have regularly used tn the rabbit repeated 1ntravenous mnj
of edrophomum and have taken antagonism developed on the 1ndirectly stimt
tibtal muscle as indicatton of the occurrence of dual block

The experimental technique has been described previously (DYRBERG ef af 1962)
Ten rabbuts were used of which § recetved hydroamunacrine 1n a smgle 1ntravenous

dose of 1 mg per kg o1
Decamethonmum (synacur ®) was infused into the vein at a concentration of

mg per ml
Edrophoruum (tensifon ®) 02 mg per hg was injected intravenously every

15 munutes
Results
As during the infuston of suxamethonium, edrophonium produced 1n
the presence of decamethomum different responses, which followed a
*) Department of Anaesthesia Copenhagen County Hospital 1n Gentofte Hellerup

Denmark
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Fig | Rabbit (32 kp) chloralose (43 mg per kg) utethane (430 mg por ke) Indirectly
supramaumal simulation of the anterior ubial muscle Kymographic recording during
rnfusion of
Every 15 nunutes edrophonium 0 2 mg per kg mjected 1ntrasenously, (E)
1 start of infusion (1)
2 90 min after start of infusion
3 240 min after start of nfusion

certan pattern, the normal sequence was antagonistic, biphasic, syner-
gistic and finally antagonistic (fig 1) In two amimals untreated with
hyd, 1ne no imtial was observed

There was no difference between the two groups of antmals as to when
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From the Research Laboratory of H Lundbeck & Co AfS
Ottiltavey 7, Copenhagen, Denmark

Hjydroaminacrine IL
Its Effect on the Interaction of Edrophoniom
and Decamethonium
By
V. Dyrberg*), W. Hougs and S H. Johansen®)
(Recened August 8 1963)

Hydroaminaenine, which 1s a powerful inhibitor of plaspa cholmeste-
rase (SHAw & BENTLEY 1953, JEnscn-Houm ef al 1961), reduces the
amount of suxamethonium necessary to produce neuromuscular blockade
in the rabbit by 60-70% (DYRBERG ef af 1962) This reduction 15 most
probably related to the fact that suxamethonmum 15 hydrolysed by the
cholinesterase of the plasma In the experiments reported here, decamé:
thonum was mcluded for purposes of comparison. since the degree of
muscular paralysis with this agent 1s not affected by changes 10 the
plasma content of ths enzyme

Technque
As 1n our imestigation into the inter hip between hyd riné ;::
suxamethonum we have regularly used m the rabbit repeated ntravenous ngech

of edrophonium and have taken antagorusm developed on the ndjrectly strmakated

b1l muscle as indication of the occurrence of dual block 56
The expetimental technique has been described previously (DYRBERG €f al I 6.s
Ten rabbits were used of which § recewved hydroammactine n a single 1ntravenoy’

dose of 1 mg per kg fot
Decamethonum (synacur ®) was infused mto the vem at & concentration 0

mg per ml
Edrophonmum (tensilon ®) 02 mg per kg was myected ntravenously every
15 munutes
Results

As duting the mfusion of suxamethomum, edrophomum produced 1
the presence of decamethomum different responses, which followed 2

I{
) Department of Apaesthesia Copenhagen County Hospital tn Gentofte Hellerup

Denmark
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Ruxer et al (1957, 1959) described the biphastc response of these drugs,
lem that 1 1y with the facil y action a depolarn-
ation of the end plate region may take place, especially with the metho-
yum 1ons, which would lead to a block of depolanzation The facilita-
1on which can be observed also with acetylcholine, 15 of short duration
wth edrophonium (NASTUK & ALEXANDER 1954)

Consequently, the first two phases in the intéraction of decamethonuum
and edroph the biph P of the latter, whereas
the final if the modifi of the d h -
wnduced depolanzation block that occurs with time, viz. the dual block
(Zans 1953) As with suxamethonum (DYRBERG et al 1962), hydro-
amunacnne did not alter the time of occurrence of the dual block with
decamethonum

Nether did hydroamnacrine modify the amounts of decamethonium
necessary to maintain the myoneural block This ponts to the fact that
hyd e 15 an mhib pred 1y of serum chol
which plays no part i the elimmnation of decamethonum (PATON &
Zanas 1952)

Unequivocal signs of facilitation were not observed when edrophonium
was ad din the of su

which suggests that
t already had tnggered off the facd and

confirms the observation of NASTUK & ALEXANDER (19543 that the
facilitation effect 15 evanescent with certan drugs
Hydroaminacrine, given after the infusion of decamethonum had

begun produced a weak increase 1n twitch tension, which could be taken
as a sign that thus agent also facil { 1

Thus hyd 1ne 15 without infl
block defined as developed to p dunng myo-
neural blockade with suxamethonium (DYRBERG ef al 1962) and decame
thonmm and appears to have a hmited safluence on nenromuscular
blockade with depolanzing substances Since 1t has a moderate anta
§2’,‘[“'° effect towards the non depolanzing agents (SHAW & Bpntiey

on the time of onset of dual
deanh

v Lol W odaaiiate transmission without affecting thy
end plate potentials e o

Summary

In two
. .L_E:i‘ip‘ O-r rabbuts one of which was treated with hvdrormina
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Table 1
A ts of d h ifused at of to edroph 1n five
rabbits pretreated with hydroaminacrine and five controls
Decamethonium Duration
mg/kg mtnutes mg/kg/ma

13 80 0023
Hydroaminacrine 27 105 0026
1 mgfkgrv 33 150 0022
28 105 0027
16 60 0027

Average 2403 ' 100 + 15 0025 £ 000
26 90 0029
08 35 0023
Controls 21 120 0018
24 105 0023
27 150 o018

Average 2103 [ 100 # 18 0022 + 0001

the final antagonism developed and how much decamethomum had been
infused to produce this reaction (table 1) In three of the five anmals
given hydroaminacrine, this was injected after the mfusion of decametho-
nium had begun, m two of these a2 moderate antagonism to the neuro-
muscular block ensued, whereas no response was shown by the third

Discussion

The four-phasic response, which edrophonmum produces durning
myoneural blockade with decamethonium, was not affected by hydro
aminacrine The antagomstic reaction after the first dose of edrophomum
was often pronounced, restoring the twitch tension to nearly normal levels,
but subsequent injections gave ncreasingly weaker responses and wefe
accompanted by muscular depression This brief antagonism 15 probably
ndicative of the facilitation of neuromuscular transmssion occurnng with
edrophonium and other quaternary ammonium salts, 1t has been analysed
by NASTUK & ALEXANDER (1954) and RIKER et al (1957) The facilitation
was shown to be independent of end-plate depolarization and has been
atiributed to the phenomenon that these drugs, through action on the
motor-nerve termunal, change the response to single stimull mto a multipie
repetitive discharge simulating a tetame stimulation
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From the Department of Medical Chemustry, Unversity of Turkn,
Turku 3, Finland.

Effect of Lathyrism on Nucleic Acids and
Subcellular Particles of the Experimental Granulation Tissue
By
H. Isomiik1 and E. kulonen

(Recened August 17, 1963)

In eather studies we have observed that i lathynsm (an intoxscation
caused by §

p le of 1le) the meorp
of amino acids 1n collagen was decreased (KULONEN, SALMI & Juva 1960),
the total conc of b

g m the tissue was
decreased (ViLanTo, IsoMAKT & KULONEN 1962), and the incorporation

of amino acids into protein was retarded (SaLmt & KuLoNen 1962) Itis
also known (VILIANTO unpublished work) that 1n the granulation tissue
the amount of RNA and the number of microsomes increase in parailel
with the amount of collagen This prompted a study of the effect of

lathyrism on subcellular particles and the nucleic acids 1n experimental
granuloma

Expenimental

Treatment of the ammals Tn the prelumunary series 40 rats Teceived daily each 40 mg
ammoacttonitnle (AAN) beginnng 10 days before the implantation of the cellulose

sponges (VILIANTO & KULONEN 1962) The same number of rats served as controls
The food was restricted to al

bout a half the normal consumption The animals conse
oy Bema b 1 - - .
.. . v . M
. - . )l
EREN .
' .t . & vt Lldnwaszeromthe AAN group but in the conteal
RO mthe nremnen AT
s o .. - \ . -
P “ . . .
day - *
w8 . . "
to ! Nt

$ Sew 10 1 s group
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Edriphonium produced in both groups a four-phasic response: antago-
nistic, biphasic, synergistic and finally antagonistic.

Hydroaminacrine did not increase the effect of decamethonium and did
not alter the time needed for the final antagonism between edrophonium
and decamethonjum to develop,
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075 N sufphuric Eﬂfl_ﬂ'nd cxt_racled_ v)vml f‘\ﬁﬂﬂ\ﬂ‘ :ﬂ:\ri}h_;t“f:m:‘f’i"}g:::s
. . . LI e

- ANt - - oo ©
washing fluds The same source of error has been observed also by HALLINAN, FLECK
& Muro (1967) The orgame washings were evaporated to about 5 mi and made
alkalise with 0 1 N sodium hydroxrde TCA was added to a concentration of 52, and
the tolutions were heated at 4+90°C for 15 mn The nucleic acids were determned in
this extract as desciibed above, and the necessary correction was added to the results
Thus addstion was largest for the RNA values of the 10th day sample (@ 17 mg/om?
for AAN-samples and 0 §3 mg/cm3 for normai samples)

The TCAsoluble were also d. The total nbonucleotid
content of 10th day gramulomas 1 the samples from AAN treated animals wag about
hall that of control animals

Matrogen and hydrovyproline were both determned after hydrolysis of the samples
overnight at +100°C a0 closed fubes in 6 N HCt Nitrogen was deterrmined by a mucro-
Kjeldah) procedure and hydrotyproline by that of NEvsan & Loca~ (1950)

Table 1
Subeellular particles 1n granufation tissue®)

N ‘ Sth day granuloma | 10th day granuloma
| control _ AAN treated | control  AAN treated
Welght of the animals g
2l average 102 102 102 102
final average 120 116 121 117
increase ratfday 15 116 1z 088

Hemoglobin in the gramuloma
mgem?
range 085-142 075137 | 180245 =
average 119 093 210 ‘6: 'Jls!4
Nuclet and debriy

mm;rg:;n ::23:“ o nula:sz 0077-0144 | 0146-0314 0073-0 185
IS 9213
hydm:yrmlme range 105-240  110-170 280-1395 2 50032080
e average 187 135 738
tochondrial fraction i
:’Ilgr:;m:’n :::f:;e [ 05)6,-;)7! 55 0 02'2—0 085 | 0161-0220 00960193
bydrokypeotine sange 080-140 o VNE
60133
Jem? werage [ Yt 097 ! ‘1052135 ! olos—ls b
. 00870138 | 02590348 1530
) v OTRUTIPY N & by A X
pecmh rerage ( 113 lol_; ol szsjg ®o 5‘0;‘2;33
) Amimals of th

e
exch were amatyzed fmansencs onty 25 mg AAN darly Three samples of s granulomas
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The omtrile was lable as hydrosulphate (Abbot Lab
Chicago, gift of Dr. A van den Hoofl), which was dissolved in water, the solutioa
(2 mi) was muxed with the usual food paste

Before the implantation, 10-15 rats were kept in one cage, after implantation tw
rats Iived 1n same cage with steel wire floor

Implantation The *Visella"-spanges (of viscose cellulose) were mplanted :
previously described (Viianto & Kuronen 1962, VILyanTo, Isomikt & Autost
1962) The weight of the preces 1n the main series was 72 6 < 2 3 mg (ar-dried) ar
the size 10 X 10 X 20 mm = 2 cm? (wet)

The rats were killed by ether 5 or 10 days after the implantation, and the spong
with their lation tissue were d The preces were prepared free from !
adjoining surface tissue, and the granulomas were stored frozen at —18°C.

Fractionation of the subcellular particles Six granulomas were combined 1t
sample Three samples were ob d and d mdependently

The pieces were h d (in a Buhler h 50000 r pm ) nto 40t
of 09% (w/v) NaCl solution and allowed to flow through cheesecloth to remose i
coarse debris and parts of the sponge, which were washed with 20ml of the same NaC
solution The homogenate was centnifuged at +-4°C for 10 min at 600G man M§
refrigerated centrifuge The sediment contamned the fine debrs and nucla LW
washed twice with the NaCl solution, and the washings were simularly centrifuged
600 G From the combined supernatants the mitochondrsa! fraction was obtained £
15 min centrifugation at 5000 G The seciment was washed five times with NaC
solution, the washings were centrifuged at 6600 G and the supernatants were combr

ed The microsomal fraction was obtained by centrifugation for 90 mun at 35000 €
1t was washed once with NaCl solutton The procedure was that of BOUCEK, Nos!
& \WOESSNER (1959)
The sediments were washed into test tubes with 2 m! of NaCl solution and store
frozen at —18°C
Analyses Haemoglobin was determuned as cyanmethaemoglobin at the wave leng!
of 5400A 1n the supernatant from separation of the microsomal fraction To 1mh
the supernatant were added 2 ml of the reagent contammng 1% (W/v) 90‘355“1“
ferricyamde and 0 5% (w/v) sodium cyansde For the values of molar extiaction |
and of the molecular weight 16520 were accepted The result was calculated 2s mg!
1 lobin/em3 of tissue |
The dry weight was determuned after drying the pieces of granuloma for three da)
at +105°C The net weight was obtained by subtraction
For determining nucleic acids six granulomas (12 em3) were pooled (lh‘;‘
samples) The pieces of tissue were homogenized mto 23 volumes of 09% NaCl sok\
tion at the maximum speed of the Buhler homogenizer The homogenate was €00
to 0-1°C and an equal volume of 109 (w/v) cold trichloroacetic acid was addec
- 1 - ef Al 18 wa n s 10NAN v m The sediment W2
i suspended 1
his treatmer
of 96% (Wi
. ¢ umes witl
9 v) trichloroacetic 4cId 10F 3U BUN at +%U © 11€ CAddac (S Were com
g?n:l] :,f ds tfef;v‘/,o)lume made up to 60 ml with 5% trichloroacetic acid I’{'hz:)if ““3;‘;:
procedure was a modification of that described by BigGers Lawsov, Lu

(1961)
The DNA was
of BurToN (1956

deterrmed in the combined extracts by the diphenylamine reactiof
) For esumation of total nucleic acids the extract was adjusted (€
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The 2mounts of both DNA and RNA are low 1n the granulomas of
tathyritic ammals, ndeed the decrease 1s larger than the decrease 1n
h 1obin 1t the same granul The effect 15 more marked 1n 10th
day than in Sth day granulation tissue From the ratios RNA/DI;I;} 1t
evident that the synthess of nb feic acid 15 espectally the
normal steep rise between the 5th and 10th days :s moderate m the
granulomas of lathyntic rats

Discussion
More mformation on the RNA fractions 1s necessary for evaluating the
and of def nuclec acid synthests It 1s as
yet not possible to correlate the disturbance m nuclerc acid synthesis
with the macromolecular maturation defect of collagen, which 15 the
chacactenstic feature m lathyrnism (NIKKART & KULONEN 1962)

Summary

The content of nucleic acids (especially of RNA) was greatly decreased
1 the experimental granulation tissue of lathyntic rats This dimmution
was more matked than the reduction observed in the weight gan of the
rats or in the develop of capillary 1 1n the granul tissue
The absolute amounts of the mitochondnal and mucrosomal mtrogen
decreased slso, but 1o a less extent The total hydroxyproline was fairly
hugh 1n the 1 fractions of it of lathyntic rats
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Results

iny lh.c results of the second main series are given here in detal
Weight gain and vascularisation (as reflected by the haemoglobin content)
are decreased in lathyritic animals, but the difference does not seem so
Iarge, as to make the granulation tissue non-viable (table 1). In the sub
celtular particles the effect of lathyrism is much more marked The nuckear
fraction may not be of great significance, because it contains much debns
of undefined nature, but in the mitochondrial and microsomal fractions
the decrease in nitrogen content seems genuine and is not due to con-
tamination with small fragments of collagen. When the microsoma)
nitrogen is calculated on the basis of tota] DNA, there s no change dve to
lathyrism (table 2). The total amount of hydroxyproline bound to fhe
subcellutar fractions is little affected by the intoxication. On the contrary,
the amount of hydroxyproline in the microsomal fraction, calculated on
the basis of total DNA, total RNA or microsomal nitrogen (table 2)
is increased. Caution is necessary, however, because in lathyrism the
collagen may be present in such small fragments that they sediment at the
same rate as microsomes

Table 2.

Nuclec acids 1n granulation tissue®)

10th day granuloma

sth day granuloma
contral AAN treated*)

control AAN-treated*)

Description

131-173 075107
153

DNA, mgiem? range 101-107  057-1 16
average 103 088 084
RNA, mgfem? range 025-045  019-03) 218-238 052073
average 034 024 228 060
RNAIDNA  range 025047 025033 | 138-166 06804
average 033 028 l 151 070
e

Mcrosomal Nitot DNA,

mg/mg range 01040154 0119-0153 | 0198-0218 0206-0259
average 0134 0132 0306 0236
Microsomal OPfrot DNA,
ug/mg range 13-117 103219 | 126-168 205-247
average 114 145 1.52 2124
Mcrosomal OPjtor RNA,
ng/mg range . 274460 419-568 | 076-18 288-343
average 365 487 102 318
rosomal OPIN,
M;fs;’mg /ﬂnge 737-1084 942-1136| 637-805 820-1063
average . 875 1037 737 954

+) Ammals of the matn sertes only, 25 mg AAN daily Three samples of six granulomas

each were analyzed
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The amounts of both DNA and RNA are low 1n the granulomas of
lathyntic aumals, indeed the decrease 1s larger than the decrease n
b lobin 1n the same 1 The effect 1s more marked 1n 10th
day than 1n 5th day granulation tissue From the ratios RNA/DNA 1t 15
evident that the synthesis of nit lesc acid 15 especially ded, the
normal steep rise between the Sth and 10th days s moderate m the
granulomas of lathyntic rats

Discussion

More information on the RNA fractions 1 necessary for evaluating the
h and signifi of defe nuclerc acid synthesis It 1s as
¥et not possible to correlate the disturbance n nuclerc acid synthesis
with the macromolecular maturation defect of collagen, which 15 the
charactensstic feature 1n lathynism (N1KKARI & KULONEN 1962)

Summary

The content of nucleic acids (especially of RNA) was greatly decreased
1n the expenmental granulation tissue of lathyrnitic rats This diminution
Was mote marked than the reduction observed in the weight gain of the
Tratsorin the dev el P of capillary 1! mthe 100 tissue
}T\e absolute amounts of the mitochondnal and microsomal mtrogen

ecteased also but to a less extent The total hydroxyproline was farly
high 1n the microsomal fractions of granulomas of lathyntic rats
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Results

iny the results of the second main series are given here in detad
Weight gain and vascularisation (as reflected by the haemoglobin content)
are decreased in lathyritic animals, but the difference does not seem 50
large, as to make the granulation tissue non-viable (table 1). In the sub-
ccllu!ar particles the effect of lathyrism is much more marked. The nuclear
fraction may not be of great significance, because it contains much debns
of undefined nature, but in the mitochondrial and microsomal fractions
the decrease in nitrogen content seems genuine and is not due to con-
tamination with small fragments of collagen. When the microsomal
nitrogen is calculated on the basis of total DNA, there is no change dueto
lathyrism (table 2). The total amount of hydroxyproline bound to the
subcellular fractions is little affected by the intoxication. On the contraty,
the amount of hydroxyproline in the microsomal fraction, calculated on
the basis of total DNA, total RNA or microsomal nitrogen (table 2
is increased. Caution is necessary, however, because in lathynsm the
collagen may be present in such small fragments that they sediment at the
same rate as microsomes.

Table 2.
Nucleic acids 1n granulation ussue®)
5th day granuloma 10th day granuloma
Description v
control AAN-treated®)| control AAN-reated’)
DNA, mg/cm3 range 101-107  057-116 | 131-173 075107
average 103 88 153 084
RNA, mg/em?® range 025045 019-031 | 218-238 05207
average 034 024 22 060
RNA/DNA  range 025-042 025-033 | 138166 0680 ™
average 033 028 r 51 070

Microsomal Njtot DNA,

mg/mg range 0104 0154 0119 0153 | 0198-0218 0206-0259
average 0134 0132 0206 0236
Microsomal OF(tat DNA,
ng/mg range 113-117  103-219 [ 1 26-168 205-247
average 114 145 152 FEZ)
Microsomal OPJtot RNA,
pg/mg range . 274460 419-568 | 076-118 288-343
average 365 487 102 318
1 OPIN, i
M'»lcg:gma /mngc 737-1084 942-1136| 637-805 820-1063
average - . 875 1037 737 954

#) Ammals of the main series only, 25 mg AAN daily Three samples of six granulomas

each were analyzed
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From the Biological Department,
Royal Daaush School of Pharmacy, Copenhagen

A Sensitive Method for Estimation
of Ergometrine, Based Upon Serotonin Antagonism
on Isolated Rat Uterus
By
Rewdar Bredo Sund*)
(Recewved August 21, 1963)

Ergometrne 11 aqueous solution can undergo oxidation, epymerization,

ssion to fumt alkalods and hy a varety of detertoration
products may thus anise Because of the madeq of the usual c} 1

methods for specifically determining d ergometnne, there 15 a
need for a rehiable biological method As 15 true for determinations of
adrenalsne, bioassays might prove to be as accurate, precise and rapid as

chemical ones, which would obviously involve separations, e g. by paper
chromatography

A survey of the literature rev eals that many methods have been suggested
for the bioassay of ergometnine These have been based upon extra-uterine
effects such as cyanosis of the cock’s comb (SWANSON, HARGREAVES &
Cuen (935), mydnasis 1 rabbuts and ruce (pe Beer & Tuttar 19413
VoTava & PopvaLova 1957), hyperthermia in rabbats (DE Beer & TULLAR
1941} or upon the oxytocic effect 1 varous mammals, euther 2 vivo or
n vilro (SWANSON, HARGREAVES & CHES 1935, RoTHLiN 1938, Wick &
PowELL 1942, Vos 1943, FOSTER & STEWART 1948, Pen~EFATHER 1961)
No one of these methods, however, seems to have ganed general acoep-
tance (FosTER & STEWART 1948) Also the recently published method
of PrsveraTHER (1961), msolving the oxytoaie effect on ssolated rat
utefus, has been cntictsed (BErbE & STURMER 1962, Sunp 1963)
Instead, 1t has been supgested that determinations might be based on the
antagonssm o serotomin on rat uterus, after abolwon of the
oxylocic action by magnestum tops (SUND 1963) This suggestion has
been lly For c and fumi-crgo-
meinne, methylergometane and ergotamine were also neluded 1 the
myestigation

#\ Prmnmnt adams
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maxmal dose of serotonin every 4 min The haght of the “twitchey’
first ancreased 1n a charactenistic, slow stepwise manner, flattened out and
gradually fell off, reaching a stable level within about one hour and a
half A 6min dose cycle was then started and 3 un nhibited contractions
were recorded with the serotomin dose finally chosen

3 “Pnming” with standard ergometrme From now on, the dose cycle
included these operations ) Addition of antagomst, contact about 2 min
b) Emptying the bath ¢) Refillmg with serotomn, contact for 50-70 sec
d) Washing 1n 3 successive changes of flud ¢) Rest f) Emptying the bath,
and repeating the cycle

4 Matching the unknown preparation to the standard When a good
measure was obtatned of 1ts activity, fresh dilutions of both preparations
were prepared They could be used throughout the assay

S {2+ 2) assay according to SCHILD (1942) The ratio between doses
was 1 2, and 2s a rule 6 randomused groups were used

6 Recording of 3 un 1nhubited contractzons

Caleulation The results were calculated as by BRISEID JENSEN & VENNE-
roD (1961} For comparison, calculations have also been based directly
on the height of contractions themselves (see below)

Comntents on Methed

Contact pertods and cycle me The maximum 1nhibitory effect of a
single small dose of ergometnine 15 reached faily soon Increasmng the
contact period to this antagonust from 2 to 8 minutes affected appreciably
neither scnsmvny nor precision

Fusther, the effect disappears rapidly In a 4 minutes’ cycle, however,
some inhibition persists until the next contraction A few expeniments
(test standard = 125, 6 randomised groups) have been performed with a
cycle ume of that length and recovery doses of serotomn alternating with

direct mhibition The index of precision was 0043-0055 When the
INCTease m exp I time 15 1 bered, this p dure appears no
more stitable than the final (¢f table 1) Moseover, the la

performed fully 1 i

ter can be
mstim
not used here o

on \!

Tkl

in a 6 minutes® cycle, rest inhibition was absent or neghmble

The pertod of contact to serotonin should be so adpusted that the
contractions have passed therr maxima before the d.

Otherwise, the washing might act as an extra rrtant
tions

Caleul, The calenl

rug is washed away
ar “cut” the contrac-

(BRISEID JENSEN & VENNEROD
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Materials

Serotonn S-Hydroxytryptamine creatinine sulphate, Hoffman La Roche
& Co Ltd, Basel, Switzerland

Ergometrine Ergometrinum Ph Dan 1948 Stock solutions (1 mg
ergometrine/ml) consisting of equimolar amounts of ergometrine and
d-tartanc acid (pH about 3 6) were stable for at Jeast 3 months when
kept m the dark at +4° and assayed by the method described below
Ergometrinmne*) Ergobasinine, Sandoz A G, Basel, Switzerland
lumu-Ergometrine I (£)*) hmu-Ergobasine, Sandoz A G
Methylergometrine Methergin @ amp , Sandoz A G
Ergotamme Gynergen ® amp , Sandoz A G
Batlung fud This was a modified Beauvillain solution (BEAUVILLAIN
1943), contaiming 9 0 g NaCl, 0 42 g KCI, 0 096 g MgCl, (1 mM, ¢f Susp
1963), 006 g CaCly, 05 g NaHCO; and 05 g glucose per hitre Ina fes
experiments only 0 5 mM magnesium chloride was used, and 1n one as
much as 6 mM

Experimental dilunons Doses refer to 5-HT creatinine sulphate and to
the free bases of the antagonists and are expressed as the concentrations
(ng/ml) of final experimental dilutions prepared m the bath flud The
contractions to be mhibited were 60% or more of the maximal, requuring
serotonin doses of 30-100 ng/ml Ergometrine doses were usually in the
range 20-80 ng/ml All solutions of ergot alkalowds were protected
agamst Light

Method

Uterus The mud section (about 3 cm) of freshly dissected uterine hotns
from 3~5 months old virgin albino rats 1n spontaneous oestrus Were
attached 1n a 3 ml bath to an 1sotonic frontal lever (ScHILD 1947) magn!
fymng 4-fold on a smoked drum, usually a load of 1 1-1 25 g was applied
to the organ

Apparatus The assays were performed on an apparatus similar to that
described by BouRa, MONGAR & ScriLp (1954), which was modified fat
four antagomst dilutions as described by BRISEID JENSEN & VENNEROD
(1961) This means that the change over from one antagomst dilution t0
another had to be made by hand, but all other operations could be
automatically performed

Procedure This consisted of six steps

1 Relaxation of uterus for about half an hour

2 Stabilization penod The uterus was stimulated by a suitable sub

* Kindly furmished by Dr A Hofmann Sandoz A G
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Fig 3 Ergometnne log-dose response curves obtained from 3
different utess Each dose was given 4 imes

Table 1.
Accuracy and precision of the method
Ergometrine salutions {11} of strengths unkaown to the operator were asayed on different
viern 3fb =indes of precision * Further datail

intables2and 3
Magoesium | Ergometnne | Departure
Asay | chlonde wglmt from o Pidueial
na conceqtra [ theoretical ;’,mls 0/‘
oo, mM | TR0 | Foung % =003
1 600 | s6s -58 Q08 87118
2 03 1 | 128 +36 0036 8112
3 150 [ 180 Z67 003 92°108
“ sso | sm 0080 85111
s 250 | 226 -96 0059 89-113
& \ \ 330 “ Za2 o078 82-123
T ) 10 250 | 228 -3 0052 50111
1 Yoo { 306 F20 0074 3511
9 | :
| 100 | 09 AT 0050 9i-1lo
0 200 | 214 F10 0062 88-113

* Only 4 groups gen
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1961) aums at correcting the mdividual figures of the assay for vanation
due to systematic changes 1n sensitivity to serotonin It 1s based upon the
assumption that the non mhibited responses vary lineary with time
throughout the experiment This need not be true over a fauly long
experimental period, and over-correction as well as under correction
could result Ideally, too, the changes should not be so great that the
linear range of the serotonmn log dose response curve 1s surpassed This
may happen when the sensitwity increases if the standard serotonin dose
at the beginning of the assay causes a fairly large effect
Theexpenimental design iself largely eliminates influence in the estimated
potency from sensitivity changes Moreover, by means of the statistical
treatment (SCHILD 1942), varation resulting from such changes 1s sub
tracted before the estimate of error 1s made Thus, calculation directly
from the kymograph tracings mught prove equally suitable For compar
son, this less elaborate method has been tried in the expertments showing
the greatest positive and negative changes The results corresponded
closely to those 1n table 1 Also, the differences were 1n both directions
The corrected mhibition percentages were marntawned marmly becavse
they express 1n a plam way the effect of the antagomst (fig 1 and table 3)

Results

Ergometrine Fig 1 shows log dose response curves obtaied from
3 rats and drawn as straight lines

11 solutions of strengths unknown to the operator have been assayed
(table 1) Mean departure from theoretical activity was —1 7% (range
—~96 — +86), harmomc mean of ‘index of precision™ (GADDUM
1953) 0060 From 6 randomised groups the resulting fiducial lints were
from 85~117 to 92-108 %, which can be considered satisfactory Example
of an assay (no 9, table 1) 1s shown 1n fig 2 and further detail from the
assays in tables 2 and 3

In assay no 8 a shghtly sigmficant departure from parallelism of
regression lines was observed (005 > P > 001) This may happen by
chance, but might also be due to curvature mn the log dose responsé
curves Even 1f so, the assay 1s not invalidated, provided the Jundamental
curves for the standard and test preparation are superposable (¢f GRIDGE
MAN 1944 and others), which must be true here The estimate of error was
made without allowing for any departure from parallelism

Ergometrinine and lum ergometrme The epimer, ergometriune, and
the main irradiation product, lunu ergometrine Tor B (STOLL & SCHLIENTZ
1955, HELLBERG 1957), behaved qualitatively like ergometrine, but were
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Table 3.
Results from the 11 ergometrine assays (table 1)
Serotonin |
Average
Un nhibited N
Aty | response, mm Average |yl inhibition, %
20 ¢hange priiy —
Before | After | M ISSPOMSE | g Wub |
assay | assay =mm Towest dose | highest dose
;

o1 e 36 ~020 52 328 658

2 4 0 -013 56 256 40

3 1 29 -036 a2 s 00

4 & 35 -036 53 190 323

5 50 3 -028 69 183 570

5 3 36 +009 41 167 410

7 |3 32 Zo10 52 s 538

3 0® 4 +014 63 241 453

9 B -00 51 25 4138
10 3 % +010 61 217 545
it s | Zo33 not 90 2938

| i recorded

4 ET "
6 16 45 o« 0 pA
Fig 3 Dt m e v st an .

W ow a v . ’ . .

- . .

