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From the Depattment of Pharmacology (Professor Knux A

the Department of Physical Chermstry (Professor C J Balthausen, Ph D), Unversity
of Copenhagen, Denmark

Tsolation of Hyaluronic Acid and Chondroitin-sulphuric
Acid from Human Aortae
By
Sv. Bertelsen and K. Marcher
(Recewved September 1, 1960)

Much work has been devoted to the study of mucopolysacchandes n
human and bovine aortic tissue BERTELSEN & JENSEN (1960) 1solated both
hyal acd and chond phuric acid from human aortae and
showed that the relative viscosity of the 1solated crude mucopolysac-
chanide-mixtures decreased with age Companng this finding with the
results of a lustochemical study on aortic tissue, the authors (BERTELSEN &
JEnsEN (1960)) assumed that the ratio chondroiin-sulphunic acd.
hyalurome acid ncreased with age In the biochemical investigation,
however, the 1solated substances were somewhat impure, which greatly
hampered interpretation of the results The viscosity-determunations
were carred out on impure mucopolysacchande mixtures, because we
feared that a too wigorous punfication procedure would 1nvolve depoly-
menzation of hyalurontc and The 1solated substances showed approx-
imately the same degree of impurity (expressed as mtrogen percentage),
which enabled us 1o compare their relative viscosities

The above-mentioned finding was 1n agreement with the work of
Fasrr (1949), who amved ot the same conclusion by determining the
sulphate content of human aortic ussue

KRk & DyRavE (1956), 1 a biochemical investigation, deterrmined
the acid hydrolyzable sulphate content 1n human aortae and found no

rartations i the sulphate content with age They expressed their results
m terms of wet tissue weight

We hold that sulphate determinations performed direct on aortic tissue
are not sausfactory For one thing, the amount of sulphate not bound by
acid mucopalysaccharides 15 unknown Secondly, 1t 15 clear, especially

Aldd by grast from the Danish St Scienos Foundanon,
ACtE Pharmacoloria vel 18 e &






HYALURONIC ACID AND HUMAN AORTAE 3

(BAN) == versene regular ® had been added up to 2 concentration of 001 M This
was done n order to bind fernc ions, which are known to depolymenize hyaluronic
acid The solution was then bated with 2 crude 1 p of
pancreatin (Pancreatut Solubile Novo) at a concentrztion of 50 mg per gram of
tissue and at a temperature of 20°C for 2-3 days In order to precipitate products
resufung from enzymmc digestion of the protem, we added trchloroacetic acid up to
a concentration of 15% After thorough cooling for one hour, the rmxture was
filtered several tumes The resulting solution was generally cleat or nearly so, 1t was
neutralized with a solution of potassium hydroxide, while being cooled and dialysed
against runping tap water {temperature 14°) for about 48 hours After the dialys:s,
the residual protein degradation products were removed by repeatedly shaking the
solution with 2 muxture of ¢h d A S: (1934)) The solution
wag dualysed agamn (o¢ two days aganst runming tap water and for two days agamst
distilled water To the dralysate 2-3 volumes of cold absolute alcohol were added.

The mixture was cooled at 4° for about 24 hours, and then centnfuged (3500 rpmy
for 15 sunutes ™ e © ¢ -

1n 2 vacuum des
scopic and easily -

Paper Chromatography

The 1solated suby were d d by with 20 N
acid for 15 hours at 100° 1n sealed glass tubes Samples contatning about 10 mg per
1 mf of acid were placed on Whatman filter papers No 1 i 4 volume of 20 ul and
run 1 2.6-lutidne/water (65 35) for 24 hours, using descending chromatography
As reference substances were used authentc o (N
& and f: hlonde (Mann Research
Laboratones) at concentrations of 10 mg per } mil of actd, § 1d of each hquid were

placed on the paper The chromatograms were developed with 2 0 1 per cent solution
of mahydnn in acetone

Determination of the relatne Content of Hyalurome Aad and Chondrown
-sulphuric Aeid

The method employed for deternuntng the relative amounts of chondroitin
ulphates and hyalutosue acid i the tsolated substances was based on the substrate
specifiaity of streptococeal hyaluronidase Thus 1s known to attack only the un-
sulphated muvcopelysacchandes (MEVER & RAPPORT (1951)) By incubating the samples
:nl'; this enzyme and dialysing the degradation products, 1t 18 possible to temove
yaA uromc acid from a muxture of chondrottin sulphate and hyaluronic acrd
. pproumately 30 mg of the isolated substances were lyophilzed and weighed
¢ samples were then dissolved 1 Mclivame standard buffer (pH-6,5), to which
:»::. adde;l sodwm chlonde to 2 concentration of about 006 M, N concen-
hyal:’r‘o :d ln.mg per Ml This solution was ncubated with 50 il streptococeal
wyatur idase?) for two days at 25-30° The sncubated solution was carefully
transferred 1o dulysis membranes and dialvsed « et N T -
51
Corenhuren Toc mpim made b

Yy Dr ¥V Faber of the Danish State Serum Institute,
(A 24 N yand contatned SO turbid

iram of 3 group of haemolyu stre;
plococcus t 2%
ity reducing units per i of solution (Fasen (1953))
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from the work of MEYER ef al (1957 & 1959) and BrrENsON (1958),
that the degree of sulphation in mucopolysaccharides containing sulphate
may very well vary considerably This 15 especially true of heparin, but
chondroitin sulphate A and chondrottin sulphate C have also shown
varymg degrees of sulphation

In the mvestigation reported here we have employed a method that
we think should enable us to avoid the uncertanties of interpretation
It consists 1 1solating the mucopolysacchandes 1 as pure a state as
possible and 1n using the substrate speaifiaty of bacterial hyaluronsdase,
which 1s known to attack only the unsulphated mucopolysacchardes,
¢ g hyaluronic acid and chondroitin (MeyER & Rapport (1951))

Thus report also presents few results of hexosamie determinations on
human aortic tissue

Materials and Methods,

After death (12-15 hours) 18 human aortae were obtared (from the
Copenhagen County Hospital, Gentofte)

As far as possible, whole aortae from arcus to bifurcatio were employed, after
careful removal of the adventitia by hand, the vessels were stored 1 acetone for
about a month Only macroscopically normal aortic tissues were collected, 1if there
was any question of elderly individuals with atherosclerotic aortae, the changed
sections were discarded and only macroscopically normal parts were used Several
tissue specimens from each punfied vessel were microscopically examined, partly to
ensure removal of adventiual tissue and partly to divide the vessels mto groups
The ages of the individuals ranged from 1 year to 80 years Owing to the small amount
of tissue present (n children, samples from mdividuals under 2 years of age were
pooled

Partly by help of the microscopscal examunation, and partly by ordmary macro-
scopical examunation, the material was divided according to calcareous content as
well as to 1ts macroscopic state Further aortae from a group of new-born children
were included 1n the matertal Each of the samples 1n this group consisted of 12-15
aortae, and on each sample was performed a duplicate-test

Group 1 new born
Group 2 no medial calctum
Group 3 medal calcrum, no atherosclerotic changes
Group 4 medial calcium, distinct atherosclerotic changes
For the microscoptcal preture of the aorta, see other publications (BERTELSEN (a 1n

press) and BERTELSEN (b, in press))
The method used for isolating purposes 1s described befow The acetone-drted and

dissntegrated aortic bissue was defatted with light petroleurn and ether and then
dned undes teduced pressure and weighed The ussue was placed m 2 bartital
buffer (pH ~ 7 8) to which trium (NFN)*) = edetate

hyk acrd

*) Tet
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(BAN) == versene regular ® had been added up 1o & concentration of 001 M This
was done 1 order to bind fernic 1ons, which are known to depolymerize hyaturomic
acd The solution was then d with a crude \ of
pancreatin {Pancreatin Solubife Novo) at a concentration of 50 mg per gram of
tissue and at a temperatute of 20°C for 2-3 days In order to precipitate products
resulting from enzymic digestion of the protein, we added trchloroacetic acid up to
a concentration of 15% After thoroogh cooling for ope hour, the mixture was
filtered several times The resulting solution was generally clear or nearly so, st was
neutealized with a soletion of potassium hydromde, winte beng cooled and dialysed
against Tunning tap water (temperature 14°) for about 48 hours After the dialysss,
the residual protein degradation products were removed by repeatedly shakng the
solution with a muxture of chloroform and ssoamylaleohol (S£vaG (1934)) Thesolution
was dialysed agam for two days agamst runnng tap water and for two days agamst
distilled water To the dialysate 2-3 volumes of cold absolute alcohol were added

The muxture was cooled at 4° for about 24 hours, and then centniuged {3500 rpm)
fof 15 mn fac Tha memecf o o A

mmay -
scope * -

Paper Chromatography
The 1solated were

by hydrolysis with 20 N hydrochk
acid for 15 hours at 100° 1n sealed glass tubes Samples contaming about 10 mg per
t m? of acid were placed on Whatman filter papers No 1 1n a volume of 20 ul and
a2 & lutdinefwater (65 35) for 24 hours, using descending chromatography
As reference substances were used authentic h de (N

I

and % h {Mann Research
Laboratones) at concentrations of 10 mg per 1 ml of acid 5 ul of each hiqud were
placed on the paper The chromatograms were developed with 2 0 1 per cent solution
of ninhydnn 1n acetone

Determination of the relative Content of Hyalurome Acid and Chondroutin
<sulphuric deid

The method employed for determumng the relative amounts of chondroitin
sulphates and hyalurome acid m the 1solated substances was based oa the substtie
SPECicty of ctramtarapast L - . .

wlp - L

witt
hya

w v v oL suiphate and hyaluronic

Approximately 30 mg of the wsofated substances were lyu);)ml::dl :n‘;dwmghed
The samples were then dissotved m Melivaine standard buffer (pH-6 5}, to which.
was added sodiom chloride to a concentrabon of about 006 M, ata concen-
tration of 10 mg per ml T soluhon was ncubated with 50 ui

hyaluronsdase®) for two days at 25-30 The incubated solution

streptococcal
lrrnnsl’emﬂ o dulysis membranes and dratveed s or

was carefully

"F The
Copenh“:m?:mnm a3 madeby Dr ¥ Faber of the Damish State Serum Instytute
A28 o nzylme was from a strain of 2 group of haemolytic streptococcus type 24
contained 50 turbidity reducing vnits der nl of2olutinn (F ames l\ynp:\n
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Determination of Hexosamine Content of Aortic Tissue

Hexosamune content was determined on 20 human aortae thoracalis obtamed
fresh from autopsy at the Copenhagen County Hospital, Gentofte The age of the
individuals ranged from 6 months to 83 years The determinations were made on
tissue partly from macroscopically normal aortae and partly from macroscopically
normal parts of atherosclerotic aortae

After careful removal of the adventitious tissue, as mentroned above, the freeze-
dried and defatted mumal-media tissue was weighed on a torsion balance, cut nto
small preces and placed 1n 5 m! glass ampoules with 4 ml of 2 0 N hydrochloric acid
After sealing, the ampoules were left for hydrolyss for 15 hours at 100° on a glycerol
bath The contents of the ampoules were filtered, and the hexosamine concentrations
were determined in 3 ml of the filtrates by Blix’s modtfication of the Elson & Morgan
method (Bix (1948))

Nitrogen and Sulphur Determinations

The nitrogen contents of the isolated mucopolysaccharides were determined by
the Kjeldahl mucro-analysis, about 10-20 mg of the substance being used for this
purpose The sulphur content of the chondroitin sulphate fractions was determmed
by the method of (Zinneke (1951)) about 10 mg of the incubated and dialysed
substance being employed

Results.