. - a- . -
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Fig 2 Example of ergometrine assay (no 9 table 1) The 2 muddle groups of a total of 6
have been omitted from the secord The drum was run from just before ergometaine was
added until the serotonin was washed away
R Recovery doses of serotomin (60 ng/ml)
E  Priming doses of ergometrine (4 ng/m!)
A and B Inhibition produced by the test preparat on
diluted to 20 and 4 0 ng/ml respectively
Sy and S; Standard ergometrine 4 0 and 8 0 ng/ml
Ty and T2 Test ergometrine 4 0 and 8 0 ng/ml

much less potent Their activities relative o ergometrine were 19 and
08% respectively These small figures may be due to slight contamna
tion with ergometrine, but ergometrimine anyhow 1s held to be asell
shghtly active (¢f BARGFR 1938, WHITE 1944)

By the method of Vos (1943) ergometrinine also had only a small
relitive activity but in equimolar mixture with ergometrine 1t potenllated
the Intter This was observed nerther with ergometrinine nor with fumt
ergometrine 1n the present experiments

Table 2
Dosc and load values from the 11 ergometrine assays (table 1)
) Scroton n | Ergometrine ng/ml
d _
A,s,f,ay Lo; } 1 Contact Standard Test
ng/m J period sec doses doscs
1 11 50 ' 66 20 40 ‘ 24 48
2 125 50 1 62 is 30 | 144 28
3 11 30 71 20 40 20 40
4 125 100 57 40 g0 | 413 836
5 11 40 59 40 80 375 15
3 11 80 55 60 120 57 114
7 125 40 54 050 | 3 15
8 15 80 20- 40 15 30
125 60 57 40- 80 40 80
g 125 32 68 40- 80 40 80
:1 14 100 62 100-200 100 -200
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isolated rabbit uterus The precision, however, depends to a great extent
upon the method of calenlation From the available data (Vos 1943,
FOSTER & STEWART 1948) 1t can be concluded that the method presented
here 15 at least as accurate and precise as Vos® method and 15-40 times
more sensitive Moreover, the calculation mvolved 15 simpler, especially
when the heights of contractions are themselves taken as response

The possibility of utilizing the method m pharmaceutical control
analysts presents stself the method might be of value also 1n pharma
cological work Thus Lanz, CERLETTT & RotHLIN (1955) employed the
antagomsm to serotomn on rat uterus to nvestigate how LSD 1s distrt
buted n organism The oxytocic effect of ergometrine, though not suitable
for quantitative work (BERDE & STURMER 1962, SUND 1963), could then
be of some value as criterson of 1dentity

Summary

Ergometrine can be determned by 1ts ant1 serotonsn action on 1solated
rat uterus when magnesium sons (usually 1 mM) are maintained in the
bath In symmetrical (2 + 2) assays 11 solutions unknown te the operator
were assayed The uterus was stimulated by 30-100 ng serotonin/ml every
6 minute and nhibited by 14-20 ng ergometnine/ml (usually 2-8 ng),
added 2 minutes before the sumulant The mean departure from theore-
tical was —»lo'é;A (range —9 6 to -8 6), the harmonic mean of * index of
preciston™ 0 060, the range of fiducial imts (6 groups of doses) 85-117%
10 92-108% i ) %

Er and fum:- e behaved qual y hike ergo-
metane but were only about 2% and less than 1% as active, respectively

Methylergometnine, bemng a stronger antagonist than ergometnne, and
er could be diffe d from ergometnine oy ;

4 n the basis
their behaviour s of
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Methylergometrine and ergotamme The next homologue, methylergo
metrine, and the main ergot alkalowd, ergotamie, were quahfatwely
distingwishable from ergometrine When a submaximal dose of ergo
metrine was repeatedly given, the mhibition usually increased shghtly
from the first to the second admimistration and then remamed constant
As already stated, the “after-effect™ was negligible On giving methylergo
metrine or ergotamune, the mhibition continued to increase through
several administrations (fig 3), also the effect persisted for a longer time
With ergotamine the nhibition could indeed continue to ncrease long
time after the antagomst had been washed out of the bath

The dissimlanties make 1t difficult to compare the three compounds
quantitatively A procedure for doing this should take into account both
mtensity and duration of inubition No doubt, however, methylergo
metrine 1S a stronger antagonst than ergometrnine Taking the greater
molecular weight and the time factor into consideration, ergotamune 15
also fairly active

Methylergometrine and ergotamine cannot be determuned by the
present method unless 1t 1s modified by using recovery doses of serotonin

Dyfficultres For this method 30 uter: from different rats have so fat
been employed Of these only 2 were discarded One showed pronounced
tachyphylaxis to serotonin, 1 mM magnesium chlonde was unsufficient
to completely abolish the oxytocic effect of ergometrine on the other
‘When this happened once later (assay no 11)the concentration was through
2 mM raised to 6 mM

A higher magnesium concentration should also be tried 1f the uterus
tends to discnminate between different doses of antagonsst rather i Us
latency period than 1n its height of contraction

If ongnally causing a large effect, the dose of serotonin chosen may
become too large when, as occasionally, sensitivity increases during assay

Discussion

Many drugs have more or less selective ant1 serotonin action on 1solated
rat uterus Therefore the method descnibed here 1s no more absolutel¥
specific than already existing ones For the analysis of simple solutions o

d 1ts mam decomposition products it has however

any
ergometrnne Ol

proved useful Particulatly since existing methods have been subje
fo criticism 1t 15 held to be a valuable supplement os

The most rehable of existing 11 vitro methods appears to be that of VO!
(1943), which 15 based upon the latency period for oxytocic effect on



cta pharmacol e1 toxtcol 1963, 20, 243 252

From The Department of Pharmacology, Univérsity of Copenhagen
(Professor Knud O Moller M D)

The Composition of Oedema Fluid Prosched in Mice
by Oestradiol.
By
Eigill Hyidberg, Laszlo Szporny and Hans Langgaard
(Recerved October 14 1963)

In a senes of publications from this laboratory the effect of oestradiol
b on the

ve tissue of mice of the Leo
strain has been used 1n the study of connective tissue ground substance

(ScuwinT 1958, Hvipperg & Scnou 1959, HvipBerG & JenseN 1959,
HyipserG 1959, BVIDBERG & SCHWIDT 1959, JORGENSEN & SCHMIDT
1962, HvipBera, JENSEN HOLM & LANGGARD 1963, LANGGARD JENSEN
Hous & HviDBERG 1963) Tables 1 and 2 summanse the results of these
nvesttgations  Promunent findings are hydration of the tissue and quan-
Watne and qualitative alierations n the hyaluronic atd, 2 charactenshe
constituent of the ground substance For i 1o studies of connective

tissue, treatment with oestradiol 1 these ammals thus produces 2 useful
ground substance * model

A precise determnination of quanutative changes n the vanous com-
ponemts of connectine tissue 1s, however, rendered difficult by lack of 2
stable basis of calculation The commonly used principle of caleulating
on baws of 100 g of fat free solids 15 correct only on the assumption that
the weight of fat free solids 15 not altered by the treatment SzpornY,
LarGGarp & HvIDBERG (1964) recently reported a method for quanti-
tamely studying the Ie of acute 1ol 'y oedema and
based their calcufations on the total contents of the components 1n skin
samples marked out symmetrically on the skin surface The inflammatory
reaction was confined 1o one of the areas, the other side serving as a
control In our study we have tned 10 modify this prineiple of caleulation
for the oedema fluid provohed by oestradiol

In contrast with localised experimentally tnduced acute oedema, the
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Table 1.

245

Effect of treating mice of lhc Leo strain with oestradiol monobenzoate

for one week

Conaective tissue
consutuents 1m mg of
meq /100 g

fat free solds

fat

water
hexosama:
hydraxyprolme
sodiym
chloride
potassum

decreases about 25
ncreases 70-100%,

ntreaes wbvat 1Y,

Blood

haemoglobin concentration
H

glasma standard bicarbonate
plasma sodm

plasma chloride

plasma potassim

no alterations

Further properties of skin from mce treated with oestradiol monsbenzoate

Table 2.

malecular weight of 1solated
20d mucopolysacchandes

|

increased about 40%

spreading reaction

stai,
bastochemical
colour reactions

metachromalic stainmg

stainng with Hale s blue

ng with Alcian blue

greatly increased

‘ mhibited
paw oedema normat
absorpon rate
L from the back (urethane) delayed
tensile strength of lincar wounds ‘ normal

staming after hyaluronidase

PAS

staining

dehydration causes

00 staining

1o Staming

—

——

Irestment with ¢ortisone causey

—_— ]

ruld degrees of acidosis cause

mitd degrees of alkatons came

\

!

‘water to decrease more
than hexosamine

water to dectease more
than hexosamine

dehydration and sad,
mobihaton

00 alterations
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more *chronie” hydratron mduced by treatment with oestradiol 1s gen
eralised, nd control samples could therefore not be obtamed from the
same ammals

Alternatively a comparison was made between skin samples of equal
surface areas from treated and untreated amimals, which 15 an accgptable
procedure provided the area mn question 1s unaltered by the treatment
and that preformed components do not disappear from the tissue during
treatment

The purpose of this communication thus 1s to further knowledge about
connective tissue ground substance by using a new method for calculating
the quantitative changes m the specific ground substane  model pro
duced by oestradiol treatment Further, the acute inflammatory process
has been studied 1 ammals after treatment with oestradiol 1n order to
throw some light on the role of the ground substance n the process of
mflammation

Methods

White male mice of the Leo strun weighing 23-27 g were used The
ammals were mamtamed under constant environmental conditions wath
free access to water and a standard dyet

Groups of ammals were mjected With oestradiol monobenzoate (Ovex ® 1.£0)
10 ug 1n 01 ml arachis ol subcutaneously 4 and 6 days before the expeniments
Other groups of animals served as controls

Acute mflammatory cedema was provoked 1n one out of two areas marked out

1cally on the deptlated skin of the d amimal by application of
pure xylol for two minutes A complete description of the procedures has recently
been sent to press (SzrorNY LANGGARD & HVIDBERG 1964)

Determnations of water fat hexosamine hydroxyprohne sodism chlonde and
potassium were carried out as previously described by HvipsrG JENSEN HolM &
LANGGARD (1963) and LaNGGARD JeEnsen Howm & Hvinpero (1963)

In order to determine how comparable are skinsamples of equal surface area
before and after treatment with oestradiol six mice were depilated and marked @
the usnal way but only on one side of the back After one weck of trentment the
other area was marked out the ammals were then killed and the two were samples
excised and weighed

Plasma hexosamine concentrations were determined n five oestradiol tredted and
five untreated ammals Blood was drawn from the nfertor cava vemn under Tight
ether thesia The analytical dures were the same as for tissue hexosamine

2t 4 Pr
determmations

Results
In tables [ and 2 previous results obtained by treating mice of the Leo
strain with oestradiol are summarised
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The values 1 table 3 demonstrate that a defined area of the skin 15
not altered during oestradiol treatment In six ammmals, the average
difference 1n weight between one area marked out before treatment and
a symmetnically situated area marked out after treatment did not exceed
the experimental error

Table 4 shows the total contents of water, fat and fat free solids 1n
skin samples of equal surface areas from oestradiol treated and control
ammals and 1n the oedema flwd It 15 to be noted that the oedema flud
contatned approxumately 8 per cent fat free solids and that the amount
of fat showed an absolute d of appr ly 25 per cent duning
treatment

The weights of mflammatory oedemas mduced by 1dentscal stimul 1n
skin samples of equal surface areas from oestradiol treated and control
mice are shown 1n table 5 The absolute figures are not significantly

tugher 1n the treated group, although the percentage weight increase 15
smaller

Table 6

Analytcal results for foral contents of hydroxyproline hexosanune sodium, chlonde

and potassium of skis samples of equal surface area from oestradiol treated mice with

sylohinduced inflammatory changes of the skin from oestradiol treated mice without
inflammation and from a group of control antmals

\ Yo lhydmxypmlme hexosarmne | sodium | chionde | POTassIZM
(mg) *g) Heq Beq mw""m
Osstradiol treated 21 352 870 68
+ aylol treated I LAl
Oestradiol treated 21 i ] 703 | 476 | a7 l 168109
Control 2 | 324

| one ! ual 134 llOltD“

Table 7

Composiion of oedema provoked by oest

The figures arc derived from the average values of the ieslnr;::lolnmd

the control group therefore na statstical computations bave been madi Eopyind of
fat contents of the two groups ha ot | C dfferent

Ve been taken into account

tatiree

‘hydroxyproline | h
sol 4y MYdroxyprohine hexosamine | sadium | eblorde | por
. mg 100 mt mg/100 mt | (meqiy (meqt) P:m‘::,?,m
oestrad of provoled 77 0
180
| 133 109 248

A
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Table 3.

Weights of corresponding skin samples from stx mice One area was marked out on the

depilated skin before treatment with oestradiol After a week of treatment with oestradiol

and with the same frame, another area was marked out on the opposite side, and the
skin pteces were excised according 1o the marhings (see text)

Area marked out , The werght difference
Mouse no before oestradiol w c;\ghl:f \}’crllghldof as percentage

treatment right side et side of the smaller side

1 nght 520 mg 515 mg +10%,

2 - 466 mg 478 mg ~25°

3 - 682 mg 682 mg 00°,

4 left 692 mg 664 mg ~40%

s - 488 mg 508 mg +40%;

6 - 545 mg 502 mg -80%

Average —15%

Table 4.

Total contents of water, fat and fat-free solids of equal skin samples from treated amimals
and contrel ammals and of the provoked “ocdema”™

1‘“;“1 Water fat [t free solids
wetght m mg mg
mg
Oestradiol treated amimals {(n = 21} l 516 406 40 70
Control animals (n =29 f 260 157 54 49
“Oedema” l 256 / 29 -4 2
Table 5.
Oedema
s,
n as percentage of
mg mean + sem ongmnl weight
Oestradiol treated animals ’ 21 ' 170 £ 17 u9

Control animals 31 l 126 + 10 50
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1n table 7 the composition of the oedema fluid provoked by oestradiol
18 shown Snce the figures are simply differences between average values
for two groups of anumals, no statystical computations could be made
The different fat contents of the two groups were, however, taken mnto
account A hexosamune concentration of 180 mg/100 mi and a potassim
concentration of 24 8 meq/l were noted

In table 8 the concentrations of fat free solids, hexosamine, sodmm
and chlonde 11 acute 1nflammatory oedema from oestradtol treated and
control mice are compared with the plasma concentrations of normat
mice No ily sigmfi d can be d trated

The figures 1n table 9 show that the concentration of hexosamme m
plasma 15 unaffected by the t with dol

Discussion

The study reported here refers to two widely different conditions of
the ssug, both ¢h 1sed however, by considerable hydsa-~
von of the tissue they are acute mflammatory oedema and slowly
developing oedema provoked by oestradiol

Calcuations on the composition of the oedemna fimds present tricky
problems and need careful consideration

The usual principle of calculating on the basis of 100 g fat free sohids
does not take nto consideration any possible snerease in the amount of
fat free solids That thus may lead to mcorrect conclusions 3s demonstrated
by the figures tn tables 4, 7 and 8, showing that both types of oedema
1 fact contan 8 per cent of fat free sohds

If, on the other hand, the components of the oedema flwd provoked
by oestradiol are calculated on the basis of absolute values, the critena
hud down in the introduction must be fulfilled The figures of table 3
show that the skin area excised for analyses 1s unaltered by treatment
with oestradiol and that the absolute values of the untreated animals are
therefore acceptable as control values for the absolute values of the
treated animals The second requirement, however, that o preformed
component should disappear from the skin dunng treatment, seems to
be unreaiised The decrease m fat content, at least, 15 tughly sigmficant
It should be potnted out, however, that the contents of hydroxyproline
z;:;f;:z:;\;cd, which suggests that the nssue structure 15 1n other respects

In concluston 1t can be stated that both methods of caleul:
nadequate, but that emplo auon are
mcmcaqry information ployed smultancously they can yreld comple

It has previously been shown {Szro
RNY, Lasceiro &
Acts pharmacoloyica Yol %, fuc } ! H“DBERG

.
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Table 8.
Concentrations of fat free solids, hexosamine, sodium and chlorde in xylolprovoked
acute inf] y oedema of diol treated mice and of a control group of mice,

compared with the plasma concentrations from untreated mice

fat free so | hexosamine} sodm chlonide
n lids @, mg/100 mi megq/l megfl
meansem |meanxem |meansem jmeansem

Acute inflammatory oedema of

oestradiol treated mice 20 (732074 (101176 | 1426169 1042128
Acute snflammatory oedema of

ontrol mice 16| 85+£051 | 99£79 | 14350 [110£57
Plasma 23|82 932 1343122 {1093210

1 from the literature
s
3 from a previous report (LANGGARD JENSEN Horm & HviDsERG, 1963)

Table 9

Concentrations of hexosamine tn the plasmas of five muce treated with o
benzoate and five controls For comparison the contents of hexosarmne an:
skin are also given

estradiol mono-
d water 1n the

tissue hexosamine ter
plasma hexosamine (m tissue wat
5100 g fat~ t free sohds)
(mg/100 g plasma) free solids) {(gf100 g faf
! 1040 1128 522
2 937 1296 594
oestradiol 3 862 1037 528
treated 4 799 968 485
5 903 804 455
average 908 1047 517
6 1017 501 306
7 991 432 288
8 946 475 320
untreated 9 366 475 294
10 825 527 329

| average

Table 6 gves the analytical results for the total contents of h}'dm"y;.
proline, hexosamine, sodium, chlonde and potassium 1n skin samples 0
equal surface areas from oestradiol treated ymice with inflammatory
changes of the skin, from oestradiol treated mice without inflammation

and from a control group
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+

that the deter of tissue 1 gives a rehable
1ndex of acid mucopolysacchandes contents
Thas 15, however, not true if the changes are caused by an acute filtra-
ion of plasma proterns, as for ple 1n the acute y reaction
£ lly induced y oedema 1n
oestradiol treated muce might yield mformation about the role of the
ground substance 1n the inflammatory reaction In spite of a pre-existing
severe overhydration of the tissue, the inflammatory oedema 15 virtually
greater than 1n normal mice (table 5) The composition of the oedema

on exper

15 indistingwsable from that of infl y oedema 1n d muce,
1 e the same as plasma (table 8)
App ly the d and probably fully utiised water binding

capacity of the hyalerome acd increases the absolute size of the n-
flammatory oedema It appears that the abnormal water status of the
connective tissue has no influence on the inflammatory reaction Netther

does the condition of the ground substance mterfere with the composition
of the inflammatory oedema

Summary
The composition of the otdema proveked by oestradiol in mice has
been examined The calculations were based on the total amounts of the
components 1n skin samples with 1dentical surface areas from treated
and control ammals

The oedema fluid contamed fat free solids, sodium and chlonde at

tha ¢nna -~ a

hyawtonate

Duning with diol the fat-
by 25 per cent

of the skin decreased

The plasma concentrations of hexosamine were not altered by the
treatment

The quantitative and qualitative changes 1 the cannective Lissug
ground substance provoked by oestradiol, and the concommutant over-

bydration of the tissue had no effect on the formaron or composition of
a supenmposed acute inflammatory oedema
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(1964) that acute inflammatory oedema has in fat-free solids, albumen,
hydroxyproline, hexosamine, sodium, chloride and potassium the same
composition as blood plasma and probably consists of a bulk filtrate
of the plasma (see also table 8). As demonstrated by table 7, oedema
fluid provoked by treatment with oestradiol contains fat-free solids,
sodium and chloride at the same concentrations, whereas the concentra-
tions of hexosamine and potassium differ from the plasma concentra-
tions in a striking way. In spite of the fact that no jncrease in the amount
of cells can be observed (JORGENSEN, personal communication), the
potassium contents are increased by approximately 70% at the same
time as the hexosamine contents are doubled (table ). The hexosamine
values can be taken as a correct measure of the synthesis of acid muco-
polysaccharides in the tissue during oestradiol treatment. The increafe
observed can account for approximately 109 of the total increase in
fat-free solids. The greater part of the remaining solids probably consists
of ground substance proteins synthesised or accumulated in the tissue,
since no change in collagen contents is recorded.

These findings emphasise the fact that the oedema provoked by
oestradiol is essentially different from the passive enlargement of the
extracellular space seen in acute inflammatory oedema, This is clear also
from the fact that it is possible to produce an acute inflammatory oedema
on top of the oedema provoked by oestradiol (see tables 5, 6 and 8).

In contrast with this, oedema fluid provoked by oestradiol resembles
strikingly the oedema of the late inflammatory reaction (SZPORNY,
LANGGARD & HVIDBERG (1964). Considering the totally different patho-
physiological conditions, the similarities between the two types of oedema
are remarkable. In the late phases of the inflammatory reaction \\}E
regeneration of tissue has probably already begun by production of :}Cld
mucopolysaccharides. The hyaluronic acid is presumably synthesised
first, since the turn-over of this compound is rapid, approximately 48
hours, (SCHILLER ef al. 1955). .

The ac lation of pc in both oestradiol treated animals
and in the late inflammatory reaction can be explained in relation to the
increased amount of hyaluronic acid. By in vitro experiments KULONEN
(1952) showed that the K/Na ratio in the water phase a!t:fc.hed to hya-
lusonic acid was 3-4 times higher than in plasma. The possibility th‘el‘t‘-f"l'c
exists that hyaluronic acid, which a;‘ thf existing pH is p.rcdommanﬂ)'

alt, exists as potassium hyaluronate.
pre;;:‘vﬁui:in table 9 show that treatment with oestradiol has no effect
on the hexosamine concentration of plasma, This is not surprising, since
s derived from substances (glucoproteins) other than

- Radinee

lasma hexosamine i v (gluc
tphe acid mucopolysaccharides of the connective tissue. Tk
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From the Research Laboratories of AB Astra, Sodertalje, Sweden

Fffects of Various Compounds on Adrenergic Mechanisms
Recorded by Changes in Heart Rates of Anaesthetised Mice
By
S B Ross
(Recerved October 17, 1963)

For the pt logical testing of sub
thommetic actvity of interfenng with hol, D
by some other mecharusms, a raptd 1 1o method 15 of practical value
The method to be descnibed 15 based upon measurements of heart fre-
quency m anaesthetised mice With nunor medifications this test seems
to be useful for determining sympathomumetic activity and adrenergic
B-receptor blocking effect as well as of the mhibition of monoamine

oudase (MAO) and catechol-O-methyl transferase (COMT) produced
by various compounds

with a direct sympa-

Methods
In vivo swudies

Mice, anaesthetised with 60 mg/kg of pentobarbital sodium intrapen-
toneally, were placed on an electnically heated pad to maintan a constant
body temperature The ECG's of three mice were recorded simultaneously
on a Grass Model 5 Polygraph Two hook electrodes were placed sub-
cutancously m cach foreleg and a chip (earth) was put on the tail The
heart rate was calculated from the record and tabulated

“The sympalnoriimenic dfect was swiaied dlter wtrarenous admunstration of the
test substance An ECG was first recorded for 10 sec perrods three times with five
ounute sntenals before the injection One minute after the myection the recordings were

conunued a1 five minute intervals for one hour unless the
c heart rate el
the control vatue before this me turmed to

The adrenergic P-receptor blocking effect of a substance was
studied by com
the stmulating clfect on the heart rate of mtravenously injected xsoprtyn:rtn:la?:lg
thate (10 ¥2%g) 10 unireated mxce and 10 animals pre treated with the substas
even intraperitoneally 20 mun befare the soproterenol The ECG was rccor::l
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From the Research Laboratories of AB Astra, Soderiabe, Sweden

Effects of Various Compounds on Ad gic Mech 0
Recorded by Changes in Heart Rates of Anzesthetised Mice
By
5 B Ross
(Recewved October 17, 1963)

For the phar 1 1 testing of with a direct sympa-
thomymetic actvity of mterfering with hol drated

by some other mechanisms, a rapd ¢ yno method 5 of practical value,
The method to be described 1s based upon measurements of hears fre~
quency 1 anaesthetised mice With migor modifications this fest seems
1o be usefud for determimng sympathommetic acuvity and adrenergic
B receptor blocking effect as well as of the mhibition of monoammne

oxdase (MAQ) and catechol-O-methy! transferase (COMT) produced
by vartgus compounds

Metbods
In vivo studies

Mice, anaesthetised with 60 mgfkg of pentobarbital sodm wiraper-
toneally, were placed on an electncally heated pad to maintain 2 constant
body tempesature The ECEPs of thirec mice were recorded simultaneously
on a Grass Model 5 Polygraph Twa Book efectrodes were placed sub-
cutaneously i each foreleg and a chip (earth) was put on the tad The
tieart rate was calculated from the record and tabulated

The sympathomimetic effect was sided altee tntravenous admuntsteation of the
test substance An EQG was first recorded for 10 sec pectads thiee tnes with five
funute intervals before the injection One mnute after the injection the recordings were

confinued at five munute imtervals for one howr, wmless the beart rate returned to
(e Sontrol value before this time

The adrenergic preceptor blocking #5ect 0F & substance was studied by compareng
the sumulating effect on the heart rate of ..
rhate (10 4z} 1n unstreated mace and 10
gnen intrapentoneally 20 min before the

1 eeU wAS Tetofded
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three times before injection of the test substances and also at five mimute itervals
before and up to one hour after the injection of 1soproterenol

COMT inhibition in 10 was determined in the same mangper as the adrenergic
B receptor blockade 1 ¢ the substance to be tested was tnjected intrapentoneally
and 20 munutes later a challenging dose of 10 pg/kg 1soproterenol was admnustered
ntravenously

MAO nhubition capacity i vivo was tested in the same manner as the COMT
inhibition except that tyramine hydrochloride 1 mg/kg travenously was used
nstead of 1soproterenol

To facilitate comparnsons the doses of the heart stimulating agents given alone
were selected so as to produce an increase m heart rate of about 150-200 beats pet
minute The duration of tachycardia was defined as the time from the mjection of
the sympathomimetic amine to the moment when the increase i heart rate had
fallen to half its maximum value

in vurro studies

Catechol O methyl transferase (COMT) actniry COMT actvity i vitro was
determined according to AXELROD ALBERS & CLEMENTE (1959) with munor modt
fications Mouse bran was homogenized in one volume of 1sotome KCl solution
with a MSE homogenizer An aliquot of the supernatant fraction of the centrifuged
homogenate (14000 x g for 20 mun ) was incubated with 2 8 mumol p. noradrenaline
7 3H (260 mpc) 2 pmole MgClz 20 mymol cystembydrochloride 80 mpmole § adeno-
sylmett 28 pmole phosphate buffer at pH 7 8 and 37 C for 90 mmn and with
the nhibitor 1n at least three different concentrations The final volume was 05 ™!
The normetanephrine formed was extracted after the additton of 1 ml of 0s M
borate buffer and 3 g of solid NaCl with 15 ml of a muxture of toluenc and 1soamyl
alcohol (3 2) The radwactivity m 5 ml of the orgamic phase was determined by
hquid lation after addition of 1 ml ethanol and 10 mi of 04% 3 4
diphenyloxazole and 0 01%, B bis {2 (phenyloxazolyl)] benzene in toluene The COMT
ihibiting effect of the various substances was compated to that of pyrogallol at &
50 per cent mhibition level Pyrogallol like the other substances tested was use
1n at least three concentrations and run in parallel with the test substance at each
determination

The substrate actnuty of isoproterenol for COMT compared to that of adrenaline
was tested according to AXELROD & TOMCHICK (1958) The 3 methoxy products were

d in a Zeiss sp h ometer by at 285 mp and reading
the fiuoroscence at 315 mp (uncorrected values)

The noradrenaline contents of the mouse hearts were determuned by the method
of SHORE & OHLIN (1958) Six hearts were pooled for each determmation

Results
1 General observations
Several substances that mduce tachycardia mn other species wete studxc.d
for their ability to ncrease heart rate 1n mice All mjections
iniravenously Atropine, which 1n some species mncreases hea
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no effect Nicotine, 1 mg/kg and DMPP (1, 1 dimethyl-4-phenylpipera
zinwm 10dide), 1 mgfkg, were ineffective also 1n atropimsed mice Cafleme
was also without effect at 5 mg/kg Guanethidine and bretylum increased
the heart rate at a dose level of 10 mg/kg Thus action may be related to
a noradrenaline releasing effect Adrenergic a receptor blocking com

pounds, such as dibenamine, phentolamine and chlorpromazine, had no
effect on 150p 1 induced tact d

2 Effects of some sympathomimetic amines

In many spectes wsoproterenol 15 known to increase the heart rate
(Kovzert 1940) In this respect 1t was the most potent of the compounds
ncluded 1n our study (fig 1 A and table 1) The duration of the tachy-

cardra, as defined above, 1nduced by 10 pg/kg 1soproterenol sulphate
was about 10 min

Ad, line and d 1

also d heart rate, but to produce
the same effect approximately two and four times the rsoproterenol

dose, respectively, had to be given (fig 1B and I C) In companson
with 1soproterenol the activittes of 3, 4-dihydroxy norephedrine and dop-
amme were only § and iz, respectively The results are summansed
table 1 Of the other sympathomimetic amunes tested, those meta

i Iz
AN I\

-0 8 10 20

beats/min

)
1
{
i

Fig 1 The tachycarduc action of some
A hopraterenol sulphate 10 yg kg 1u '3 ranes on ues,
adrenal ne bitartrate Aaﬁﬁ;n n"':;:::::: :}?,m" 20 ugkgiv C. Nor

ochlonde | me'kg Ly
PN
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Table 1.

Increase mn heart-rate (A HR) p by some amines wnjected 1v
Into mice anacsthetised with pentobarbital Heart-rate figures represent the increases
above control levels

Number | +A HR
Anunes Dose of ‘beats/ Duratios

me/kg ammals min nn

dl-Isoproterenol sulphate 0010 9 210 10
00025 3 140 5

1-Adrenaline bitartrate 0040 3 195 16
0020 1 166 9

1-Noradrenaline bitartrate 0040 9 187 8
0020 3 120 3

Dopamine hydrochlonide 10 3 210 4
1-3, 4-Dihydroxy-norephedrine 0050 3 180 4
d!-3-Hydroxy-norephedrine 0100 3 170 8
1-Phenylephrine 10 3 135 %
dl-Ethyl-phenylephnine (Effortil ®) 01 3 120 5
1 Syncphrine 10 3 150 [
Tyramine hydrochlonde 50 [ 260 14
10 3 180 6

Hordentne sulphate 20 3 140 §
di-Ephedrine hydrochlonde 20 3 260 >60
10 3 270 >60

dl-Amphetamine sulphate 05 3 170 17
50 3 290 >40

Table 2.

Effect of pre-treatment with reserpine and a-methyldopa on tyramine

induced tachycardia in anaesthetised mice Reserpine (5§ mg/kg) and

a methyldopa (400 mg/kg) were mnjected 1p 20 hours before the

tyranune hydrochlonde (20 mp/kg 1 v) Heart-rate figures represent
the increases above control levels (A HR)

Number of | A HR beats/min
Pre-treatment ammals (Lsem)
- 15 234 £17
Reserpine 8 79 + 13
8 263 £ 18

a Methyldopa l

hydroxylated were found to be more active than the unsubstituted and
those para-substituted (table 1) Fig 1D demonstrates the effect of
tyramine, which is short-lasting, 1n contrast to that of ¢ g, ephednne of
amphetamine

Pre-treatment of the animals with reserpine, 5 mg/fkg intraperitoneally
20 hours before the experiment, inhibited the tyrammne-mduced tachy-
cardia (table 2) This observation 1s 1n agreement with results found
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Table 3

aline-releasing effect of reserpine and g methyldopa on the
;l:a::r;lr“ m‘lce n vive gReserpme (5 mg/kg) and @ methyldopa (400
mg/kg) were given 20 hours before the micé were Kafted

Hean noradrenaline

Number of content
Pre treatment determinations | as percentage of
normal
Reserpine 3 H
@ Methyldopa $ 3 1n

other species (CARLSSON e af 1957) a-Methyldopa, on the other hand,
did not 1nhibit the tyramune response when 400 mg/kg were given mtra-
peritoneally 20 hours before tyramine The two substances cause almost

plete disapp of catechol from the heart 20 hours after
wjection (table 3}, which 1s the same as the effects on other species
(BERTLER, CARLSSON & ROSENGREN 1956, Hess ef al 1961)

3 Adrenergic B receptor blockade

Dichloroisoproterenol (DCI) 15 known to block the effects of sympa-

amunes on B-receptors (POWELL & SLATER 1958)
of the type generally considered to be involved in the tachycardia pro-

Table 4

Effects of adrenergic B-receptor blocking substances given 1p on isoproterenol induced
tachycardia 1 mice 1soproterenol sulphate (10 pg/kg) was mjected 1v 20 minutes after
the blocking substances. Hun(m;{ figures represent yncreases above contsol jevels

4 HR)

2 VR after
Agent | Dose | Numberof blocking | 2 m} after
mefkgip | ammals | subsiance |pProferencl
beats/mip | PeatSImin
I

D chioro-tnoptoterenct o1 \ 3 150 z‘tg
hydrochloride 50 3 T s
D methyl-dideshydroxy 028 3 10 160
tsoprotetenol 10 3 110 30
bydrochlonde (1 13 57) 50 3 160 40
Nethat de hydrochlonde to | 3 15 138
o | s 150 120
o 3 | 80
@ 1 hel e
Quercet n 100 ( 3 l 25 o

TTma—

S
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Table 5

Sympathomtmetic effects of some adrenergic B receptor blocking
substances Heart rate figures represent inéreases above control levels

{A HR)
Dose mg/kg | Number of A HR
Agent I 1y amimals beats/min
Dichlonisoproterenol 005 3 150
hydrochloride 025 6 215
0350 3 260
Dimethyldideshydroxy 005 3 150
1soproterenol 025 3 20
hydrochlonide (H 13/57) 050 3 340
Nethalide hydrochlonde 2 3 110
4 2 120
8 2 150
|
A L3 et ont
e
700 4 4
!
600 !
500
400
c
< ;oJ
S A B S B S A S B A e o
E 30
<
s 8 » L
w - |
2 500y
-
<
¥ 500+ {
4004
300

o 10 2
TIME IN MM
diac effect and the action on isoproterenol induced tachycardia In

Fig 2 The tachycur blockers injected 20 min before 1soproterenol sulphate
smice by twa adrencrgic B receptor black e eaae 1 melkg 1 p P Ncthal de hydra

10 pgrkg1v A Di PE chionde 20 mg/kg 1 p
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duced by, e g, 1soproterenol Fig 2 A and table 4 show that the tachy-
cardia induced by soproterenol was considerably decreased by BC1
025-50 mg/kg intrapentoneally At these doses DCI asell gave a
considerable mcrease of heart rate which may at least partly mask the
effect of 1soproterenol DCI induced tachycarda even at 005 mg/kg1v
(table 5) These observations of the effect of DCI ta muce are the same
as those found in other species (MoraN & PERkINS 1958, DRESEL 1960)

The recently described compound nethalide (BLACK & STEPHENSON
1962) had evidently less sympathomimetic effect 1n stself than DCI judged
by 1ts effect on heart rate 1n mice However, inhibition by this compound
of the adrepergic B receptors 15 also less marked (fig 2 B and table 4
and 5) Dimethyldideshyd P 1 (H 13/57) was closely stmilar
to DCT 1 sympathomimetic effect and adrenergic f receptor inhubition

Among other compounds tested some flavonoids such as rutin and
quercetin 1 large doses were found to counteract the jsoproterenol
induced tachycardia probably by adrenergic P receptor blockade (table 4)

4 Catechol O metiyl 1ransferase (COMT) inhubition

Pyrogallol 1s known to be a COMT mhibitor (AXELRop & LARGCHE
1959) and potentiates the actions of catecholamines (Bacq 1936) Iso
proterenol has been found to be more readily affected by pyrogallol in mice
than the occurmng hol (Ross 1963) It has no effects

(Mg

| wwerernot

s o

Tig 3 The prolong og act on of PyTo, Tt mwy
gatlol 100 mp,

tachycard a in m e Pyrogallol was injected 20 “lsﬂsl:t‘(:or:,:,:n,%"::m}(’] induced
Wugkgsy P! nol sulphate

e —
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on adrenergic o receptors, which may indirectly influence heart rate and
was therefore chosen as the i vno substrate for COMT The action of
100mg/kg 1 p pyrogaltol on 1soproterenol mduced tachycardia 1s demon
strated 1 fig 3

The properties of 1soproterenol as a substrate for COMT were sub
mutted to some m vtro experiments, 1 which the product formed by
ncubating 1soproterenol with liver extract from mice 1 the presence of
S adenosylmethionine could be extracted under the same conditions as
metanephrine The product, probably metaisoproterenol had a fluore
scence spectrum resembling that of metanephrine The excitation maxt
mum of metanephrine 1s at 285 my and that of the 1soproterenol product
at 279 mp The fluorescence maximum of both compounds s found
between 310 and 320 my If the specific fluorescence of the 1soproterenol
product 1s assumed to be equal to that of metanephrine 005 and 007
pmol of metanephrine and metaisoproterenol respectively, were found
under the conditrons used Isoproterenol may be a slightly better substrate
for COMT than adrenaline

Besides pyrogallol, some other known tahibitors of COMT were tested
Of these compounds 4 methyltropolone and 4 1sopropyltropolone wer¢
the most potent 1n prolonging the tachycardia mduced by 1soproterenol
This result 1s 1n agreement with that of BELLEAU & BURBA (1961) who
have reported that 4 methyltropolone in the rat has about 30 times the
potency of pyrogallol as a COMT inhibitor In our own study it was
found to be about 10 trmes as potent as pyrogallol m mice (table 3]

Table 6
- - e rOMT
T
Dose | Number | I | coMm
A HR Duration b tion
Substances mgikg of tnl
stan ‘ P ammals | beats/mn [ n min In wiro
]
- 9 l 210 10 .
Pyrogallol lzgg g ggg gg
NN I
e gg g Ll‘gg 13 02
Quercetin 0 3 2o . o
Catechol 2 3 u0 1 ) 0
4 Jsopropyltropolone o 3 0 0
1 20 3 240 37 1
4 Methyltropolone s 3 2% E ]
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The i witro shibition potencies of these tropolones, on the other hand,
were about equal to that of pyrogallol under the conditions used

d Catechin had higher COMT mhibitory action than pyrogallol i
21170, 3bout equal to that of pyrogaliol i vio Because of its f-adrenergic
blocking effects quercetin could not be tested i larger doses than 50
mgfkg mirapertoneally, 1 which dose @t was only shightly active as a
COMT mhubitor i v, In vifro quercetin 15 much less potent than
pyrogallol Catechol w1 vitro had only one tenth of the activity of pyro-
gallol as 2 COMT iahibitor Its COMT ratubtory effect at 40 mgfkg
1ntrapertoneally was also shght At this dose catechol produces toxic
symptoms 1n mice This 15 at vanance with WYLIE, ARCHER & ARNOLD

(1960) who reported that catechol augmented the pressor response of
adrenakine 1n cats

5 Monoanune oxidase (M 40} inlbition

Phetiprazine (Catron ®), a known MAQ whibitor (HorITA 1958), at
a dose of 5 mg/kg miraperttoneally was first used 1o study the effect on

Table 7
The effect of MAQ whibition on mduced by amines

mice Phempranne was injected 3 hours before the amines Heart rate figures represent
1ncreases above control Jevels (A HR)

Number Phem
Avunes \m;’;;j ol o pragne | AHR 4 Dusation
amals | mkarp | bemsimn | mmn
4l tsoproterenot 0010
e a0 |3 H 3o i
| Adrenaline a0 © 5 t s
bianrate 1 6o 1t 0 152 H
| Noradreqaline 00t 3 s b 3
branfate 0040 9 It i
Dopartune to 3 H ! 5
bydrochlonde 10 F] ] eI 5
13 & Dihydrory 0050 3 s b M
norephedrine 1 oo 3 ) 1 ¢
13 Hydrovy Q100 3 5 % 3
rorepheds e [T 3 o 10 >
1 Phenylephnine 10 3 5 :gg :
10 >60
4 Eshyt phenylephrine | 025 \ H K Bl %
Cfforul RY a2 \ 3 H e 1
1 Sypephrme 10 3 H e 2
10
Tyramine \ e H S e s
tydeochlonde | to 3 0 4
& Ephednne 10 3 H 1w M
hydrochtonde | 1o 3 H 0 60
Hordeatne sulphate 0 3 H 210 =60
280
s 3 o 10 ‘%
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e
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B e LA LAY S S A
THE NuN
Fig 4 Thep action of phenip loride § mg/kg1p on tyramme
nduced ycardia in mice Ph was injected 3 hours before tyramine hydro

chlonde 1 mg/kgtv

the duration of a tachycardia that had been produced by some sympa
thormumetic amines (table 7) Isoproterenol, adrenaline and noradrenalme
showed no prolonged actions The effect of doparmme, on the other
hand, was markedly prolonged after pheniprazine These results are 1n
agreement with the observation by BLAsCHKO (1952) that dopamune 15 2
better substrate for MAO than epmephrine or norepinephrine

Among the other sympathormmetic amines, those with an unsubstituted
side chain were most sensitive to MAO mhibition Fig 4 demonstrates
the effect on tyramine-induced tachycardia Compounds that are N
methylated, such as phenylephnne and synephnne, also seemed to be
sensitive to a blockade of the MAO enzyme On the other hand, methyl
substitution at the P carbon in the side chain seems to eliminate the
sensttivity to the enzyme Such amines as amphetammne and ephedrine
had generally 2 long lasting effect (table 1) However methardnne
(3 hydroxynorephedrine), which belongs to this group of sympatho
mimetiC amines was potentiated by phemiprazine, although this sub
stance 1s not deamimnated by MAO according to the general rule that
phenylisopropyl dervatives are not attacked by this enzyme (BLASCHKO
1952) The results are summarnzed n table 7

In another series of experiments tyramine, 1 mg/kg intrapentoneally,
was used as substrate for MAO 1 vnno and the potencies of some MAO
inhibitors were evaluated Table 8 demonstrates that tranylcypromine
and phemprazine were the most potent of the compounds mvestigated
Next 1 order were nialamide and 1promazide This order of actwvity 15

| —
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Table 8

dia 1 mice
of some MAO inhibitors on tyramine nduced tachycar
;—:’:aﬁﬁgo."nﬁgﬁsu s Jajected 1p 3 bours before tyramune hydrochlonde (1 mg/kg
1v) Methylene blue was given: p 20 mynutes before tyramune Heartrate figures represent
ncreases shove control levels (4 HR)

Numberof | AHR Duration
MAO snhibitor Doss me/ke | “ammals | beats/min 10 min

- 3 180 £

50 3 270
Iproniande b H S "
10 3 330 60
Nuatamide 0 : 30 &
[ 3 3 250 4
hempranine 3s 3 i s
125 3 10 6
Tranyleypromine 5 3 3 >36
Ve 10 3 %0 1
Methylene blue 50 3 330 19

the same as that found for other species by other methods (HORITA
1958, ROWE ef al 1959, GREEN & ERickson 1962) Tranylcypromine
was found to possess a marked sympathomimetic effect of 1ts own, and
this effect was stronger than that of any other MAO mhbitor tested

Discussion

The number of animals used n this investigation was small, and direct
quantitatne compatisons between different compounds can therefore
only be made with some caution However, the results have shown that
beart rate recording in anaesthetised mce might be a useful method for
testing substances that mnteract with adrenergic mechamisms By thus
method sympathomimetic, adrenergic B-receptor blockade, COMT- and
MAQO mntubtory cffects and reserpine like action may be evaluated How-
ever the heart rate of anaesthetised mice scems to be less sensitive to
certain ndirectly acting substances, for example nicotine and DMPP,
which n other species induce tachycardia The reason for these dlﬂ'er:
ences has not atself been studied

The difference between the effects of reserpine and a methyidopa on

tyramine induced tachycardia does not seem to have
7 1y Both sut release been fepocted
about the same degree, bul

reles from mouse heart to
y rescrpine antagonized the effect of
tyramne 10 miwce POTIER, AXELROD & Koy (1962) have shown l:e

quantity of catecholamunes in the heart that may be released by tyramine

"



264 S B ROSS

to be only a small part of the total content of catecholamines Although
a-methyldopa and reserpine 1n mice release catecholammnes to a similar
extent, 1t may still be that the small tyranmune-sensitive pool of catechol-
amines may not be affected by e-methyldopa Reserpine, on the other
hand, would then be assumed to release this pool of catecholamtnes in
heart as well Another explanation of the tyramine-effect 1n the @ methyl
dopa-treated mice may be that a-methyldopaminie or a-methylnoradrena
line formed from a-methyldopa 1s taken up by heart tissues and liberated
by tyramine (CARLSSON & LINDQVIST 1962)

A comparison between the m vitro and w1 wno effects of the COMT
nhibitors included  this study shows that quantitatively the two methods
sometimes show poor agreement This may in part be due to a difference
m the way in which the compounds inhibst the enzyme The tropolone
denvatives seem to mhibit non-competitively (BeLLEAU & BURBA 1961)
Pyrogallol 1s at least partly a non-competitive mhibstor (CroUT 1961}
but pyrogallol also seems itself to be methylated by the enzyme (ARCHER
et al 1960) Thus at larger substrate concentrations than those used 1
the present i vutro study, the tropolones will probably show greafer
COMT nhibition than pyrogallol, as previously reported by BELLEAU &
Bursa (1961)

The prolonging cffect of pheniprazine on the duration of tachycardia
mduced by sympathommmetic armnes seems to be due to at least two
different mechanisms The anunes that are deamunated by MAO may be
partly or entirely potentiated through the MAO mhbitory action of
pheniprazine For potentiating the effect of methardrine, which according
to the general rule about phenylisopropylamimne dertvatives 1s not de3
mnated by MAO (BLASCHKO 1952), some other action of phemprazint
would seem to be involved The course of methardrine activation
m o mice 15 not known An enzyme other than MAO may be
responsible for the metabohsm of methardrine, and this enzyme may be
blocked by phemprazine Another possible explanation 1s that binding
to some cellular constituent 1s the first step mn the mactivation of methar
drmne The pheniprazine-induced prolongation of methardrme-induced
tachycardia may accordingly be caused by an interference of phent
prazine with this binding of methardrime Pheniprazine may also to some
extent affect, by the same mechanmism, the amines deammated by MAO

Summary
A method based on heart-rate analysts on gnaesthetised mice seems
to be useful for pharmacological testing of compounds that nterfere
with sympathomimetic responses From the results obtained with differ-
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ent model substances, certam conclusions may be drawn about {1) sympa-
I effect, 1f a sub heart rate directly, (2) adrener-
gre f-receptor blockade, if a the lating effect
upon the heart produced by 1soproterenol (3) COMT m}ubmon ifa
substance prolongs the action of 1soproterenol, and {4) MAO imhitition
if a compound augments the action of tyramune Reserpine counteracted
tyramsme induced tachycardia 1n mice probably through its catechol-
amme releasing action @ Methyldcpa however, which also considerably

the of m heart did not affect
this action of tyramine
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to be only a small part of the total content of catecholanunes Although
a-methyldopa and reserpine 1n muce release catecholamnes to a smfar
extent, 1t may still be that the small tyramine-sensitve pool of catechol
amunes may not be affected by a-methyldopa Reserpine, on the other
hand, would then be assumed to release this pool of catecholamimes 1
heart as well Another explanation of the tyramune-effect in the u methy!l
dopa-treated mice may be that a-methyldopamine or a-methylnoradrena-
line formed from e-methyldopa s taken up by heart tissues and hiberated
by tyramine (CARLSSON & LINDQVIST 1962)

A comparison between the i vifro and m vno effects of the COMT
iubitors included in this study shows that quantitatively the two methods
sometimes show poor agreement This may 1n part be due to a difference
n the way in which the compounds intubit the enzyme The tropolone
derivatives seem to mhubit non-competitively (BELLEAU & Bursa 1961)
Pyrogallol 1s at least partly a non-competitive inhubitor (Crout 1961)
but pyrogallol also seems 1tself to be methylated by the enzyme (ARCHER
et al 1960) Thus at larger substrate concentrations than those used 1
the present i sro study, the tropolones will probably show greater
COMT inhibition than pyrogallol, as previously reported by BELLEAU &
Bursa (1961)

The prolonging effect of pheniprazine on the duration of tachycardia
induced by sympathomimetic ammnes seems to be due to at least tho
different mechanisms The amtnes that are deaminated by MAO may be
partly or entirely potentiated through the MAQ inhubitory action of
phemiprazine For potentiating the effect of methardrmne, which according
to the general rule about phenylisopropylamine dervatives 1s not dea
minated by MAO (BLASCHRO 1952), some other action of pheniprazin®
would seem to be mvolved The course of methardrne mnactyation
m 10 m mice 15 not known An enzyme other than MAO may be
responsible for the metabolism of methardrine, and this enzyme may be
blocked by phemiprazine Another possible explanation s that binding
to some cellular constituent 1s the first step in the mactivation of methar
drine The pheniprazine-induced prolongation of methardrne induced
tachycardia may accordingly be caused by an nterference of phem-
prazine with this binding of methardine Phemiprazine may also to SO“(’)e
extent affect, by the same mechantsm the amines deamunated by MAS

Summary

A method based on heart-rate analysis on anacsthetised mice se;::
to be useful for pharmacological testing of compounds that mterﬁ_ -
with sympathomimetic responses From the results obtamed with dt
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ent model substances, certamn conclusions may be drawn about (1) sympa-
h effect, 1f a sub heart rate drrectly, (2) adre;er-
eptor blockade, 1f a pound the 1l effect
i‘;oir:;cphean produced by ssoproterenol, (3) COMT inhibition 1f a
substance prolongs the action of 1soproterenol, and {(4) MAO mh)bmor:
if a compound augments the action of Reserpine
nduced tact dia m mice probabl
action a Methyld however, which also considerably

decreases the concentration of catecholamimes m heart did not affect
this action of tyranune

through its catechol-
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From the Research Laboratories of AB Astra Sodertdle, Sweden

In Vivo Inactivation of Catecholamines in Mice
By
§ B Ross
(Reczived October 17 1963

Several pathways for the brological mactivation of catecholamines
1no have been suggested The most important enzymes are monoamung
oxidase (MAO) and catechol O methyl transferase (COMT) AxRiron
&t af (1958) have shown that the methylating enzyme in the llvtr p!ays
the major role 1 the nact; of g an o 1y
catecholamines Less 1s known about the xnncllvanon mcchamsms at
penpheral sympathetic nerve endings and 1n brain ' WHITBY, AXELROD
& Wen-Mauneree (1961) have suggested that the first step 1 the .
aenvation 1s some sort of binding of the amines to tissue constituents
and the second step enzymatic O methylation Other investigators (Crovr
1861, TVERSEN & WHITBY 1962) have reported results that also seem to
Support this type of machivation

In the study reported here some results were obtained to suggest that

n mice the binding of 15oproterenol by nissues 15 constderably less than
15 that of the occurning 1

Methods

Torbarn A = ad F

watLivdmmne dose was selected
wv ws | IOULLE a0 IncTedse in heart rate of af
o e hout 150-200 beats Per minuie 1

o

2
-
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Influence of catecholamunes on the uptake of trinated noradrenaline m vitro The
uptake of pL-noradrenaline-7-3H by heart tissues 12 vitro was measured by the method
of DENGLER, SPIEGEL & Trrus (1961) About 80 mg of heart (ventricle) tissue slices
from muce were incubated m 2 ml of Krebs solution for one hour at 37°C with 002
ug/ml pr-noradrenaline-7-3H hydrochloride, and the effect of different concentrations
of the catecholamines on the uptake of radioactive noradrenaline was studied

The substrate specificsty of tsoproterenol to MAO The substrate specificity of
1soproterenol to monoamune oxidase, compared to those of noradrenaline and
adrenaline, was determined 1 1ifro by incubating 6 pmol of the amines with a homo-
genate of mouse liver (300 mg) 1n 0 2 M phosphate buffer, pH 7 4, with and without
1 pmol pheniprazine (Catron ®) The final volume was 3 ml, and the incubation
time was 60 minutes at 37°C The amunes were extracted by mechanical shaking n
an atmosphere of nitrogen with 15 ml of n butanol in the presence of solid sodium
chlonide ‘The amimnes 1n 10 m! of the butanol phase were extracted by 3 mi of 001
N HCI, and the catecholamines were determmed at pH 6 by the method of EULER &
HAMBERG (1949) The decrease in hol. after bat!
without phemiprazine was compared with that ot dmp of ph
The difference was taken as an index of monoammne oxidase activity 1n the lver
extract The substrate activittes shown by the amines to monoammne oxidase were
expressed as pmol deaminated armine per g tissue per hour
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Results
Increase of heart rate n vivo

of 2 holl nto mice 1nduces an increase
1n heart rate of short duration (Ross 1963) Figures 1A, B and C show
that the duration of tachycardia induced by 1soprotercnol was consider-
ably prolonged by pyrogallol (a COMT mhubitor), but was much less
affected by pheniprazine (2 MAO mhubitor) The duration of the tachy-
cardia mduced by adrenaline was much less prolonged by pyrogallol
than that of 1soprotereno} and was also Little influenced by pheniprazine
(fig 2A, B and C) The combined pre treatment of mice with pheni-

prazine and pyrogallol clearly prolonged the tachycardia induced by
adrenaline (e 2 TH ke sta d - -

to 1soprot
were obta

25 mgfkg. p , vuaiues tue oluer compounds, 10 minutes before the adrena-
line The y effect of noradrenaline was similar to
that of adrenaline, and there was a relatively small increase 1n duration
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A CONTROL B PYROGALLOL

§ Moruavena re e

<
£
S
E)
[
8
@
3 C. PHENIPRAZINE D PHENIPRAZINE +
5 o PYROGALLOL
E
60!
w oo e
50 \P
400 \NVL‘ \f N
<10" & 10 20 -0 0 1o 20 30
TIME IN MIN

Fig 3 Action of pyrogallol and phentprazine on tachycardia produced by 40 pg/kg

miravenous noradrenaline bitartrate in mice A Noradrenaline alone B Pyrogallol
~- -- e < ™ == =in¢ hydrochloride

ned pre-treatment
- nd pyrogallol 200

when the mice had been pre-treated with pyrogallol or pheniprazine
(fig 3 A, Band C) The effect of pyrogallol in prolonging the tachycardia
induced by 1soproterenol was much more pronounced than that of
combined treatment with pheniprazine and pyrogallol on the noradrena-
Iine-induced tachycardia (fig 3 D)

Effect of catecholamnes on uptake of noradrenaline-7-3H
by heart tissues w vitro

The inhtbition of catecholamunes on the uptake of tritiated noradrena-
line by heart tissue slices was taken as an index of the degree of uptake
of these amines by the same mechanism Table 1 shows that 1soproterenol
affected the uptake of tritiated noradrenaline much less than either

adrenaline or noradrenaline

The substrate specificinies of noradrenaline, adrenalmne and

1soproterenol 10 MAO m vitro
To obtain a direct comparnson of the substrate activities toward lver
e-oxidase of the three catecholamines investigated, the amines

monoanun
e Table 2 shows

were ncubated  vitro with liver homogenate from mic
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Table 1

100 the uptake
Effects of ad on

tiated moradrenaling by mouse heart nssue slices in viro
Sordre ed‘ 3H 2 pgiml b was per
formed for one hour at 37°C The final volume was 2 ml

Percentage block of
noradrenaline 3H
uptake weans of two
determinations

Catecholamne pg/mt added

« Noradrenahne 902 \ 36 @1 30
L Noradrenaline 02 6(69 63)
-Adrenzline 002 46 (49 4))
¢ Adrenaline 02 72(2 1)
b Tsoproterenol 02 ! 19(29 8)
ot Isoproterenol 20 \ 21420 22

Table 2

Substrate activities shown by noradrenaline adrenaline and 150

proterenol to monoamine oxidase from mouse Jiver homogenate

wyitro 1ncubation of 6 ymol of the amines with and without 1 ymol

pheniprazine at pH 74 for one hour at 37 C The final volume
was 3 ml

Deamtnated atiae
Catecholamine umol per g per hour

Noradrenaline

33
Adrenatine 43
Tsoproterenol 30

that the three catecholamunes have about the same substrate activities
for liver monoamie oxdase from muce The observation that nor-
adrenaline and adrenaline are about equally susceptble to deamnation

by MAO 15 1n agreement with the findings of BLASCHKO RICHTER &
SCHLOSSMANN (1937)

Discussion
The different extents to which COMT 1hit affects the tach d
ctivities o 1 and the lly occurning catechol
and drenahine, supgest some dsiT mn the .un:

pathways of these amines The differences observed
explicable by the observation that 150
better substrate for COMT than ad

e~

do not seem fully
proterenol i vitro appears a shghtly
renahne (Ross 1963) Also, since all
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three amunes are attacked by the monoamine oxidase from mouse liver
in vitro to about the same degree, this enzymatic nactivation pathway
would not seem to be responsible for the large m vivo difference between
the amines

WHITBY, AXELROD & WEIL-MALHERBE (1961) have suggested another
type of inactivation mechanism for adrenaline and noradrenaline, namely,
binding to some cellular constituents Crout (1961), tavestigating the
cardiovascular effects of adrenaline and noradrenaline, confirmed the
significance of this iactivation pathway IVERSEN & WHITBY (1962) have
shown that noradrenaline 1s taken up and bound i yno by mouse tissues
faster than adrenaline This does not seem to apply when heart slices are
used w1 vitro (table 1) Isoproterenol appears to be taken up by heart
tissues to a considerably smaller extent than noradrenaline and adrenaline,
but probably by the same mechamism This could explamn the great
differences m duration of the tachycardia produced by 1soproterenol and
by the other two catecholammes when COMT 1s mhibited If this inter
pretation 1s correct, the results would also seem to emphasise the great
mmportance of binding as the first step 1n the mactivation of noradrenaline
and adrenaline

The effect of phemprazine along with pyrogallol on the tachycarda
iduced by adrenaline and noradrenaline may be caused by its MAO
shibitton However, pheniprazine may affect the action of sympatho
mimetic amines also 1 other ways Pheniprazine potentiates the effect
on heart rate of methardrine, an amme not dearmnated by MAO, ac
cording to the general rule that phenyhisopropylamine denvatives are
not attacked by that enzyme (Ross 1963) Pheniprazine has been found
to block the release of noradrenaline from peripheral sympathetic nerve
endings (AXELROD, HERTTING & PATRICK 1961) Uptake of tntiated nor
adrenaline by tissue slices m vitro 1s also mhibited by phemiprazine
(unpublished results) These observations indicate that pheniprazine may
affect the actions of noradrenaline and adrenalne also by nterfering
with uptake and binding reactions that, besides the MAO mhibition
may explam the results obtained here for the tachycardia i mice nduced
by adrenaline and noradrenalime

The relatwvely weak mhubrtory action of 1soproterenol on noradrenaline
uptake by tissues has prompted an investigation of the ihibitory action
of other sympathomimetic amines (Ross & REeNyT 1964) Several amines
that only stimulate P receptors proved to be poor mubitors of the uptake
of noradrenaline, whereas amines with « receptor stimulating properties
were found to be about a hundred times more active The possibility that
the o receptor response depends on a mechanism simlar to that deter

mining uptake 18 beng mvestigated
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Summary

The d of the tachycardiac effect of 150p 1 i mice was
considerably prolonged when the catechol O methyl transferase (COMT)
was inhubited, but was much less affected by monoamine oxidase (MAO)
mhubition The effects of adrenaline and noradrenaline were only
shghtly prolonged by exther COMT inhibition or MAO 1nhibition alone
When both enzymes were mhibited stmultaneously, the durations of

y nduced by adrenaline and drenaline were still much
less than that of tachycardia mduced by isoproterenol when COMT
alone was inhibited Tsoproterenol did not block the uptake of tntiated
noradrenaline by heart tissues i vifroat concentrations ten to a hundred
trmes greater than effectsve concentrations of adrepalme and noradrena
Iine The importance of uptake and binding of the naturally occurning
catecholamsmes as the first mactivation reaction, and the differences m
this sespect between these amines and 1soproterenol are discussed

Acknowledgements

1 thank Mrs Lucie Reny: and Miss Laila Gustafsson for technical
assistance

REFERENCES
Axelrad T TV T e . N

Axzel ®

Blaschko H D R chter £ 11 0«
and oth
Crout J R .
monoar ouwiuar ey t
Denhee o Exp Bol Med 1567 Jo8 41 tewponscs 10 norepinephrine
engler piegel & E.
norepmephrine i bram, O Titus Uptake of tetium Jabeled

15T mephune i and other issues of cat in Vitro Science 1961
Euk:h:lns v & l‘! l;lamberg Colorimeteic estimat an nf nn 4

Iver

Ros

Ross, » 8 & L. Reoyt To be
published
Whitby L. G J Axelrod & H Veerl Ml
TAING 8 an s, T Pharm exp Ther ogh Tar Jar suy1T Orepiae



Acta pharmacol et 1ovicol 1963, 20, 274-280

From the Department of Pharmacology and Pathology
B J College, Poona 1, India

Protection by Indigenous Drugs Against Hepatotoxic Effects of
Carbon Tetrachloride - a Long Term Study
By
S. M Karandikar, G. V. Joglekar, G. K. Ctale and J H Balwam
{Received October 7 1963)

Drug therapy of hver cirrhosis has been marnly symptomatic and
disappointing, since much 1s still obscure about 1ts etiology Many agents
(REes 1962, FIUME et al 1961) bemng selected show beneficial effects
against hepatte damage induced by carbon tetrachloride

JOGLERAR ef al (1963) have observed encouraging protective effects
of LIV-52, a proprietary medicine, against carbon tetrachloride toucity
w muce It 1s clatmed to contain reputed indigenous hepatic stimulants
and has been reported effective (SHETH ef al 1960, PATRAO 1957, SULE
et al 1956)

We have now studied the long term effects of LIV-52 therapy and
promethazine (phenergan @) against carbon tetrachloride toxicty

Materials and Methods

Part A

We used 40 albino female rats of weight range 150-180 g divided in four equal
groups one group as a control Animals in the other three groups were gtven carbon
tetrachloride 0 2 ml mixed with hiquid paraffin 0 2 ml subcutancously twice a week
One group of the three was given no protective agent

The remaning groups reccived either promethazine elour 07 ml (25 mg/rat) or
LIV 52 Pediatric drops 0 5 ml (30 mg/rat} daily by ntragastric tube

The animals were observed for l:w:l:vc weeks When dcn:!h occurred du::ng ’lrlrl]l:

was d botl Y an

penod e‘rl::cwlll\p;rcd and theie volumes were measured by displacement method
]JV;"ISl \:mmals surviving 12 weeks were kiled and examtned as outlined
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Part B
We used exght male rabbits of weight range 15-18 kg to study the effects of
LIV 52 All rabbits were given carbon tetrachlonde 1 ml mixed with 1 ml of iquid
pataffin subcutaneously twice a week as long as they survived Six of these recened
2 g of LIV 52 powder suspended in 30 m! of water daily by intragastric tube
Histological examinations were made of the livers

Results

Table 1 gives the figures for survival among rats
Figure 1 gives the mortality of rats and rabbits
Table 2 gives the weights and volumes of livers from rats

Table 1.

LIV 52 reduced the percentage mortality 1n rats due 10 carbon tetrachlonde considerably
more than promethazine did

No of Ammals

o
hving after -
12 weeks Mortality

Blank Control 1
Carbon tetrachlonde control

Carbon tetrachlorde & promethazine

Carbon tetrachloride & LIV §2

TSNS

Table 2,
LIV 52 did not s

gnificantly alter the weight and volume of lver P,
SEnificant ncresse v volume wiout & corresponding socrene e pooens 1OV
o
Weightin g Volume in m!
Blank Control l 639+ 108 52067
Carbon tetrachloride control Tl 594109
* > o005 P > 005)
Carbon tetrachlonde & promethazine \ 345113 775212
| P=oos (F <oon
Carbon tetrachloride & LIV $2 674209 | 5u51g
= =055
. P > 005) | ®>o0y
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INCIDENCE OF DEATH IN RaTS

CONTROL AND Rasarrs
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Fig 1 LIV 52 prolongs survival time in both rats and rabbits

s (4) appears like normal control hiver (1) Carbonp tetra
Fig 2 (1-4) LIy 32 treated mcxegled ﬁsers (2 and 3) show gross cirrhotic changes

chlorsde & promethazine t
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Table 3

tective cffects and marked
1 changes 1n rat & rabbit Tivers LIV $2 shows prof
?z’;:\l:}%:e :cuv?xy 1he fustological changes due ta carban tetrachlonde being less sevete

CCl ccy & CCls & CCly CClh &
CBJ::‘(‘(DI ‘ prome L1V 52 | (Rabbitsy | LIV 52
1hazine (Rabbatsy
10) [ 2] [ 2) 18
Nit § Moderate! Moderate{ Nil Moderate | Nil
5{'35‘2;“';’:“ N:l Marked | Severe Moderate | Severe Moderate
Necrosis Wil | Marked | Marked | Moderate] Marked | Moderaie

Infiltration by chronic,
mna:ml:lor;cms Nit | Moderate| Moderate | Moderate | Moderate| Moderate
Cannectwve Uissue Nl | *Thick ] *Thck | *Thn Nt N

Reticulum stain) bands bands streaks
g_cebuhu‘:m » Nl | Marked | Marked { Moderate[ Nil 1
Regeneration Nil | Moderate] Moderate | Marked } Ml Moderate

Numbers in parenthesis indicate the number of kners of #huch hustalogical exaqunation
was possible

* See photograph mucro figs 8 5 & 10

Macyoscopic appearance (fig 2) showed that m the carbon tetra-
chionde group (No 2) gross airthotic changes were noted 1 five ammals
and lobulation was obvious In the promethazime group curhotic changes
were moticed mn four amimals, but there was only 2 suggestion of lobula-
tion The livers of the LIV-52 appeared almost like control Livers

Table 3 - Summanzes the results of the histological exammations

Comments

In a previous short term study on muce (JOGLEKAR ef af 1963) it was
observed that LIV-52 conferred a significant reduction 10 mortality and
also appreciable protection agamnst liver damage induced by carbon
tetrachlonde

Thas work was extended on 2 long term basss, and the penod of study
bemg sncreased to twelre weeks to discover whether or not LIV-52 has
any effect on the cinthosss nduced by carbon tetrachlonde, For the
mamfestation of esrrhotic changes a penod of at least 8 weeks 1s necessary
(Wamt 1956, Frume 1961) Female rats were thus intentonally selected,
since 1t was observed by us (JOGLEKAR ef af 1963) that male mice suc
cumbed quicky 10 the toxic effects of carbon tetrachlonde Gyoncs er af
(1946) have noted 2 similar effect of sex on carbon tetrachlonde toxicaty

Though Rees (1962) has reported the beneficial effects of pr ¥
agamst carbon tetrachlonde, we were unable to confirm 1t 1 our earhier
study Promethazine was mcluded to study its effect 1n a long term trial

Eaen n this study we have observed the sigmificant protection offered
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by LIV-52 against carbon tetrachloride if the percentage mortality is
taken as a criterion (table 1). Promethazine does not produce any differ-
ence in percentage mortality from that due to carbon tetrachloride alone
Indeed, when if the incidence of death is examined (fig. 1) it seemes clear
that promethazine has apparently potentiated carbon tetrachloride, since
the deaths occurred quite early. Both in rats and rabbits LIV-52 pro-
longed survival time considerably.

There was no significant difference between the weights of the livers
in any of the groups. However the promethazine group showed a sigmf-
icant increase in the volume of the liver (table 2). This may have been
due to an increase in fat content of the liver, which could increase the
volume without similarly altering the weight. Severe fatty degeneration
observed histologically in the phenergan group (table 3) confirms this
possibility.

\:5.-.'3.