The purity of the solated substances was checked by nitrogen determi-
nations and paper chromatography The mitrogen content i the samples
ranged from 3 7% to 4%, indicating a low percentage of protemn i1m-
punties

The paper chromatography showed that hydrolysates of the 1solated
samples contained large amounts of galactosamine and glycosamine
This method also showed that the samples had a igh degree of purty,
swnce only few and famtly coloured spots were visible in the chromato-
grams beside the strongly coloured spots, representing galactosamtne and
glycosamine

Hyaluronidase treatment confirmed that the 1solated substance indeed
consisted of mucopolysaccharides Streptococcal hyaluromdase and
testicular hyaluronidase were added to solutions of the isolated sub-
stances, the effect of this addition being observed by viscometry, the
characteristic degradation curves of hyaluronic acid and chondrostin-
sulphuric acid were obtained

Table 1 shows the results obtained in determnations of the relative
amounts of hyalurome acid and chondroym-sulphuric acid 1t 15 clearly
seen that ratio chondroitin-sulphuric acid hyaluronic acid for the new-
born 1s 1n the region of 1, increasing regularly with age The last column
of the table gives the percentages of hyaluronic acid present in the 1solated
substances It 15 clear that the relative amount of hyaluronic acid 1n

aorte tissue decreases with age
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Table 1
e and of hyah acid in aorue
Yield of mucopolysaceha e el of various ages

' \ Yiold Yieldas Hyalurorue :?;t s
" reentageof dry | percentage
Group Aze | c:‘,‘:‘t;‘; mmg ‘”aeramﬁ bssue |mucopolysacchandes
59
1 0 year 18 832 15 '
235 4592 20 g
] 11 &S
| oo~ ‘ 241 4090 &
~__\_,__,__,__._,-—]-———~————-—— —_
I s a8
235 3521 1
el das un s 41
301 4220 | 14 41
3193 4318 | 11 ! 35
-
e
3 23 years 411 | 5347 33 33
2T e | B 10 Iy
28 - a3 5166 12 34
3 406 | 093 15 3t
46 - 481 5761 | 12 E
@ - | s su 10 | 10
S
4 elyears 591 \ 6500 1 10
l 1s 4109 (33 12
0 - 7128 3626 05 15
74 693 1 2078 03 1 3
76 724 2894 | 04 ] 19
80 - 661 1982 03 I 1

#) (bl sample consisted of 3 noruac.

1t should further be noted that the yield of mucopolysacchandes
d with age,a ph also observed 1n previous investigations

Table 2 records the results of hexosamine determinations on dry de
fatted aortic ussue It 1s evident that the hexosamune content increases
with age it should, however, be ponted out that the resuits have not
been corrected for caicium, so that the content of hexosamine must be
wugher than appears from she table, especially 1n mdmviduals over about
40 years of age

From the results in tables 1 and 2 1t may therefore be safely concluded
that the relative content of mucopolysacchanides in aortic ussue increases
with age and that this increase 15 particularly atinbutable 10 an increase
i the sulphated mucopolysacchandes

Sulphur analyses were made on some from the chond
sulphate fractions The results are given n table 3 and show that the
sufphur content 15 Jow and that specimens from elderly indviduals
contamn fess sulphur than those from younger persons
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Deternunation of Hexosanune Content of Aortic Tissue

Hexosammne content was determmed on 20 human aortae thoracalis obtained
fresh from autopsy at the Copenhagen County Hospral, Gentofte The age of the
dividuals ranged from 6 months to 83 years The determimations were made on
tissue partly from macroscopically normal aortae and partly from macroscopically
normal parts of atherosclerotic aortae

After careful removal of the adventitious tssue, as mentioned above, the freeze-
dried and defatted intimal media tissue was weighed on a torsion balance, cut mto
small pieces and placed 1n 5 mi glass ampoules with 4 ml of 20 N hydrochlonic acsd
After sealing, the ampoules were left for hydrolyss for 15 hours at 100° on a glycerol
bath The contents of the ampoules were filtered, and the hexosanune concentrations
were determined 1n 3 ml of the filtrates by Blix’s modification of the Elson & Morgan
method (BLix (1948))

Nitrogen and Sulphur Deternunations

The mitrogen contents of the solated mucopolysaccharides were determuned by
the Kjefdahl micro-analysis, about 10-20 mg of the substance being used for this
purpose The sulphur content of the chondroitin sulphate fractions was determmed
by the method of (Zinneke (J951)) about 10 mg of the incubated and dualysed
substance bemng employed

Results,

The punity of the isolated substances was checked by mitrogen determi-
nations and paper chromatography The mitrogen content 1n the samples
ranged from 3 7% to 4%, wdicating a low percentage of protein mm-
purities

The paper chromatography showed that hydrolysates of the 1solated
samples contained large amounts of galactosamine and glycosamine
This method also showed that the samples had a high degree of purty,
since only few and fantly coloured spots were visible in the chromato-
grams beside the strangly coloured spots, representing galactosame and
glycosamine

Hyaluronidase treatment confirmed that the 1solated substance indeed
consisted of mucopolysacchandes Streptococcal hyaluromdase and
testicular hyaluromdase were added to solutions of the rsolated sub-
stances, the effect of this addition bemng observed by viscometry, the
charactenistic degradation curves of hyaluronic acid and chondroitin
sulphuric acid were obtained

Table | shows the results obtamed 1n determnations of the relative
amounts of iyalurome actd and chondroitin-sulphuric acid 1t 1s clearly
seen that ratio chondroitin sulphuric acid hyaluronic acid for the new-
born 15 1n the regon of 1, increasing regularly with age The last column
of the table gives the percentages of hyalurontc acid present 1n the 1solated
substances It 1s clear that the relatve amount of hyaluronic acid 1n

aortic tissue decreases with age
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Table 1
o Ce en At ama e A a e
Gre . . .
i L ey ) .
| 59
\ )\ 0 year 189 2832 s 4
o - 235 4692 20 ;\;
[
| o~ 241 4090 \ 17 2';
’ |
e
2 | )12 years 235 32 ! 15 a8
i~ 248 317 14 :1’
" - 301 4220 14 4
Vg 3 s, 1) 5
{ i |
41l 5347 13 3
PO Se 1 e } 10 10
3 - | oanoy stee 12 34
3 U406 6093 15 n
45 [ 5767 12 k)
b -, s ERU io | 10
—_— 5,
[ . A U S,
! | e | n
4 62years 591 00 (
a@’T0 0 s 4109 ? 08 2
0 - 725 36126 05 15
7% - 1 693 1 2071 | 03 1 2
% - 724 2894 04 1 19
0 - 661 | 1982 , [3} ? 1

*) ths sample cotslsted of 3 sortas

It should further be noted that the yield of mucopolysacchandes
decreases with age,a phenomenon also observed 1n previous investigations

Table 2 records the results of kexosamne determinations on dry de-
fatted aortic ussue It 13 ewdent that the hexosamine content increases
with age 1t should, however, be ponted out that the results have not
been corrected for calcium, so that the content of hexosamine must be
ugher than appears from the table, especially 1n individuals over about
40 years of age

From the results in tables ] and 2 1t may therefore be safely concluded
that the telaune content of mucopolysaceharides 1n 20Ttic HSSUE INCTRANES
with age and that this increase 1s particularly attributable to an ncrease
w the sulphated mucopotysacchandes

Sulphur analyses were made on some specimens from the chondroitin
sulphate fractions The results are gaven sn table 3 and show that the
sulphur content 15 low and that specimens from elderly indiwviduals
contain less sulphur than those {rem younger persons
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Table 2

Hexosanune content 1n aorhie Ussue from 1ndividuals of various ages
mg per 100 g dry, defatted tissue)

Age Hec?ns‘:':l'"c gross appearance

6 months 900 natural

6 years 885 -

12 - 1036 -
23 - 1016 -
3 - 1038 -
25 - 957 -
28 - 943 -
3 - 1275 -
40 - 1197 -
40 - 1nmn -
46 - 1098 | -
53 - 1384 | -
53 - 1099 slight atherosclerosis
65 - 1510 natural

65 - 1360 slight atherosclerosis
66 - 1340 - -
70 - 1145 pronounced atherosclerosis
70 - 1368 - -
76 - 1428 - -
83 - 1202 - -

Table 3

Suiphur content 1n the sulphate containtng mucopolysacchande fraction
from aortic tissue tn ndividuals of various ages

Sulphur
Age percentage

0 year ' 175
[ 185
- 204

1-2 years 180
- 147

24 - 160
28 - 153
46 - 112
61 - 119
62 - 131
67 - 133
70 - 121

Discussion.

BERTELSEN & JENSEN (1960) 1 a previous study found that there was a
decrease 1 the viscosity of the 1solated mucopolysaccharides with age
This decrease may be due either to the amount of hyaluronic acid de-
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creasing sn proportion to he amount of chondrom sulphuric aaid of to
depolymerzation of the hyalurontc acid molecule The mvestigation
reported here makes 1t obvious that the relatve amount of hy;!luromc
acid decreases markedly with age, although from the results obtained we
cannot form any opton af its malecular size and possible vanation
with age

The ab d results are i dance with the findings of
MevER ef al (1957 & 1959), who d d that the hyal acd
fraction 1n aortac from old persons was markedly decreased, 1f not absent

1t should be stressed that our sesults show that hyalurome acd 18

present 1n aortic tissue from 2t age groups, srrespecine of the degree of
atherasclerosis

The h deter clearly

an increase s the
amount of acid mucopolysacchandes, whereas the yield of mucopaly-
sacchandes decreases with age The decrease tn the yield with age 15 in
accordance with the finding of DyreyE & Kirk (1957} The explanation
of tins inconsstency 15 not entirely clear, but 1t shoyld be pointed out
that the determinations were performed on dry, defatted, bus caleareous
tssue The decrease 10 the yield 1s, however, i our opimon greater than
can be accounted for by correctron for calctum content We must therefore
assume that for some reason the acid mucopolysacchandes become more
firmly bound to protem with age
As mentioned, KIRk & DyrsYE (1956) m their myestigations found
no sigmficant varsation 1n acid hydrolysable su)phate concentratsons with
age whereas M FARER (1949) i hus sulphate deterninations found that
the “active part” of aortic tissue (dry weight corrected for ipord and
caleun) contained a percentage of sulphate nsing with age The reason
why Kurk & Dyrbye found no varation was no doubs that the determie
nations were carmed out on wet, fat contaimng and calcareous tissue
Kirs. & Dyrave (1956) found further that the hexosamine content of
aotc wssue was unchanged with age These results were expressed 1n
proportion t6 wet, hpoid-cantasmng calcareous tissue It 1s known that
there 1s 5 vigorous wcrease 1n the amount of lipod even from the age of
:.‘B;z.g izalr;;z?s ;Ec;lﬁas " theﬁ ;moum of calcium 1n aorta (LANSING
the fnding of’a - :51) {1960)), and 1t therefore seems enident that
Correeg e ans ant amount of hexosamine 1n matenal, without
poid ang caleum, may sm fact mean a relative increase

compared with dry, defatted and decaloyfied nssue Thy
; -3
which ate for dry defatted tissue, s out results,

indirectly confi
b YIK‘“‘ & Dyrye y M the results obtamed
R h

deten

o tissue, the of h
ached 1o 204 mucopolysacchatides, as well as the amount attached
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to mucoids and glycoproteins, are determined BERTELSEN (1960), 1 a
previous mvestigation, has shown that the increase 1n the hexosamine
content with advancing years 1s attributable to an increase 1 acid
mucopolysaccharides, as well as neutral mucopolysaccharides and
glycoproteins

Chondrottin-sulphuric actd ~ i combmation with tissue protern -
forms a gel with a large amount of free antonic groups In vitro expen
ments (BoyD et al (1951)) show that chondroitin-sulphuric acid may bind
large amounts of calcrum 10ns from solution GLIMCHER & collaborators
(1957 & 1959) showed by 1n vitro experiments that it 1s possible to produce
calcification of collagenous tissue by depolymerization of the ground
substance and concluded that vascular chondrostin sulphate binds large
amaunts of calcrum rons, which are reltberated by depolymenzation of
chondroitin sulphate

Several experiments (RUBIN er a/ (1951), RoBINSON (1952), ROUILLER
et al (1952) and ROBINSON ef a/ (1957)), dunng recent years seem to
indicate that the presence of chondroitin sulphuric acid 1s necessary to
imtiate mmerahzation and that precipitation of caleium salts as crystals
takes place mn close relation to collagenous fibrils Bestdes chondroitin-
sulphuric acid, fibrils and norganic salts, the muneralization requires 2
number of unknown factors, which may either take part m the caleifica
tion process or merely act as catalysts for the process (SoBEL (1955))