Fig 4 Carbontetrachlorde control

o3 vy ve-p,‘.w;vr—v'-.—_.v_-_ni

Fig 5 Carbon-tetrachloride plus an 6 Carbon-(etm:hlond: plus
promethazine

he L1V-52 roup shows remarkable protecuve effects histotogically (Fig 6)
Fxgs ] 6w|Th ecn. ; 1de group (Fig 4) and promethazine group (Fig 5)
Promethazine group shows excessive fatty infiltration

On histological examination (figs 3, 4, 5, 6)1t was clear that the LIV-52
treated group showed considerably reduced fatty change and necrosis

Hepatic structure was maintamned 1n LIV-52 group Regenerative changes
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Fig 9 Carbon tetrachionde and
promethazine

Fig 10 Carbon tetrachioride and
LIV 52

Figs 71010 {Reticulum staim) The LIV 52 group shows thun sireaks of reticufum an

dicative of marked regenerative actvity 1n the surrounding areas (Fig 10) Carbon

tetrachlonde and promethaztne groups (Figs 8 and 9) show thick bands of retsculum and
lobulayion

were marked 1n this group compared with the others On retculum
staming (figs 7, 8, 9, 10), the thick bands of reticulum observed 1n the
carbon tetrachloride and promethazine group were clearly absent n
LIV-52 group, where we found thin compressed streaks of reticulum due
to extensive regenerative changes m the surroundings Simularly, the
lobulation so clearly seen both lly and micr pically 1n
the carbon tetrachlonde and promethazine group was not observed m
the LIV-52 group

The mechanism of this protective effect of LIV-52 remams to be

d, but we are imp d with sts b effect agamst the
hepatototc action of carbon tetrachloride 1n prolonging the survival
and changing the gross and the histological appearances of liver tissue

This salutary effect 1s observed even in rabbuts, the oth
et , er species studsed
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Fig 11 Carbon-tetrachlonde control Fig 12 Carbon tetrachlonde plus
{rabbn) Liv.52

Figs 11 & 12 LIV-52-treated rabbut livers show less necrosis and fatty change (Fig 12)
compared with those four rabbits receiving carbon tetrachloride alone (Fig 11)

Summary
A protective effect of LIV-52 - an Indian indigenous proprietary
medicine ~ is noticed against carbon tetrachloride poisoning i rats and
rabbits, even in a long-term study.
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From The Department of Pharmacology University of Copenhagen
(Professot Knud O Moller MD)

Effect of Morphme on Tolerance to Nalorphine
and its Mefabolism
by
Torkell Jéhannesson
{Reseived October 17 1963)

Recently we have shown that rats made tolerant to morphine also
showed an d tol to the

d lethal action of morphine
and nalorphune given simultaneously (JOHANNESSON & MILTHERS 1963 b)

In the same investigation 1t was also found that the concentration of
nalorphune 1n the brain of the rats was higher when a dose of nalorphune
was given together with morphine than if the same dose had been given
2lone These unexpected results suggested that morphune 1olerant rats
were also made tolerant to nalorptune and that morphine mught interfere
with the metabolism of nalorphine However this conclusion was based
on expenments made with a different purpose from mvestigating the
effect of morphme on the tolerance and metabolism of nalorphine Thus

{ethal doses of nalorphuine had not been given alone to non tolerant rats
and the results compared with those obtained on rats made tolerant to
morplunt For this reason we have thought 1t necessary to conduct
experiments aiming directly at dectding whether or not morphine tolerant
rats have been made tolerant to nalorphine also and whether or not the
presence of morphine would also increase the amounts of nalorphune

found 1 the bratn of rats if the drugs were given together and the ammals
atied 30 minutes afterwards

Experiments and Methods
Adult male albino rats (140-250 g) were used Morphine tolerance 1n
Juced zs deserbed
the rats was p as by (1962 a) The tolerant
fats were put on expeniment 17-20 hours after th

e last daily mject;
morphine Normal rats are referced 10 as non tolerans ¥ injection of
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Injection solutions and doses Motphine chloride was given 1n aqueous sofutions
containing 40 mg/ml, nalorphine chloride (Anarcon ®) was admmistered 1n aqueous
soluttons containing 30 mg/ml The drugs were given by ntraperitoneal myections
When both drugs were given to the same animals morphine was mjected first and
then nalorphine immediately afterwards from another syninge

Morphine was given tn amounts of 320 mg/kg and nalorphine 1a amounts of
360 mg/kg or 150 mg/kg

The lower doses of naforphine and the morphine dose were not lethal to the rats
whether the drugs were given scparately or simultaneously The higher doses of
nalorphine (360 mg/kg) were not lethal to the tolerant rats, whereas the non tolerant
rats usually died within 30 minutes after the mjections Respiratory arrest was taken
as a sign of death

The effect of morphine on nalorphine concentration in the brans of rats was
studied In these experiments morphne, the lower dosage of nalorphine (150 mg/kg)
or the mixture of morphine plus nalorphine was given to non-tolerant rats

f [ rph and nalorpline was performed polarographically, as
described by JGHANNESsON & MILTHERS (1963 a) In the investigation reported here,
however, polarographic measurements were made n a greater volume (1200 pl, see
below) than 1n the earlier ones, and larger electrolysis vessels (14 x 50 mm) accord
ngly were used By this technigue the lowest measureable amounts are about 08-10
g When small amounts of morphine plus nalorphine are added to brain homogenates
of rats killed without any previous adminstration of drugs, the average recovery 1S
about 95% for both morphine and nalorphine (cf also MiLTHERs 1961) All results
refer to g * free” morphine and nalorphine per g total wet brain

The analytical p ) paper ch: hy, as described by Brosst
HAFLIGER & SCHNIDER (1955) The solvent mixture was amylene hydrate/dt n buthyl
ether/water m the ratio 80/7/13 Whatmann paper no 1, buffered with phosphate
buffer to pH 6 3, was used Paper chr aphy was d for 16 hours at
22°C The Ry value of morphine was between 008 and 009 and that of nalorphine
between 0 50 and 0 57

Morphine and nalorphine were eluted from the paper with N HC according to
the technique of CONSDEN, GORDON & MARTIN (1947) We eluted 400 pl during 30-60
minutes, 200 ul N-HCI were added to this volume and left over-mght Then polarggrn
phic measurements were made after adding 200 pI M-KNO;, 300 ul 20% (w/v) KOH
and 100 pl 2% (w/v) methylceliulose (tylose) to give a total volume of 1200 ul (for
detals of JOHANNESSON & MILTHERS 1963 a)

Results

The lethal effect of nalorphie in morplune tolerant
and non-tolerant rats

Twelve non-tolerant rats received 360 mg/hg nalorphme They died
14-110 minutes after the mjections (average, 27 minutes) Convulsions
were seen, but they did not mnvanably precede death 1 the rats Nalor
was determined 1 the bramn of six of these rats
morphine tolerant rats were given 360 mg/kg nalorphine They
ved for at least 24 hours Further, for companson four tolerant

phine
Eight
all surv
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Table 1

Nalorphine concentrations i the brams of morphune tolerant and non toleraat rats given
360 mg/kg nalorphine intrapentoneally

Morphne Tolerant Rats Non Tolerant Rats
e —
PP, S
Nalorpbine Kalled oun Natorphie Died run
1 braa (ug/g ) after iy n bran (ug/g) after 1n)
208 20 289 4
462 25 420 32
2638 15 510 24
334 30 443 23
n7 16
273 20
m= 317pgg 22.5 s 376 pgleg 215 min

rats recewved this dose of nalorphine and were killed at the same umes
as those of the spontaneous deaths of the non tolerant rats Their brans
were removed for determination of nalorphine
The sesults of the nalorphine determunations are given in table 1 The
forpt 10n appeared to be on an average hugher mn the brains
of the non tolerant than m those of the morphine tolerant rats the
difference, however, 15 not statstically sigmficant (05 > P > 04)

The effect of morphine on nalorphine concentration sn the brans of
non tolerant rats gen the drugs sumultaneously

Three groups each of six rats, were given morphine, nalorphine
(150 mg/kg) or morphune plus nalarphune The rats were katled 30 rinutes

Table 2

The concentrations of morphine and nalorphine in the brains of non tolerant rats killed
30 m nutes after intrapernioneal ijections of 320 mgfkg morphune 150 mefke nalorphine
or these quantities of morphune and nalorplune given simultaneously

Rats injected Rats injected Rats injected with
with morphine with nalorphine morph|n=J+ nala(‘phmc
Morphine Nalorphine Morphine Nak
10 bram (ug. g) 1a brain ug/g)  bram (agfg) n br;?z:/',)
90 32 70
2 3 s
38 59 77 56
‘2‘)}) 5, ; 190 105
175 12 s e

4 s
- L
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Iryection solutions and doses Morphine chionde was ptven 1n aqueous solutions
contaming 40 mg/ml, nalorphine chloride (Anarcon ®) was administered in aqueous
solutions contaiming 30 mg/ml The drugs were given by intraperitoneal jections
When both drugs were given to the same amimals morphine was mjected first and
then nalorphine immediately afterwards from another syringe

Morphine was given 1n amounts of 320 mg/kg and nalorphine 1 amounts of
360 mg/kg or 150 mg/kg

The lower doses of nalorphine and the morphine dose werc not lethal to the rats,
whether the drugs were given separately or simultaneously The higher doses of
nilorphine (360 mg/kg) were not lethal to the tolerant rats, whereas the non tolerant
rats usually died within 30 minutes after the mnjections Respiratory arrest was taken
as a sign of death

The effect of morphine on nalorphine concentration in the brains of rats was
studied In these experiments morphine, the lower dosage of nalorphine (150 mg/kg)
or the mixture of marphine plus malorphine was given to non tolerant rats

Determination of morplune and nalorpline was performed polarograptucally, as
described by JouanNNEssov & MiLTrers (1963 a) In the mvestigation reported here
however, polirographic measurements were made 10 a greater volume (1200 ul, sce
below) than in the earher ones, and larger electrolysis vessels (14 X 50 mm) accord
mgly were used By this tech the Jowest bl are about 0 8-10
ug When small amounts of morphine plus nalorphine are added to brain homogenates
of rats killed without any previous admunstratron of drugs, the average recovely 1§
about 95% for both morphine and nalorphine (cf also MiLtiers 1961) All results
refer to pg **free” morphine and nalorphine per g total wet bram

The analytical procedure includes paper chromatography, as described by BRosst
HAFLIGER & SCHNIDER (1955) The solvent mixture was amylene hydrate/d: n buthyl
ether/water 1n the ratio 80/7/13 Whatmann paper no 1, buffered with phosphate
buffer to pH 6 3, was used Paper chr hy was d for 16 hours at
22°C The Ry value of morphine was between 008 and 009 and that of nalorphine
between 0 50 and 0 57

Morphine and nalorphine were eluted from the paper with N HCl accordmg to

the technique of ConsDEN, GORDON & MARTIN (1947) We eluted 400 pl during 30-60
T #1F == sk Than nglarogra-

v) KOH
0 pl (for

detatls ¢f JOHANNESSON & MILTHERS 1963 a)

Results

The lethal effect of nalorphine in morphine tolerant
and non-tolerant rats

Twelve non-tolerant rats recetved 360 mg/kg nalorphine They died
14-110 munutes after the myections (average, 27 minutes) Convulsions
but they did not 1nvanably precede death mn the rats Nalor-
rmned mn the bramn of six of these rats
ne tolerant rats were gtven 360 mg/kg nalorphine They
Jeast 24 hours Further, for companson four tolerant

were seen,
phine was dete

Eight morpht
all survived for at
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after the mnjections Determinations were made of morphine, nalorphune
or both drugs 1n the bramns The results are given in table 2 and show
that nalorphine was found at higher concentrations i the brams when
given with morphine thar when given alone The difference 1s statistically
significant (002 > P > 001) Morphine, on the other hand, was found
at concentrations within the same range, whether given alone or with
nalorphine

Discussion

If rats are myected daily with morphuine in increasing amounts for
weeks, they develop tolerance to its lethal effect (JOHANNESSON 19622 b)
The results of the mvestigation reported here show that the morphine
tolerant rats are also tolerant to the lethal action of nalorphme, as
previously assumed by JOHANNESsON & MILTHERs (1963 b) Further,
according to our own unpublished results, morphine tolerance mn the
rats mvolves tolerance to the lethal effect of normorphme It seems
therefore highly probable that the lethal effects of morphine, nalorphine
and normorphine 1n the rat are due to the same mechanism

As metnioned above, the results of JOHANNESSON & MiLTHERs (1963 b)
indicating that the concentration of nalorphine 1n the bran 1s mcreased
when 1t 1s given together with morphine, were unexpected The new
nvestigation confirms this observation It 15 thus substantiated that
morphine can increase the amounts of nalorphine found in the bram of
rats 1f given simultaneously in large doses by intraperitoneal injections
However, eluctdation of the mechanism of this phenomenon and of 1S
possible significance 1n relation to the distribution of morphine and
related substances, must await the results of further expenments

Summary
It 1s shown that morphine tolerant rats also are tolerant to the lethal
effect of nalorphine
If morphune and nalorphine are given simultaneously by intraperitoneal
ections to non tolerant rats, the bramn concentration of nalorphine 15
be sigmficantly higher 30 munutes after the mjections than

r the ijection of nalorphine alone The brain con
whether

m)
found to .

hen measured afte
:‘:\;mranon of morphme 1s found to be within the same range,

1t has been given alone or with nalorphine
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extracted from water into chloroform, whereas at a sufficiently hugh pH
1t will be soluble 1n water only and letely luble 1n chloroform

Another property, which 15 a consequence of the activated NH group,
15 the ability to form a resonating anon that absorbs ultraviolet light in
alkaline solution The recorded spectrum of etosuximide shows little
absorption at 240 my, but a strong maximum at 218 my when measured
at pH 12 In acd solution 1ts ultraviolet absorption 1s neghgible These
facts sug| d the possibility of d an analytical procedure based
on the same principle as the well known method for determuning bar-
brtunc acids, descnibed by Lous (1950) The conditions have to be altered
somewhat, as the substance 15 a much weaker acid than the barbitunc
acids and the molar extinction 15 much higher

Methods

The serum 15 extracted with chloroform At acid or nentral pH the
partition coefficient between water and chloroform 1s 1 3 1 favour of

k2 230 0 250 260rm,
Fig 2 Spectral curves of (1) etosaxmd

5 phenyl, S-ethyl barbitune acd Mo Ph Dagy @ the same at pH <
S Ehenyl Syl brbitun: a6d (phenemalum 1 Ly

2, Q3
1s0propyl barbituric acid ?.unm) 2t pH ~ 12, (4) ‘the ume( :l
,/x'/',\

(6) the same at pH Propymalum Ph Dan) at pH < 2
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From the Department of Biochemistry, University of Copenhagen, Denmark

Quantitative Determination of Etosuximide
(Zarontin @, a-methyl, - a-cthylsuccinimide) in Serum
By
Svend Enk Hansen
(Recerved October 29, 1963)

Etosuximide (= zarotin ® = a-methyl, a-ethylsucciminmide) was -
troduced a few years ago by Parke, Davis & Ca under the provisional
description PM 671 and has since then been used extensively and with
considerable success 1n the treatment of epileptic disorders The reasons
for wanting an analytical procedure for measuring this compound are
several It has not been possible, for example, to determine whether
accumulation occurs or not from 1ts constant ingestion Neither has 1t
been possible to follow durnal vanations n its concentratton A con
tributory reason has been, that on one occasion from among a great
number of successfully treated patients it seems to have been responsible
for pancytopenia (Kiorsoe er af 1964) Etosuxmmde 1s a colourless
somewhat soft crystallme substance, with a melting pornt of about 40°C
12 15 haghly soluble m water, aleohol and ether and stll more seluble 10
chloroform Chemucally it 1s a-methyl, a-ethylsuccinimide, that 1s to say,
1t has some relatron with the barbituric acids, as shown 1n fig 1

The NH-group 15 situated between two carbonyl groups m such a
way that the hydrogen atom 1s activated, and the substance behaves ke
a weak acid This 15 1mportant because under acid conditions 1t may be

[\
A S
e S
\ 2

f etosuximmide (1) and a S, § disubstituted barbituric acid (2} show
Fig 1 The formulae © the relationship between them
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A volume of 2 ml supernatant are transferred to a 1 em quartz spectro-
photometer cell and the absorbance 1s read agamst phosphate solution
at 240 myt and 218 my

Now 25 ul 6 N HCl are added to both reference and sample cell, and
the readings ate repeated

A blank determination 1s performed by carrying 0 5 ml of water through
the same procedure as the serum

05 ml of a serum, known not to contain etosuximide or barbitura
tes, may equally well be used for the blank determination }

Calcalation

The extinction difference at 218 mp (413) 15 corrected by subtracting
the difference shown by the reagent blank, the concentration may be

read from a standard curve, which needs only be prepared once for any
one lab y, being well r ducibl

Any sigmificant difference ‘a! 240 my mdicates the presence of barbi
turate, which must be 1dentified by paper ct phy, ¢ g by the

Fig 3 Consecutive standard curves {2or
the 6 practically 1d.
one) constructed over 2 months, by ding varying :m);:m‘l:":?lz: o
solutions 10 water of terum ant

204 subtractng the Teagent blan!
’é:"\

us showing as

kmxde staadard
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chloroform The extraction 1s therefore practically quantitative when 1
volume of serum 1s extracted with 20 volumes of chloroform

After filtening, the chloroform 1s re extracted with a solution of tn
sodium phosphate, which has a pH value of 12 At any lower pH the
extraction is not quantitative, a still more alkaline medium might damage
the substance, although 1t shows relatively good stability 1n cold aqueous
NaOH It s essential that the extractions be performed 1n glass stoppered
tubes without lubricants, as these are hable to interfere with the spectro
photometric measurements Dunng our mnvestigation Thunberg tubes
have been used with satisfactory results The aqueous phase 1s centrfuged
and the absorbance of the aqueous solution 1s measured at 240 and 218
my before and after acidification, this causes disappearance of that part
of the absorbance at 218 my for which etosuximide 1s responsible, whereas
there are no significant alterations at 240 my provided no barbituric acids
are present The fall in absorption 1s directly proportional to the amount
of etosuximude present

Reagents

Chloroform, Pharmacopea Danica or analytical grade NazP0; 005 N
(6 35 g Na3POy, 12 Hy0 dissolved 1n distilled water and made up to
1 liter)

HCI6 N

Standard solutions of etosuximide 40 — 80 - 120 — 160 - 200 mg/100 m!
distilled water

When 25 pl of each of these standard solutions are added to 0 5 ml of
water and the analysis 15 performed as described below, the results will
correspond to concentrations of 20 - 40 — 60 ~ 80 — 100 mg/litre respect

wely

Procedure

In a glass stoppered test tube 0 5 ml of the serum to be analysed and
10 ml of chloraform ase shaken vigorously by hand for about 3 min The
stopper may be tightened with a drop of water if necessary but no
lubricant should be used After being allowed to stand for a few minutes,
the chloroform layer 1s filtered through ordnary filter paper mto 2 clean
tes‘; ;:;)(e;f the extract and 5 ml of 005 N Na3POj are shaken n another
glass stoppered tube for 3 mmn When the phases have scparated, the
aqueous phase 1s removed by pipette and centnfuged to spin down any
suspended chloroform droplets 3000 r p m for a few mmn 15 sufftcient
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From Home Office Forensic Stzence Laboratory,
Harrogate Great Brtan

Cyanide Poisoning
By
A S Curry
(Recewved October 28 1963)

Cyanide deaths are usually straightforward, i that they mvolve sui-
crdes who 1ngest relatively large amounts of the sodum or potassium
salts and die rapidly 1n obvious circumstances Analyses are rarely
necessary, because of the charactensuic smell of the stomach contents
and the erosion of the mucosa, as a consequence there are few recarded
concentrattons of the poison 1n tissues The paper by HalstrowM &
MoLLER (1945) 1n which eight cases were descrnibed, describes the largest
senies and even there the level 1n the blood 1s only given for three

I have seen no results on deaths relating to hydrocyanic acid gas
haled by humans, but two recent cases that came withmn my experience
prompted me to compare them with seven deaths after oral ingestion
ln another case 2 man was acodentally splashed with molten sodmam
cyanide and died approximately ten hours later Consuideration of these
cases has produced results that may be of use forensic to toxicologists

Results

The method wsed has throughout been that of GETTLER & Goupsaum
(1947) with the modificaton that the ferrous hydroxide test paper 18
prepared immeduately before use Curry (1963)
The results for the seven cases of aral e « 1
‘Those of inhalation of HCN gas ¢
The first of the inhalation cases
1n a chemical factofv A Wlanst .
by the works doctor

N aLLIULIbA) 9rccime

| p———
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method. of WRIGHT (1954). From the spectrum of that particular barbi-
turate, its contribution to Az can easily be calculated from the Ay
The Ay is corrected in this way, and the etosuximide concentration is
read from the standard curve.

Results and Comments

Fig. 3 shows 6 successive standard curves prepared over two months
by the method described. All points represent mean values of duplicates
It will be seen that the slope shows virtually no change with time. Further,
recovery from serum is satisfactory, as the same standard curve 1s ob-
tained whether varying amounts of etosuximide are added to serum or
to water, The extracts are stable for several hours After having been
left overnight in the refmgerator before reading, a set of standards sull
gave correct results Critical factors are punty of reagents, cleanliness
of glassware and an efficient spectrophotometer.

For this investigation a Unicam SP 500 spectrophotometer was used,
but equipment such as Beckman DU and Zeiss SPQ II should also be
satisfactory.

Summary

The antiepiieptic drug etosuximide 1s briefly described and the reasons
for needing an analytical procedure are given The procedure consists of
extracting the drug from serum with chloroform, re-extracting it into
aqueous trisodium phosphate solution and determining the absorbance
of this solution before and after acidification with hydrochlonc acid A
method of correcting the presence of barbiturates 1s described, and
results for standard curves are shown

Acknowledgements
A gift of pure crystalline zarontin ® from Parke, Davis & Co ., Inc
is gratefully acknowledged
The work described was begun at the laboratory of Kolomen Fila-
delfia, Dianalund and finished at the Biochemucal Department of the
Unuversity of Copenhagen.
REFERENCES

Kiorboe, E . J Paludan, E Trolle & E Overvad Zarontin ® (etosuximide)
1n the treatment of pent mal epilepsy and related disorders Epiepsta
1964, tn press

us, P Q

e e G'dn’_lzisz f identuf) ticular barbiturate derivatives
,J T. A rapid method of tdentifying partn arbil ¢ de!
w"gxl:smzll samp)is of blood by paper chromatography J Clin Path 1954,

7, 6165

of barl Acta ph, ! er

Lo



CYANIDE POISONING 293

Table 3

Victym splashed with molten sodium cyamde®

Time Derween death \’nm between death|  Concentration

Souece of blood l and post mortem

aad aaalyss n ng/100 ml
examnatipn
oral vein 36 hours mi
E:‘rnol? 14 hours 36 houry 002
Carond 44 hours D004

) The pathologist was Dr § Wray

entered the building All soon felt dizzy, although they had weakness i
the legs, they fortunately managed to reach the safety of fresh air, they
required hospital attention 1 have been told by ene of these officers
that not one of them notrced the charactenstic smell of hydrogen cyanide

The man who was splashed with molten sodium cyamde had the blood
concentrations shown i table 3 A unne sample taken at post mortem
showed a level of 005 mg/100 ml of cyamde, five times fugher than the
maumum found n unine samples taken from men after a penod of
work at the factory putting the sobid cyanide 1nto sacks

Duscussion
Fhe fevels mn the cases due to oral of refatively Jarge
of cyamide are simular to those observed by HALSTROM & MOLLER (1945}

and GeTTeer & Baine (1938) In this series also all those whe died
were males

About the deaths from whalation several points seem worth mention
Analyses obwiously must be performed as soon as possible, and the
blood level may be as low as 005-0 1 mg/100 ml We bave also found
that putrefaction of blood, brain, liver and kidney samples can produce
haghly significant amounts of cyamide, this g another reason for deteg-
Tmng tis poison as s00n as possible after receipt of the samples

4 15 also mteresting that the lungs 1n the second ihalation case, 1n
which the victim was exposed 1o a large concentration, showed a lo:.vcr
concentration than the blood, n the first case, when exposute was
mnimal, cyamde was not detectable 1n the liver or lurgs Qus fadore 10
detect cyamde 1n the lungs on ancther occaston, where two suicides
sprinkled sodm cyanide on trays mside a car and also took overd :
of slecping capsules, should be of interest, although at the e
were using the siher mteate titration method of cyamde es(\mah::livn;

PN
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Table 1
Amount m
Case No Type of Potson Time interval between stomach
mgestion and death contents
1 Very old sodium cyamide found dead | 2mg
2 Sodium cyamide 5 minutes 100 mg
3 3 ounce potasstum cyamde 30 menutes 100 mg
4 11 8% wfv aqueous potassium
cyamde =35 g less than 25 muinutes 164 mg
5 Potassium cyanide found dead 108 mg
6 Soditm cyanide found dead 230 mg
7 HCN solution, probably
one ounce of 494 found dead 20 mg
Table 1 continued
Concentrations in miligrams per 100 g
Case No Blood j Liver ] Bramn J Pathologist
1 - 113 01 Dr W L Rose
2 11 06 02 Dr I S Stewart
3 025 025 025 Dr J Whitehead
4 10 10 03 Dr Gee
5 06 o1 - Dr Pinto
6 i0 10 01 Dr I S Stewart
7 3s 63 0s Dr Haimsworth
Table 2
Inhalation of HCN Gas
Case Time interval C m per 100 g I 1
No before death Blood ] Liver | Bram [ Lungs |
1 “a few minutes * femoral 0 1 nil ’ ool | ml Dr S Wray
carotid 0 05
2 found dead femoral 15 02 ’! 034 032 Dr Skeoch

ysis the next day As tndicated 1n the table, blood samples from post-
mortem examination analysed at the same time showed significantly
{ower values In the second case the victim broke nto a warchouse and‘
knocked the top off a camster of the gas mtended for use as a ships
e of entry into the premuses, by breaking a window,

His mod:
fumigant patrolling police officer, and five officers subsequently

was discovered by 2
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The Toxicity of the Rodenticide Castrix ®

(2-chl 4-di hylar 6- ylp; idi
and the Antidotal Effect of Vitamin B,.
By
E. Knudsen

(Recerved October 29, 1963)

The search for new rodenticides during the last war led to the discovery
of the rodenticidal action of 2chloro-4-dsmett 6-methylpynm.-
dine, known as castrix ®*) (DuBors 1948) Its toxicity was studied by
DuBors, CocHRAN & THoMSoN (1948), who found 1t to produce symp-
toms typical of central nervous system stimulants Convulsions occurred
after a latent pertod of 15 to 45 munutes, from exther oral or intrapern-
toneal admimstration The LDSO 1n the rat was 100 mgfkg by ntra~
peritoneal and 1 25 mg/kg by oral admimstration  After intrapentoneal
admmstration 1t was 042 mg/kg 1n muce, 266 mg/kg 1n gumnea pigs,
about 5 mgf/kg in rabbits and about 05 mgfkg m dogs Prolonged
pentobarbital treatment was found to lower the touctty to rats and dogs
1 ah d d by means of castrx ®-wheat, GoLp-
BACH (1950) concluded that the total lethal dose of pure castrix ® 1 man
was about 50 mg In studres on rats LEvAN (1951) observed convulsions
after a latent period of 45 mmutes and found an approximate oral LD50
of 1 Tmgfkg Tna study on 22 rats Crameron & Voss (1952) admmstered
dnnking water contammated with castnix ® for up to 50 days Although
the total 24 hours® uptake of castnx ® was 3-4 mgfkg, no pathaological
changes except a moderate depression of weight ncrease were notrced
Several observations, reviewed by PrzyGoppa (1957), indicated that
crop beanng birds are relative resistant to the commercial cereal bait

*) For reasons of brevity the trad
The formula 1 3lia wrtien 2chiorod mt o, & was used throughout this paper
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a lower limit of detection of about 0 1-0 2 mg/100 ml The death after
myection of HCN solution, quoted by PoLSON & TATTERSALL (1959) 15
worthy of mention m thts context because, apart from the tissue at the
site of imjection, the tissue levels were not above those that can be ob
tamed from ‘normal’ tissue

Recovery after oral ingestion of cyamde must be rare, in one case of
my own a wife took apart her husband s Monotheamin and Amytal
capsules, emptied them and repacked them with 40% sohd sodium
cyanide The victim took one and ingested about 0 05 g of the poison He
vomited and recovered completely

Summary

Toxicological analyses are reported for 2 fatal cases of hydrogen
cyanide poisoning after nhalation, one in which the vichm was splashed
with molten sodium cyanide and seven cases of oral ingestion of cyanide
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Table 1.

Acute tomeity of castnt @ to mouse tat, and chicks

Noumber of Route of LD 50

Antmal Sex ansmals sdmustration melkg
3]
Mause feorale 60 orat
Mouse 3 both 9 se H ’§
Mouse female 4 v
Rat both 4 oral 15
Rat both 60 se 14
Chicks both 40 oral 225
Chicks both z 2 im lapprox 20
Results

Toxicaty of aqueous castrix ® solutions

The toxscity of castrix ® was studied on muce, fats and chicks by
administering aqueous solutrons of the pufe compound, the resulting
LD50 values are recorded 1n table | The difference between the susceptis
bulities of chucks and other species 15 evident

It was observed that the time interval from admimsstration to onset
of convulsions vaned among 1ndividuals, but 1t was not related to the
route of admimstrazon The latency pertad was as long after sntravenous
33 after oral adminstration Tius anterval appeared 1o be shorter in rmice
than 1n rats, and longer mn chicks than in rats, but the ;ndividual vanation
Wwas such as to make uncertam the statistical sigmificance of this diffe-
fence The latency period did, however, shorten with nsing dosage of
castrix @ but was 1n no case observed to be shorter than 15 minutes

Toxicrty of castrix K-uheat
As the rod dal action of the
establishea for years, feeding experiments with rodents were undertaken

on a few muce and rats only One gram of castrix ®-wheat consisted of
18-23 grains and contamed | mg of active substance One single gram

castrix @ wheat has beep

L veNy Y L Wele
divided nto five groups and fed 20, 30, 40, 50, and 60 g of castx G-
wheat per idividual, cafresponding Approximately 1o levels of 14, 20
26 34 and 40 mg of castrx per' o~ ’
the castrix ¥-wheat had Ppreviously
and was admmstered together wi o alligu
Acta pharmacologica, vok, 20 fas. 4 ® ouit of
SN =
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product containing 0.1 per cent of castrix ®, which was confirmed mn
experiments on the domestic fowl by GYLSTORFF (1962)

Because of the resemblance between the toxic symptoms due toand the
molecular configurations of castrix ® and toxopyrnimidine (fig. 1), the
present series of experiments was begun; in prehmunary tests vitamin Bg
proved to be a specific antidote in mice, lowering the toxicity of castrix ®
more than hundredfold (KARLOG & KNUDSEN 1963)

Methods
In all, 335 albmno mice, 334 albino rats and 105 chicks were used for
this study,

The test substance castrix ® was 989 pure according to the manufacturer, our
own mvestigations did not reveal impurities detectable by ultraviolet or infrared
spectrophotometry or by gas chr hy The test sub was always ad-
munistered as a sterile and appr 1sotonic 1 n
ranging from 0 2 to 10 mg/ml, so that excessive agmmstration of flwd was avorded

Pynidoxine, pyridoxal and pyridoxal-5-phosphate of pharmaceutical purnty were

d as sterile aq 1 with the pH rassed to about § by addition
of NaOH

Feeding experiments were carried out with the commercial cereal bait product
Castrix ®-wheat (purple-dyed whole wheat containing 01% (w/w) of castix ®)
Rats and mice that had been deprived of food for six hours devoured the castrix ®-
wheat voluntanly To chicks 1t was adrmunistered by forced feeding after 12 hours
of food deprivation During the feedms expertments the amimals always had free

king water.
acc‘je‘lsaset&;rcl::y tegsts were carried out by the method of Kareer (1931)

The experiments with Saccharomyces carlsbergensis were carried out by the

method described 1 Pharmacopoea Nordica, vol 1V, 1960, p 119-122
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In each species the survivors were observed for five weeks A shight
diarrhoea was always evident on the first day after the admunistration of
castrx @, but apart from that were no clinical signs differentiating the
treated from the control antmals Gross autopsy performed at the end
of the observation period revealed no pathological changes In amimals
auntopsied after acute death, only stasis of lungs, heart, kidneys, and
gastromntestinal tract was observed

Antidotal effect of vitarmin Bg

The antidotal effect of vitamin Bs was previously observed i castrx ®-
posoned mice (KARLOG & KNUDSEN 1963), 1n which species simultaneous
myections of 25 mg of wvitamun Bg rassed the LD50 of Castnx to 137
mg/kg This antidotal action was remnvestigated 1 rats and chickens
Quantities of 25 mg witamin Bs were mjected simultaneously with
up to ten times the LDS50 of castrix for rats, and up to four tunes the
LD50 for chicks, without occurrence of toxic mamfestations 1n erther
species When the vitamin was ad ed after the b of con-
vulsive symptoms (3045 munutes after castrix ® administration), all
toxic symptoms disappeared 1n about ten mnutes Seizure prone anmmals
would often go nto convulsions when handled, and the optimal time
for antidotal mnjections was found to be the penod immedately after a
serzure The effects of pynidoxme, pynidoxal, and pyndoxal 5 phosphate
were found to be the same at the dosages chosen

As this dosage of 25 mg/kg had been fixed arbitranly, pyndoxine
doses of 1, 2, 5, 10, 20, and 25 mg/kg were tested on 144 rats that were
stmultaneously treated with castrix ® at doses of levels of 2, 5, 10, and
20 mg/kg and compared with control groups stmularl:

ly treated with castrix
B but no pyndoxine Both compounds were ad d sub 1

Table 2

Survtving anumals in 28 groups of 6 rats given sumultaneo
us s ¢
imyéctions of castrix ® and pyndoxine 1n various doses

Pytidouine dosage Ammals 1n each
£roup sy iy
melkg astrix doses of ¢

2 5 10

20 mejke
o 1 ° [ [
H 4 4 3 2
2 [ 6 6 2
3 3 6 s 5
i s 6 5 5
b 6 6 6 6
2 6 6 6 6



298 E KNUDSEN

water. In the other groups dry castnx @-wheat was admimstered All
chicks survived and only 1n the 40, 50, and 60 £ Eroups were genuine
seizures noticed, but sometimes repeated convulsions were observed for
up to six hours. After complete disappearance of ail toxic symptoms a
large amount of gramn was stll palpable in the crop of each chick,
including those in the group receiving soaked castrix ®-gram

Toxic symptoms.

Independently of the route of ad ration, the toxic symp were alike m
the three spectes studied In chickens however, the toxic manifestations were more
consptcuous, and this species showed the clearest departure from normal behaviour
Ten to twenty mnutes after adminsstration ptosis and somnolence were evident,
occasionally the legs suddenly gave way and the head drooped, but was not placed
under the wing as in the normal sleeping position The next stage was onc of arousal,
accompanted by a persistent stereotyped food peching from the empty cage floor
If buts of wood or concrete, too big to swallow, were placed n the cage, the chickens
would peck them and try to swallow them with the indefatigability of monomania
In some cases the pertod of somnolence was interspersed with such food pecking

pisodes, but only lly did chick peck their cage-mates at this stage
Given access to ground dry cereals, the chickens would start eating hungrly, even
of thesr crops were distended by 60 grams of dry castrix @-wheat Water was alnays
at their disposal, but signs of abnormal thirst were never observed After a period
of rising restlessness, the chickens would display an almest prototypical search and
flight reaction, running sidewards to and fro along the cage bars, conveying to the
observer the 1dea of a search for escape, attempting here and there to press their
heads through the bars and suddenly, i an explosion of energy, pressing head, neck
and wings through the farly sturdy bars of the cage This phase would rapdly
develop into a genume serzure of convulsive running and flying movements De-
pending on dosage and ndividual vigor, the seizure would end fatally or Jeave the
chicken stunned and prostrated 1n some unphysiological position until the next fit
Chickens dying 1 I had 1y ded wings and legs, distended
thorax and extreme opisthotonus, so that the back of the head touched the saddle
of the rump

In rodents the symptomatic picture was less clear oa account of the normal restless
activity of thesc ammals, but 1t was possible to discern the same sequence of symp-
toms as in fow]l The wmutal phase of ptosis and somnolence was clear, but not so
the bulimy phase In rodents the biting frenzy was noticed immediately before and
during the convulsive seizures, at which stage the ammals would bite cage bars and
odd objects, so that their Iips and tongues bled profusely, as well as cagemates of
even therr own tas The search reaction was only evident i amimals returned to
their own cage after admmstration of the porson Otherwise 1t might be mustaken
for the normal 10n of new surr hough the search phase was
always ac d by some of The fight reaction was some-
tsmes tdicated by perservenng, heroc Jeaps towards the top of the cage, and con-
vulsions began with enormously rapid yumps back and forth through the cage The
seizure was ac_comp'mlccz b): scrc—:irr‘uanAg—nnil al\\_/ays Teft thr.: am_xfml‘ wuham‘afumally

TR
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The touc symptoms have been described 1n detall, as they sn many
respects ded of b ble by electric stimulation of
thalamic and hypothalamuc structures (HEss 1948), ¢ g ptosis, somnol-
ence, bultmy, and search and fight reaction, suggesting that these symp-
toms might ongmate from 1dentical areas In literature the only recorded
case of castrix ® polsoning 1n man seems to be a homucide (GOLDBACH
1950) 1n which nstance the toxic symptoms were only noticed by the
lay murderess and reported to be sommolence, gastrointestinal pam,
vomuiing and diarrhoea Durning our mvestigation two medical cases of
castrix ® ngestion by man have appeared, both of which were treated
by gastrix lavage and pyndoxine mjections According to a personal
communication by Frost, the only noticed was 1
and m nesther subject were toxic symptoms observed after treatment

Summary

The toxicity of 2 chloro-4-dimethylammo 6-methylpynmidine (castrix
®) was mvestigated on mice, rats and chicks After oral admnsstration
the LDS50 values were 12 mgfkg for muce, 1 5 mg/kg for rats, and 22 5
mg/fkg for chicks Vitamn Bg was found to be a specific antidote, njected
na dose of 25 mg/kg, 1t totally mhibited the toxic symptoms of castnx ®
mjected simultaneously at a dose level several times the LD50 The

findings suggest that castrix ® m the ammal orgamsm may be meta-
bolized to a vitamin Bg-antagomist
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The results are given 1n table 2, from which 1t 1s seen that 10 mgfkg of
pyridoxme protected all animals agamnst the lethal effects of up to 20
mg/kg of castrix @ This dose, however, did not fully mhibit the con
vulsions Reversible toxic symptoms were not taken imto consideration,
as exact criterra could not be decided upon, but protection agamst all
toxic symptoms 1n rats was usually obtamed by admmustermg about
twice as much pyridoxine as castrix ® In chicks, a species found to be
less suscepttble to castrix ®, the antidotal ratio of pynidoxme to castrix
® was somewhat higher

Microbiological imestigation

On account of the evident antagomsm between pyndoxine and castrix
® 11100, the effect of castrix @ was studied on the vitamin Bg-dependent
Saccharomy ces carfsbergensis Castrix ® was added to the culture medium
n concentrations ranging from one percent of the pyndoxine content
up to 40,000 times the pyridoxine content of the medium In no nstance
did castrix depress the growth of the microorgamsm

Discussion

DuBois (1948) made the nteresting observation that the toxity of
castrix ® to rats was about halved during the winter months It should
therefore be noted that our experiments were performed n the sprng
and summer months They confirmed the previous findings, mentioned
1n the mtroduction, and 1t may be concluded that the toxicity of castrix
® 15 hugh for all mammal spectes examuned and relattvely low for crop
bearng birds By oral administration of aqueous castrix ® solutons, the
passage of which 1s not delayed 1n the crop, and by intramuscular ad
munistration of the poison to chicks 1t was, however, demonstrated that
the ensstence of this organ 1s not solely responsible for the lugher tolerance
of crop bearing birds to castrix ® Otherwise, 1n the experimental feeding
of castrix @-wheat to chicks, the delay and storage function of the crop
appeared to be the major reason for the complete Jack of lethal effects
of the cereal bait

The mechanism of action of castrix @ 1s still unknown, but the specific
antidotal effect of vitamm Bs and the toxic symptoms of castrix ®
suggest that this compound 1s either a vitarmin Bg-antagonist or 15 meta
bohized to such in the ammal organism The faslure to mhibit growth of
S carlshergensis could be mnterpreted as evidence for the latter hypothesis,
which would also agree with the observed latency period between ad

mimstration of the convulsant and the appearance of seizures, irrespective

of route of admunistration
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From the Department of Pharmacology, Faculty of Mediine,
Unnversity of Gothenbwurg Sweden

Blockade of the Lactic Acid-Stimulating and Calorigenic Effects
of Adrenaline or Isoprenaline by Chloroisoprenaline.
By
Lennart Lundboim and Nils Svedwyr
Recerved November 4 1963)

A ¢lose relatonship between the lactic acid simulating and the calor-
1genic effects of adrepaline (LUNDHOLM 1949; LUNDHOLM & Monve-
LuwpHoLM 1960) and 1soprenaline (LuNDHOLM & SVEDMYR 1964) has
been demonstrated 1n expenments on rabbits It was therefore of interest
to d whether chl prenaline blocked these effects, partic-
ularly as the latter drug, 1n expenments on the myocardium, had inubited
the phosphorylase g effect of adrenaline (MAYER & Moran

1960} and the glycogenolytic effect 1 rat skeletal muscle (Kenneoy &
ELLIs 1963)

Method

The rabbits were prepared and ther oxygen consumptions recorded
as desenbed i an eathier paper {LunpHOLM 1949) The ammals had
been deprised of food for 1618 hours before the expenment After
recording the basal oxygen cansumption for 60 manutes, an arteral
blood sample was taken for determimng the lactic acid content In one
mun of expenments chloro ssoprenaline (Lilly) was then infused 1ntra-
venously at a total dose of 15 mg/kg over a 10 minute period The drug
was dissolved 1n 2 ml of a stenle pyrogen free 09% sodmum chlonde
sotution Experiments on anaesthetized antmals mdicated that this mn
fusion had only a shghtly lowenng effect on the blaod pressure Oxygen
consumption was recarded dunng the nfusion and for a further 180
rnatee Rland eamalec foe Tanyg aord determination were taken at 20,

es A basal lactic acid content of the bkm(i
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appreciably (g 1) The effects reached a maximum 30 minutes after
begnning the infusion, but strll persisted at the end of 200 minutes In
view of thss dual stimulation, 1t was of interest to investigate the extent
10 which the augmentation of the oxygen consumption could be attributed
to 1ncreased lachic acid owidation An earher study had demonstrated a
relation between oxygen consumption as a percentage of the basal value
(Y) and the lactic acid content of the blood 1n mulligrams per cent (X),
expressed by ¥ = 112 log X + 93 2 (LunproLym 1949) On the basts of
ths relation we caleulated the degree to which increased oxidation of
lactic 2cid mught have been responsible for the elevated axygen con-
sumption (fig 2) The area below this theoretical curve was, however,
only 45 per cent of that below the expe‘nmcma\ly ploued curve It there-
fore seemed probable that chl,

d the oxygen con
sumption by some mechamsm bcsxdcs that of increased lactic acid
oxdation

Both ad \| and 150p 1t P bl lactic aaid
prod When ad d after chl fine, however, thur
effects appeared to be completely blocked lhc blocd lacuc acd curve
did not diverge from that

1
alone
Table 1 shows the blood lactic acid values on tcrmm:trmg the infusion
of adrenaline and and also the diffe

between those



304 LUNDHOLM AND SVEDMYR

higher than 10 mg¥, was not tolerated. In other series of experiments
we first infused chloroisoprenaline as described above and then, overa
60-minute period beginning 10 minutes after completion of the infusion,
L-adrenaline 0.5 pg/kg/min. or DL-isoprenaline 0.5 pg/kg/min. Adrenalme
and DL-isoprenaline (base) were dissolved in 20 ml sterile pyrogen-free
0.9% sodium chloride solution to which had been added 0.125 per cent
ascorbic acid to prevent oxidation of the catecholamines. In these ex-
periments also the oxygen consumption was determined for 180 minutes
after beginning the adrenaline or isoprenaline infusion, Further series of
experiments were conducted with infusions of 0.5 pg adrenaline or iso-
prenaline only. The lactic acid content of the blood was determined by
the method of FRIEDEMANN & GRAESER (1933).

Results

Chloroisoprenaline by itself at a dose of 15 mg/kg stimulated b?th
lactic acid production and oxygen consumption, though ts effects varied

chioraiso 15 ma/kg 501 chiorosa 1Smg/ig.
vy L
ade adr
05 pg/kg/mn S pgfig/n
—a -
3
w20 Yeo
3 :
S
3 e
s R
3 9
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= \\aar . Q
H 2Ny g
Y 1o R 20
o
3 &
g ki A
g S Jloors horoisa
adr
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3
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~e w aw mapy



ADRENERGIC BLOCKADE 307

Table 2
, 1
Effects of line 15 me/kg & adrenatine; O 5 RE/KET andop sppreEle
3 ] 3
! z | Chlorotso- Chloroiso-
Chlotosse | Aarenatine | Jsoprenaline | prenatine 4 | prenaline +
prenaline ‘Adrenaline | Isoprenabine
] 1028
1073 1065 uis 130 0;
] s 146 1044 1160
1072 1098 lMS 1095 1063
1010 178 1075 1056 1043
147 1160 1034 113 1229
ui7 12 1026 1063 1067
1135 1027 n7e 1102
1219 1086 nis
1011 1052 1262
1253 1274
1198 186
‘ 1402 1224
125 179
Mean [ naa Wem | IS [ H@3 (1063 | 1097 [ 1153
£SEM 307 . 1% 4 181 + 233
0001 p<oom P<ool F<0001 |F<000!
Difference l+2——4=ls5 A0 P<OOOY
~5= 59543 P<02
the oxygen P curves for chl line with and without
1seprenaline strongly suggests that the effect of 1soprenaline was blocked
Drscassion
It was clear from these that chl 1 thous

gh
uself stimulating Jactic acid production, blocked the :ﬂ'ccts of adrenaline

and lsoprtnalmc Thus behavior may suggcsts lhat cumpemne mhibition
d and that chl

while blocking them for adrenal

and ssoprenal Suc‘h an nh b
of adrenaline’s sumulamry effect on lacnc aad production would be

simmfar to that p 1y ated for yoh (Moxve-Lunp-
HOLM 1956}
Esen the cat effects of adrenaline and 1

were ap-
parently blocked by chlonsoprenialine, though the latter drug snmulatgd

the oxygen consymption 56 markedy that the inhubition was Jess evident
Tnview of ats 0\\n powerful effects on Yatuc actd production and oxygen
prenaline cannat be ded

a e
of those effects san sdeal

.
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Table 1

Ta s ~f Lia R . .
- - - . .

¢ -

60 min_ after that of adrenaline and 1soprenaline

1 2 3 4 5
Chloroiso Ad N 5 Chlo_roxsu Chloroiso
prenaline Adrenaline | Isoprenaline

129 746 410 281 233

107 544 285 215 181

249 394 442 177 122

129 ns 442 195 270

107 589 338 100 192

333 794 635 233 152

422 447 195 134

104 440 5713

59 431 150

161 376

322 269

408 118

3te 132

Mean 218 567 425 199 223

+SEM + 35 + 51 £ 49 = 21 + 36

P < 000L P <0001 P <000l P < 0001 P <0001

Difference 2-4 =368 55 P <0001
3-5=202+61 P<0OOl

values and the corresponding figures from experiments in which the
relevant nfusion was preceeded by treatment with chloroisoprenaline
The differences were statistically significant, thus demonstrating that
chioroisoprenalme blocked the stimulatory action of both adrenaline
and 1soprenalme on lactic acid production

Since nerther adrenaline nor 1soprenahne remforced the action of
chloroisoprenaline alone on oxygen consumption, it scems likely that
chloroisoprenaline also blocked therr calongenic effects On the other
hand, the effect of chlorotsoprenaline on oxygen consumption was s0
much greater than the effects of adrenaline and 1soprenahne that the
blockade was less evident than with lactic acid production With a
view to demonstrating this blockade statistically, we analysed the resuits
for any dispanty between the sum of the separate effects of chloro
1soprenaline and adrenaline and the effect of those two drugs i combi-
nation We found 2 difference of 155 + 40 (P < 0001), which was
tatistically significant In the experiments with 1soprenaline the corre-
: ding difference was 59443 (P <02) Although the latter dis-
zg::a;cf was not statistically significant, the almost rdentical course of
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From the Biological D Ferrosan Ltd , Copenh

Tnvestigations into the Diuretic Effect and
Ehmination of Triamterene
By
J. Buos Lassen and Ole E. Nclsen
(Recewed November 6, 1963)

Tramterene (2, 4, 7 trtamino 6 phenyl pteridine) 15 a new druretic that
1ncreases the renal excretion of sodum, which has no effect on or reduces
potasstum excretion (WIEBELHAUS ef a! 1961) Owing to its mode of
actron the drug was at first taken to be an aldosterone antagomst
(CrostEY ef al 1961, LARAGH ef of 1961) Subsequent investigations
showed, however, that tnamterene preserved its dwretic action and
charactenstic effect on electrolyte excretion 1 patients with Addison’s
disease who were not under treatment with a mneralocorticord (LIDDLE
1961), 1n adrenalectomrzed rats and 1n normal humans whose aldosterone
production had been reduced by loading with sodium chlonde (Bapa
ef al 1962) HerkEN & SENFI' (1961) could not show any natrmuretic
effect of n d rats, though they confirmed
the effect on potassium retention

Our 1y

were to

pare the duretic action of
the drug with that of chlorothiazde Further, we have studied the effect

of tnamterene on renal electrolyte and acid base excretions, as well as
the elimination of the drug Finally, the renal clearance of tnamterene

has been examined The drug was tested as tnamterene hydrochlonde,
which contains 80 per cent of the base

2N Hz

NH,

Fig 1 Tramterene
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Summary

In experiments on rabbits, chloroisoprenaline at a dose of 15 mg/kg
raised the oxygen consumption by up to 20 per cent and the lactic acid
content of the blood by approximately 20 mg per cent. The effects
persisted for at least three hours. Chloroisoprenaline blocked, simultane-
ously, the calorigenic and the lactic acid-stimulating effects of L-adrena-
line at 0.5 pg/kg/min. and pL-isoprenaline at 0.5 pg/kg/min, administered
by intravenous infusion over a 60-minute period.
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Material and Methods

Duuretic experiments in rats The of tr and
were compared 1n experiments on rats The two drugs were admunistered by stomach
tube, suspended tn 3 m! of saline 09% The control group was given 3 ml of saline
alone The rats were placed mn wire cages on funncls, four rats m each ¢ige The
urine was collected for 6 hr periods The amimals were allowed to drink water freely
but fasted for 18 hrs before as well as during the experiment Twelve experiments
(144 rats) were conducted with tnamterene and five (60 rats) with chlorothiazde
The control group comprised 68 animals

Duretic experiments on human subjects The dwretic effect and mode of action
were studied n eight normal subjects The urine was collected for a 24 hr control
period Triamterene was given orally, suspended 1n 200 m! of water Four doses
were used 125 mg 250 mg, 375 mg and 500 mg Durning the 24 hr expenimental
period the urine was collected continously for two periods of 1 hr each, two of
2 hrs each, onc of 4 hrs and one of 14 hrs Fnally, the urine was collected for 2
24 hr postexpertmental pertod The glomerular filtration rate was measured by the
d 1 No special dietary measures were taken but the
flutd 1ntake of the subjects was as far as possible kept constant

Renal clearance expertments in pigs The renal clearance of triamtercnc has been
compared with those of inulin and PAH 1n pigs Pigs (weighing 10-15 kg) had both
ureters catheterised under pentobarbital anaesthesta The urine was then collected
from each kidney A powerful dwrests was induced by 1nfusing 3% sodium chlonde
The clearance technique, the usual one, mvolved administration of loading doses
and then 1nfuston of muntenance doses of the drugs tested Owing to the diurests
the individual clearance pertods were short (3 mun } Blood samples were withdrawn
for every three clearance periods, and the serum values obtained showed stable
cond:tions 1n the individual experiments

Analytical methods Sodium and potassium were determined by flame photometry,
chlonide by complexometric titration, brcarbonate manometrically (van Slyke) mt
rable acid by titration to pH 7 4 1n the titrator, ammonia by Conway s microdiffusion
method Crertinine, mulin and PAH were deterrined colorimetrically and triamterence
fluorimetrically

Results

A Duuretic Experiments
1 Rats

The values tllustrated 1n fig 2 show that tnamterene has a dmretic
effect almost four times greater than that of chlorothiazide, estimated
on a weight basis (3 8 times, 953 confidence hmuts 14-100) Approx-
imately the same potency was seen with the excretion of the sodium ton
the basis for comparison (4 1, linuts 10-16 6) The chlonde excretion,
on the other hand, was Jlower after tramterene than after chlorotiiazide
3-09) The dose-response curves for potassium show the

; limts 0
on difference between the modes of action of the two diuretics

characteristic
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within the 24-hr control peniod and the 24 hr experimental penod
Determunations of bicarbonate and titratable acid 1 the urine were only
included 1n the four expertments with the largest tnamterene doses

Fig 3 illustrates the hourly excretion of the 1ons mentioned and titrat-
able acid, as well as the pH of the unne and the creatinine clearance,
1n a fepresentative experiment 1n which the triamterene dose was 500 mg
The dwretic effect 1s seen to have set in rapidly, to have reached a
maxtmum within the first few hours and to have persisted for about 10
hours The excretion of sodium chloride and bicarbonate increased, but
the of p and titrable acid decreased The
urinary pH rose considerably The creatimne clearance showed shghtly
raised values Falling glomerular filtration rate was not seen

B Elmnation
i Human Experiments

In the human expeniments with single doses of thamterene the unnary
excretion of the drug was determined

mg/HOUR

“oung

= the wrine"afs,
normal ,{:: oral intake of different doses by four

Fig 4 Excretion of eetn,
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Table 1

Uninary volume and electrolyte cxcretion for eight normal men after oral adminssteation

of triamterene

URINE POTAS { CHLO- | BICAR- [ AMMO TITRA
@ YJ(: sgg}lglﬂ SIUM | RIDE (BONATEl NIA
g LI/ZIAE hours | Med/24 [ meq /24 | meq /24 | meq /24 ACIDl
g If’" hours hours hours hours |TYmeq/
g . ours 24 hours
)% |83 287 _%%% _gEy 3lEm 3R 3ffz 3
E | 2 (e eE5E 5E8E E5E 2558 p5E sy Runt
125 | 1 (1340 1940( 146 221 | 51 47 | 134 164 40 31
125 | 1L |1060 1340/ 134 220 | 75 63 | 134 173 43 3
250 § IIT 1020 1490 122 204 [ $3 25 | 133 151 47 30
250 | 1V (1020 1750 146 292 | 76 63 | 162 231 45 36
375 V Je610 1225 s2161 )61 42] 55124] 2 9125 13)2% 1
3751 VI [ 8451450 171 232 | 56 44 [ 162184 ) 5 1333 22|15 6
500 ( VII | 700 1030{ 43 I11[35 29 38 66| 3 1435 27([18 &
500 | VI [1600 2145] 264 318 | 83 44| 234 267 [ 10 30 )53 48|16 S

2 Human Subjects

In table 1 are recorded the values found for the eight subjects’ unne
volume and excreted sodwm, potassium, chloride and ammontum tons

CONTROL _TRUMTERENE 500mg

«
e

s 4s €
acotr
m—rh

* nour's
00 mg) on the urine volume and the compositfon of the urine
Fig 3 Effect of triamierene ¢ in one normal man



TRIAMTERENE 315

only from the significantly different slopes of the dose response curves
for potassium, but also from their different effects on chlonde excretion
Both drugs merease bicarbonate excretion In chlorothiazide this property
1s attnbutable 10 1ts carbome anhydrase mhibition, but the same s not
true for triamterene, mn vifro experiments showing 1t to have no effect on
the carbonic anhydrase (Buus LASSEN & NieLsen 1963, unpublished
observations) The influence of tnamterene on renal acid base excretion
has been further elucidated by experiments in man These results con
firmed that the incomplete excretion of chlonde relative to that of
sodium 1on 15 counterbalanced by increased bicarbonate excretion and
d hed of hydrogen 10n { and ble acid)
and potassium ton, causing a pronounced fise 1 uninary pH

In these short term experiments on rats and human subjects no system
atic alterations were demonstrated m the potassium content of the
organism or in acid base balance

Summary

Triamterene (2, 4, 7 tnamino 6 phenyl ptendine) 1s a diuretic increas-
ing the excretion of sodum and depressing that of potassium On plotting
dose response curves for comparative expeniments with chlorothiazide
1n rats, the diretic and natnuretic effects of tnamterene were found to
be about four times those of chlorothiazide The influence of triamterene
on actd base excretion has been studied 1n short term expenments on
human subjects The drug 1s eliminated by tubular excretion rather than

by glomerular filtration, and about 30% of the amounts given orally are
recovered in the unne withun 24 hrs
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Table 2
The calculated clearance values for each kidney in two experiments
Left hadney Right Kidney
clearance mi/min ¢learance ml/min
Tnutin | PAH [ Tnamier | Jnuhn | PAH | Tramter

Pig 16 55 St | 20 63 51
weight 1t kg 20 61 58 19 n 56
19 59 54 20 62 64
Pig 1 | s 39 2 53 49
weight 15 kg 19 45 49 23 51 50
19 47 54 a5 5t 50

Fig 4 1llustrates the houtly renal excretions of triamterene in four
experiments after different doses Maximum excretton occurred 2-4 hrs
after admimstenng the drug Within the first 24 hrs the excretion in the
unne averaged 29%, (16-39) of the dose given 1n the erght experiments
and 3% (1-5) during the next 24 hrs These figures are in fair agreement
with those of other workers (BAga et al 1962)

Ultrafiltration of plasma by the technique of LAUSEN (1955) has shown
that 679 (64-70) of triamterene 1n human plasma 1s protem bound

2 Renal Clearance Experiments in Pigs

The renal clearance of trnamterene has been compared with those of
mulin and PAH 1n pigs (table 2) The triamterene clearance greatly
exceeded the mulin clearance, the values comng close to those for PAH
clearance

The mean clearance values for all 26 pertods were, fornulin 41 £ 18
ml/mm /kg, for PAH 12 6 1 2 8 and for tnamterene 8 4 £ 3 4 (all values
given with twice the standard deviation) The results of these trials showed
triamterene to be ehnmiinated mainly by tubular excretion

Discussion

The charactenstic effect on renal electrolyte excretion that triamterene
possesses by ncreasing sodrum excretton and depressing that of potas-
sium was most plataly vistble dunng the comparative iavestigations with
chlorothiazide 10 rats Further, the dose response curves of the two
duretics show that tmamterene 1s four times more active than chiloro-
assessed by 1ts natriuretic and duwretic effects, on a weight basis

e
thiazide, echanisms of action of the two drugs are evident not

The different m
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From the Departments of Histology and Pharmacology, Unversity of Lund Lund,
Sweden

The Direct Demonstration of a Barrier Mechamsm in
the Bramn Capillanies
By
Ake Bertler, Benpt Falck and Evald Rosengren
(Rece ved January 25 1964)

\ It 15 well known that the catecholammes and 5 HTV) are effectisely
prevented from passing the blood bramn barner but the structure that
constitutes the bloching membrane 15 not known By combiuung the
methods now avatlable for the detection of these amunes and their precur

sors at the cellular level (Favck 1962, FALCK ef af 1962) 1t 1s possible to
attack thus problem ducectly |

Methods
Miceand ra used 1n th Th af

materal
was studied 1 vartous parts of the brain (mainly the cerebellum) and in a peripheral
preparation contaimng the larynx and the upper trachea together with the surrounding
et a ma ta B ' -
. « -

"

-

were agmimstered In other experiments a minute amount of a solutron of 1 DOPA
or DA was deposited 1 the cerebellar parenchyma by means of the finest snjection
needle The amumals were beheaded erther 20 or 60 mun after the last myection The
amines and their precursors in the different Structures taken for exanunation were

made wisible by the specific and sensitne fluorescence mucroscopic method of FALck
(1962 1964) These were also det

by the methods of
BERTLER ¢f af (1958) and Beariex & RoSENGREN (19592)

Results and Discussion
After adminstration of L-DOPA (100 mg/kg) intraperstoneally, a weak
green fluorescence developed 1 the capllary endothelum of the bran
1) Abbreviatons used S HT = 3

ne NA = norad DA =
dopamine DOPA = d hydroxyphenylat
dopamine DOPA ~ d hydrotyphenylatan ne 3 HTP = $ hydrovytryptophan. MAQ =
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From the Departments of Hustology and Pharmacology, Unversity of Lund, Lund,
Sweden

The Direct Demonstration of a Barrier Mechanism in
the Brain Capillaries
By
Ale Bertler, Bengt Falck and Evald Rosengren
{Recerved January 25, 1964)

\ 1t 15 well known that the catecholamnes and S-HT?) are effectively
prevented from passing the blood-brain barrer, but the structure that

the blocking b 1s not known. By combining the
methods now available for the detection of these amunes and their precur-
sors at the cellular level (FALCK 1962, FALCK ef al. 1962), it is possible to
attack this problem directly |

Methods
Mice and rats were used s th: The f fl matersal
was studied in vanous paris of the bram (mainly the cerebellum) and m a petipheral
ypreparation contaming the larynx and the upper trachea, together with the surcounding.
Tustulnlufe and the thyroid gland after the ingection of L-DOPA, p-DOPA, DA,

-t -

' - .
were adminidtered [n athar avnerimente o o = 5 con
or DA ' .

needle @ -

amtpes and their precursors i the difterent structures taken for examinaton were

made visible by the specific and sensitine Auorescence microscopic method of E)
{1962, 1954) These were also d p ihods of

h iy by the the
BERTLER ef af (1958) and BerTier & RostnGRew (19592) ¥ the methods of

Results and Discussion

After admmnistrauon of L-DOPA (100 mgfkg) intraperitoneally, a weak
green fluorescence developed 1n the capillary endothelum of the brain

1} Abbreviations used S HT = $ b =
dopamne, DOPA = dif linene, 3 BEP o5 it e
monoamine oxtdase i ’

plaphan, MAC =
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Fig I The y capilfary end m the mouse bran after MAO

tnhibition and admunistration of L DOPA The animal was first injected with nralamude
(100 mg/kg) and one hr later with £ DOPA (100 mg/kg) and was killed 20 min later
Magnification 250 x

preparations treated for histochemical examination Except for the
adrenergic neurons, which displayed high fluorescence, the brain paren-
chyma appeared dark Nor could any fluorescence be observed n the
walls of the larger vessels within the brain, m contrast to the menmngeal
vessels, which emutted a green hight In the peripheral tissues the injection
of L-DOPA did not cause any accumulation of fluorescent material
tn the capillaries Herce the fluorescent material passed out of the blood
vessels and accumulated 1n vartous structures This striking difference
between the pertpheral and the intracerebral capillaries was best demon-
strated in the eye only tn the retina did the capillary endothelium fluoresce
after admuinmistration of L-DOPA

The endothelial fluorescence 1n the brain capillaries induced by treat-
ment with L-DOPA was dramatically increased after imhibition of MAO
(Fig 1) This seems to imply that the fluorescent product was at least
part derwved from DA This view finds further support from the fact that,
after malamide treatment and 1njectton of L-DOPA, huge amounts of DA
but no DOPA were found spectrophotofluorimetrically 1n the cerebellum
No significant amounts of DOPA or DA could be detected 1n untreated

animals
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1n the cerebellum of the ammals that secetved an mection of L-DOPA
directly mto the cerebellum, a spot with enormous diffuse fluorescence
was found at the endpoint of the stich channel The fluorescent area was
not sharply delineated, the fluorescence showed a gradual decrease out-
wards towards the non fluorescent parenchyma Numerous capiflanes
displayed high endothelial fluorescence 1n the fluorescent area as well as
1n adjacent areas of non fiuorescent parenchyma

In contrast to the findings after the adminmstration of L DOPA, no
fiuorescence could be observed in the bramn capllary endothelium even
after injection of huge doses of DA {500 mg/kg) Nor did pre treatment
of the antmals with 2 MAO nhibitor before the ad: ron of DA
produce capillary fluorescence However, 1n areas known to be located
outside the blood bram barmier {cf JeppsoN 1962), e g the median em-

nence, many capillanies were seen to be loaded with fluorescent materat

In these regions an kable parenchymal fh also appeared

“Thus, 1n one and the same sechion, brain capillanes that were permeable
and those that were impermeable to DA could be demonstrated In the
periphery, sy d. of DA produced strong, diffuse
fluorescence i the nissues, the mtensity was of a magnitude that made 1t
1mpossible to distinguish the walls of smaller vessels from other structures
After ntracerebral mjection of DA, the depot and an area round it
showed intense fluorescence, which gradually decreased 1owards surround-
g dark parenchyma In this region, the capillary network appeared dark,
and no fluorescent endothehal cells could be observed Thus, DA does
not seem to enter the endothehum of the brain capiilanes from exther side
The findings, that DA does not penetrate the capillary walls, but that
after adminstration of L-DOPA a fluorescent substance — which for
teasons mentioned above seemed o be denved mawmly from DA —
occurred 1n the capillary endotheliwm, 1mply that the amne had been
formed within the endothelium Consequently, this must contamm DOPA.
decarboxylase The correctness of thus deduction was confirmed by the
finding that after whibition of DOPA decarboxylase, treatment with
L-DOPA gave nise to a diffuse fluorescence throughout the whole mass of
the brain, whereas the capulary walls showed only a faint fiuorescence
and tfeat, of DOPA, but no DA
were detected spectrophotofiuonimetrically  Further, after combmec'l
whibition of DOPA-decarboxylase and MAO, -DOPA admmstration

resulted only 1n poor capillary £ A ton
LDOPA T ! poor capiliary % From the ohcervat o~ -

to* o
amir -

s
>« ~ v5sul UL barrier cannot at present be evaluaty
s clearly established, however, that L-DOPA admunstered at relauv:‘:y
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fugh dose levels has effects on central neurons (CARLSSON ef al 1957)
After mjection of large doses of L-DOPA, BERTLER & ROSENGREN (1959a)
demonstrated a high synthesis of DA 1n brain areas known to be rich 1n
adrenergic structures, ¢ ¢ the caudate nucle1 and the hypothalamus, but
only shight formation of DA in the cerebellum, whereas i our study the
distribution of fluorescent capillaries seemed to be umiform 1n different
bramn parts The only reasonable conclusion to draw from these facts 15
that, when njected 1n sufficient amounts, L-DOPA passes to some extent
the barrier and 1s decarboxylated n the parenchyma

The experiments in which 5-HTP and 5-HT were used with or without
previous tnhibition of MAQ 1ndicated that these compounds behaved i
the same way as did L-DOPA and DA, respectively

D-DOPA admunistration gave essentially the same results as those
obtained after DA injection, except that few endothehal cells exhibited a
weak fluorescence The possibility cannot be excluded that this reflects an
uptake of b DOPA It should, however, be kept in mund that the b DOPA
might have been contaminated with L DOPA or that L-DOPA can be
formed 1n the body from the D analogue

An unexpected finding was that the cerebellum of the mouse contatns
relatvely high amounts of NA - 0 5 pg/g ~ compared with that of other
spectes (VOGT 1957, BERTLER & ROSENGREN 1959b) Histochemically
the only structure having the fluorescence characteristics of primary
catecholamnes (cf FALCK 1962) was found to be varicose nerves These
occurred 1n an amount that seemed to correspond well to the amount of
NA

Summary
\ It has been demonstrated that the vascular endothelim 1n the central
/nervous system constitutes a barrier for 0 DOPA and dopamine be
tween the blood and bramn parenchyma Further the brain capillaries
were found to contarn DOPA decarboxylase and MAO and thus also
forms an obstacle for the penetration of the L-1somers of DOPA and

5-HTP \
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Iugh dose Jevels has effects on central neurons (CARLSSON et al 1957)
After mjection of large doses of L-DOPA, BERTLER & ROSENGREN (19592)
demonstrated a high synthesis of DA 1n bram areas known to be rich in
adrenergic structures, ¢ g the caudate nuclet and the hypothalamus, but
only shight formation of DA in the cerebellum, whereas 1n our study the
distrsbution of fluorescent capillaries seemed to be umform mn different
brain parts The only reasonable conclusion to draw from these facts 15
that, when mjected n sufficient amounts, L-DOPA passes to some extent
the barrier and 1s decarboxylated 1n the parenchyma

The experiments 1 wlich 5-HTP and 5-HT were used with or without
previous inhibition of MAO mdicated that these compounds behaved m
the same way as did L-DOPA and DA, respectively

p-DOPA adminmistration gave essentially the same results as those
obtamed after DA injection, except that few endothelial cells exhibited a
weak fluorescence The possibility cannot be excluded that this reflects an
uptake of D-DOPA Tt should, however, be kept in mind that the p-DOPA
might have been contaminated with L-DOPA or that L-DOPA can be
formed 1n the body from the p-analogue

An unexpected finding was that the cerebellum of the mouse contuns
relatively hugh amounts of NA ~ 0 5 pg/g - compared with that of other
species (VOGT 1957, BERTLER & ROSENGREN 1959b) Histochemically
the only structure having the fluorescence characteristics of primary
catecholamines (cf FALck 1962) was found to be varicose nerves These
occurred 1n an amount that seemed to correspond well to the amount of
NA

Summary

\ 1t has been demonstrated that the vascular endothelum 1n the central
/nervous system constitutes a barrier for D-DOPA and dopamine be-
tween the blood and bramn parenchyma Further the bran capillanes
were found to contatn DOPA-decarboxylase and MAO and thus also
forms an obstacle for the penctration of the L-isomers of DOPA and

S-HTP. \
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d as
JIf The Secondary Urinary Kimn (Z2) Concentrates of Zz Wete prepares
pmnousl; descibed (BRISEID JENSEN & VENNERGD 1962¢) A highly punf_ed prep-

added double strength Jalon s solution and then normal Jalon s solution for the rat
uterus assay The other portion was diluted 10 the same way with Tyrode solution
for the guinea pig lleum assay The assays were carried out immediately and stmul-
taneously on both biological preparations

B Pharmacological Assays

For the pharmacological parallel assays the 1effects used were 1
of the 1solated rat uterus stmulation of the 1solated gumnea pig ileum rat blood
depressor effect and increased capillary permeability in guinea pigs The techniques
employed for the two first mentioned biological effects were those previously described
(BRISEID JEnsEN & VENNEROD 1962b) (2 + 2) or * bracketing  assays beng used
The fractions from the paper were d 1in rat uterus * k M
experiments, the standard dose ratto usually being 3 2

The rat blood pressure expertments were partly carmed out as described 1n the
above mentioned paper as direct depressor assays, partly also as adrenahine inhtbi-
tion tests, a switable adrenaline dose was mjected repeatedly into the jugular vern

until the blood pressure responses were stable Then bradykmin standard and Z»

sometimes 4 adrenaline doses were given to obtain stable blood pressure fesponses
In some expenments a ganghon blocking agent, chlonsondamine chloride =Ecolid
® 01 mg/l00 g was used

For the capilary permeabiluty test the method of Mies & MiLEs {1952) was used
with minor modifications A 2% w/v solution in dstilled water of Evans blue was
1nyected intravenously mto the legs of guinea pigs werghing 300400 g, 005 ml/100 g
Solutions of the kiuns m 0 9%; sodum chloride 1n distilled water were myected 20-30
munutes later mntradermally into the abdomunal skin After 10~15 mtnutes the mean
diameter of blueing was measured. To each ammal were admimstered 1n 2 randoemized
order four doses of standard and four of test solution, the dose ratios within the
series being 1000 100 10 I The straight Jog-dose response curses were drawn and
the actity of the unknown preparation toughly esttmated Sometimes the highest
concentration injected gave a result falling obviously outside the curve, or the lowest
concentration injected gave no blueing the curve was then based on 3 doses only
“Fwo et U Tour Stumdls wert used 1o oot each result recorded here

C Chromatography

Paper chromatography with n butanol acetic acid and wate

r (40 + 10 + 50
was carmed out as previously described (BRismp Jensew & Vz'wno: 196;0;))
Quantities of Z; corresponding ta 2-5 gy of ‘bradylimn when tested on the rat
tterus were apphed on the chromatograms The 2 ug runs were used for local
the active zones the $ pg runs for solation purposes nE
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Pharmacological Propertics of Human Urinary Kinins
By
Kjell Briseid Jensen, Anne Marie Vennerod and Olay Kjell Dyrud
(Recerved November 14 1963)

In previous work a companson has been made between bradyhmin
and a fractton of the hinins 1solated from normal human urine (BRISEID
JENSEN & VENNEROD 1962¢) The fraction examined was called Z,, to
distingwish 1t from a fraction (Z;) which could be differentiated from
bradykinm nerther 1n chromatographic nor in pharmacological parallel
tests (BRISEID JENSEN & VENNEROD 1962 b) Z, was found to be signifi
cantly more potent than bradykintn both 1n stimulating the 1solated gumnea
pig 1leum and 1n rat blood pressure assays, compared wath the effect on
rat uterus The blood-pressure observations were not surprising, as prep
arations containng both Z; and Z, had previously been found shightly
more active than bradyhimn n rat blood pressure assays No such ob
servations, however, had been made 1n guinea pig 1leum experiments

In this paper we describe tests on new batches of Z, for their effects
on rat blood pressure, their simulation of guinea pig sleum and therr
ability to increasc capillary permeability 1n guinea pigs Compansons
were made with bradykimn, the 1solated rat uterus bemg used throughout
as biological reference preparation The blood pressure experiments were
carsed out partly as direct depressor assays, partly as jndirect assays
based on adrenaline inhibition In some of the experiments a ganglion
blocking agent was mjected For the gumnea pig tleum experiments the
quantities required of Z; were so small that they could be obtained from
the concentrates by further chromatographic purification on paper and
elution of the active spots

Techmque
A Preparations of the Kinins
I Bradykimn Synthetic bradykimin (Sandoz) which was available 1n ampoules
containing 100 pg/m! was used

I The Mamn Urinary R ) C
described (BRISEID JENSEN & VENNEROD 1962 2)

" 1

as p Y

of Z; were
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Table 2
. '
Fi Trenuts
ng bradykinen e oS
Zy-preparation (Indexof | " — 7

hsenmination) Uteruy } ewm
1% 15 &1-12¢ l 93-107
3 14 - -
3 (punfied by paper chromatography) 03 - -
4 23 - -
5 22 - -
3 {punfied by paper chromatography) 07 - -

*} An index of 11 9 was previously found for the same Z2 prepafation (BRISEID JENSEN
& VennereD 1962 ¢)

tawed 1 (2 + 2) assays with 6 senes of 4 randomized doses The statrs-
tical procedure desenibed by SCHILD (1942) was used {or treatment of the
(2 + 2) assays The caleudation procedure for the capillary permeability
assays was the one descnbed above
From the tables 1t can be seen that § different Z; preparations have
been d As the capillary p bility test has not been uwd m
previous work on thé mamn unnary kinmn (BRISEID JENSEN & VENNEROD
1962b), 2 Z, preparation previously tested for ather biological properties
was also compared with bradykinin for its capillary effect
Table 2 shows that one Zy-prepacation tested previotsly for its guinea
mig sleum effect (BRSED JensEN & VENNEROD 1962¢) gave about the
same significant index of disctimination However, three new batches
prepared by the same method could not be differentiated from bradykinn
by simultaneous assays on rat uterus and gumea pig deum The possibility
custs that ileum inhibiting 1mpunties 1n the new Z preparations are
Tesponsible for these results Howeser, the index for two of the Pprepata-
tions further purified by paper graphy was hat Jower,
and it scems more probable that a Tow index 15 correct and that q,m:
n Zy-pr 1 were ble for the higher index
observed
As previously paimted out (Briseip JENsN & VENNEROD 1962 ¢}, not
only Z: preparation 1, but also another batch of Z, prepated from c;\her
unnes by a different procedure (hydrochlone acid elution of the
lite CG 50 mstead of sodium hydroude el h AAmber-
uion), gave a high discrimi-
Vs
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Comments on Technique

A Capillary Permeability Tests

The capillary permeability test with b d gumea pigs 1s only roughly
quantitative In order to evaluate the precision of the method, as employed by us
we arranged for the assay of a bradykinin solution of strength unknown to the ob-
server Twelve ammals were used, of which 2 had to be discarded because of un
successful intradermal 1njections giving too diffuse blueing areas The bradykinin
standard solutions contatned 10, 1, 0 1, and 001 pg/ml, and the test solutions were
adjusted to give effects stmular to those of the standards The diameters of the blueing
areas ranged from 3 5 to 90 mm (n both the standard and the test series The log
dose response curves were drawn by eye, the results were calculated from the distance
between the cunves and are shown in table 1 From the results 1t can be caleulated
that the value obtained from 4 gumnea pigs should give a standard error of about
25%; and consequently confidence imuts of -+ about 60% (P = 005)

Table 1.