BERTELSEN (1 and b, in press) tn histochemical investigations has demon
strated that mineralization of the vascular wall takes place tn the ground
substance, presumably 1n close relation to collagenous or collagen-hke
fibrils This holds good of both the medial minerahzation, which takes
place farrly early, and the sporadically occurring inumal mineralization,
which 15 constderably less frequent

It would appear from table 3 that the sulphur content 1s very low
There may be many explanations of this phenomenon, but the most
obvious seems to be that the chondroin sulphate fraction contams a
polysaccharide with a fow content of sulphur and that the amount of
this polysaccharide increases shightly with age (table 3) According to
MEYIR ef al (1959), heparitin sulphate contains maximally one sulphate
group per disacchande umt, whereas heparmm monosulphate (solated
from ox lung by JorPEs & GARDELL (1948)) has free amuno groups, 1n
contrast to heparitin sulphate, 1 which half of the NHa-groups are
acetylated, half sulphated It 15 probable that the low sulphur content s
due to the presence of heparin monosulphate, hepantin sulphate or
polysacchandes with a very low degree of sulphation m the aortic

wall
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Conclusion and Summary

1t )5 shownthat the hexosamine content lnaartic tissue acreases withage
The sut of bactenal hya! dase 15 used to determine
Yotio iphated and 1nhated poly

the relative hip between sulp and n P
sacchandes Tt 1 shown that the increase 1n acd mucopolysacchandes s
due to an ncrease 1n chondrottin sulphates

From sulphur analyses made on the mucopolysacchande fraction
contaimng sulphate 1t 1s suggested that aorlic pssue contatns a polysac
chande with a low degree of sulphation
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Studies on Algesimetry by Electrical Stimulation
of the Mouse Tail
By

Per Lund Nilsen
{Recerved October 17, 1950)

Existing expertmental methods for testing analgesic actity can be
divided mto groups according to the simuli used for producing pam
The stmult most frequently used are mechanical, thermal, electrical and
chemical (GOETZL et al 1943; PFCIFFER et al 1948) All of them can be
apphed to mice and rats, which for many reasons are the ammals most
widely used 1n expenimental algesimetry

In one of these methods, first devised by J F REINHARD and E J DE
BEER, and later descnibed and modified by BUrRN et al (1952), GREWAL
(1952) and CUGURRA (1954), electnical stimul are applied to the tails
of mice When the amimals respond by squeaking, this 15 regarded as a
sign that the stimuli have been noci-ceptive

This method has been modified 1n cur laboratories 1n several ways,
the most important being that the normal pan threshold of each -
dividual mouse 1s determined before the expenment The wmndividual
vaniation 1s extremely high, of 1t 1s not determined beforehand, the error
1 determining analgesic effect would be so great that minor differences
would be concealed Establishment of the threshold increase for each
mdividual mouse makes the method more accurate and more sensitive

Method.

Anunals Male mce of a single stram weighing 15-20 ¢ are used

Apparatus The muce are pliced in cylindrical holders, with tops made of plexiglass,
(for observing the ammals under test) The back piece can be moved vertically and
has a groove through which the tail can protrude

The electrodes are made of two cannulas no 20 attached to a piece of plastic-
matenal 12 mm apart They ate mnserted i the tail just beneath the skin, the distal

electrode being 5-6 mm from the tip of the tail
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lse geperator Intensity.
Suoauly of the square wave 1ype are given by an mpul
durat;on and frequency can be varied ndependently In all the expenimens dcgfs“hf“:
10 this paper ipe spvan Sasted for 20 mulfiscconds and were givenat ntervals of

?;:T:ﬁnulus strength (voltage) 13 measuted by a cathode ray oscillograph used
Vi ter
* ;ﬁ:t\"t:::memor and the electrodes 15 2 key by means. of which the cucut
and closed at will

“r;’:’:t:dpj: ik?;e the drug 1s @ven the pain theeshold of each mouse s determined
Fhe voltage 1s ncreased stepwise bY 100, from 240 64 volts until the amnal responds
by squeaking on the fisst or second shock, In this way the anmals arg divided mto
six groups accorduwg to thei normal pam threshold

Szt afone ae vegarded 28 posive pam reactions, and ammals faling to
respond 10 four consecutive stimuls, when tested at the same voltage a8 I?r the pre-
treatment threshold are Gefined as showing a postiive analgesic reacion

Alt compounds were dissalved phystological salime or suspended m §% gum
acaca and gwen intrapentoneally The analgesic effect was measured at wtervals
after igection, and the tesulls are expressed 23 the percentage of ammals showing
a posttive ANagesIc YEACLOD, 35 definedd above

Results.
A The Pan Threshold m normal, wntreated Mice

Site of stmulanon Different pasts of the tall vary 1n sensitvty 1o
electrical sumuly, as can be seen from table § A group of 27 mice were
sumulated on three consecutive days at the up, suddle and base of the
tail, and the number of anmals squeakang at the first ot second shock
was determined The sensivity increases from the tp to the base of
the tail

For practical reasons we have used the tp of the tai as sie of sumula-
o 1w all our expenments

Table |
Influence of s11¢ of sumulation an pan respanse
Mate myce 20-25 g Electrieal stimuly 16 volts,

Sty \ | Mo of my
appied No of muse ,qu.n:' P
Ty { (1] 51 1605
Middle 87 n ®3% seo
Base 3 26 99% i
*} calculated from the x2 test as described by Buws et of (1952)
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Table 2

Relationshup between sensttivity to electrical stimuh and werght (age)
of male mice Sttmulus tntensity 16 volts

Weight (grams) No of mice No of rmice squeaking P52
10-20 ( 95 73 a7
98-99
20-30 } 49 7 (55%)

The cffect of age The senstivity decreases with increasing body-weight
This means that 1t also decreases with increasing age (table 2)

The effect of sea There 1s a small, though significant, difference i pain
sensitivity between the sexes when constant sttmuli are apphed to animals
of the same strain and age The males are more sensitive than the females
(table 3)

Strain The sensitivity and frequency distribution of the normal pain
threshold i two different strains of mrice have been nvestigated on
males of the same age and weight

As can be seen from fig 1, there 1s a considerable difference 1n sensi-
tivity to electrical stimult between the two strains of mice

The reproducibility of normal pamn threshold A group of 100 male mice
of strain I was tested once or several times daily for 4 days The results
are given m table 4

There 1s a significant increase i the number of amimals responding
between the first and the second test of the day, even when the mterval
between readings 1s 3 to 4 hours

When the ammals are stumulated more than twice on the same day,
the pain threshold of the group remains constant and equal to that at
thie second deterriiation

The day-to-day varation m the group’s normal patn threshold is small
and without ssignificance

Table 3

Influence of sex on pain response Mice of strain I 10-20 g
Electrical sumult 16 volts

Sex No of mice No of mice squeaking P (%)

T

|

2 (659 f

F 295 19. 65%) ‘ 99099

M 1308 966 (4%
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%
100

S0
80
70
60
50,
40
30
20

2 4 8 Y 32 64 VOLTS
Fig 1 No of muce squeaking, with vagious intensies of stumull (2-64 wvolts}
Male muce, 15-20 &
™ Swaim U 4280 - - 1

Table 4
Reproductbihity of normat parn thteshold Male raice of steam I, 15-20 ¢
Electrical stuule 8 volts
Sumuylation. No of No of mice e
Date (I mavon | g \ Yo \ o otmee | i
s | I 1m0 100 57
98-99
- 2 | nn 100 74
{
wiss | v 4 o930 19 6
! ‘ 95-9%
- {2 1330 100 5
VI s \ 1 w30 100 59
| 80-90
- 2 1305 100 0
30-30
- 3| o8 1w | 7s
i | | | 10-20
- P 1505 100 E]
2471158 \ 1 | 09 30 \ 100 \ 6t \

e

e
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In consequence of these nvestigations we have determmed the normal
pain thresholds 1n two tests at least, only the final readmng being used

Tissue damage We have apphed stimuli of maximum ntensity to
100 male mice, 20-25 g, on three consecutive days The perceatage of
squeaking ammals was 77, 77, and 71 Thus there was no systematic
variation

&8 The Paur Threshold after Adnumstration of Analgesics

The influence of the normal threshold Frequency distribution under
analgesics The relattonship between normal pam threshold and anal
gesic response has been determuned 1n tests on 872 mice of stram I
and 222 rmce of stran II, all males weighing 15-20 g The animals were
gven 125 mg codeine phosphate per kg bodyweight intrapertoneally,
and the pain threshold was determined 15 min after the mjection

As can be seen from tables 5a and 5b, there 1s a correlation between
the normal pam threshold and the carresponding value after an imjection
of codeine phosphate Amimals with the lowest mitial threshold are the
most sensitive to the effect of codemne

Stran and age Analgesic response, 1 ¢ the percentage of ammals
showing analgesia, vartes according to the strain and age, as 1s shown
m tables 5 and 6

Table 5 shows that, when given 125 mg codeine phosphate per kg
bodywerght 1ntraperitoneally, 53% of the ammals of strain I exhibit
analgesia, whereas the corresponding value for muce of strain II 15
only 389

Table 5a

Relationship between normal pan threshold and analgesic response determ ned 15 min
after intraperttoneal injection of 12 5 mg codeine phosphate per kg bodyweight
Male mice, 15 20 g stran I & 1T

Total 872 462
Average

(53%) 38%)

Normal Stram [ Straim IT
Ppain
No of No of mice showing No of No of mice showing
lh(l;,c:]’::)]d mice analgesia mice analgesta
!

2 242 150 {(6234) 25 17 {68 :A)

4 156 93 (0% 28 | 15 64%)

8 92 49 (53%) 11 4 (36./.)

16 108 kil 66%) 40 18 s ./.)

32 147 56 382) 57 16 (:8&)

64 127 43 Q4% 51 13 (25%)
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Table 5 b .
.
. .
Normal pun No of No of muce showing A
threshold Stram e \ anaigesia PO
(volts)
0 293 [C74]
<8 \ . 49 999
»8 | 382 170 “sy
i
6 36 565
<8 u 299
>8 158 a9 o

This may be mamly due to the fact that relatively more antmals having
a high normal pam threshold and a correspondingly low to
analgaesics were found m stram 1T However, 1t seems as 1f even the
antmals of this strain that have the same threshold as ammals of stramn 1
were shghtly less sensttive

Table 6 560 male muce of strain II were divided 1nto groups, according
to bodyweight, (1 e age), 125 mg codeine phosphate per kg was given
ntraperitoneally, and the number of mice showing analgesia was
determuned 15 mm after mjection The table suggests a shight decrease

n y to codeine phosphate with bodyweight, but the
difference between the two groups was not statistically significant
Sex No fi diffe m the resp to ) was

observed between the sexes when amimals of the same strain and body-
weight were used In a special seres of experiments 124 out of 276
(1 ¢ 45%) female muce of stramn 1, 15-20 g, showed analgesia 15 min
after an mtrapentoneal 1njection of 12 5 mg codeme phosphate per kg

Table 6

Effect of weight (age) on the analgesic response,

15 Dun. after
rchon of 12,5 mg codeine phoiphate per kg body weight
Male mce, stran 1
weght | No of mce show
amy | Neofmece andlgesa PO
wa | o 88 [EEIN
8090
26-30 l 321 103 [634] -
;
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Table 7.