Capillary permeability assay, precision of method
Assay of a bradykinin solution contatming 1000 ng/ml
For details see text

Observed bradykinin
Antmal concentration ng/mi

SVmuAUA LN~

Mean

Standard deviation

Standard error of the mean 206

Results

Results of comparative assays of the secondary unne kinmn, Zs, and
bradykiun on different biological preparations are given 1n tables 2, 3
and 4 Unless otherwise stated the results from the gumea pig ileum
riments, the rat uterus experiments and the rat blood pressure ex-
s t: v,ere based on repeated “bracketing” assays Some results of
pe;‘;:?atsu:e guinea pig leum and rat uterus deternunations were ob-
(<
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adrenaline, the high mdex recorded for preparat 5 was derably
reduced A ganglion blocking agent was used 1n the adrenahine inhibition
method to bring the blood pressure to a suffictently low and stable Jevel
The ganghon blockade, however, was ot responsible for the reduction
1n index, as expenments carned through without the blocking agent
gave closely smilar results Tn some experiments the index of discrimina-
tion was first determined by the direct depressor method without gan-
ghon blockade, the index being then esttmated by that method or by

drenal after the glion-blocking agent had been n-

Jected

Discussion

The results reported above support the previous demonstration (BRri-
SEID JENSEN & VENNEROD 1962 c) that the secondary urine kmmin Z; can
be distinguished from bradykinim both by paper chromatography and by
pharmacological parallel assays However, it seems hikely that of the
effects d only the bined 1at blood d and rat wterus
stimulation effects can be used safely for such a differentiation, and that
the previous gumea pig ileum results (BRISEID JENSEN & VENNEROD 1962 c)
could have been due to interfering substances present in some Zp-
concentrates

Besides bradykmnin, the decapeptide kallidin s released 1n blood and
mght be thought to escape 1nto the unne to some extent Although the
posstbility exists that both Z; and Z, are produced in the kidneys and
that they may differ from bradykimin and kallidin, 1t seems justifiable
from our results to conclude that Zy 15 1dentical with bradykinmn and Z,
with kathdin STURMER & BERDE (1963) have published results obtamned
with synthetic bradykinin and kallidin which show that the ndex of dis-
¢ of guinea pig 1l [rat uterus 15 about 0 6, that of rat blood
pressure/rat uterus about 55, and that of guinea pig capillary perme-
ability/rat uterus about 17 From tables 2, 3 and 4 1t can be seen that
the 1ndices mentioned agree well with the indices obtamed with the
purest Z preparations

The paper chromatographic properties of Z; and Z; also seem to
suggest that they may be 1dentical with bradykinmn and kalidin P,
Stirmer, GUTTMAN & BOISSONNAS 1962) reported that they obtamui
Re values of 028 and 015 for bradvkinin and Lall A n acmane
the liquid system n butanol, acetic - i [
found values of 0 34 and 0 19 for

0y . . .

We have noticed somewhat similar results for brad: ol
ykimn and Z, (Bri-
SED JENSEN & VENNEROD 1962¢) in the same hquid system anf! have
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Table 3

Pharmacological parallel assays
Guinea pig capillary permeability
Ng bradykinin equiactive with the amount of Z; corresponding to
1 ng of bradykinin when tested simultaneously on rat uterus

ng bradykinin
Z, preparation (Index of Number of
discriminatton) gutnea pigs
2 07 4
3 20 2
4 15 2
Z, preparation 13 4

natmg index This suggests that the mterfering mmpurities will sometimes
be present 1n unine and that their behaviour duning the punfication
process 15 so similar to that of Z, that the method of purification should
be improved

Table 3 shows that neither Z;, nor Z, can be distinguished from
bradykinin by the capillary permeability test

The results 1n table 4 give support to the previous observation (BRISEID
JENSEN & VENNEROD 1962 b, ) that Z, has a stronger rat blood de
pressor/rat uterus effect than do Z; and bradykinin The sizes of the
indices found varied somewhat from one batch of Z, to another, sug
gesting that different amounts of contaminents could also affect the
results The Z-preparation 5 especially gave a high rat blood depressor/
rat uterus stimulation mdex When the direct depressor measurements
were replaced by a method based on inhibition of the pressure effect of

Table 4

Pyentracalogacsl pacalie! assays
Rat blood depressor effect
Ng bradykinin equtactive with the amount of Z; cor: dingto 1 ngof when
tested simultancously on rat uterus
The figures 1n brackets indicate number of experiments when more than one assay was
carried out
For details see text

ng bradyknin (Index of discrimimation)
Z; pr
" Depressor method Adrenaline inhibitton method
] ganglionic ‘ ganghome
blockade blockade

10 - - -

i 704 6 6 4

5 17 Q) 15 6 ] H
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ine, the high 1ndex recorded for preparation 5 was considerably
::1532::1 A ganghogn blocking agent was used in the adrenaline inhibitiony
method to brng the blood pressure to 2 sufficiently low and stable level
The ganghon blockade, however, was not responsible for the reduction
in 1ndex, as expeniments carnied through without the blocking agent
gave closely smular results In some experiments the ndex of discrimina-
tion was first determined by the direct depressor method without gan-
glion blockade, the mdex being then estimated by that method or by

1 \ after the fion blockmg agent had been 1n-

sected

Discussion

The results reported above support the previous demonstration (Bri-
SEm JENSEN & VENNEROD 1962 c) that the secondary unine kinin Z can
be distinguished from bradykinin both by paper chromatography and by
pharmacological paralle] assays However, 1t seems likely that of the
effects d only the bined rat blood dep and rat uterus
stmulation effects can be used safely for such a differentiation, and that
the previous gutnea pig 1leum results (BRISEID JENSEN & VENNEROD 1962 ¢)

could have been due to interfering substances present in some Zp~
concentrates

Besides bradykinin, the decapeptide kallidin 1s released in blood and
might be thought to escape into the urine to some extent Although the
possibility exsts that both Z, and Z, are produced m the kidneys and
that they may differ from bradykinmn and kallidin, 1t seems justifiable
from our results to conclude that Z; 1s :dentical wath bradykmnm and Z,
with kalbidm STURMER & BERDE (1963) have pubhshed results obtained
with synthetic bradykinn and kallidin which show that the index of dis-
enmination of guinea pig ileum/rat uterus 1s about 0 6, that of rat blood
pressure/rat uterus about 55, and that of gumea pig capillary perme-
ability/rat uterus about 17 From tables 2, 3 and 4 1t can be seen that
the ndices mentioned agree well with the indices obtamed with the
purest Z, preparations

The paper chromatographic properttes of Z; and Z, also seem to
ssu%)gest tha‘t:‘ they may be 1dentical with bradykinin and kallidin Puess,

TURMER, GUTTMAN & Bosssonnas 196 i
Re-values of 028 and 015 for hmdwmz.)" 1:&0113‘- ’\‘h‘m ey obtained
the liquid system n butanol, ac
found values of 034 and 0 19
We have noticed somewhat similar results for bradykimm and -
SEHD JENSER & VENNEROD 1962 ¢} i the same lxqu}:d system aizl ()?:c

.
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previously found Z; to run together with bradykinin (BRISED JENSEN &
VENNEROD 1962 b)

Although the above assumption of 1dentity between Z; and brady
kmnin 1s based on direct pharmacological and chromatographic compar-
1sons between Z;-concentrates and synthetic bradykimn, the assumption
of 1dentity between Z; and kallidin 1s indirect and based on data from
Iiterature  Consequently, a comparison of pure kallidin and a lighly
purified Z,-preparation should be carried out before a final conclusion
1s reached

Summary

A comparison has been made between synthetic bradykinm (Sandoz)
and concentrates of a kinin fraction (Zy) from human urine The two
preparations could be distinguished from each other 1n rat blood pressure/

rat uterus parallel assays
Parallel tests, with the rat uterus on one hand and guinea pig ileum or
guinea pig capillary effect on the other, both failed to differentiate be

tween the two substances

The results show that the secondary human urine kinin fraction (Zz)
1s not 1dentical with bradykinin The indices of discimination obtamed
in pharmacological parallel assays agree well with the values given in
the literature for the decapeptide kallidin compared with bradykinin
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A method has previously been described for preparing a concentrate
of a secondary kinin (Z,) from human urine (BRISEID JENSEN & VENNEROD
1962 ¢) Different batches prepared by that method, however, were found
to differ quantitatively to some extent 1n pharmacological parallel assays
with bradykinin (Briseip JenseN, VENNERED & Dyrup 1964) In the
work reported here the method was therefore modified to give prepara-
tions of hugher punty

The results ot d with some of Z prepared by the
ongmal method, as well as with concentrates further punfied by paper
chromatography (Brisem JenseN, VENNERGD & DYRUD 1964), suggested
that Z; might be identical with kallsdin  Pharmacological and other
properties of that peptide seem now well established (PLESs, STURMER,
GUTTMAN & BoissoNNAs 1962, STURMER & BERDE 1963) Concentrates
of Z, prepared by the modified method described 1n this paper were

accordingly compared with kallidin, both by paper chromatography and
1n pharmacological parallel tests

Techmque
A Preparations of the Kimns

I Bradykeun Synthetie bradykinin {Sandoz), swhich was avaiable in ampoules
contamng 100 pg/ml was used

Il Kallidin Synthetic kall:din (Sandoz) which was available \n ampotles con
tamung 100 pg ml, was used

HI The secondary urinary kwn (Z2) Concentrates of Z, were

prepared by the

method previously described (BRISEID JENSEN & VENNEROD 1962 [} modlfw);l as
described below The first stages of the punification procedure were those described
previously for a S0-litee batch of uane When the amount of the ma -
(Zy) present ~ tha st £ 0, ' .
from wat

P
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(without adjusting the pH before the second extraction), constderable amounts of
Z; were left 1n the water phase The further procedure was mn principle parallel to
that used for the preparation of Z; concentrates (BRISEID JENSEN & VENNEROD 1962 2)

The active solutton (500 ml) was acidified to pH 15 by adding hydrochloric acid
and then shaken each of three times with 500 ml of butanol In this procedure the
pH was adjusted to 1 5 also before the second and the third extractions The residual
water phase was discarded, and the bined butanol fi were d with
3 % 500 ml of distilled water The combined water fractions were concentrated to
dryness at 30° under reduced pressure (5-10 mm Hg) The active substance was
cluted with 20 m! and 4 x 10 ml of concentrated acetic acid The combined acid
fractions were filtered through filter paper, and the acid was remosved on a rotating
evaporator under a similar low pressure The concentrate was kept over silica gel
1n evaporated desiccators at room temperature

B Pharmacological Assays

For the comparative assays several pharmacological effects were used  stimulation
of the 1solated rat uterus, sumulation of the isolated gumea pig 1leum, rat blood

P effect The tech and the of the results were those previ
ously described (BRISEID JENSEN & VENNEROD 1962 b, BRISEID JENSEN, VENNEROD &
DyrRUD 1964) Only direct rat blood p deter were employed and

not the adrenaline inhibition method, which has been alternatively used by BRised
JenseN, VENNEROD & DYRuUD (1964)

C Chromatograph;

Paper chromatography with n butanol, acetic acid and water was carried out as
described previously (BRISEID JENSEN & VENNEROD 1962 b, BRISEID JENSEN, VENNEROD
& DyRUD 1964}

Comments on Technique

A Preparations of the Kinns

In the modification of the method for preparing concentrates of Zz, butanol
extractions were incorporated in order to obtain a degree of purty of the final product
comparable with that of the Z; concentrates (BRISEID JENSEN & VENNEROD 1962 )
1t was pointed out 1n the previous paper that practically all Z; present in the acidified
eluate from Amberlite CG 50 would pass over into the first butanol extract whereas
Z, could only partly be transferred

It has also previously been established (BRISEID JENSEN & VENNEROD 1962 ¢) that
nearly half the actvity left in the sodium chlonde saturated aqueous phase after
butanol extraction at pH 1 5 (Z3) could be shaken into butanol if hydrochloric acid
was again added to give a pH of 15 In a model experiment 32% was transferred
(47% of total regained activity), 367, was Jeft 1n the water phase, and 3237 was lost

e tivation It was assumed that the losses of activity were the same both for
by d and residual Zz However, Iater experience with Zj 1solatron suggested
v ar}l] ¢ lower percentage of Z, than 47 was obtained under the conditions
et 8 o Its of an 1solation expeniment given n table 1 thus agree with a
choscrnr oT;‘:bl::?SZV of total regamed activity for each butanol extraction together
transiel o

~
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Table 1.
L A - e, 0 . )
Acuwity 7, recavery
1 teferning to
PR i A
Stages of punification ng Eluate [ro
* Ambeilne | Preceding
CG 30 8
|
| ea v s .
1300 100 100
2 LAY 1250 9% 96
e . .
y 150) (53) 160
: ’ 25 18 59
4 .
- 125 0 3
[T . !
a Ly L] @ [¢3))
5 Combined water extracts from butanol extracts )
b6 ¢ d conceatrated to dryness acenc aod
extracts of the residue concentrated to dryness
z, l 106 8 8
] !

with an over all 24% loss of actvity It may be of some significance for the com
panson that the 47% transfer reported 1n the earlier paper (BRISEID JENSEN & VENNE
ROD 1962 ¢} was obtained by a repeated butanol extraction whereas the calculated
32% transfer here refers to a single butanal extraction, but there was no pH adyust
ment before the repeated butanol shaking To re-exammne the Zp-distribution, a

Table 2
Recoveries of Zy and bradykinen by butanof extraction from water
Test solutions

A 500 ml w:‘m stationary phase after butanol extrart am ~7 7 3
-
B

Activities
Test
solotion Start 1 Transferred to butanol [ Left 12 water phase
v 1w % | we %
A \ L2 \ 149 2 i 26 m
B 4“4 43 98 l - -
T e
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model experiment was carried out The results are given in table 2, which also shows
the transfer of bradykinn under the same conditions

The test solutions (500 ml} were each shaken twice with 500 ml butanol The
transferred activitics were recovered from the combined butanol fractions by shaking
three times with 350 ml of water each time Portions of 2 ml for assay were con
centrated to dryness at 30° and 5-10 mm Hg on a rotating evaporator and then
dried at 001-0 05 mm Hg at room temperature

Table 2 shows a transfer of about 349 for Z; of total regained activity, this 1s 1n
good agreement with the results of table 1 The total loss of activity amounted to
7% As previously observed, (BRISEID JENSEN & VENNEROD 1962 a, c) all the brady
kinin was transferred to the butanol

Table 1 shows an example of a purification experiment of Z, carrred through with
a 50-ltre batch of urine Recoveries are given for different stages of the process
calculated on the basis both of the ongmal total activity of Z; and Zz 1n the eluate
from the 10n exchange and of the acuvity of the preceding stage From the table 1t
can be calculated that, of the total amount of actvity present in the eluate from the
10n exchange, roughly § must have been due to Z,, assuming that both substances
are equally active against rat uterus

Results
A Pharmacological Assays
Results of comparative assays of Z, and kallidin on different brological
preparations are given 1n table 3 Three different batches of Z, were
exammed The biological effects used 1n parallel were those that had
previously differentiated between bradyhinin and Zy (BRISEID JENSEN &
VENNEROD 1962 ¢, Briseip JENSEN, VENNEROD & Dyrup 1964)

Table 3

Pharmacological parallel assays
Ng kallidin equactive with the amount of Z; corresponding to 1 ng kallidin when tested
simultaneously on rat uterus

ng kallidin Fiducral hrg;ls %
index of -0
Biological effect (dxscnmn Batch
nation) Rat uterus ] -
feum stimulation o4 1 96~104 95-105
Gunea pig fewm 1 f 0s | 1| s<ior | 907
i 02 ’ 2 91~109 93-107
02 3| oiios | 92108 _
S S-SR AE L LUESL
. .
Rat blood depressor effect 2! ;l } .)) ‘))
It 2 91-109 *
08 3 93-108 *)

*#) Result based on bracketing assays
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B Chromatography

Tables 4 and 5 give Tesults from paper chromatographic runs of Za,
Kallidin and a2 mixture of the two In the experiment referred to m table
4 a pure Z, preparation prepared by the method described 1n this paper
was used, a Z, preparation containing some Z; was used for the expen-
ment mentioned 1n table 5 The results 1n table 4 are given as ng recovered
polypeptides and those 1n table 5 as percentage recoveries, in both tables
caleulated as kalldin and based on rat uterus assays Values for recoveries
less than 1 per cent have been omitted

Table 4

Paper chromatography of kalldin and Z2

Absence of Z1 10 2
Liqud system N butanol aceticacid water (30 + 10 + 50 vol)
Applied Znasimgle run Z; + kallidin (60 + 40%,) 3na mixed run
The quantities applied and the recovery values refer to kallidsn
standard In rat uterus assays
Temperature 23-24 C
Chromatogram run for 14 hours
Length of run 27 cma

ror | E—
number
l z; 73 + kallidin

! - -
2 - -
3 - -
4 - -
s - N
6 150 750
7 600 2200
8 900 120
9 - -
10 - -
1120 -

Comments of Results
A Pharmacological Assays

I Rat blood pressure The comparative ra
t blood
uterus assays did not differentiate between e o ot

Z, and synthetic Kall
For the 3 batches of Z; examined the indices of dlscnnl:matmn o;éil:d
were 5o close to | that, taking 1nto account the degree of punfication of
Z; and the precision of the assay methods, the two peptid d
e peptides might well

e



334 BRISEID JENSEN, RINVIK AND VENNERGD

Table 5

Paper chcomatography of kallidin, Zy and Z,

No differentiatton between Z; and kallidin
Liquid system N butanol, acetic zcid, water (40 -+ 10 + 50 vol )
Kallidin applied 750 ng
Z; applied A quantity corresponding to 640 ng kallidin by rat uterus assays A Z
preparation contamunated with Z; was used
Kallidin + Z; applied 750 + 640 ng 1n terms of kallidin
Temparatyre 22-24°C
Chromatogram run for 14 hours
Length of run 29 cm

o
Fraction Recovery %
number Kallidin + 2,
Kallidia 23 (2 contaminated) {Z; contaminated)
1 - - -
2 - - -
3 - - -
4 11 - -
s 44 - -
6 27 20 -
7 - 22 20
8 - 23 132
9 Not tested 20 30
10 Not tested - 28
11 Not tested 10 -
12 Not tested 40 23
13 Not tested 10 -
14 Not tested - -
15 Not tested - -
16 Not tested -
Total 82 2ts 233

In a previous paper (BRISEID JENSEN, VENNEROD & DYRUD 1964)
sigmificant 1indices of discrimmation were obtained for 3 different batches
of Z, when compared with bradykimn in rat blood pressure/rat uterus
assays For one of the preparations, which gave an especially high ndex
value, the index was considerably reduced when the direct depressor
method was replaced by an adrenalme mhibition method Unspecific
contammants tn the Z, preparation were considered to be the cause of
such a high rat blood pressurefrat uterus assay ratio, which was also
observed for one of the two other Zs-batches examined If the known
relative activities of kallidin and bradykinin are taken into consider-
ation, the results gven m table 3 in this paper for Zy-kalhdin
assays with the same par of biologteal preparations agree well with the
reduced index values of the previously recorded Zp-bradykimin experi-
s The results accordingly suggest that the new modification of the

ment:
Z, elinunates the impurities that interfere with

purificationt procedure for
the blood pressure measurements
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H Gumnea pig leum  Indices of diserimination of 03 and 07 have
previously been obtamed when Z; punfied by paper chromatography
and synthetic bradykinin were compared for their guinea pig tleum and
rat uterus effects (BRISEID JENSEN, VENNEROD & DyRUD 1964 ) The values
mentioned agree reasonably well with the data given by STURMER & BERDE
(1963) for kallidin and bradykinia In this paper, however, the index
values from comparative assays of Z punfied by another procedure and
kallidin were sigmficantly lower than 1 (lable 3) This might ndicate
that Z 15 not 1dentrcal with kallidin, 1t might also suggest that Z; 1s not
I but cont other polypeptides with symlar properties
besides kallidin or even unspecific contammnants The index values no-
ticed however, did not differ so far from 1 as to rule out the possibility
that the Z, preparation tested conststed largely of kalhidin

B Chromatography

The results given in table 4 show that a Z; preparation prepared by
the method described 1 thus paper will contamn no Z; (presumably
bradykinin} as could be expected from the results of the model expen
ment referred to 1n table 2 Table 4 also shows that Z, and kallidin
moved together on the paper chromatogram.

For the paper chrnrmes ~— =+
stemed appropna .
table 5 1t can be

¢ N -

did not run completely parallel on the paper However, the muxed run
of the two preparations did not show any lack of homogeneity, suggesting
that Z, and kallidin may be wdentical The reason for 2 longer run of
kallidin m the presence of Z, may be partly attnbutable 1o the presence
of unspecific impunties in the Z, preparation In other experiments
kalhidin also ran shightly less far 1n single runs

As previously observed (BRISEID JENSEN & VENNEROD 1962 b,c) Zy,
which might be 1d 1 with brady} ran hat faster on the
chromatogram under the condttions chosen The content of Zy m the
Z, preparation used was over having been caleulated as kalls
din which has only about 60% of the actvity of bradykinin on rat
uterus (STURMER & BERDE 1963)

An over all recovery of activity of 20-25%, of 23 or of Z, -+ bradyksmin
m the same liquid system has previously

been recorded (Briseip Jew
& VENNEROD 1962 ¢) In the experiment recorded 1n .,MS <ok S
Afnn .-

« treceue acid applied to the
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chromatogram, was kept at —17° and assayed on rat uterus aganst
standard bradykinin some days later The activity was the usual 60% of
that of bradykinin, showing that loss of activity must have taken place
during chromatography However, aliquots of the acetic acid kallidin
solutron, which were evaporated to dryness at 30° under a pressure of
5-10 mm Hg and then further dried at 22-24° and 001 mm Hg, also
showed a considerable loss of activity Only 6-7% of the onginal rat
uterus stimulating effect could be detected

Fractions 17-29, and for the single kalhidin run also fractions 9-16,
were not tested m the experiment summanzed n table 5 Similar ex-
periments, however, demonstrated that no sigmificant activities could be
detected 1n those fractions

Wenster & PIErCE (1963) found that kallihn (“kallidin-10") on m-
cubation with trypsmn at 37° was to some extent recovered as bradykimn
(“kallildin-9") They 1dentified the polypeptide by paper chromatography
m n-butanol, acettc acid and water (60 + 10 -+ 27) and used kallidin
and bradykinin as standards In the work reported here a Z; preparation
was mncubated with trypsin (Nutritional Brochemicals Corporatton, 2x
Crystalline) and then submutted to paper chromatography About 17 g

Table 6

Paper chromatography of kallidin and Z;
The effect of trypsin on Zz
quuld system N butanol aceuc nCld water (40 + 10 + 50 vol)
. 1 1 by rat uterus assay
\ ) s n terms of kallidin
Chromatogram run for 14 hours
Length of run 27 cm

The figures in ¥ refer to a paper ch
Recovery %
Fraction
Kalhdm +
number Trypsin treated Zz 2, hyw’n eanted Za
10 - 20 - )
H 10 35(9) -
3 - 40 (10) - Q)
H - 1o (0 - &)
5 - 10 () - O
6 - ) 25 () -
7 40 (255) - 10 (110)
3 25 (85) ~ 395 (305
- - 350
1% - z 10
11-14 - = =
215 120 450
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treated with 200 pg of the enzyme, the procedure was that

?il;sf;b:w:sby DNz & CArvALEO (1963) for the release gf bradyhinin
from denatusred plasma Table 6 shows that about 129 (10% 1 a parallel
run) of the actvity of the Z; not submitted to trypsin was recovered 1n
fractions 2-6, and about 26% (34% n 2 parallel run) of the actvty of
enzyme treated polypeptide was recovered 1n fractions 7 and 8 Brady-
Kinin has previcusly been found to give consderably better recoveries
fram paper chromatograms than did kallidm 1n the expenments of the
work reported here (see above)

in another run of the chromatogram, shown in table 6, trypsia treated
Z, was appled together with synthetic kallidin The table shows that no
Kallidin activity was recovered and that 45% of the total actwity (14
1 a parallel run) could be detected 1n fractions 7-10

The results of the trypsin incubation experiment suggest that Z under
thus treatment will be partly transformed to bradykinin or a substance
running Itke bradykimin 1n the solvent system used

Discassion

The punfication procedure descrbed for Z; seems to give a highly
punfied polypeptide No Z; could be detected 1n paper chromatographic
Tuns even when large of Z were sub d to chy graphy
m a solvent system known to differentiate between the two substances

Nesther the pharmacological parallel assays nor the paper chromato-
graphic experiments differentiated clearly between the concentrates of
Z, and synthetic kalltdin The 1ndices of discnmination from the rat
blood pressure/rat utesus assays did not deviate more from 1 than might
be expected, and the activity peaks of the two kinins did not separate
under ¢} cond that would d between Z,
and bradykiin  Further, 2 trypsin sneubation expeniment yielded a
substance that ran somewhat faster than kallidin and accordngly parallel
with bradykmin 1 the solvent system used

The gumnez pig tleum/rat uterus experiments, however, gave wdices of
disenmimation lower than 1, thus suggestng non identity between Z,
and kalidin However, the deviations were not tao large to have been

caused by minor of

g If the low wndex
values are caused by impursties present n sigmficant quantities, these

must be polypeptides with properuies rather simutar to those of kallidin
Although no defininve conclusion can be based on the pharmacological
and chromatographic expeniments carnied out, and should preferably be

based on the chemucal 1solation and dentsficatron of Z,, we hold that
Acta pharmacologica. vol, 20, fac 4
Pk g

25
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the results justify the assumption that Kallidin and the mam constituent
of the Z, fraction of the urinary kinins are dentical

Summary

A method has been described for preparing a concentrate of a second
ary ki from human urine (Z,)

A companson was made between synthetic kallidin (Sandoz) and
concentrates of Z, Pharmacological parallel assays by rat uterus stim-
ulation and rat blood pressure measurements did not differentiate be
tween the substances In paper chromatographic runs Z, and kallidin
could not be separated under conditions that separated Z, and brady
kimin By trypsin incubation of Z; a substance was formed with chromato
graphic properties different from those of kalltdin and similar to those
of bradykinun 1a the solvent system used

Pharmacological parallel assays by rat uterus and gutnea pig ileum
stimulation gave discnmmating mdices differing significantly from 1
The deviations, however, were not too large to have been caused by
minor impurities or by polypeptides with properties simular to those of
kallidin

The results give support to the view that kallidin and the mam con-
stituent of the Z; fraction of the urinary kimins are rdentical
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The Retarding Influence of Atropine en Absorption of
Radioactive Diisopropylphosphofiuoridate
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The most important adjuvant in the oxime therapy of severe organo:
phosphate p g 55 atropine, but uts effect 15 not clearly
understood We have been interested m the esterases of the rat liver tha
bind large of rad ve propylphosphorofluoridats
(DF32P) (RAMACHANDRAN & AGREN 19632) While studying the possibl

ft of on the ncorp of DF32P n these enzym
systems, a chance observation was made that 1n a ray having recerve
atropine prophylactically and DF32P subsequently, mjected by the sam
route the radioactivity taken up in the liver was considerably reduce
{AcRen & RAMACHANDRAN 1964) The phenomenon has now been foun
to be due to a local effect of atropine 1n retarding the absorption of sut

stances adl d sub ly or mt larly The preser

paper gives the details A prehminary commumeation has been publishe
(RAMACHANDRAN & AGrew 1963b)

Materials and Methods

DF3p O - ..
England . . .
m2sml ”

were frec , poupa tu vy unuung We stock solution approximately 25 fold w
physiological satine 5o that 1 mi comained the equivalent of 032 mg of DF2P 7
total radioactivity injected to each rat ranged from 2 ta 6 X IS counts pes musy
under the condinions of our counting and depending on the extent of decay of 3
There was hittle hydrolytic detepsoration of DF3P Carnerfree radioactive wnorga
Phosphate (32P;) was also obtained from the same source Atropise sulphate

") Visiting Lecturer from the National Chemieal Laboratory Poona, Jadsa.
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obtamed locally All references to atropine in the text are to the salt Unless othenwise
stated the general conditions were as follows Atropine was admunustered at 174
mg/kg (50 umol) 1o the rats The volume injected each time was 1 ml When a mxture
of DF32P and atropime was to be administered, the necessary amount of atropine was
dissolved 1n the required volume of diluted DEF32P solution, another portion of the
same solution being used for the control animals When atropine and DFP were
injected separately, the volume of each injection was 1 ml The control rats recersed
1 ml of salinc nstead of atropine

Tropine and Di-tropic acid were ob d from the Ni
Corporation, Cleveland, Ohio, US A These were admnistered separately or as a
mixture at a concentration of 50 ymol of cach component/kg The hydrolytic products
of atropmne were prepared by refluxing atropine with dilute sodiwm hydroude to gne
complete hydrolysis, as determined by the method of Zvireus ef al (1956} The
hydrolysate was neutralized with hydrochloric acid and diluted with 1sotomc saline
to the required concentratton Female albino rats of the Spraguve Dawley stran
weighing 220-250 g, were used 1n most cxperiments The subcutaneous and intra-
muscular tnjections were usually given 1n the thigh, the latter posteriorly to the hip
Joint After the necessary lapse of time, the rats were killed by a blow on the head and
bleeding The liver was removed and homogentzed with 025 M sucrose and the
volume was made up to 100 ml One ml portions were plated 1n triplicate in glass cups
with 0 1 ml 1 N NaOH for radioactivity determnations For the analysis of the tissue
at the site of inyection, the whole thigh was excised, and the muscular tissue weighing
about 7 to 10 g, was dissected from the skin and bones It was weighed and digested
with 50 m] of hot S N NaOH neutralized with acetic acid and made up to 100 m!
Radioactivity was deterruned in a Tracerlab SC-18 Superscaler with a TGC 2 end
window Gerger tube Other details are given where appropriate

1 Broch 1

Results

The effect of a mixture of DF32P and atropine

When two groups of rats, A and B, were given subcutaneously a
mixture of DF32P and atropine and DF32P, respectively, and a rat from
cach group was Lilled at various intervals, the amounts of radioactinity
incorporated 1 the lvers of group A rats were invariably less than those
1 group B (table 1) Whereas m the control group the activity attamed 2
steady state at 1 hr and did not show any further appreciable mcrease, m
group A there was a progressive increase with time up to 4 hrs Both the
groups showed a decline after 12 hrs, but the activities mn the Iners of
group A were throughout less than those in group B up to end the of the
abservattons, viz, 48 hrs

The activities 1n the muscular tissues at the sites of injection were found
to be much higher n group A than i group B This showed that the
imcorporation of atropine with DF32P resulted 1n reduced absorption at
the site of myection The difference 1n the local concentration of actrvity
between the two groups became progressively narrower, though even at
48 hrs the group A rat had a detectably higher concentration of activity.