Analgesic potency of some dernvatives of salicylic acid
Male mice of stran I, 15-20 g

Slope of
Compound ',I?osc No of N?nfxs.:‘ﬁ-“ ED 50 regression
g/hg mice analgesia mg/kg hne
3 (sce text)
Acetylsalicylic acid 250 92 23 (25%) 580 221
500 43 18 427 | (410-1000)
Salieylamude 125 0 1 (1073)
250 10 7 70%.) 216 692
500 8 8  (100%) (122-357)
Phenazone 200 20 8 “40%) !
salicylate 400 20 18 (90%) 207 563
500 8 8 (1003,) (187-378)

body weight This figure 1s 1 complete agreement with that found for
male muce, as can be seen from table 10

In order to test the rehability of the method, the analgesic effect of
some antipyretic as well as some morphinomimetic drugs was investi-
gated The results are given mn tables 7-10 Among the antipyretics, the
pyrazolone dervattves — 1n particular amidopyrine - had the greatest
analgesic effect Less active were the derivatives of salicylic acid and the
antline compounds, phenacetin and acetamhde

The results have been analysed statistically by the methods described
by BURN et a/ (1952) From the percentage of animals showing analgesia
probits were calculated and plotted agamst log-dose, as shown 1n the

Table 8

Analgestc potency of antline derivatives
Male mece of stram I, 15-20 g

No of mice
Dose No of ED 50
Slope
comoms | 2353 | W0 | gemme” | oy | wr
|
Phenacetin 100 30 7 (23%)
200 143 64 (45%)
300 20 13 (65%,) 270 187
500 29 21 (712%) ] 210-420)
200 32 13 1% 225 470
Acctanilids 00 ’ 17 s 8% [ (200-320)
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50

1

11t 1 [N 1 [N
6810 20 4060 100 200 400 1000
DOSE tmg/kg i p)
Fig 2 The dose orémanea m—s € -
P
oo suspy

V Phenazone
VI Phenacetin
Abscissa Log dose (mg per kg bodyweight)
Ordinate  Percentage of mice showing analgesia

eamplesn fig 2 The observanons were then corrected for thewr weights,
and the regression hines of doses on weighed prohits caleulated as de-
scribed by BUrN o7 &f (1952) The slopes of the regression hnes and the
median effective doses are given 1n the tables 7-10 In some instances the
fiducnal umuts were also caleutated By means of the 12 test all the ye~
gresaon hines were tested for rectihimeanty, as deseribed by Burw er @!
{1952)

The slopes of the curves for codeine, pethidine and morphine did not
differ sigmficantly from one another (x2 = 5 13 with 4 degrees of freedom)
Thle 6czm'umcm slape of the regression lines for these three compounds
®
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Table 7

Analgesic potency of some denivatives of salicylic acid
Male mice of stran I, 15-20 g

Stope of
Dose No of | No of muce ED 50 100
Compound showing regress
meke | mice analgesia S
Acetylsalicylic acid 250 92 23 5% 580 22t
500 43 18 “2%) | (410-1000)
Salicylamide 125 10 1 (107)
250 10 7 (7092) 216 692
500 8 8 (100%) (122-357)
Phenazone 200 20 8 (407
salicylate 400 20 18 90%) 207 563
500 8 8  (100%) (187-378)

body weight This figure 1s 1n complete agreement with that found for
male mice, as can be seen from table 10

In order to test the rehability of the method, the analgesic effect of
some antipyretic as well as some morphmommmetic drugs was mvest!
gated The results are given 1n tables 7-10 Among the antipyretics, the
pyrazolone derivatives ~ in particular amdopyrine ~ had the greatest
analgesic effect Less active were the derivatives of salicylic acid and the
aniline compounds, phenacetin and acetantlide

The results have been analysed statisuically by the methods described
by BURN et al (1952) From the percentage of ammals showing analgesia
probits were calculated and plotted agamst log-dose, as shown n the

Table 8

Analgesic potency of aniline denvatives
Male muce of strain I 15-20 g

Dose r No ol‘( No of mice r ED 50 { Stope

Compound mg/kg mice :::I;é’s’ﬁl mg/kg
Phenacetin 100 30 7 237%)
200 143 64 (45%)
300 20 13 (657) 270 187
500 29 2] (712%,) (210-420)

[ 470

200 32 13 (G 225
Acetamlide 0 I ’ 15 3% | (000320

400

S|
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Table 10

bstances
olenc of some morplunormumenic st
Aasigescy ye mee of strain 1 15-20¢

No_of mice
Dose | Mo of | snowing Enny zo Stope
Compaund '“5“‘5 muce analges1a 3
Codeine phosphate SB e & 31 A
25 3 |2 @% W Yhn
h 2 2 |20 @8R
:;::%c;:\l:nﬂe \ a ‘ ) | 6%
Pethid ne 3 50 10 (2099
6 45 19 42%) 152
hydrochlonde ‘ ¢ b » wn g mﬂlx o
Detromoramide on| m | u @ :/ ) ,
1 0 3 %
e 1 33 12 e le 4u> 27)

The most active of the morph drugs 15 d d
(Palfium ®), which in tus test had an analgesic effect approximately

seven imes that of morphine Codeme was, as expected, the least active
compound of the group

Discussion

A method for tesung analgesic compounds has been apphied 10
various well known substances, and 1t has been demonstrated that a
rectiinear relationstup exists between the loganthm of the doses of
anaigesics and the probn of Yhe number of ammals s‘nowmg analgesia
This 15 true for both DY and morph

Most authars have been able to measure the analgesic action of the
morplinommetic compounds, such as morphine 1tself, methadone,
peiiidine ete, m non tomie doses, but this does not seem 1o be possible
with the antipyretic amalgesics Some authors (GRewAL 1952, Smrti
eral 1943, WOOLFE & MACDONALD 1944) have been able to demonstrate
shght analgesic actvity of these compounds, but they could not give

dose fesponse curves because the doses needed evoked toxic symptoms,
and sometimes wese even lethal




18 PER LUND NILSEN

Table 9

Analgestc potency of some pyrazolone derivatives
Male muce of stram I, 15-20 g

No of miee
Compound Dose No of ED 50
P mas | me | gowme | g | S
Phenazone 625 20 0 0%
125 67 14 Q17
150 17 7 @D
188 144 76 (53%) 197 a4
300 182 151 @3%) (180-216)
Isopropylphenizone 100 50 10 20%)
150 58 25 (4320 141 370
200 50 33 (667;) {127-158)
Isobutylphenazone 100 10 3 (30%) 150%)
200 10 10 (100%) {approx)
Amidopyrine 625 63 16 Q5%
125 5t 37 (M3% 89 450
250 1 15 (1007 (76-105) s
Phenylbutazone sis | 0o (0% I
625 28 2 7%
125 27 s (19% 174 356
250 28 21 (5% ) (161-193) J

) calﬁuhled from the common slope for the regression hne of salicylamide etc
b=4

The antipyretic analgesics, with exception of phenacetin (and perhaps
also acetylsalicylic acid), had a much steeper slope, which may be 1dentical
with that of sahcylamide, phenazone salicylate, acetamhide, phenazone.
1sopropylphenazone, amidopynne and phenylbutazone (x2 = 1262, 14
degrees of freedom) The common slope for the regression Iine of these
compounds 15 4 59

Acetylsalicylic acid and phenacetin have a less steep slope (b = 1 87),
differing significantly from the common slope of the other antipyretic
analgesics mentioned above

In calculating the median effective doses and the fiducial ltmmts, the
common slopes used were b=459 for the antipyretic analgesics
(except phenacetin and acetylsalicylic actd), b = 1 87 for phenacetia and
acetylsalicylic acid and b = 1 62 for codeine, pethidine and morphne
For dextromoramide the slope found was b =39, and this has been

used 1n the calculations



ALGESIMETRY 2t

e The ED 50's of the compounds mentioned were found

I‘?, r;::-_ny‘:(; 'C‘:;sczsso and 98 mg/kg bodyweight, respectively Compared
with our results, 1t will be seen that acetylsalicylic aad was more active
10 thus test, whereas the analgesic effects of phenacetn and amidopyrine
wete almost the same as those found by us

Tt has been pownted out here that the effect on mice of different anal-
gesic compounds depends on the animal’s normal pain threshold, which
varies with stramn and age For the evaluation of dose response curves
and for companng median effective dose of different drugs, 1t 15 therefore
necessary to determime the pre-treatment threshold of the ammals and
divide them mto groups accordirgly Equal numbers from each of these
groups should be used for each compound investigated

For the g of weak anal 1t 15 advisabl
muce of 2 sensitive strain

The analgesic activity of a new compound should be determined by
comparing tts effect wath that of a weli-known analgesic (¢ g codeine)
determined on the same day and on the same type of ammal

10 use young

Summary.
A method for testng anal; d

p 1 mice 1s d bed It 1s
based an an all or-none Tesponse towards electrical simult of constant
doration and frequency, but of varying mtensity The pan threshold of
each mouse 1s determimned before and after the administration of the
analgesic compounds, and the animals are defined as showng a “positive
analgesic teaction” 1f the second pan threshold 1s found to be increased

The method has been applied to various wellknown analgesics, and
it has been shown that the percentage of mice showing analgesia nises
with increasing doses The ED 50 (mgfkg 1 p ) has been determined for
the pyrenc and morph drugs, acetylsahicylic acid {580),

. P

cabact A, an .
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Exceptions are techmques described by KRAUsHAAR (1953) and Way
et al (1953) KrAusHAAR apphed radmnt heat or electrical stmult to
the tauls of mice; Way et al applied graded pressure stimult to the tails
of rats and determined the grams of force necessary to elicit the squeak
response

SIEGMUND et al (1957) produced “writhing” 1n muce by intraperttoneal
mnjecttons of 2-phenyl-1,4-benzoquimone The “writhing” syndrome 15
prevented by oral admimstration of acetylsalicylic acid, phenacetin and
amdopyrine, given i graded non-toxic doses

The methods of KrAUSHAAR and Way differ from each other m the
nature of the painful stemuh and the routes of admimstration, but they
have two important points in common The pre-treatment threshold of
the antmals was determmed and only animals with high sensitivity were
used Moreover, the dose-response curves were based on all or-none
responses The method described 1n this paper differs from theirs on one
tmportant point, namely that all ammals were used, even those of low
sensitivity

The use of mice has several advantages 1t permuts selection of a
uniform and senstuve strain of amimals, which nunimizes ndividual
variation It also permuts, as shown, the evaluation of weak analgesics
Moreover, 1t 15 possible to use a large number of animals, which 1s essential
for reasonable accurate results

The use of clectrical stimulation permuts independent vanation of
ntensity, duration and frequency of the stimuli All of them can be
measvred 1n well defined units, and with square-waves the peak of
intensity 1s reached instantaneously Electrical simult of a reasonable
mtensity do not produce tissue damage, and repeated applcation of
stimuli 15 therefore possible without loss of uniformity 1 response A
squeah as a responsc mvolves the participation of higher centres 1 the
central nervous system, and ror tiis reqson 1t 1s preféradle (o ovrer rafex
mechamsms, for example “tail-flick™, which can be provohed even by
direct muscle stimulation

The relative potency of the different morphnommetic analgesic
compounds nvestigated compares well with that found by most authors
using other ammal tests, (CAHEN er af 1948, FrigpeL & REICHLE 1956,
CHRISTENSEN & TYE 1951, HAas ef al 1953) The findings also conform
with the relauve effective doses used 1 the chne, as compiled by EDDY
et al (1956)

Judged by the mformation mn the hterature, the * writhing® method
applied to mice seems very sensitive Thus SIEGMUND et al (1957) were
able to deterrune the median effective doses of sodum acetylsalicylate,
acetylsalicylic acid, phenacetin and ardopyrnne after oral administration
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From the Biological Department of Ferrosan Ttd
(A) Lund, Ph D)
Comparative Studies of the Divuretics Acetazolamide,
Ami rdine, Chlorothiazide and Theophyliine
By

Ole E. Nielsen
(Recerved October 25, 1960}

The object of the study reported here has been to compare the action of
theophylline, the classical diuretse, with those of modern mercury-free
diuretics, 1 order to obtan a basis for evaluating the advantages, 1f any,
possessed by the latter ( dinel), ac lamide?), and chloro-
thiazrded)) over thus famibar predecessor

The companson was made with special reference to the mfluences of
the drugs on the excreuions of water and electrolytes, as well as their

acuons on acid-base balance and glomerular filtration 1n normal ammais
and humans

About the mechamsms of action of these dmretics we are 1n the main
well informed, that of theophyliine having been analysed by MorLER
(1926) that of chlorothiazide by BeYER (1958), that of acetazolamide by
MAaREN ef af (1954) and that of aminometradine by ForD ef af (1957)

With our object 1n view, short term clearance experiments were made
on fabbits, as well as a companson of the effects of the drugs on rats

Fmally we aimed at throwing some light on the renal actions of the
drugs 10 human subjects and on therr duration

Expeniments on Rabbits.
Experimental

Male rabbuts were used wesghing from 2 $ 0 3 5 kg, The animals had had no
to food, but were allowed water ad ib before th extherised

‘They were
with urcthane and pentobarbital Before the expeniment was begun, a tracheal cannula
) Micune @

%) Duamox &

3) Sabsan gy
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was mserted, to ensure a frec air passage, and a glass canpula was mtroduced into the
exteriofised bldder, to reduce the dead space between the kidneys and the cannula
Blood samples were withdrawn through & cannula 1n the common earoud During
the experiment physiologieal saline (0 33 mi/min ) contaymng creatinine (! mg mn)
was infused continuously into an ear vemn At the begmning of the expeniment a large
dosc of creatinine (200 mg) was given intravenously Urine was collected for pertods of
10 to 20 minutes After a suitable number of pre-periods, the diuretic was njected
mtravenousty

Blank tests showed that the 4-6 ml of physiologteal saline 1n which the inyected
diuretics had been dissolved had no influence on the course of the duresis or on
electrolyte cxcretion

Anah tical Methods,

Sodium and potassium were determined by flame photometry Chlonde was
determined titnmeteically (Scuates & SceAtes 1941) Bicatbonate was determned
manometrically by van SLYRE’s macromethod (1947) Creatinime was measured spec-
trophotometrically after pieric deid couphng in alkaline flud Ammonia was deter
mined by CoNwAy s diffusion method (1947)

Theopin line

Three experiments were carried out, one with 10 and two with 20 mg
theophyliine per kg intravenously The effects on water and electrolyte
excretions were closely similar in the three expertments Hence the results
of one only will be given n detail (fig 1)

The urine volume discharged rose mstantaneously and most markedly,
but the rise was of short duration

Electrolyte excretion was dominated completely by the excrenions of
sodium and chloride, which increased almost as much as the urine volume
Potassium and bicarbonate excretions were little affected when allowance
1s made for the pronounced diurests

The wmoreasug wens How was accompaned by o slhaht fall i pH, as1s
also usually seen 1n simple water diurests We can only conclude from
these facts that theophyliine has no great afluence on acid-base excretion

In the experiment illustrated here a steady fall was seen i the serom
sodium and serum chioride levels durmng the experimencal period How-
ever, immediately after the last urine specimen had been withdrawn a
tendency towards a nise was noticed, presumably a sign of dehydration

Chlorothiazide
Three expetiments were dope by intravenous mjection of chlorothiazide
(bg 2) The action of thus drug was stower than that of theophylline, but

of longer duration
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“The excretion of sodum likewsse rose steadily and fell parallel with
decrease 1 urine fow Chlonde excrenon mereased less On the othes
hand, bicarbonate d so much as to for the
“chioride defieit” This 1s explamed by the carbonic anhydrase mhbitory
action of chiorottuande That the amount of potassium elxtrc\ed was
somewhat larger than after of theophylline { n mEq/ml)
was presumably due to the same mechanism of action, since the depressed
fiydrogen ion exchanged with sedium at re absorption was to some extent
replaced by the potassium 1on

The mild carbomic anhydrase mhibitory action was also reflected in
the pH values d, which displayed a slight 1o rise, despite
the distinctly alkaline unne of the pre-period

No unequivocal alteration was seen 1 serum electrolytes

Acetazolamide

Three expeniments were done, one with 10 and two with 20 mg/kg,
intravenously The excretion patterns n the three expenments were
stmular Fig 2 sllustrates one of the expenments with 20 mg/kg

The unne volume rose to Just over double dunng the first 10 minutes
after the mjection Then 1t fell steadily, to reach almost the ynital value
within 30 minutes

Sodium excretion fose two 1o three fold during the first diuresis period
and then fell parallel with the diurests Chlonde excretion, on the other
hand, increased only shghtly, p The
considerable ncrease 1 bicarbonate excretion compensated for the
“defictent” excretion of chionde The pH rose correspondingly

In thus experument the serum sodwim level was seen to fall Further, a
minor fisc th serum chionde was noticed, indicating a tendency towards
devel

of hyperchh as a q of the loss of bi-
carbonate after wjection of acetazolarmde

Aminometradine

T:usﬂ drug proved to be somewhat 10x1€ 10 rabbits Qnlv ana evmace ans
Wtk 10— . . .

r - . . o

) I . .
i " -vfovuotanuna big [iiffustrates the expern: . '
20 mg/kg intravenously penment with
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The excretion of sodwum likewse rose steadily and fell parallel with
decrease 1 unne flow Chlonde excretion sncreased less On the other
hand, bicarbonate excretion wncreased so much as to compensate for the

chionde deficit* Thas 15 explamed by the carbonic anhydrase nhubitory
action of chlorottiazide That the amount of potassum excreted was
somewhat larger than after of theophylline ( d m mEq/ml)
was presumably dus to the same mechanism of action, since the depressed
hydrogen 10n exchanged with sodum at re-absorption was 1o some extent
replaced by the potassium 108

The mld carbonic anhydrase mhibitory action was also reflected mn
the pH values d, which displayed a shght tendency 1o nse, despite
the distinctly alkaline vrine of the pre period

No unequivocal alteration was seen 1n serum electrolytes

Acetazolarmde

Theee expeniments were done, one with 10 and two with 20 mgfkg,
ntravenously The excretion patterns n the three expermments were
simfar Fig 2 iustrates one of the expenments with 20 mgfkg

The urine volume rose to just over double during the first 10-minutes
after the injection Then 1t fell steadily, 1o reach almost the mitial value
within 30 minutes

Sodittm excretion rose two  to three fold duning the first dwuresis period
and then fell paraflel wath the diwresss Chlonde excretion, on the other
hand, mcreased only shghtly, ‘The
considerable imcrease m bicarbonate excretion compensated for the
* deficrent” excretion of chlonide The pH rose correspondingly

In thus expeniment the serum sodium level was seen to fall Further, a
Tmor f1se m serum chlonde was noticed, indicating a tendency towards

lop f hyperchl as a of the loss of by
carbonate after jection of acetazolamide

Anunomeiradine

Thus drug proved to be somewhat toxic 1o rabbits Oal
Y one expeniment
with 10 mg/kg and one with 20 mg/kg intravenously cauld be completed
In the o\hersﬂ\he ammal died, either as a durect consequence of the
tjection or after a peniod of anuna Fig 1 llustrates thy
20 mgfkg ntravenously © penment with
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The urine volume increased 1mmediately and soon fell again The
experiment with 10 mg/hg followed a similar course but the diuretic
action was extremely shght

The sodium excretion followed the diresis The same was true of the
chloride excretion, which, however, m other experiments (on animals as
well as human subjects) was more nearly equivalent to the sodum excre
tion than mn the one illustrated here The potassium excretion was m
fluenced for a short period only and to a small extent The bicarbonate
excretion ncreased a little The urtnary pH fell shghtly throughout the
expertment

Glomerular Filtration

The eflects of the four dwretics on glomerular filtration 1s shown by
table I With all of them a nse of creatinine clearance followed the
admnistration of diuretics, but only after theophy!hine did this nise reach
appreciable values The sudden increase m urmary flow after the inyection
of diuretics causcs elution of a more concentrated urine, giving a clearance
value for the first pertod that 1s 15-20% too high When the results are
corrected for this expenimental error, the glomerular filtration 1s seen to
remain uminfluenced by acetazolamide, ammometradine or chlorothiazide
Theophyllne, on the other hand, caused a considerable nise 1n filtration
rate, which doubled duning the first period after the mjection and then
decreased steadily to normal values

Such mcrease m glomerular filtration rate after admimstration of
theophylline has been demonstrated by several workers, among them
GREEN ef al (1949) Different theortes have been advanced about this
action, which 1s supposed to be due either to raised filtration pressure
(RICHARDS 1924) or to increased renal blood flow (Davis & SHock 1949)
or to altered glomervlar permeability (Cusuny & Lamsie 1921) A
vasodilatory action of theophylline, with a consequent increased renal
blood flow, 1s the most Iikely explanation

Expermments on Rats.

Experimental

The expeniments were conducted on male rats by the technique of
KOBINGER & LUND (1959) and LUND & STORLING (1959)

Four groups of four rats were used 1n each expeniment The fasting rats were placed
1n wire cages over polyvinyl funnels but were allowed water ad Iib Three of the groups
recewved the diretic by mouth dissolved in physiological saline The fourth was 1
control group grven the same quantity of physiological saline The unine was collected

over a six hour period
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Results,

Doses of 1.5, 5, 15, 50 and 150 mg per kg body weight were given of
each of the four diuretics.

To investigate whether the four diuretics were active after the first 6
hours, urine was collected during the next 6 hours in the experiments
with 15 and 50 mg/fkg. The vatues for urine volume and electrolyte excre-
tion showed for all four drugs that their divretic action must be regarded
as exhausted within 6 hours of administration.

The results are set out and compared in fig. 3 and table 2, which roughly

Muh"PlE THEOPHYLLUINE  ACETAZOLAMIDE  CHLOROTHIAZIDE AMINOMETRADINE
be /

control

- A

T ———

-t A

- oo s

[P P G

1'5 5 15 SO 15 5 15 50 15 5 15 50 5 15 50 150 mgkg
o © vttt - was ncreased after orally “,‘{T"E’,Tf'.’lx‘,.{ﬂf
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Table 2
Factor by which normal excretion was ncreased after pral admimstration
of 15 mg/kg of four dwretics to rats

Dauresis l Na 1 a } X ‘ Vol
Theopbylitne 12 23 ‘ 1 317
Chlo’pnlhlmﬂe 31 2.7 1 2.4
Acetazolamide 5% 1 7 39
Amidometradine 30 18 21 2.2
Control 1 1 1 1

teflect the mecharusms of action of the drugs Theophylline and chloro

thuazide both acted druretically by ramsing the excretions of sodmm,
chionde and water Acetazolamude showed a natrivrenc acion and also,
unlike 1n the rabbit experiments, a pronounced kalwretic action, whereas
1t had 1o nft on chlonde Our techmque did not permit
confirmation of an mncreased hicarbonate excretion wmstead Aminome-
tradine raised equally the excretions of sodium, chlonde, potassium and
water, but the drug was not particularly active at the lower dose levels

Expenments on Human Sabjects.
Experimental

HaE At .