ATROPINE AND ABSORPTION 341

Table 1

of phosp! m the lver
and localization of activity at the site of injection when DFIIP 1s injected into
rats either alone or with atropine

Time of H Radioactivity 1n counts per munute / 10
s:cnﬁc: after 18 whole hver ] In1 gof thigh tissue
wnjection
(hes) l Group A | GroupB |Aas® of B| GroupA | Group B
Subcutaneous
05 ‘ 197 639 \ 308 164 e
1 328 w07 1 99 527 80
2 | 283 767 369 | 33 61
3 {0 oam 549 65 49
4 | 668 1019 619 108 70
6 [T 880 n9 " 19
12 643 1018 637 71 63
18 565 962 539 96 49
2 409 740 553 59 43
36 248 1 711 319 52 44
] I 453 512 ag 35
Insramuscubsr
05 b1 660 300 1758 885
1 | 36 1016 331 1646 270
15 32 63 373 1878 200
2 | 556 00 695 817 154
3 I 509 823 618 397 128
4 ;o 2 812 504 1193 12

W s uws BLs v LepuLley

Similar results were obtained when the injections were given by the
intramuscular route

The effect of admumstering atropine before DF32P
Table 2 gwes the results of ad }
n P ly before

DF3P at varons antarvals The naws of .\qw.t.mvr:. aask @f ! ol v
given esther sut i} iy

or 1y in the thigh the control
rats were given saline instead of atropine It was observed that here also

the uptake of DF¥P activity in the hver was much lower in the atrop:-
mised ammals than i the controls There was a Jocaluzation of actwp

a1 the site of imjectron, but the values showed larger deviations than w}::y
DF¥P and atropine were given as a single mjection As will be shm\n
Iater, alropme seems to have a local effect, and the differences could l:
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Table 2

The effect of admnistening atropine at various intervals
before DF3P on incorporation of radicactive P 1nto the Iner and the
locahization of activity at the site of imjection

Intervat Radioactivity in counts per runute X 10 3
between atropine
and DEMP In whole lner \ In t g of thigh tissue
(hrs) Group A 1 Group B | Aas®,of B | Group A ‘ Grovp B
Subcutancous
[ 337 737 457 1700 104
1 811 1064 762 396 439
2 720 1217 592 1141 216
3 J 729 140 639 } 497 180
4 822 1022 804 1496 “1
Intramuscular
05 198 660 300 1758 885
10 336 1016 331 1646 270
15 322 §63 373 1878 200
2 556 §00 695 837 154
3 509 . 823 618 897 128
4 J RN 504 13 02

Group A rats were ginven 1 ml of atropine solution subcutancously or intramuscularly
1 the left thigh Group B rats received 1 ml of saline After the necessary mterval 1 ml of
DFRP was 1qgected sub. ly or larly in the same thigh The ammals were
Milled 1 hr after the admmstration of DF3 P The radioactivity anjected to cach rat was
57 x 1086 cpm Each figure represents one rat the whole series is representative of twe

others not reported

explained on the basis of how close to each other i position the njections
had been administered Though the ammals mvartably were hilled 1 hr
after DF32P, there was an increase with time 1n the local concentration of
activity at the site of mjechion 1n the tontrol rats as the ume between
admnistration of saline and DF32P decreased This was predictable, sice
a larger volume denved from two imjections has to be cleared as the
\aterval between them 1s shortened The finding 1s n accordance with
those of WARNER et al (1953) for the clearance of radiosodium and
ScHRIFTMAN & KoNDRITZER (1957) for atropine They observed that,
when the njection volume was increased, the rate of clearance was found
to decrease for a fixed amount of substance

Administration of atropine 1 hr after DF32P at the same or 3 different
site had no effect on the uptake of DF32P at short or prolonged mtervals

Influence of dose level of atropine
The effect of myecting DF32P together with atropine at various levels
15 indicated 1n table 3 Ttwas found that the optimum was between 15 and

20 mg/hg, above which there was no additional advantage This range s

conssstent with the dose level of 17 4 mg/kg used by many worhers for
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Table 3

“The effect of atroptn¢ at various levels on incorparation
of DF?2P 1n the rat liver

1o~
Levél of ayin | Actwey
atropiae the hver as % of
mg/kg epm x 10 3 control
50 135 258
10 258 492
30 68 130
0 1718 330
135 145 277
10 218 a6
5 312 595
25 428 317
10 476 90 8
none 524 1000

One mi of DFZP soluhions contaimng the necessary
amount of atroptne was injected subcutaneously into

sertes as a whole was repeated once, and several indi
wvidual experiments were run at vatous dose levels

protecting rats against lethal organophosphate poisoning (ASKEW 1957;
Davies et al 1959, BERRY ef al 1959) Atropine was admimistered by us
at this level

Below 15 mg/kg the effect progressively decreased with the dose, but

even at the level of 1 mg/kg there was a perceptible retardation of DE32P
uptake by the liver

Effect on other organs

To determine whether the presence of atropine 1n DF32P affected the
mcorporation 1n other organs, one rat was mjected with the DF32p.
atropme mixture and one with DF32P subcutaneously at the back of the
neck They were killed after 1 hr , and the organs were analysed for radio-
actvity From the results (table 4) 1t was observed that there was a uni-
formiy reduced activity 1n all the tissues analysed, confirmung that atropine
created a local depot of DF32P at the site of injection and retasded absorp-
tion by the system as a whole ®

Excretion of labelled phosphorus

From the results m table 1 1t 15 seen that the a
mount of DF32]
Lwver of group A decreased after 12 hrs The activity at the site of 1:‘;::‘::2:



344 RAMACHANDRAN AND AGREN

Table 4

The effect of atropine on incorporation of
DF3P 1n various organs

Radoactity
Material mcpmin 1 g of tissue
Rat A Rat B

Kidney 48 560 92750
Liver 16,000 43 000
Lungs 20 700 29,720
Blood (per ml) 8250 19 000
Pancreas 6250 9,735
Heart 4,445 7,290
Bramn 1,840 3,235
Thigh muscle 800 1,950

Rats A and B, both male, weighed respectively 520 and
450 g Rat A was given DF32P + atfopine at the usual
dose, and rat B received DF32P alone The amount of
activity injected was 44 x 106 cpm The ammals were
killed after | hr Soft yssue was homogemzed with
sucrose, and muscular tissue was solubilized with hot
alkali

also decreased in group A, almost, though not completely, to the level
of group B Since the muscular tissue at the site of mjection was not more
than about 10 g, the local excess of activity could not account for the

Table 5

Cumulaty excretson of radioactivity by rats whea DFi2pP 1s
mjected alone ar along with atropine

[ Radsoactivity in urtne + faeces x 10 3

Exeretion Group A Group B
Flf’rsu)7 T Activity as % Tot. Activity as %
(Olal of amount ac:val of amount

actmity injected ity 1mjected
4 2083 181 2558 222
g 3633 36 3875 337
12 5084 442 4175 363
24 6429 559 593y 516
36 6939 603 6620 576
7465 649 715% 623

i ~en ne rnngisted of two rats each These were the same as those used for the 48 hr
s were given normal diet and free access to water

low and only a few per cent of the total As it was

tlues were added to those of the latter The urine

wis diuted v = portions were plated with Oé mlof I N Na(,)(H

1 N alkal, boled and filtered and measured portion were taken

Facnﬁigiﬁlf:ﬁ?;% \f'illlglate The total activity mjected to each group was I1 5 X (06 cpm
TO!
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entire defictt wn the liver and other organs It therefore seemed of interest
to study the excretion of radioactivity when DF32P was injected with and
without atropme Two groups, each of two rats, were given DF3?P +-
atropioe ar DF3?P subcutancously The rats were the same as those used
for the 48 hr studies summarised 1 table 1 Tt was observed that the group
receing added atropine excreted shightly more radioactvity dunng the
pertod of observation, 48 hrs There was an imtial reduced excretion 1n
group A, presumably due to the well known effect of atropine in nter-
fering with unmation The actvity excreted i the faeces was only a few
per cent of that excreted 1n the unine and therefore added to the latter
value A possible expl for the d excretion of rad
by group B will be discussed later

34

Effect of atropine on the absorption of radicactive morganic phosphate

To nvestigate whether the effect of atropine 1s specific to DF32P or
whether the rate of absorption of other substances 15 also retarded by
atropine, carner free radioactive inorganic phosphate was admmstered
to rats with and without atropine The results are given m table 6 It was
found that the rate of uptake of radioactive phosphorus 1n the liver was
much slower when 1t was injected with atropine There was a considerable
local of rad y at the site of , but this could
be demonstrated only when the Jevel of atropine was 50 mefkg At the
lower level the differences were neghigible, and the large amount of

Table 6
Effect of atropinc on the absorpiion of labelled morgamic phosphate
np, Radroactrvity 1n cpm x 10 3
ingected Levet of | Time of
(cpm x atropine | sacrifice In fiver ntgof
108 ‘ Goghkg) | o) | " | tmghussue
Group A | Group B | Group A | Group B
Subeptancons |
275 [ » 30 17 182 158 4
- L) R ‘i »
e l:g 100 2 $12 9
Intramuscetar 3 153 3 3
55 i 174 £0 24 rexd
Carrier free 1ad oacuve nofgamc p

o8

001N NaOM 10 tluted weih phyuato. /2. 1400 %5 adusted 10 O 70 wah
15 1uC under the ~an  ~es ~F

ntramuscular injec

P, solution for gr

experimental errore
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Table 7

The effect of the hydrolytic products of atropine
on DF32P incorporation

Radioactivity

Adjuvant to DF32p 1 the hiver

epm x 103
Tropine 274
DL tropie acid 307
Tropine + tropic acid 293
Hydrolysed atropine 306
Atropine 87
None (average of 4) 288

The solution of DF32P contained the substances at
50 it moles/kg of body wt of rat In the tropine 4 tropic
acid mixture each component was present at 50 p
moles/kg Atropine was at the usual level The radio
activity tnjected into each rat was 19 x 106 cpm The
rats were killed 1 hr after the injections which were
subcutaneously administered in the flank Each value
represents the average of two rats Several experiments
were carrted out with hydrolysed atropine

activity injected mn the intramuscular studies prevented the accurate
determmnation of radioactivity in the tissue

The effect of the hydroly tic products of atropine

Experiments were carried out with tropine, DL tropic acid, tropine and
tropic acid and hydrolysed atropine, to determine whether or not any of
these had an effect on the absorption rate of DF32P The level at which
these were admstered together with DF32P was 50 pmoles/kg The
muxture of tropine and tropic acid contained each component at this level
In no 1nstance was any reduction observed 1 the activity incorporated

1n the liver (table 7)

The effect of myecting atropme and DF32P by
alternate routes and sites

In several experiments atropine and DF32P were injected by alternate
routes In no instance was any reduced uptake of radroactivity by the
fwver conclusively demonstrable The routes used were pairs chosen from
ntraperitoneal, intramuscular, subcutaneous and, in a few experiments
intravenous The mterval between admunstering atropme and DF32P and
between the latter and killing the ammal were vaned from 5 munutes to
several hours The dose level of atropine was also increased up to 100
mg/kg Even when both were subcutaneous, the paws of 1njections were
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given at sites away from each other The combinations were at any two of
the different sies the back at the neck, muddle back, lower back, nght
flank, left flank and loose skin 1n the abdomen No reduction 1n the uptake
of radioactity 1n the Liver was observed 1n any of the expenments Sinec
1n our experience even under similar conditions the uptake of DF32Pcan
show a deviation of 10% or more from the mean, a large number of exper-
mentswill be needed for assessing the systermic effects, 1f any, of atropine
1n retarding absorption At present all that can be concluded 15 that the
effect of attopine 1s local and observable only of the DF32P, which should
be iyected subsequently, also follows the same route 1n the tissue through
which atropine has passed previously

An other observation made 1n this connection was that when atropine
was injected mtramuscularly 1n the thigh, with DF3P subcutaneously
after 1 hr 1n the same thigh, the uptake of actvity 1n the liver was con-
sistently lower, to the extent of about 809 If, on the other hand, atropine
was mjected subcutancousty 1n the tgh, with DF2P intramuscularly

after 1 hr 1n the same thigh there was no reduction 1n uptake of DF32P
by the liver This pomts to fi dfT

m the cl of
atropine given by different routes The findings of TonveseN (1950) on the
rate of excretion of sub ly and intr ly injected atropine
by rats may be of relevance here

Discussion

The results reported above pomt to some local effect of atropine 1n
retarding the rate of absorption of substances into the system Even
masstve doses of atropine injected by alternate routes farled to produce
any reduced absorption It has also been found that atropine, i vitro,
has no hibitory effect on the binding of DFI2P to lLiver esterases (un
published results) The reduced uptake of labelled phosphorus by the
liver and other organs thus reflects the net result of events taking place
elsewhere, and this 1s evidently at the site of injection, where a tugher
concentration of radioactivity 1s found when DF32P 15 given along with
atropme That the effect 15 not spectfic to DF32P 15 ndicated by the
finding that even labelled morgame phosphate 1s poorly absorbed 1n the
presence of atropine ScHOU (personal communication) has confirmed
our experiments by observing that the presence of 15%, atropine in
;u]phace!zmldc jected 1nto mice resulted 1n reduced absorption of the

rug

From the present snformation avaitable 1t 1s not possible to offer an
explanation for the atropine duced reduction 1n absorption rate It 1s
unlikely that purely physical factors and “salt effects™ play a part, since
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tropine, tropic acid or the hydrolytic products of atropine at an equivalent
concentration 1 physiological saline have no effect on the absorption
rate (table 7) The problem 1s inextricably hnked to the question of the
;gcgcl};amsm of capillary absorption, which 1s itself far from clear (Scrou

There are certatn lines along which one might speculate It 15 likely that
atropme 15 not so rapidly absorbed as the conventional methods of
analysis indicate The technique of choice would be to record the clearance
of the injected drug from the local area (Scnou 1961) This has been
attempted only by SCHRIFTMAN & KONDRITZER (1957), though they only
carried out experiments over short intervals It was found by them that
for a given volume of injected solution, the higher the concentration of
atropimne the slower the rate of absorption Qur findings here are in agree-
ment with theirs GOsSELIN ef @/ (1955) found that of the 14C-labelled
atropine wnjected 1nto rats, 45 to 50% remained unexcreted even after
48 hours Since, according to the findings of ToNNEseN (1956) and
OROSZLAN & MAENGWYN-DAvics (1962), atropine can bind itself to
proteins and amino acids, these results indicate that a substantial part
of the mjected atropine may be bound at the site of injection to the pro-
tems of the absorbing membrane, thereby reducing the rate of passage
of substances across the capillary wall

Secondly, atropine itself may pass through rapdly, but may act on the
vascular muscles during 1ts passage, giving reduced blood perfusion
the absorption area This ts quite likely, since the retarding effect of
atropine 1s perceptible even several hours after injection, resembling the
ocular effects of the drug

Frmally, atropine may liberate histamine or S-hydroxytryptammne,
resulting in the phenomenon of *self-depression™ observed m the rat
(Scrou 1958)

Besides decreasing the absorption rate, atropine also brings about an
ultimate reduction 1n the total amount of DF32P bound to tissues This
may be the result of the formation of a depot of DF32P at the site of
1njection where 1t 1s not protemn bound (JANDORF & MCNAMARA 1950)
1t may then get released slowly 1nto the blood stream, thereby allowing
more time for the detoxifying enzyme, DFPase (MAZUR 1946) to hydro-
fyse 1t to the mnnocuous dnsopropylphosphate, which does not bind to
proteins (JANDORF & MCNAMARA 1950)

Summary

ctive dusopropylphosphorofluoridate (DF32P) 1s nuxed

en radtoa
Wh nto rats subcutancously or intramuscularly,

with atropmne and myected 1
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he rate and the amount of labelled phosphorus found i the liver and
other organs are considerably lower than when DF32P 15 njected alone
There 15 a local concentration of radioactivity at the site of mjection,
indicating that atropine retards the absorption of DF32P into the system
The same phenomenon 1s observed even 1f the atropine s wgected 2
considerable time before the DF32P, provided the latter 1s also admin-
istered at approxumately the same site i the animal The effect seems to
be local and not systemic, as 1t cannot be demonstrated by giving the
imjections at different sites or by alternate routes

The amount of radioactivity incorporated 1n the tissues does not reach
the level of the controls even at 48 hours, and the cumulative excretion
of radioactvity 15 shightly igher in the atroptnised animals

The absorption of radioactive inorgamic phosphate 1s also retarded by
atropine The effect thus seems to be general and not specific to DF32P.
The hydrolytic products of atropine do not have any effect on absorption
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Triamterene Activity Investigated by the
Stop-Flow Technique and Jn Vitro Studies on
Carbonic Anhydrase
By
QOle E MNelsen 2nd J Baus Lassen
{Received December 11 1963)

Triamterene by virtue of its natriuretic and potassum-retauung effect
acts as an ald but 1n adrenal zed rats also
tramterene preserves its charactenstic effect on the renal potassiim
excretton (HERKEN & SENFT 1961, BABA et o] 1962) Thus, the mechamsm
may be a direct interference with the tubular transport of potassism or,
to be more exact, an. with the p sedum exch
mechamsm distally in the nephroa

n the 10n concentration curves obtained by the stop flow techmque
the potassium 10n marufests itself by a dlstally snuatcd concentration peak
within the area of More W}

15 often observed, which 15 taken to include the snc of potassium reabsorp-
tion The ammonim 10n presents a similar distally situated concentration
peak, usually parallel to that for the potassinm ion

The object of our mvestigation was to clanfy the effect of trsamterene
on the stop flow distnibution of the two cattons, as well as thesr relatve
excretion rates during the imtial clearance periods and to compare the
excretron patterns of paraamunioluppunic acd (PAH) and tnamterene

The ncreased bicarbonate excretion to be seen after adminstration of

tnamterene 15 the reason for our i witre studies of the effect of the drug
on carbome anhydrase

Methods

5s/a‘p-ﬂaw (xpenmtm: For (he stop-flow expenmenu we used pigs (werghing 10~
15 kg! {

NFN) Urethral catheters we
msgr:: hm‘(co both rcl:: pelvcs Each kidney was used for one expeniment only Th:r;
one cter was clamped in the prelimmary contry "
enpet fon e o jrim ry control experiment, the other being

of Before and
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after the clamping which Jasted 3 min 1n all the experiments clearance determmnations
were made of the glomerular filtration rate (inulin) and the renal plasma flow (PAH)
mn both kidneys 1n the usual way A 3% sodium chionide solution was mnfused during
the experiments to secure a sutficiently large urine volume and a sufficient concentra
tion of sodium 10n sn the tubules for potassium sodum exchange At the end of the
{famping period 30 urine samples of 0 § ml each were collected

Carbonic-anhydrase inhibition The carbomic anhydrase mhibiting activity of tn
amferene was compared with the 2ction of sulphanilamide, acetazolaride and
chlorothiazide by PHILPOT & PHILPOT 8 technique (1936) The enzyme was prepared
from bovine crythrocytes, as described by KEILIN & MANN (1940)

Analytical methods Sodium and potassium were detcrmned by flame photometry
ammoma by Conway's microdiffusion method Inulin was determimed colonimetri
cally and triamterene fluortmetnically

Results
Stop flow Experiments
Fig 1 illustrates the stop flow curves for potassium and ammonium
1ons m the control expenment and after admiustration of 40 mg

triamterene per kilogram

The measured ¢oncentrations were corrected by the inulim concentra
tion index, but not by the serum ton values, as the serum potassium was
constant, and the serum ammonia was not measured The curves, notably
the potassum curve, are scen to be displaced to a lower level after ad-
munstration of triamterene, though on the whole the shape of the curves

remained unchanged
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- == - = (weight 1 kg)
mg/min /kg) Prming dose of tn
{2 0 me/kp) added to the infusion
- irves alter tnamterenc marked 11
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Fig 2 Stop flow expersment in a pig (weight 15 kg)
1%, NaCl gven as contimuous 1 v Infusion (rate 0 83 ml/muin /%g) Primung dose of tn
amierene (6 © mgfkg) given 1 p, supplementary dose {1 9 mg/kg) 2dded to the infusion
Clamping period 3 mun Control curves marked 1 curves after Inamterenc marked 1t

Fig 2 shows the result of a similar expeniment in which the tnamterene
dose was 79 mgfkg

In this experiment also the levels of potassium and ammoma were
lowered after tramterene Unlike fig 1, however, this shows a pronounced
change m the shape of the potassium curve, the distal concentration peak
having been el d The more p liy situated reabsorption
miumum seems to have been flattened, but the reality of thys alteration
15 doubtful Serilarly, we cannot say with certamty that the concentration

curve for the ammonmum ton has been altered 1n shape, although 1t has
become displaced to a lower level

In an expeniment with a triamterene dose of 6 0 mg/kg a simlar altera-
tion was seen 1n the stop flow curve for the potassium 1on, and an ex-
periment, 1 which 42 mgfkg were given, bore out the observations
lustrated 1o fig 1

In table 1 are recorded the mean values for excreted potassum and
ammonium 1ons dunng the clearance peniods of five stop flow experi-

ments, in which the unne was collected before and after admmistration
of different doses of Twice the dard d

15 given
for each mean value

Although n all these expenments an unmustakeable fall was seen mn

p after tn , the
and indeterminate changes

10n showed varying

2%
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Table 1.
E of p and (mean values 4 2 S D of clearance periods)
after admumistration of different doses of triamterene
D Control T
ose No of No of
mg/kg | clearance 7( NH, clearance NH,
periods Heq/min peq/min periods Heg/mtn peg/muin
40 3 82 51 26 £38 6 571134 25 £46
42 3 154 £ 110 22120 6 121176 2872
58 3 144+ 20 28+£42 3 90 £ 124 40 £ 60
60 3 95 £ 142 36462 3 324 42 29 +64
79 3 110 £ 104 29498 6 794 44 20 +£37

In an earlier investigation on the comparative renal clearances of mulm,
PAH and triamterene (Buus LasseN & NIELSEN 1964), 1t was shown that
the clearance of triamterene exceeded that of mulin and came close to
that of PAH Thus, triamterene 1s excreted by tubular secretion In some
of the present stop-flow experiments the shape of the stop-flow curves for
triamterene and PAH were determined, these mvestigations showed that
trriamterene has a concentration maximum 1n the same proximal area
as PAH

Carbonic Anhydrase Inlubition In Vitro

In table 2 are listed the results of iz vitro nvestigations mto the effect of
triamterene on carbome anhydrase, compared with the effects of sulpha-
nilamide, acetazolamide and chlorothiazide Onur results on the action of
the three last-named drugs have been compared with those of a sumlar
investigation by BEYER (1958)

Table 2

Comparison of three known carbonic anhydrase
inhibitors and triamterene

Molar concentrations requred
to tnhubit the carbonic
anhydrase 1n vitro 507

Present Bever (1958)
lnvcshgalmn
Sulphamlarmde 17 108 13 105
Acgazolamlde ;? }g : ;I; {g :
Chlorothiazide IS !

Triamterene
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f the drugs that
The figures which indicate the molar concentrations of
produceg: 50%, itibstson of the enzyme show that tnamterene has no

snhibitory effect on carbomic d at molar up to
63 x 102
Discassion
The results of these stop flow bear out the sump
that tnamterene alters trans tubular transport On

tion of about 4 mg of the drug per kilogram body weight the shape of the
potassium curve did not change but fell to a lower level Thus observation
was confirmed by SENFT by stop-flow expeniments on rats (personal
commumcatton (1963)) With a dose of 6-8 mg/kg 2 flattening of the distal
concentratton peak was noticed

As pomted out by BERLINER (1959) there 1s much evidence to suggest
that by far the Jarger proportion of potassmum excreted n the unne 1s
secreted by the tubmles and that the greater part of the filtered potassium
15 1eabsorbed In our short term experiments no alteration was seen 1n
glomerular filtration rate nor 1n renal plasma flow as estimated on the

basts of ;nulin and PAH clearance values before and after adrmimstration
of The derable fall 1n p

can hardly
be attributed to a d d fil oran d reabsorption rate,
but 1s p ly due to d of the p m the

distal part of the nephron As stated the shape of the potassium curves
was mamtamed after faly small doses of tnamterene whereas the
secretion peak was found to be eliminated afier larger doses A contnbut
ing cause of this may be the period of clamping the ureter bemng the same
m alt the Prol d <l

F 8 g tn the experiments with the
largest doses mught have produced the usual concentration peak 1n the
distal part of the curve

Triamterene did not appear to affect the tubular distrsbution of am
mota as much as that of p Previous have shown
that tnamterene reduces unnary ammonia excretior

n mn human subjects
(Buus Lassen & NIELsen 1964) However, :

the values set out m table |
show only small and uncertam alterations and the same 1s true of the

stof flow curves A companson between the stop flow curves nf DAY
ard b

1 -

t - B @ L unt o wcrease

enal bicarbonate excref
1s not due to an inhubition of carbome anhydrase The same obscrva:wn
was made by Basa (1963) fon
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Summary

In stop-flow experiments on pigs it has been shown that triamterene at
doses of 4 mg/kg lowercd the concentration level of the potassium jon and
that doses of 6-8 mg/kg also eliminated the concentration peak situated
distally in the curve. These observations suggest that triamterene depresses
tubular potassium secretion. Simular alterations were not demonstrable
for the ammonium ion. I vitro investigations showed no inhibition of
carbonic anhydrase
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A Quaternary Atropine Derivative
By
Steen Antonsen and G Hegermann Nielsen
(Recerved December 16 1963}

Therapeutic use of propionyl atropine methyl mtrate (PAMN?) has
been undertaken on the basis of experiments reported by HERMAN, SHaW
& ROSENBLUM (1958) and HERMAN & SHAW (1958)

The work of these authors ncluded other thngs, d tra-
tion of the compound s peripheral gic action, neur
blocking action, ganghon blocking action and nhibstory action on
Easinic sectetion in Shay rats

We believe 10 have d d that the p d 15 even more
stitable for use in ulcer therapy than appears from the above mentioned
Publications since not only we have found a reliable effect 11 Shay-
Cperiments with much smaller doses, but were also able with thus drug
1 protect rats under stress agmnst stomach myury

Wehave further, Sought to place PAMN 1n proper relation te atropine

on the one hand and on the other hand to the newer synthetic anticholi-
Tergicg

Expenmental methods

Arigonism 1o acelsichoine and barum chloride on isolared guinea e Heym
Suntable pieces ~F R e— .
aerated by ca M )
graph are pr
or bartum ch.
with the antagonist
chlonde We have p

") Protropn @
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reported by ScHiLo (1947) for deter of pA,, ding to which the prece of
tleum 15 1n constant contact with the antagonist

Anl{cholmcrg:c and ganglon bloching effect n the cat Cats of 15-25 kg are

d \! of 2-25 ml of solutio hypnophen (100 mg
allypropymal NFN and 112 mg diemal NFN per ml) The blood pressure 15 recorded
by a mercury manometer connected to the right carotid artery and injections are given
through a glass cannula 1n the femoral vein The distal end of the intersected left

ympatt nerve 1s d electrically through platinum electrodes, and the
contractions of the nicutating membrane are recorded In order to measure the short
lived ganglion-bloching effect of the drugs here mn , they must be d
along with 1 ! of the nerve A sustable dose of acetyl
cholme (about 4 pg) 1s given at regular intervals, and the influence of the anticholiner-
gie drugs on the resultant depressor effect 15 measured

Neuromuscular bloching action on the isolated rat diaphragm The method reported
by BOLBRING (1946} 1s used A piece of rat diaphragm with 1ts right phrenic nerve 1s
hung in oxygenated Tyrode solution {25°) Muscle contractions are produced by
electric stmulation of the nerve, when they have become constant, the test material
15 1ntroduced tnto the bath and left there for three munutes before changing the Tyrode
flurd The percentage reduction 1n the height of the curve during this period 1s used as
a measure of the blocking action

Shay rats The procedure 1s substantially as previously reported (ANTONSEN 1953)
Female rats weighing about 170 g are placed mdividually in wide mesh wire cages
24 hours before the operation ‘The animals receive no food, but have access to a solu
tion contaiming 5% glucose and 04% sodium chloride After a hgature has been
placed around the pyloric sphincter under light ether anaesthesia, and the operation
wound has been sutured, either a test dose or 1 ml 0 9% sodium chloride solution 1s
given intraperitoneally, and the amimals are returned to their cages, but now without
access to the solution They remain there for eight or sixteen hours before they are
chloroformed The stomach 15 removed, and cut open along the greater curvature
and the contents are poured 1nto a graduated centrifuge glass After centrifuging the
flud is potentiometrically titrated, first to pH 3 5 and then to pH 92 The opened
stomach 1s spread out with pins and examined for ulcers at a tenfold magmification
The degree of ulceration 1s estimated as earlier described (ANTONSEN 1953)

Stress rats Female rats weighing about 190 g are placed in wide mesh wire cages
for 24 hours without food, but with access to a solution contarng 5% glucose and
049 sodium chloride The test dose or 1 m} 09% sodium chlonde solution 15 ad
ministered ntrapentoneally 15 mun before the animals under hight ether anaesthesia
are placed 1n the immobilization cages descnibed by Lamsuna & BONFILS {1960)
The cages are 20 cm Jong tubes of 5 cm diameter, made of strong wire mesh The legs
of the animals are drawn through four holes 1n the bottom of the tube and tied to
gether 1n pairs with adhesive tape, So that the ammals can only move shghtly The
cages remain fastened n stands about 50 cm above the floor for an experimental
period of eight or sixteen hours After the ammals have been chloroformed, therr
stomachs are removed, cut open along the lesser curvature, spread out with pins and
then examined at 15 x magmfication The uleers m these ammals are formed exclu

glandular portion of the stomach and mainly near the greater curvature

the
'sll'l‘:d)l;:;“ of 1s here d ding to the scale 0 normal stomach
1 ::)cnr hemorrhage, 2 a few small uleers, 3 numerous small ulcers or a smgle
large o8¢ The pupil difating effect of the test compounds 1s demonstrated

Mydrianc actnity
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10 female mice weighing 20-25 g after intravenous Injection as well as oral ad:mr:xsmv
MERE P

cu Tame o af Fand

La v o e affant g all e AF tha enasd nf
.. -

K . N
Toxscity The LDS30 was determned in female mice after intravenous, intrapenito-

neal or subcutaneous injection or oral adminstration to ammals that had been fasted
from the previous evenng

Results
Action on Isolated Guinea Pig Heum

A direct companson between PAMN and atropine, based upon
expeniments 1n which these compounds were admunistered 120 sec before
acetylcholine, was not possible In seventeen tests we found for the activity
ratic PAMN  atropine, values ranging from 128 to 1200 I In fig 1
15 shown a series of dose response curves found m this way; although 1t 1s
clearly evident that PAMN shows a greater potency than does atropine,
2 quantitative companson cannot be made In experiments done by the
method of ScHILD (1947), the pA; for PAMN was found to be 10 36, and
for atropine 9 06, which means fhat i these circumstances PAMN 1s
about 35 times as potent as atropine With barium chlonde as a stimulant
1t was likewise impossible to make a direct comparison of the two drugs’
action on the same piece of leum, further, 1n such experiments a suffictent

raductien
3
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90|

Atrspine sult

s 1o

05 w0 95 g0

[X

£0 Leg canc
(matesry
Fig 1 Antiacetylcholine activity on the guinea pig sleum
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number of similar curves could not be obtained for determiming the PA
values with reasonable accuracy However, 1t could be shown that PAMN
has an activity about seven ttmes as great as that of B (diphenyl methoxy)
ethyl-trimethyl-ammonum 1odide (metropin ®), which 1tself 15 about
fifteen times as potent as papavernine A series of comparatne experiments
confirmed that PAMN has as high a spasmolynic effect as about 50-75
times that of papavenne

Effect on anaesthetized cats

In doses of 01-05 mg PAMN produced a transient fall m blood
pressure, the depressor effect produced by acetylcholine was ntubsted
for 10-60 minutes At a dose of 0 375 mg, PAMN administered during
continuous stimulation of the sympathetic nerve reduced the contraction
of the nictitating membrane by about 50%, but the action was extremely
short (see fig 2) Admmstration of the same amount of hexamethoruum
resulted m about the same reduction in contraction, but the action
persisted for 15-30 minutes Atropime (0 75 mg) inhibited the depressor
effect of acetylcholine for a shorter period than did PAMN (0 375 mg),
and 1t exerted only an extremely shght, transient gangliomic blocking
actron

The neuromuscular bloching action on the rat diaphragm 1s indicated 1n
table 1 Although PAMN, as expected, had a sigmficantly greater potency
than atropine, its action came only to about 507/ that of metropin and
2% that of p tubocurarne chloride, an actwvity clearly of no signuficance
1n oral mtake of therapeutic doses of the drug

"INDSmg
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Tuble 1

Neuromuscular blocksng action

Reduction

Compound Dose mg .
008 [3
-3 'fuhoturannchl e 2

=R B I N
40 9
PAMN 56 7
- 80 51

=

20 5
METROP!N ® 18 1
40 47
Atropine sulph 20 o
v ® 160 21

In Shay rat experiments PAMN has both an uhibitory action on the
stomach secretion and a protective action against ulcer formation

The results of two tests are shown i table 2 Metropin (2 5 mg) can, s
shown by carlier mvestigations (ANTONSEN 1953), protect Shay rats fauly
well for 8 hours, and the same degree of action was obtamned with D ) mg
PAMN In16hour expenments 0 5 mg PAMN had 2 conssderable effect,
m the animals recerving thus dose no real ulcer formation occurred, only
umitation and hemorrhage In contrast, a ten imes larger dose of atropme
- a dose that caused almost maxsmal pupil dilation during the entire
expenmental penod — could not reduce the quantity or the atdity of the
sectetton or protect agamst ulcer formation

Acton in smmobilized rats 15 summanzed i table 3 A distinctly
protective effect of 05 mg PAMN was seen, mvolving a sigmficant
teduchion 1n the occurrence of pathological changes m the stomach,

Table 3

Stress-experiments on rats fest period 16 hours

Number
Compound Dose l of Ulcer index
ammals
09, NaCt 1 1ml 13 X 83¢, =1¥
PAMN 3

18
05mg 13 089 x33°, — 30
Attopime yulph } s0mg 16 200 x 87%, =173
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dlaton
% ~———— PAMN 12mg/k¢
30 at—x—x- METROPIN 70mg/kg