Theaphyihine

Three expenments were done F
g 4 tMustrates an ex;
500 mg theophylline penment waih
The unne volume increased during the first 12 hours
of the expeniment,
but fell within the next 12 hours to only half the volume of the 24-hour
?;;: pesiod, a sign of the flwid retention after an “unnecessary™ flmd loss
;;xcn:lmns of potasstum sodium and chlonde behaved sumlarly
’I}; g;a:;:ne clearance was shghtly raised dunng the first 12 houss
et Mate excretion was rased shightly dunng the first three hour
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The ammoma excretion planly followed the varations i unnary pH
1t decreased with nsing pH vatues, wndicating active renal participation 1n
the ac1d base regulation of the organism Wyth nsing pH and bicarbonate
1n the unne, the renal ammoma production was reduced as a compensatory
measure

The serum electrolytes rematned completely unaffected by the dsesis
due 10 theophylhng

Chiorathigzide

Expentments were canducted with 4,1 and 2 g chlorothiazide Fig §
\ustrates the expetisient with [ g

The unine volume was creased duning the first 12 hours and fell within
the next 12 hours to somewhat below the volume of the 24 hour pre period

The 1 3 ynaffected

The excretions of sodmm and chlonde also increased dunng the first
12 hours of the exy They doubled in the course
of the first 6 hours The drug also had a marked effect on the bicarbonate
excretion for 6 hours In the experiment with 2 g chlorotiuazide the
poussium as well as the bicarbonate excreton remained rased for
12 hours

The ammonia excretion decreased with nsing pH of the ure, but
nereased agmn towards the end of the expersmental penod, when the pH
fell towards the onginal value

Serum bicarbonate dropped from 32 mEq/l to 26 mEgf, but the re
'J

marmng serum el lytes did not alter fi

Aceta-olamde
Two ewperiments were conducted with 05 g tamd;

In the experiment Mustrated n fig 5 the drug 15 seen 1o have caused a
considerable druress lasting throughout the 24 hours of the experyment
The excreton of sodwm and, especially, that of potassium increased
correspondingly throughout the period whereas the chionde excretion
:\cﬁr‘n‘:mcd practically unaffected The bicarbonate excretion, on the other

d & An
ammonia excrelion was observed ; ’ "
¢ et 1 4

h 3

Here 100, serum bicarbonate onl
3 ly was seen to have altered sigmficant)
this having dropped from 26 mEqg/l to 22 mEq)! s 4

Aca pharmacaionea, vol 1% fa, }



0 °w 1 3% Winow £q W gOg SuWIpENAMLOUILY T g9
o

€ 1]

ud
0 °w 338 Yinow Aq Fw 005 SuiAydoayy, 3N §L HS1 ¢ Id
?

Y u 9 £ 0

OLE E NIELSEN

LEULIEENY
Juvead
oA —

2

INIAVILINONINY

Hd
HN —

FOOH

05
+ 0oL
r oSt
[ L ooz
| osz
eN — v w bart

DeN
- .
Fso os

- - ﬁ 0t ool

dduerea)s

BuUear) Fsloest
oA — uwiw

104 82ue B3>
ANIMAHAOIHY duuled D




COMPARATIVE STUDIES OF DIURETICS 35

Aminometradine

4
Two expenments were conducted with 600 mg Fig 4
tes one of these
‘“"ll'sl‘xr:aunnc volume increased during the first 12 houts The cx’crcnons
of sodium chlonde and p likewise d for 12
hours after admimstration of the drug A surpnising observauon was a
derabl d p excretion, also seen 1n the other ex-
penment Consistently with this the chlonde excretion mncreased relatively
more than the sodium excretion
Dunng the last 12 hours of experiment the unne volume as well as the
electrolyte excretion were lower than during the 24-hour pre penod,
indicating an oligunc phase
The unnary pH and the ammoma excretton did not alter appreciably
The serum electrolytes also remained unaffected

Discussion.

Tt rabbuts the four diuretes all inicreased the flow of urine Theophyllime
had a prompt and powerful, but short lived, action, whereas chlorotha-
zide had 2 slower but more prolonged action A lamide and amino-
metradine produced only a moderate diuresis sn the rabbits Theophylline
caused a pronounced and equal increase 1n the excretion of sodium and
chlonde Chlorothiazide produced a slightly less marked increase m
chfonide excretion but a greater increase in bicarbonate excreton Ad

of de Jed to a negligable increase in chlonde

excretion but a pronounced 1ncrease 1n bicarbonate excretion Potassium
d largely unaffected by all four diretics in these ex-

penments However, no great importance can be attached to the results
for potassium because even acetazolamide, which 1s known from the
literature to have a strong halwretic actton, had no essential 1nfluence on
P with our techmque A lamide was the only
drug to have a marked action on bicarbonate excretion and unnary pH

Theophylline was the only one of the four drugs that ratsed the glomerular
filtration rate

1t 15 difficult 10 esumate the relative potencies of the four druretics on
the basts of the rat experiments the drugs having different modes of action
By attachung more importance 1o the sodium and chlonde excretion and
fess to the volume (there having been free access of the animals to water

dunng the expenments) we may a
o
thiazide are about equatly mlcmz rgu laf‘\:ll lheoph)’llmf and chlo:o
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Ammnometrade
1
“Two experiments were conduct d with 600 mg Fig 4
1lustrates one of these
The unne volume mcreased dunng the first 12 hours The excretions
1
of sodjum, chionde and p Tikewise d for 12

hours afier admmstration of the drug A surpnsing observation was a
derabl d p also seen 1 the other ex-

penment Consistently with thus, the chionde excretion increased relatively
more than the sodim excretion

During the last 12 hours of experiment the unne volume as well as the
electrolyfe excretion were fower than dunag the 24-hour pre period,
indicating an oligunc phase

The unnary pH and the ammonia excretion did not alter apprectably

The serum electrolytes also remamed unaffected

Discussion.

In rabbuts the four drwretics all increased the flow of urine Theophylhine
had a prompt and powerful, but short lived, action, whereas chlorothia-
2de had a slower but more prolonged action Acetazolamide and amimo

dmne produced only 2 mod dresis 1n the rabbits Theophylline
caused a pronounced and equal increase 1 the exerenon of sodwm and
chlonde Chlorothiazide produced a shghtly less marked increase
chlonde excretion, but a greater ncrease 1n bicarbonate excretion Ad-
of acetazolamide led to a negl ncrease n chlonde

exceetian, but & pronounced yncrease 1n bicarbonate excretion Potassivm
excrelion d Targely flected by all four d 1 these ex-
penments However, no great importance can be attached to the results
for porassium because even acetazolarmde, which js known from the
literature to have a strong kalwretie achion, had no esseatial influence on

with our technique Acetazol

p was the only
drug to have a marked action on bicarbonate excreuon and vpnary pH
Theoghyiline was the anly ane of the fous drugs dhat 1aused the plomeratar
filtrauon rate

135 difficult 1o estemate the relative potenoies AFsba £ - 1
wa

" - - manliy BEER Hree access of the ammals t

dunng the expenments) we ma oo ehlore
y argue that the:

thande are about equally potent d and Qphylllnf W Chlo‘ro
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weaker As stated above, acetazolamide 15 not directly comparable with
the other drugs, but appeared mn these eapeniments to be a powerful
dwretic This comparison has been made on the bass of weights If, as
would scem reasonable, we take account of the molecular weights of the
drugs, which are of the order of 200, except chlorothrazide, whose mole
cular weight 1s about 300, we find that chlorothiazide had a somewhat more
powerful action than theophylline 1n these experiments

The results of the expermients on human subjects confirmed n the mam
thosc from experiments on rabbits and rats Thus the excretion of electro
Iytes agreed approximately with the patterns of action demonstrated in
the ammal experiments, and the influence of chlorothiazide and especially
of acetazolamide on acid-base balance was seen agam m the experiments
on human subjects In the latter there was also demonstrated an increased
glomerular filtration as a response to theophylline One question has been
further elucidated by the experrments on human subjects Theophyltine
and ammometrading were found to have little effect on bicarbonate
excretion, whereas chlorothiazide, and particularly acetazolamide,
greatly increased the excretion of bicarbonate, the latter drugs thus causmg
a fall in serum bicarbonate

The final evaluation of the four drugs as dwretics thus turned out m
a sense to the advantage of theophylline, which was found to hawve the
“purest™ actton on the excretions of water, sodwm and chloride

Our mvestigations, especially those on human subjects, were, however,
not sufficiently comprehensive to permit conclusions as to the climceal
usefulness of the drugs

Summary.

A comparative study of acetazolanide, ammometradine, chlorotlnazide
and theophylline has been undertaken n expertments on rabbus, rats and
healthy human subjects

In these experiments theophylline was found to be a powerful drurctic,
acting promptly, which increased the excretion of water, sodium and
chloride, without appreciably affecting potassium excretion or the acid-
base balance Chlorotluazide and acetazolamide were lihewise powerfully
acting dwretics m these short-term expeniments However, in contrast to
theophylline, their mode of action was marked by mcreased excretions
of bicarbonate and potassium, most pronounced with acetazolamide
Amnometradine was the least active drug, but 1t did not affect acid base
regulation Theophylline was the only one of the four drugs to raise the

glomerular filtration rate
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From the Department of Pharmacology and Toxicology,
the Veterinary College of Norway, Oslo
(Professor Ottar Dybing)

Lffects of Calcium-Binding Substances on Orally
Induced Chloralose
and Barbiturate Anaesthesia
By
Erling Sognen
(Recened November 9 1960}

DYBING, DYBING & STORMORKEN (1952) have shown that the toxcity
of red squill 1s decreased when 1t 1s given with any of the calcium-binding
substances (Ca-b s ) sodium silicofluonide, citric acid or oxalic acid This
antagonism mught be due to an action on the calcium balance of the
orgamsm, as the concentration of somsed calcrum 1s supposed to be 2
factor of importance 1n the tolerance to drugs of the digitalis group, 10
which red squill belongs

Subsequent investigatrons (DYBING & SOGNEN 1960), however, showed
that this effect of sodium fluoride, sodium oxalate or tetracemine (NFN)
(== edenc acid BP = EDTA) can only be demonstrated when the Ca bs
1s grven by mouth simultaneously with the red squill, but not if they are
given simultaneously parenterally, or the one by mouth and the other
parenterally The calcium-binding actton of these substances 1s therefore
belicved to reduce the rate of intestinal absorption of red squill On the
basis of this observation 1t seemed of mnterest to clarify whether or not a
Ca-bs would also weaken the action of other orally admunistered drugs

Investigations 1n this Department showed that the plasma level of
sulphamlamde, for instance, may be lowered by Ca-bs The same 15
true for alcohol (SUGNEN 1959), which, according to BERGGREN &
GoLDBERG (1940), 15 absorbed from the intestinal tract solely by
diffusion Prelimmary unpublished expertments by WILSON & WIESEMAN'S
method (1954) indicate that sulphonamudes also are passtvely transported
(SmyTH, SNOWDEN & SOGNEN) By SHEFF & SMYTH's perfusion method
(1955), the ntestnal absorption of glucose, which 15 1n part actively
transported, has alse been found to be depressed (SOGNEN 1959) Simul-
taneously with the above mnvestigations, but totally independent of them,
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Graspeck et al (1958, 1959) found tetracemne to depress the absorpuion
of vitamun Byz 1n man and caletum to raise the reduced absorption of
vitamin By 1n cases of steatorrhoea and pernicious anaenua ABELS et al
(1959) on the other hand, saw no seduction in vitarmn By absorption
by gastrectomised rats when the vitamin was given together with gastric
Juice from the rat and tetracermne doses of the same order asin our work

Graspick & NYBERG's, as well as ADELS', expenments seem to have
been independent of each other and based on the observation that the
Increase 0 vitamin By, absorption caused by hog mtrinsic factor m
preparations of liver and 1 tissue depends on the p of
Ca** and that thus ncrease can be el d by adding to the
medum (HERBERT 1958, MINARD & WacNEr 1958)

In this work chloralose and mebumal (= pentobarbital) were given
orally 1o observe posstble changes cansed by Ca b's 1n the course of the
anaesthesia Diemal (== barbutal) was chosen for studying the barbiturate
lesel m plasma, because 1t 18 eltnated very slowly In these curcum
stances, and even f the amimals are not nephrectormsed, the plasma
barbiturate level 15 more likely to bear relation to the mtestinal absorption

of diemal than to any other factors contnbuting to plasma level the first
few hours after adminstration

Maternal and Methods,

Where not otherwise stated, full grown male albina fats, weighing

from 200 to 280 g, and male rabbits Tanging 1n weight from 210 4 4 kg
were psed

The rats had access to neither food nor water during the night before the experiment
The rabbuts fasted for 24 or 48 hours as recorded for the indvidual animals but had
A0Cess 1o Water

Chioralose mebumalnatriym (NFN) (the sodmm salt of ethyl 1 methylbutyl
barbitunc acid pentobacbital sodium {NNR), (n the text mebumah and demal
fafnum (the sodum salt of ethylthyl barbyturic amd  barhitone (BP) = barbutal
{USP) in the text diemal) were given orally fo the rats by means of a 5 mi record
Hyvinge fo which a glass stomach tube was fastened

Tr'hhe abbuts were given the solutions specified through a rubber tube
mwem:all: r;cxemd l.w tog/kg chioralose 1n 1% (wiv) solution, 80 and 100 mefkg
T mbmr‘l and [%; (w/v) solutions and diemal 150 mg/kgin 1 5% (w/v) solution
Pty b,“m given 100 mg diemat per kg in 1% (wiv) soluton Cabs and the

o ubstance socium chionde magnesium chlonde magnesium oxu
chlonde was gven simultaneously with 4nd in the vame et = N
1 such amounts that the valu;

T3 of £abbuts but i the rabt .t '
duced alterwards 1o wash the

de of calcium
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All solutions were made tmmediately before use and were adminstered at approx
wmately body temperature

The effects of Ca b's on the chloralose and the mebumal anaesthesta were observed
by companing the coursc of the anaesthesia 1 the control and the experimental groups

The plisma barbiturate level was determined 1n blood samples withdrawn from
rats by cardiac puncture and from the ear vens of the rabbits

E;'or cardiac puncture a heparintsed 2 m! all glss syringe and cannula no 12 were
use

The blood samples from rabbits were taken by means ofa hepaniased Carlsberg
constriction pipctte, as described by ScHou (1958) In a few experiments the coagula
bility mncreased derably after some )f n that events the samples were
then drawn by means of a syringe

The blood was transferred by means of a constriction pipette to small test tubes
containing 2 ml of 0 19§ sodim citrate solution, in which the prpette was washed
repeatedly The tubes were sealed and left for at most 12 hours before anatysis by
Lous' methad (1950), based on the charactenstic ultraviolet absorption spectra of the
barbiturates After extraction with chloroform and transfer to a buffer solution of
pH 10, the absorption was measured at this pH and at pH 2 at 240 mp The dfference
gives a basts for caleulating barbiturate concentration

Standard curves were plotted by adding known amounts of the barbiturate to a
pooled sample of serum from eight rats and to a pooled sample from six rabbits

The only deviation from the procedure described by Lous was the use in our
analyses of 1 ml of blood plus 2 ml of 0 1% of sodium citrate, instead of the 3 mt of

whole blood
A Beckman D U spectrophotometer was used for the optical measurements

Results.

Fig 1 shows that 100 mg chloralose per kg produced deep anaesthesia
for 2 to 5 hours The same dose of chloralose admatstered together with
sodium fluoride exerted only a mild action on the anmmals, which were
all, but one able to move throvghout the observation period The same
tendency was found 1n the experiments with sodium oxalate

5 repesited expernmients with 108 g and st 86 mg arebumal per kg,
sodium fluonde and sodium oxalate reduced the anaesthetic action
(fig 2,3)

It 15 noticeable that with the largest dose of mebumat (100 mg/kg) the
anaesthesta induction time was sometimes practically equal i the
experimental and the control group

By intrapenitoneal admimistration of mebumal no protective effect was
seen from sodium fluoride given in the same solutton as the anaesthetic

Table I shows that the depresston of absorption depends on the concen
tration of Ca-b's when each substance 1s considered individually

Equimolecular amounts were given of sodium fluoride, tetracemine and

sodum oxalate Comparing 1n this way the patencies of the substances as
mun had

absorption depressors, 1t appears that sodium fluoride and tetrace
| p——
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Fig | The eflect of sodwm fuonde and sodium oxalate on rate and duration
of orally induced chloralose anacsthesia in male albmo rats

approumately equal depressing effects on the absorption Sodim
ovalate was a somewhat weaker deptessor at the same concentration On
the othet hand comparing the substances on the basts of their calaum
binding powers shows sodium fluoride, which 15 unnvalent, to be a more
potent absorpuon depressor than tetracemin, which binds one molecule
of Ca per molecule of (provided the d are optimal)
Oralate 15 from ths aspect also a somewhat weaker absorption depressor
than cuther sodwm fluonde or tetracesmn 1t must be, however, gmphasised
that a better defined millien would be required to justify considenng the
absorpuion depressing polencies of the vartous Ca bs 1 direct relation
to their cafowm binding powers After their wtrapentongal use no
depression of absofption 15 seen

In rabbis ab:

of bach from the tract was
tikewse seen {0 be depressed by tetracemine (fig 4 and 5) Afyer 24 hours
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Iy before use and were administered at approx

All sol were made
mately body temperature

The effects of Ca-b s on the chloralose and the mebumal anaesthessa were observed
by comparing the course of the anaesthesia in the controt and the experimental groups

The plasma barbrturate level was determined 1n blood samples withdrawn from
rats by cardiac puncture and from the ear verns of the rabbits

For cardiac puncture a heparinised 2 m! alt glass syringe and cannula no 12 were
used

The blood samples from rabbits were taken by means ofa heparinised Carlsberg
constriction pipette, as described by Scuou (1958) In a few expertments the coagula-
bility increased constderably after some samplings 1n that evenls the samples were
then drawn by means of a syringe

The blood was transferred by means of a constriction pipette to smail test tubes
contamning 2 mi of 0 1% sodium citrate solution, i which the pipette was washed
repeatedly The tubes were sealed and left for at most 12 hours before analysis by
Lous’ method (1950), based on the charactenstic ultraviolet absorption spectra of the
barbiturates After extraction with chloroform and transfer to a buffer solution of
pH 10, the absorption was measured at this pH and at pH 2 a 240 mp  The difference
gues a basis for ealeulating barbrturate concentratton

Standard curves were plotted by adding known amounts of the barbrturate to a
paaled sample of serum from erght rats and to a pooled s1mple from stx rabbits

The only deviation from the procedure described by Lous was the use m our
analyses of I ml of blood plus 2 ml of 0 1% of sodwm citrate, mstead of the 3 miof

whole blood
A Beckman D U spectrophotomicter was nsed for the optical measurements

Resuits.

Fig 1 shows that 100 mg chloralose per kg produced deep anaesthesia
for 2o 5 hours The same dose of chloralose administered together with
sodium fluoride exerted only a muld action on the animals, which were
ali, but one able to move throughout the observation period The same
tendency was found m the expertments with sodium oxalate

In repeated experuments with 100 mg and with 80 mg mebumal per hg.
sodium fluonde and sodmm oxalate reduced the anaesthetic action
fig 2,3)

It 1s noticeable that with the largest dose of mebumal (100 mg/kg) the
anaesthesia mnduction time was sometymes practically equal w the
experimental and the control group

By mtrapesitoneal adnunistration of mebumal no protective effect was
seent from sodmum fluonide given sn the same solution as the anaesthetic

Table I shows that the depresston of absorption depends on the concen-
tration of Ca-bs when each substance 1s considered ndividually

Equimolecular amounts were given of sodwm fluoride, tetracemine and
sodim oxalate Comparing in this way the potencies of the subslance; a;
absorption depressors, 1t appears that sodium fluoride and tetracemn hay
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Table 1
M cone ‘Per cent
Range ean, of
(.::gm " pe/ml we/ml controls
Sodium fuoride 5 %1
o 9 sl % e
H H e 169 972
123 5 134-197
Tma::mnnwo . 287 5% é};‘
6 60-164 107
e 61
100 6 45175 1s
0 e 159181 171 102
}
Sodwm axalate 0o
4 12142 106
o \ 5 151-178 161 925
Controls l 13 ‘ 152 207 l 174 \ 100
Jntraperitoncal controls ‘
100 rra/ke duemal 4 l 106-152 122
+50meikg
sodm fluonde ‘ 4 k 107125 \ 125 -

of fasting and 400 mg tetracemine per kg, the depression was slight,
whereas a marked depression was seen after 48 hours of fasting MAGEE
& Sen (1932), after numerous experiments to study the influence of
calcium on the absorption of glucose, state that the results vaned con-

siderably, and 1t was difficult to get any distinct picture Rabbits have a
Tigher blood calcium level than eats

Absorption of Dremal from Solutions which are isotomic with or
hypertoruc an relation to Ca b.s Solution

As the control group and the expersmental group 1n the above expen-
ments recened solutions of different osmotic pressures, it seemed of
interest 10 examine whether the depression of absorption bears any
relation 10 this difference

Therefore, 1n the next expenments 150 mg diemal per kg were given
together with equmolecular amounts of sodwm fluonde or sodm
chionde Further, to discover whether a rased osmotic pressure depresses
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Fig 3 Effect of sodium oxalate on orally induced
mebumal anaesthesia in male rats
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Table 1. 1
d Sodmm oxalate
f Sodum figonde Tetracemmn (edenc ated) an
e Eﬂm i ln?;d“é:onc:mmmn ‘of Barbityrate (sglmi) from Rats

JUSt o g hier Oral Admimistrauon of 150 wa/kg Dieatal (bactutal)

Mean conc Pes eent
Range of
f:g)’{; @ e PR contrls
Sodwm nunnde s a0t 50 o1
s 63123 95 3453
ll s b 134497 169 972
om0 4 3874 56 322
200 6 60-163 107 8.5
100 £ 45175 115 661
50 ¢ 159187 171 102
Sodum osltte é ot 106 s
80 | 151178 161 925
t
i
Controls l K 152 207 1 174 ] 100
Intsperanest conirols | i
100 me{kg diem: \ 106-152 122 -
+ S0mgrkg }
sodium Ruonde \ 1074425 | 135 -
of fasting and 400 mg per kg, the d was slight,

whereas a marked depression was seen after 48 hours of fasting MAGEE
& Sex (1932), after numercus expenments to study the influence of
calaum on the absorption of glucose, state that the results vaned con-

siderably, and st was difficult to get any distinct picture Rabbuts have a
Iugher blood calcium fevel than rats

Atsorption of Diemal from Solutions which are 1sotonic with or
hypertome w relotion 10 Co b.s Solution

As the control group and the expenmental group 1n the above experi-
ments received solutions of different osmotic pressures, 1t seemed of
wicrest to examine whether the depression of absorption bears any
selation 1o this difference

Therefore, 1n the next expenments 150 wmg diemal per kg were given
together with equimolecufar amounts of sodwm fluotde or sodum
chlonde Furthier, to discover whether a raised 0smOotC pressure depresses
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absorption at all, the same barbiturate dose was given together with
relative large amounts of magnesium chloride and magnestum oxide
We further examined whether calcium chloride tn large amounts influences

Table 2

Concentration of Barbsturate (ug/ml) 1n Blood from Rats /2 Hour
after Oral Admimistration of 150 mg/kg Diemal in Isotonic or Hypertontc Solutions
in Relation to the Concentration of Sodwm fluoride

g |
Range Mean
Substance Mg/kg | MEqv/l H n ngfml ; g/l
l

Sodium fluoride 50 ] 238 ’ 9 61-102 80
Sodium chloride 695 238 4 188-196 i 193
Magnesium chlonde 250 17 / 4 ] 153-177 | 165
Magnesium oxide*) 250 - 4 164-185 175
Calcium chlornide 250 675 4 I 154-161 | 164
Controls - - 18 i 152-207 174

|

*) In suspension
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the absorption of barbiturates n any direction Fasting male rats (;f
approximately the same weight as in the preceding expeniments were use

In table 2 1t 15 seen that the osmotic effect can be 1gnored as a canse of
the absorption depressing achon of Cabs CaCly seems to have no
apprecuable eflect on absorption

Discussion.