0 L A

S S
o 20 40 60 80 100 120
minytes
Fig 3 Mydnatic actvity in mice Oral admumistration
Abscissac Time after sdministration
Ordinates Dilations of pupils as percentage of maxmal pupil diameters
{Each curve represents the average response of five amals)

compared to what was found 1n control ammals, whereas a dose of
atropine sulphate ten times as large was pletely without a p
effect

The mydnanc actvity i muice after oral admunstration of PAMN and
metropmn s shownn fig 3 The onset of action of PAMN was slower, but
the duration of action longer than that of metropin The same fact was
noticed after intravenous wmyection of the two drugs {fg. 4), though
30 munutes after injection there remained only 17% of the maximum
activity of metroprn, there remamed 70% of PAMN's actwity

dilation dlotion
%

70 PAMN 1 Q0125 mg/kg

701 METROPIN 075mg/kg
L 2 0025 ~=m 60
L AN
40
0
20 2

10 r\,

b Il
0710 2030 40 50 &
mites 0 19 20 30 40 ¥ 60

minytes
Fig 4 Mydniatic activity 1n muce 1v adnusistration
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Table 4

LD50 values for mice mg/kg

c " Route of administration
1V [ tp s C | oral
PAMN 84 80 250 500
Metropin 45 66 85 190
Atropine sulph 72 230 >600 450

The acute tovicity m mice 15 seen from table 4 The LD50 for ntra-
peritoneal and intravenous administration was about the same for PAMN
and metropin After subcutaneous mnjectton PAMN was poorly absorbed,
resulting 1 a high LD350 The compound caused severe necroses at the
site of imjection The LD50 by oral admuustration was also high, perhaps
because the substance admintstered 1n this way enters the central nervous
system only to a shght degree When the aumals died after oral admini-
stration of the drug, death occurred within 10~15 minutes

Discussion

PAMN had undoubtedly a clear anticholinergic action on the 1solated
guinea-pig tleum The finding by HERMAN, SHAW & ROSENBLUM (1958),
that atropine acts 4 tumes as strongly, was probably due to the doses used
taving been large PAMN has a very flat dose response curve, which
means that at low dosage PAMN still retams some of its pharmacologtcal
activity, whereas correspondingly low doses of atropine are completely
active Another difficulty in these determmatons 1s that the effect of
PAMN on the ileum 1s so prolonged that numerous washings are necessary
before one can depend on the action of a new dose of acetylcheline

Likewise a prolonged anticholinergic action was seen on the mouse
puptl, where the ddation after admuustration of PAMN lasted much
longer than a simular dilation produced, for example, by metropin

In anaesthetized cats PAMN's anticholinergic action was also of long
duration, whereas the ganglion blocking action was extremely short and
hardly of any significance for the chinical use of the drug (BAINBRIDGE
& BROWN 1960) Just as msignificant, undoubtedly, 15 the increase in the
neuromuscular biocking effect, which has been brought about by the

quatermsation of atropine

On the guinea-pig \leum, besides the anticholmergic action, there was



PROPIONYL ATROPINE METHYL NITRATE 365

shown constderable spasmolytic action aganst contractions produced by
barium chloride, an effect that must be considered of importance mn the
clinseal use

Just as one would have expected from a strong anticholinergic substance,
PAMN exerted a powerful mhibifory action agamst acid secretion by
Shay rats as well as agamst ulcer formation It 1s, however, perhaps more
noteworthy, that PAMN also had 2 much stronger protective effect than
atropine agamst stomach ulcer i stress rats, in which impulses of central
ongin produced by the psychic stram must be considered eritical for the
pathologic changes m the stomach It has been shown that quaternary
atroptne compounds pass the blood bramn barmer only with great difficulty
(HANCE ef al 1963}, making 1t hard to believe that PAMN exerts its
effect through the central nervous system One must assume that PAMN's
strongly spasmolytec action peripherally protects the stomach agawmst the
effect of the impulses The difference 1n action from atropine 1s not due,
at any rate not exclustvely, to the prolonged action of PAMN, since 1n

3 hours stress experiments we have also found a more favourable effect
of PAMN than of atropme

Summary

The guaternary compound propionyl atropine methy! nitrate (PAMN)
has a more powerful holinergic action than pine on the 1solated
gwnea pig vieem 2nd a much more powesful antagonistic action agarnst
barum chionde induced spasms than has papaverine A direct quantitative
comparnison 15 difficult to make, because PAMN has an unusually flat

dose response curve, mofeover, s action on the receptors of the organ
1s protracted

Prolonged anticholinergic action 1s seen 1n mydmatic tests on muce and
n t0 4 " bt "

y
tized cats m
PAMN has more pr a blocking and .

blocking action than atropine, but peither a;
s chions can be
importance climcally consdered of
Inhibitory effects against acd secretion a:
s well as agamst uleer;
are found 1n expenments with Shay rats, and 1n stress rats the stuam;
1s protected by PAMN, but nat by atropine mae
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From the Department of Pharmacology, Unsversity of Copenhagen
(Professor K O Moller, MD)

The Fate of Decamethonium in Doubly
Neph i Preliminary Results

I Dahhit

By

Christian Broen Christensen and Jens Schoun
(Recewved Japuary 11, 1969

A rapid elflux of decamethonrum and other quaternary ammontum
compounds from the cerebrospinal flud has recently been demonstrated
(SCHANKER, PROCKOP, Scuiou & Sisonta 1962) The results for decaretho-
num were obtamned by measunng the radioactvity remainmng mn the
cerebrospinal flurd at various times after injecting by a techmque descnibed
by PROCKOP, SCHANKER & BRODIE (1962) known amounts of 1C-labelled
decamethontum into the lateral cerebral ventricle of rabbits

An attempt to account

y for the icular dose of

i 1 doubly neph d rabbits was made by measur-

g the 1on of 14C-d honum in plasma and cereb 1
fluid and g these 1ons with the I d

values for volumes of extracellular flud and cerebrospmal fluid, respec-
uvely These calculations, however, were unsuccessful when based on the
volume for distribution of meth

according to the literature (¢ g PATON & Zanas 1952), as bcmé the
extracellular water, viz about 20%; body weight (KRUHOFFER 194€) The
amounts of radioactivity that could be accounted for by these caleulations
were much Jower than the doses mjected
In a few expeniments known doses of decamethomum-14C were there-
fore ijected intravenously mto doubly nephrectormized rabbits The
d space caleulated from measurements of the radio-
actvity mn the plasma 6 houss aftes mjection, proved to be about 60-70%
body wesght in four experniments (ScHou 1961, unpubhshed results) :
In the expeniments reported below the of &
1n the plasma of rabbuts after

was followed further.
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Methods

Male albino rabbits of a single strain, weighing from 2 3-3 3 kg, were anaesthetized
with N0, O, and ether via a tracheal cannula before double nephrectomy Then
105 ug/kg 14C-labelled d honwm b de (The Radioct 1 Centre, Amers
ham, Engfand), with a specific activity of 120 uC/mg, were njected mtravenously,
and blood samples (I ml each) were withdrawn at frequent intervals during six hours

For measurement of radioactivity, zinc hydroxide precipitation (SoMoGy1 1945)
was used to remove protein from plasma after add of unlabelled di }
bromude to the samples After spinning 500 pl clear supernatant from a sample were
added to 10 ml of a scintillation medium (Bray 1960), and the radioactmty was
measured with a Packard Tri-carb lrquid scitillation spectrometer, model 314 EX
The efficiency of the measurements was checked by comparison with plasma samples
containing known added of 14C d honum bromide carried through
the standard procedure These samples showed a Inear relation between added
radioactivity and count (after subtraction of background) in the area of the experi
mental samples In all measurements of radioactivity, the count exceeded 5000 and
was at least 5 times the background count The measurements of the radicactvity
allowed the conc: of d t m the plasma to be calculated The
results are expressed as ng/ml plasma

Results

To reduce the total amount of blood sampled from each of the five
experimental antmals, only 29 samples, obtamed at various times after
the ntravenous mnjections, were taken for decamethonium analyses The
results of these analyses, expressed as ng/ml plasma, are plotted in fig 1
A probable mean curve 1s drawn through the area of expertmental values

This curve has been transformed into a semi-logarithmic system by
plotting the logarithms of the plasma concentrations agamst the time
(fig 1, dotted line)

In unpublished experiments on the same strain of rabbits the mean
extracellular compartment, expressed as the inulin space, was determned
as 209 of the body weight mn several experiments A dilution of the
mjected dose of decamethomum 1n the plasma simular to the one obtained
for inulin at the equilibrium condition 1s already reached 10 minutes after
the intravenous injectzon Consequently the fate of decamethonium in the
body of nephrectomized rabbits cannot be explamned by assuming dis-
tribution tn the extracellular compartment only

Discussion

The results confirm that the fate of decamethomium cannot be accounted

for only by distribution in the extracellular water and elimination through

be i "After intravenous 1mjection into doubly nephrectonuzed rabbuts

ﬂrlxe:;:; rapid decrease m plasma decamethontum concentration occur§
a
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agnagram/ml
nanogrom/ m
SO0 4 rishmetric Tagarithmic.

s -t 1 L :

+-150
10m autes

Abscissa “m: [ haun :ﬁer 1njection

Ordinate congentration of decametbonmum 1n plasma {ng/ml} Left axis and full kne
anthmetne plot Rught aus and dotted hine Joganthmsc plot

and lasts for about 60 msutes This mitia] phase gives place to ene of
slower decrease, Iinear on a semt logarithmic plot, until the cnd of the
expenmental period 6 hours after the nt
plasma and total extracellular water (including plasma) to be 5 and 20%
of the body weight, respectively, only 5 and 20% of the injected dose
remained 1n these compartments at the end of the experiments

The expenmmls of Waser & LutHi (l957) showed that decamethomum

lly m the dp of muce From

these results lhc mutral steep decrease 1n plasma concentration may well
be mterpreted as being duc to a specific uptake of the Jabelled decametho-
nuuminthe ‘The bio} effect of the sub:
observed by recording the respiration, lasted only for few munutes after

the mjection, duning the penod of the hughest plasma concentrations
Decamethonium 1s d not ta be bol

n the body
Acta pharmacologica. vol. 20 fxc. 4 27
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PATON & Zanis (1952) could account for 909 of the injected decametho-
nium as the parent substance in the urine for 24 hours after the admunsstra-
tron to intact ammals In our experiments CO, was collected from the
exprred air and did not contain significant amounts of 14C

Methonium compounds are, however, excreted into the bile (cf ScHaN-
KER 1962), and the absorption of decamethomum from the intestine 15
inconsiderable It therefore seems likely that the slow lasting decrease 1n
concentration of decamethonium in the plasma, which follows a first
order function, expressing an ebmtnation mechamism depending on this
concentration, 1s due to excretion of decamethonium 1n the bile

Further studies of the factors responsible for the two-phased decrease
1n the plasma concentration of decamethonium after mtravenous njec-
tion 1nto doubly nephrectomized rabbits are 1n progress

Summary

The plasma concentration of 14C-decamethomum myected intravenously
nto doubly nephrectomized rabbits showed a rapid decrease, lasting for
about 60 mnutes, and then a slow, first-order decrease for the rest of the
6 hour experiments The 1mtial decrease 1s possibly explained by a spectfic
uptake into the neuromuscular endplates, the lasting slower decrease
being assumed due to biliary excretion of decamethonium
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From the Department of Pharmacology, University of Goteborg Goteborg, Sweden

p-Hydroxylation of Tyramine in Vivo
By
Arvid Carlsson and Bertil Waldeck
(Recerved Janvary 17 1964)

The mechamism of action of tyramune (TA) 1s ;n many ways not clear
After sympathetic denervation or cocaine treatment the sympathomimetic
actions of TA are markedly reduced (FLECKENSTEIN & BURN 1953,
FLECKENSTEIN & STockLE 1955) Avaiability of noradrenaline (NA) in
the tissues 15 essential for its actron (CARLSSON et al 1957, BURN & RAND
1958, FurcHGOTT ef al 1963) Displacement of NA from hypothetical
storage sites 1 or at sympathetic nerve endings has been suggested as
the basis of 1ts action

Little 15 known about the fate of administered TA in the lving orga-
nrsm., TA 1s a good substrate for monoamine oxrdase (MAO) (BLASCHKO,
RICHTER & ScHLOSSMANN 1937, ZELLER 1959), and recently the 1solated
rabbit heart has been found to form norsynephrine (Musaccio & Gorp-
STEIN 1963), 1n this paper called octopamine (OA) To achueve further
nsight nto the mode of action of TA we thought 1t of interest to pursue
nvestigation of 1ts fate m the mntact organism

Matenal and Metbods

an
un
<o
an »te v pubust ciewliere detailed report of the technique

1) Tyramine-2 C HCY 4 25 mC/mM
AL T Angﬂ: 'G i A\us obtained from California Corporation for

7



372 ARVID CARLSSON AND BERTIL WALDECK

30| FEMORAL MUSCLE
NORMAL

"%

10
o
o 20 4 )
mn
HEART O FEMORAL MUSCLE
ng
NIALAMDE 100 ma/kg ol NIBLAMDE 100morks
[

~veceap

© 20 40 80
min

Fig 1 Formauon of octopamine (OA)
from tyramine (TA) 1n heart and femoral muscle of mice
Upper graphs 14 C TA 0 1 mg/khg intravenously
Lower graphs  Nialarmde 100 mg/kg tntraperitoneally 2 hours before admintstration of
1C TA 0 1 mg/kg intravenously

Results and Discussion

TA was taken up by heart and femoral muscle (fig 1) It was rapidly
converted to OA, which remained m the tissues longer The heart has a
higher capacity to form and store OA than has femoral muscle, which
may be related to 1ts higher supply of adrenergic nerves

Some experiments were done on rats from which the left superior
cervical ganglion had been removed ten days before 14C-TA was re-
covered 1n larger amounts in the denervated than in the intact submaxillary
gland, dicating the existence of extraneuronal binding sites for TA
Significant amounts of OA were found 1n the mtact gland only A notable
finding was that 30 mun after intravenous admmstration of 14C-TA to
rats pre treated with malumude, the sums of TA and OA were about equal
1n both glands These results indicate that the side-chain hydroxylation
of TA occurs 1n the adrenergic nerves

If the muce (fig 1) were pretreated with 100 mg/hg malamude intra-
pentoneally 2 hours before admimistration of 14C.TA, much larger
amounts of both TA and OA were recovered, and OA now accumulated
at about the same rate as TA disappeared Oxidative deamunation and
p-hydroxylation thus seem to be the two mamn metabolic pathways for

TA
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Table 1
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Reserpine (10 mg/kg) and guancthudime (50 mg/kg) were given ntra-
pentoneally 6 and 1 hours, respectively, before intravenous admimstra-
tion of MC-TA After 30 mun the antmals were killed Reserpine almost

pletely suppressed the ton of TA and OA in the heart In
femoral muscle, where possibly a higher proportion of TA 1s free or
unspecifically bound, TA was less reduced Guanethidine showed the
same effect on OA, but had a smaller effect on TA uptake When the
MAQ was tntubited by malamude (100 mg/kg 1 P 2hours before 14C-TA)
the effects of reserpine and guanethidine were much Jess pronounced

The mam findings of our investigation may tentatively be explamed
Accumulation of TA may occur 1n adrenergic nerves as well as extra-
neuronally These two locations seem to compete for extracellular TA
Under normal d 1 will ultimately
prevarl Intraneuronally three processes compete for the TA, namely
a) oudative deamination by the MAO of the mtochondria, b} formation of
OA by the p-hydroxylase of the storage granulesand c}incarporation of TA
(and OA) 1nto the storage complex of the granules After preganghonic
sympathetic denervation TA will remaim on the extraneuronal binding
sites and no OA can be formed After reserpine treatment, on the other
hand TA 55t transferred wnto the cytoplasm of the n
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Results and Discussion

TA was taken up by heart and femoral muscle (fig 1) It was rapidly
converted to OA, which remained 1n the tissues longer The heart has a
higher capacity to form and store OA than has femoral muscle, which
may be related to 1ts higher supply of adrenergic nerves

Some experiments were done on rats from which the left superior
cervical ganghion had been removed ten days before UC-TA was re-
covered m larger amounts 1n the denervated thann the mtact submaxillary
gland, mdicating the existence of extraneuronal binding sites for TA
Significant amounts of OA were found 1n the intact gland only A notable
finding was that 30 min after intravenous administration of 14C-TA to
rats pre-treated with malamide, the sums of TA and OA were about equal
1n both glands These results indicate that the side-chain hydroxylation
of TA occurs 1n the adrenergic nerves

1f the muce (fig 1) were pretreated with 100 mg/kg mialamude intra-
pemgneally 2 hours before admimstration of 14C-TA, much larger
amounts of both TA and OA were recovered, and OA now accumulated
at about the same rate as TA disappeared Oxidative deammation and
g.hydroxylaﬂon thus seem to be the two main metabol-~ »athwave far

TA
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From the Department of Pharmacology, Umversity of Uppsala, Sweden
(Professor Emst Birdoy, MD)

Tubular Excretion of Dopamine (3-hydroxytyramine)
by the Chicken Kidney
By

Erland Sanner
(Received November 28 1963)

Unnary of dop (3-hydroxyty was first demon-
strated by HoL1Z et af (1942) and later confirmed by v. EULER e o] (1951)
A detailed study of the excretion mechamism was, however, not carned
out Tubular secretion of serotonmn (5-hydroxytryptamune) has been
demonstrated by SANNER & WORTMAN (1962), the excretion mechanism
was studied 1n more detail by SANNER (1963) Since dopamune has been
shown 1 prehmunary studies to reverse a previously reported reserpine-
mduced blockade of certam diuretc agents (NECHAY & SANNER 1961),

1t was thought of mterest to obtamn more detailed information on the
) 3
of

P

Material and Methods

'
[ ST 971

A Ammals

Rhode Istand Red chickens, 2 years old and weigheng 1 9-2 8 kg, were used They
were kept on commerctal chicken food, wath fresh water ad libstum. Generally the birds
were fasted over rught before an experiment. The birds were pre teeated sith 00 mgfkp
of an ureversible monoamine omdase (MAO}nhubitor tmalamde hydrochlonde
Niamid ® Pfizer) which was injected mnto the wang vem 2bout 17 bours ‘efore the

experment In one expeniment (Expt no 538) 200 mg/kg malamde were

given. In
another experiment (Expt. no 481) Catron ® hydr
10 me/ks 1 hour before the experyment, drochlonde was given at a dosage of

The birds were unanaesthetzed and keptina situng posstion during the expeniment,
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indeed inhibits the formation of OA remains to be established.) Conse-
quently, low TA and OA values are found. As might be expected, the
action of reserpine is largely counteracted by MAO inhibition. The action
of guanethidine may be similar to, though not identical with, that of
reserpine.

Preliminary experiments with 14C-dopamine show that this amine also
undergoes rapid B-hydroxylation (under formation of noradrenaline) and
that this process is no longer detectable after sympathetic postganglionic
denervation,

Summary

The rapid formation of octopamine from tyramine by adrenergic
nerves is demonstrated in viro. Evidence in support of the existence of
both intra- and extra-neuronal binding sites for tyramine is presented.
The further investigation of these phenomena may throw light on the
pharmacological actions of indirectly acting sympathomimetics
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From the Department of Pharmacology, Unversity of Uppsala, Sweden
(Professor Ernst Biriny M D}

Tubular Excretion of Dopamine (3-hydroxytyramine)
by the Chicken Kidney
By

Erland Sanner
(Recerved November 28, 1963)
Urinasy of dop (3 hyd was first demon-
strated by HoLTZ et al (1942) and later confirmed by v EULER eral (1951)
A detatled study of the excretion mechanism was, however, not carned
out Tubular of hydroxytryp ) has been
demonstrated by SANNER & WORTMAN (1962), the excretion mechanism
was studied 1z more detail by SANNER (1963) Since dopamune has been
shown 1n preliminary studies to reverse a previously reported reserpine-
mduced blockade of certamn diuretic agents (NECHAY & SANNER 1961),

1t was thought of interest to obtasn more detailed information on the
, of d

Matenal and Methods

The general procedure has been described 1n earher papers (SAER &
WornMaN 1962, SANNER 1963) Campbell’s modification of the ongmal
Sperber techmque was used (CAMPBELL 1960, SPERBER 1949)

A Ammals

Rhode Island Red chuckens 2 years old and weighing 19-28 kg were used They
were kept on commercial chicken food wath fresh water ad Libitum Generally the birds
were fasted over mght before an experiment. The burds were. pre-treated with 100 mg/kg
of an wreversible monoamine axidase (MAO)iphbitor (nialamgde hydrochlonde
Njarmd ® Pfizer) which was injected 1nto the wing vern about 17 houss before the
experiment In one expenment (Expt o 538) 200 mgrkg nualamde were aven
another expeniment (Expt na 481) Catron ® hydrochlonde was given at a '}
10 mg/ks Y hour before the experment osage o

" insesthetized and keptina sitting position during the expertment.
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Small plastic funnels were sutured over each uretheral orifice under topical anaesthesia
(5% Lidocan omntment) The funnels were irrigated with a constant flow of distilled
water at a rate of about 05 ml/min on each side to prevent their becoming clogaed
by uric acid The urine was collected from each side separately

B Drugs and Reagents.

Dopamine  Dopamine (3-hydroxytyramine hydrochloride, Hoffman La Roche,
Basle) 1n powder form was dissolved 1n 0 9 per cent saline just before injection (pH =
6) The doses given are expressed as the hydrochloride Tolazoline Tolazolne (2 ben-
zylimidazohine hydrochlonide, Vasod:l ®, Leo, Halsingborg) in powder form was
dissolved just before injection 1n 0 9 per cent saline to give 3 33 mg/ml of the hydro-
chloride (pH = 6)

Probenectd  Probenecid, (p (dipropylsulfamyl)-benzoic acid, Sharp and Dohme,
Glenolden, Pa)

1 A solution containing 50 mg/ml was made up 2 5 g Probenecid were dissolved
m 10ml of 05 N NaOH, the pH was adjusted to 74 with 2ml of 10N HCl and
the volume was made up to 50 ml with distilled water

11 A solution contuning 5 mg/ml was made up 500 mg Probenectd were dissolved
1n 10 ml of 05 N NaOH, the pH was adjusted to 6 3 with 0 1 N HCI, and the volume
was made up to 100 m] with 0 9 per cent saline (Expt no 635) All doses of probenecid
are expressed as the acid

Phenol red (phenolsulphonphthalen)

1 10 mg/mlin 09 per cent saline (pH = 7) (For testing birds)

II 10 mg/mlin 09 per cent sahine (pH = 6) (Expt no 567, 569, 572 and 635)

Perchloric acid reagent 100 mg of EDTA (disodium salt) (Merch, Darmstadt) and
200 mg of ascorbic acid (Hoffman-La Roche, Basle) were dissolved in 10 ml of 04 N
perchlonic acid and diluted with 04 N perchloric acid to a total volume of 110 ml on
the day of the expeniment

Nialanude  Nialamude, 1 (2 (benzylearbonyljethyl)2-isonicotinylhydrazine hydro-
chloride (Niamide ®, Pfizer, New York) A solution was prepared Just before injection
by dissolving the substance 1n 0 9 per cent saline to make 100 mg/m] of the hydro-
chlonde salt

Catron 1-phenyl-2 hydrazinopropane hydrochloride (Catron ®, Lakeside labora-
sortes. Milwaukee, Wisconsin) 1n powder form dissolved 1n 09 per cent salne to
contam 10 mg/ml of the hydrochloride

Polyethylene glycol (PEG) (Av mol weight 4000) A solution of 125 mg/ml made
approximately 1sotonic by adding 1 65 mg/m! sodium chloride was used

C Pretesting of Birds

The birds were generally tested by an injection of phenol red (pH = 7) 02 mg/hg
1nto the same leg vem as was later used for dopamine inyections A few birds that did
not excrete the phenol red with a visible excess on the 1njected side were discarded

D Collection of Urine

o = = ' = emet e hes cone
exper-
amples

ments the UG Was (UL wur 8 i

being pooled before analysis
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E Analyses
Doparmne Dopanune was by the fi mtthod of
Capssson & WALDECK (1958) with an Amunco-Bi ph

The activation peak was at 325 myt and the fluorescence peak at 375 mi (Unccrrecl:d
apparatus values)

The flucrescence was found to be stable for about 24 hours Recovery expeniments
on diluted unhines from each expetimental chicken were done with every run except
Exptno 635 The results are shown as “Method Recovery per cent’ 1 the tables
The difference between the amounts excreted by the ipsilateral side 2nd the contra.
Lteral side divided by the dose given 1s taken as the apparent tubular excretion fraction
of the myected dopamune (ATEF) (SpEREER [948)

Phenol red analysis Phenol red excretion was measured i the unine Samples after
2dding an excess of dry NayCO3 A Zeuss Elko photometer was ysed with filter no
$5351 The excretion of phenol red was calculated in the same way as that of dopamune

Pobyethylene glycol analysis PEG was determuned by the method of HyDEN (1955)
and Hypi & Knurson (1959)

Results
1 Apparent Tubufar Excretion Fraction (ATEF) of Dopamne

In9 normal chuckens pre-treated with @ monoamune oxdase mhubitor,
dopamune myected at a dose of 50 pg 1nto the leg vein gave 3 mean ATEF
of 195 + 38 per cent (table 1)

Since 2 an ATEF above 10 per cent 1$ regarded as mdicating tubular
Secretion, these figares make 1t probable that dopamine s secreted For
all these injections the dopamine was myected 1n the same volume of 0 9
Per cent sahine and the mjection time was Kept the same The recovery of

Table 1
Dopa Daopam; Reco [ Method f Unine
Bt e ny | exed pg | ATEF very per | Recove l‘]'r“:e ‘V"l‘r‘;‘"e entl
o |dosepz 1o Tun centage | ry per time
et Tomr ] oo |G (e | R e
480 | sg qg1 | 17 | 34 a7 | o5 | 3 25 ( 20
48 0 €2 05 | His| 132 )05 | 3 25 1 a0
500 50 | 149 \ 28 | 242 | 355 | 87 3 25 | 4
% 5o $90 12 ‘ 34| (43 | at 3 15 1 4
S16 50 198 | 70 | 257 535 0 | 3 25 40
517 50 720 07 ) 1] 158 e 3 35 | 40
mo o5 |79 sq p a3t 22 | 3 25 | a0
21 ) 50 | no| 24 370 468 | m 3 25 | a0
Ssﬂ [ ws | 2g 160 | 272 80 3 15 40
525 | 150 | 448 69 252 345 101 3 25 40
Mean } | T T e ——f—~——
n=9; so lzsx 23: 195~ {306‘ 84 1= 3 25 -
\ | ° 3 43 43
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the injected dopamine was found to be 30 6 + 4.8 per cent of the dose
injected. The recovery of dopamine added to diluted chicken urine (method
recovery) was 84.1 - 4 5 per cent. The table also shows that neither dose
nor collection time are critical. Urine flows were not significantly altered
by the dopamine injections.

2. Dopamine ~ Tolazolne Injections.

In another series of experiments dopamine was first injected into one
leg vein and the wrinary excretion of dopamine over 20 or 40 minutes
was then determined. Ten minutes after the end of the first urine collec-
tion period the same dose of dopamine together with 5000 pg of tolazoline
was injected into the same leg vein. The injection time and the volume
injected were kept equal to those for the previous dopamine injection in
each bird, and the urinary excretion of dopamine was determined over
the same length of time for both dopamine injections. At this dose of
tolazoline the excretion of dopamine was much less than that in ptevious

Table 2,

Dose tn) ,pg,legv] ATEF | Recovery Unine
l 8 % 100 Method | Imy Voll:Jme collect

Exp' L recover time

No Dopa- | Tola- | Dopa- | of Dopa. |*SCO¥ery time
mine 2oline mine | mune dose | P°F cent| min ml min

530 100 - | 20 263 94 3 25 20

100 | 5000 47 107 3 25 20

533 100 - 45 180 86 3 25 20

100 | soo0 30 135 3 25 20

535 160 - 39 131 96 3 28 20

100 | sooo 21 70 3 25 20

537 100 - 189 247 76 3 25 20

100 | 5000 45 136 3 25 20

538 100 - | 168 231 94 3 25 40

100 | 5000 48 185 3 25 40

542 100 - | 200 346 54 3 25 40

100 5000 | =23 95 3 25 40

100 ~ | 394 455 86 3 25 40

3 100 | soo0 | 105 283 3 25 40

- 422 422 85 3 25 40

4 {gg s000 | 232 243 3 25 40

——|"Too |- |208X14[384x40 (830248 3 23 =

mean | jo0 | soo0 | 63227152226 25
JL A S
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control tests on the same expenimental anumal In the 8 birds used the
dose of dopamune was kept at 100 p1g In these 8 experiments, the mean
ATEF of dopamtne was 20 8 4+ 1 4 per cent when doparune alone was
gven and 6 3 -+ 27 per cent when dopanune and tolazohne were given
together All birds were pre treated with malamude The recovery of the
1jected dopamne was found to be 28 4 + 4 0% of the dose for dopa-
mune alone and 152 4 2 6% when dopamune and tolazoline were given
together (table 2) Urne flows were not sigmificantly altered by the imec-
tions

3 Probenecid Experiments

In these experniments probenecid was injected in different ways to test
whether probenecid can inhibit the excretron of dopamune In one of
them (Expt no 545) dopamine was first injected 1nto one leg ven and
the urine was collected for determming the urmary excretion of dopamme
Then a single dose of 50 mg/kg probenecid was mjected nto the wing ven,
and 1 hour later the same dose of dopamune was injected into the same leg
vein as before The unine was collected for an equal time after both the
Injections, and the dopamne excretion was determmned In one further
expeniment (Expt no 549) dopamine was first injected 1nto one leg vein
and dopamine excretion was defermined Probenecid was then infused
(5 mg/mun } mto the wing vein throughout the proce-
dure Probenecid was infused for a persod of 10 munutes before the second
yection of doparmne mnto the leg vein was made The probenecid infusion
was then continued for the rest of the expennment (40 minutes) No
evidence was found for any interference by probenecid upon dopanune
excretion (table 3)

In another senes of expeniments (Expt no 567, 569, 572) dopamune
Wwas given tto the leg ven together with phenot red Two myections were

Table 3
. Dosemected | ATEF | Reco | Me- @
- x [ wvery | thod | In; |Volume| UTine
94 ‘“‘::f"“ Probenec;d DI(w | percen Jrecove | nme ny “:"‘“
e I i A A b I B
545 IDO\ | 24 2741 1
100 ' Somgxy yne 23| e HEEH I
539 100 - 481 | ags
13
| 190 15 me (somi..)‘ s | 427 R
—_— ]

——
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given to each bird Furst one injection of dopamine phenol red was gnen
without any inhibitor present, then one tnjection of dopamine-phenol
red was given to a chicken pre mjected with 50 mg/kg probenecid 1nto the
wing vemn 20 munutes before Probenecid pre treatment produced no
change tn the excess excretion of dopamune, but the tubular secretion of
phenol red was completely inhibited (table 4)

Finally, one experiment (Expt no 635) was performed 1n which pro-
benecid (pH = 6,3) was unilaterally injected together with dopamme and
phenol red 1nto one leg vem Here also no mhubition by probenead of
dopamine excretion was found (table 5)

4 Polyethylene Glycol Infusions

In order to test the influence of dopamne on the glomerular filtration
rate the experiments described below were done In a senes of 6 normal
chickens not pre treated wath any MAO ntubitor, 1sotonic polyethylene
glycol (PEG) at a constant rate of 31 mg/min (0 25 ml/mun ) was infused
mto one wing vein throughout the experiment A control peniod of 30
munutes was allowed before 100 ug of dopamine were given into one leg
vein at an mjection rate of 40 pg/min The unine was collected for another
40 minutes for PEG analyses as well as for urine volume measurements
The results are given n table 6 The PEG excretion ratios (injected
sidefuminy side) were vanable but were not far from 1

Discussion

Dopamine has been shown to be excreted 1n excess on the mjected side
In order to test whether or not dopamune 1s actively secreted by the
common dase teaasport system, totazolte was wsed as an inhibitor and
was njected 1nto the leg vemn together with dopamine With tolazoline
present the ATEF of dopamine decreased, probably by compentive
intubition of the transport system, to values less than 10 per cent Tolazo
line at the dose given has previcusly been shown to nhibit serotomn
secretion but not phenol red secretion

In the probenecid experiments carried out here, phenol red was n-
cluded as a test of probenecid activity Probenecid did not show any
nbition of dopamine excretion 1n these experiments, but strongly

lbited the phenol red excretion as expected These expenments are
m +lae o that danamne 15 excreted by an active

that for phenol red
' ~excretion
»2) These

of
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experiments showed that pr-adrenaline or sts bolites were d
by the renal tubules and also the somewhat unexpected finding that this
excretion was not affected by an mhibitor of the base transport system
Instead, 1t was mhubited by probenecid, but not by another inhibitor of
orgamc acrd transport, br 1 green The prob d was mfused
1nto the leg vem of the chicken together with DL-adrenaline and p-amino-
bippurate (PAH) As can be seen from the dopamine experments de
scmibed here, probenectd was tested by a few different injection techmques,
among them one similar to that used by Rexnick {(1962) (Expt no 635)
Our experiments did not show any mnhib of dop by
probenectd

A probable explanation of Renmck’s findings 1s that she did not use
an iphibitor of monoamine oxidase and was i fact studying the excretion
of catecholic acids *)

Dopamine can also act by sterference with the blood vessels of the
kidneys, since 1t 35 a vasoactwve substance It could possibly mterfere with
the artertoles umbedded 1n the parenchyma and cause a local ncrease 1n
glomerular filtration rate on the side myected with doparune Tius mght
smulate tubular excretion

This was also tested The results did not show any significant influence
of dopamune on the glomerular filtration rate (table 6)

e mast prababl b of dop
tion mvolving the common base transport system

15 tubular secre-

Sammary

Dopamine at a dose of 50~150 pg was myected nto the Ieg vemn of
chickens All birds were pre treated with a MAO mhubitor (malamude,
Niamide ®) except one bird for which the substance JB 516 (Catron ®;
was used Dopamme was found to be excreted unilaterally 1n excess on
the dopamine injected side The of d was whibited by
the d 10n of tolazoline at a dose of 5 m

nt,

Ieg vein Probenectd at a dose of 50 mg/kg given into the wmgg v::’nt;(:
minutes before leg ven myection of dapanune and phenol red produced
strong inbition of phenol red excretion, but lefy dopamune transport
unchanged Dopamine appears to be actively secret.

hase transport system ¥ secreted by the common
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