Figs 1 2 and 3 show how the h effects of chloralose and
mebumal sodium are considerably reduced when they are admimstered
simultaneously with and 1 the same solution as Ca s

This could be due to a systemic effect of Ca bs, since anaesthesia
normally brings about a striking change i the caletum balance of the
organism, consisting 1n cellular loss of caloum (Mazsa & CrLarx 1936,
BERWICK 1951}

ONAST, JAcoBY & ScArpELLI (1957) studied the effects of Cabs on
mebumal anaesthesia 1n fish (Lebistes reticulatus) They found the
anaesthesia induction time to be reduced to half by the presence of Ca-b s
Pre tneubation of the fish 1n calotum free Ringer's solution before the
anaesthesta prolonged the induction time by 909 These writers related
therr abservattons to changes m the systemic caleium balance, but they
did not determine the barbiturate concentration 1n the fish

The experimental condittons and the nature of the problems studied in
these expeniments on fish differed from ours They will therefore not be
discussed further here, but are mentioned because they show thatCa bs
may by systerme action alter the ¢h 1stc conrse of

Table 1 and fig 4 5§ show how the plasma level of barbiturate was
lowered 1n both rat and rabbit when the anaesthetic was given along with
Ca bs The low plasma level thus explains the reduced effect of the orally
administered anaesthetc That 1t was not prmanly & question of a
systemic effect on the calcrum balance 1n the expeniments under review
was further evidenced by the negative results of intrapenitoneal controt
experiments, which revealed no difference between the expenmental and
the control groups

This ts also m agreement with the fact that ntravenously injected NaF
depresses neither active ghucose abserption nor the passive diffusion of
xylose (WILBRANDT & Laszt 1933)

o \ilgngzcl;;gea:e‘;s::a; ccamu:z :f‘:crl::dli, ‘:’he‘ dwretic effect of NaF
plasma level, because this

renal effect should be the same, or even larger, after s parenteral ad-
minsstration

The course of the cune for plasma levels of barbiturate (fig 4, 5)
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Effects ol'400 mg/hg o bl of barbnuralc (ug/ml)
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absorption at all, the same barbiturate dose was given together with
relattve large amounts of magnesium chlornde and magnesium ovide
We further examined whether calcrum chlonide n Jarge amounts influences

Tebde 2
Concentration of Barbiturate (ng/mt) 1n Blood from Rats 1/; Hour
after Oral Admimistration of 150 mg/kg Diemal in Isotontc or Hypertonic Solutions
m Relation to the Concentration of Sodium fuoride

Controls

I
Range Mecan
Substance Me/kg [ MEqv/1 J n , g/t r ngiml

!

Sodium fluonde J so | s ( o | 61102 80
Sodium chlorde 69 5 28| 4 ss-%s 193
Magnesium chloride 250 | 7 4 [ 153177 165
Magnestum oxide*) 250 | 4 J 164-185 | 175
Calcium chlornide 250 675 4 154-161 164
- 18 152-207 174

*) In suspension
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the absorption of barbiturates m any dwection Fasting male rats 3[‘
approximately the same W eght as 1n the preceding experiments were usef

Tn table 2 11 1s seen that the osmotic effect can be sgnored as a cause of
the absorption depressing action of Cabs CaCl; seems to have no
apprectable effect on absorption

Discussion

Figs 1 2 and 3 show how the anaesth effects of chloralose and
mebumal sodwm are considecably teduced when they are admimstered
simuitaneously with and 1 the same solation as Ca bs

This could be due to a systemic effect of Cabs since anaesthesia
normally brings about a striking change in the calcum balance of the
orgamsm consisung 1n cellular loss of calemm (Mazia & CLark 1936,
Brrwick 1951)

ONnksT JACOBY & Scarpernt (1957) studied the effects of Cabs on
mebumal anaesthesra 1n fish {Lebistes reticulatus) They found the
anaesthesia tnduction tume to be reduced to half by the presence of Ca b's
Pre incubation of the fish in calctum free Ringer s solution before the
anaesthesta prolonged the mduction time by 90% These writers related
therr observations to changes m the systemise calom balance but they
did not determine the barbiturate concentration in the fish

The experimental conditsons and the nature of the problems studied in
these expeniments on fish differed from ours They wili therefore not be
discussed further here but are mentioned because they show thatCa bs
may by systemic action alter the characteristic course of anaesthesia

Table 1 and fig 4 S show how the plasma level of barbrturate was
lowered 1 bath rat and rabbit when the anaesthetic was gwven along with
Cabs The low plasma level thus explatns the reduced effect of the orally
admintstered anaesthetic That 1t was not primarily 2 question of a
systemic effect on the caloum balance m the expesiments under review
was further evidenced by the negative results of intrapentoneal control

experiments which revealed no difference between the experimental and
the control graups

This 15 also n agreement with the fact that satravenously smjected NaF
depresses nerther active glucose absorption nor the passive diffusion of
xylose (WiLeraNDT & Laszy 1933)

For 1he same reasons we may exclude the dwretic effect of NaF
(WADDEL 1884) as the mam cause of the low plasma level because this
tenal effect should be the same or even larger after its parenteral ad
ministration

The course of the curve for plasma levels of barbiturate (fig 4 5)
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Fig 4and S Expenimental @ ® Control O e}
Effects of 400 mg/kg tetracemine on the bloodconcentration of barbiturate (ug/ml)
after 100 mg/kg dremal orally to rabbits fasted for 48 hours

absorption at all, the same barbiturate dose was given together with
relative large amounts of magnestum chloride and magnesium oxide
We further examined whether caleium chlonide in large amounts influences

Table 2

Concentration of Barbiturate (pg/ml) in Blood from Rats 11/, Hour
after Oral Admumstration of 150 mg/kg Diemal in Isotonic or Hypertonic Solutions
1n Relation to the Concentration of Sodium fluoride
|

( Range | Mean
Substance Mg/kg | MEqgy/1 n g/l pgiml
] |

Sodwum fluoride 50 238 9 61-102 80
Sodium chloride 695 238 4 188-196 H 193
Magnesim chloride 250 717 4 153 177 165
Magnesium oxtde*) 250 s : 164-185 ;Zs

250 6 154-161 4
Calcirm chlonde ’ | : 15416 164

Controls

+) In suspension
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the absorption of barbiturates Jn any direcion  Fasting male rats 2\“
approxmately the same weight as 1n the preceding experiments were use ]

In table 2 1t 15 seen that the osmotic effect can be 1gnored as a cause o
the absorption depressing acuon of Cabs CaCl; seems to have no
appreciable effect on absorption

Dhscussion.

Figs 1, 2 and 3 show how the anaesthetic effects of chloralose and

{ ! sodwum are derably teduced when they are adminstered
simultaneously with and in the same solution as Ca-bs

Tus could be due to a systemuc effect of Ca-bs, simce anaesthesia
norrally brngs about a staking change in the caleium balance of the
organism, consisting 1 cellular loss of calowm (Mazia & CLARK 1936;
BerWICK 1951}

ONKST, JacoBy & SCARPELL1 {1957) studied the effects of Ca-bs on
mebumal anaesthesia in fish (Lebistes rencnlatus) They found the
anaesthesia induction time 10 be reduced 1o half by the presence of Ca bs
Pre tcubation of the fish 1 calcium free Ringer’s solution before the

h 1 d the induction hme by 909, These witers related
their obsenabons to changes 1n the systermic calonm balance, but they
did not determine the barbiturate concentration 1n the fish

The experrmental conditions and the nature of the problems studsed sn
these expeniments an fish differed from ours They wll thetefore not be
discussed further here, but are mentioned because they show thatCa bs
may by systemic action alter the characterisuc course of h

Table { and fig 4, 5 show how the plasma level of batbuturate was
lowered in both rat and rabbit when the anaesthetsc was given along with
Ca-bs The low plasma level thus explains the reduced effect of the orally
admmustered anaesthetic That 1t was not pnimanly a question of a
systere effect on the cafewim balance 1 the experiments under review
was further ewidenced by the negative results of mirapentoneal control

experiments, which revealed no difference between the expenmental and
the control groups

Thus 15 also in agreement with the fact that mtravenously mjected NaF
depresses neither active glucose absorpuon nor the passive diffusion of
*ylose (WiLsrannt & Laszr 1933)

For the same reasons we may exclude the dwretic effect of NaF
(WaoDEL, 1884) as the mam cause of the low plasma level, because this
tenal effect should be the same, Or even larger, after its parenteral ad-
Mimstratjon

The course of the curve for plasma levels of barbiturate (fig 4, 5
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Fig. 4 and 5. Expernimental @ ® Control 0——O
Effects of 400 mg/kg tetracenune on the bloodconcentration of barbiturate (yg/ml)
after 100 mg/kg diemal orally to rabbuts, fasted for 48 hours

absorption at all, the same barbiturate dose was given together with
relative large amounts of magnesium chlorde and magnesium oxide
We further examined whether calctum chloride 1n large amounts influences

Tahle 2.
Concentration of Barbiturate (ug/ml) in Blood from Rats 11/, Hour
after Oral Admunistration of 150 mg/kg Diemal in Isotomc or Hypertonic Solutions
in Relation to the Concentratton of Sodium fluoride

|

Substance Me/kg f MEp/) | n | "}g-‘/':rlff :g‘;g",‘
] } |

Sodium fluoride ' so | 238 9 61-102 80
Sodium chloride s 28 4 183196 ) 193
Magnesium chloride 250 77 4 | s 165
Magnesium oxide*) 250 - ; 4 | 164-185 | 175
Calcium chionide | 250 | 675 4 :5;:_15; 164
Controls - . - ‘ 8 152-20 174

*) In suspension
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the absorp! of bart m any d Fasting male rats of
approximately the same weight as n the preceding expenments were used

In table 2 1t 15 seen that the osmotic effect can be 1gnored as a cause of
the absorphon tepressmg acuon of Ca-bs CaCly seems to have no
appreciable effect on absorption

Discussion.

Figs 1, 2 and 3 show how the anaesthetic effects of chloralose and
mebumal sodium are considerably reduced when they are administered
simultancousty with and 1n the same solution as Cabs

This could be due to a systemuc effect of Ca bs, since anaesthesia
normally brings about a stking change 1n the calcium balance of the
organism, consisting m celinlar Joss of calomm (Mazin & CLaRn 1936,
Berwick 1951)

ONKST, JACOBY & SCARPELLI (1957) studied the effects of Ca-bs on
mebumal anaesthesia 1n fish {Lebistes reticulatus) They found the
anaesthesta induction time to be reduced to half by the presence of Ca-b s
Pre incubation of the fish 1n calcium free Ringer’s solution before the
anaesthesia prolonged the iduction time by 90%, These writers related
their observations 10 changes in the sysiemic calorm balance, but they
did not determine the barbuturate concentration i the fish

The experimental conditions and the nature of the problems studied 1n
these expermments on fish differed from ours They will therefore not be
discussed further hete, but are mentioned because they show thatCa-b s
may by systemic action alter the ch: 1stic course of h

Table 1 and fig 4, 5 show how the plasma leve! of barbiturate was
lowered 1n both rat and rabbit when the anacsthetic was given along with
Ca bs The iow plasma fevel thus explains the reduced effect of the orally
administered anaesthetic That 1t was not pnmanly a question of a
systemu¢ effect on the caleum balance 1 the experiments under review
was further evidenced by the negative results of intrapenitaneal control

experments, which revealed no difference between the experimental and
the control groups

This 1s also in agreement with the fact that wiravenowsly wyected NaF
depresses netther active glucose absorption nor the passive diffusion of
xylose (WILBRANDT & Laszy 1933)

For the same reasons we may exclude the dwrenc effect of NaF
(WADDEL 1884) us the main cause of the low plasma level, because thus
renal effect should be the same, or even larger, after its parenteral ad-
tumstration

The course of the curve for Plasma levels of barbiturate (fig 4, 5)
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likewise argues against such a mechanism, because in the experimental
group the barbiturate concentration rose steadily for the first few hours
after the administration. Finally, within the interval of 12-24 hours the
Parbitura(c concentration was as a rule higher in the experimental than
in the control group. Similar results were scen, and even more clearly, in
experiments on rats given sulphonamide, when the falling curve for the
control group intersected the rising curve for experimental group no Jater
than after 6 hours (SOGNEN 1959),

HENDRIX (1957) found a slower gastro-intestinal absorption of radio-
active fodine from highly concentrated glucose solutions than from more
dilute solutions. He took the rapid transport of fluid to the intestine when
this contains a hypertonic solution 10 be the cause of the reduced absorp-
tion of jodine. The plasma level of barbiturate cannot be lowered by oral
administration of diemal in solutions that are isotonic or hypertonic in
relation to the Ca-b.s. solution (table 2). We can thercfore feave out of
account any dircct osmotic effect of Ca-b.s. as the cause of depressed
absorption.

In table 1 a comparison has been drawn between sodium fluoride, tetrace-
mine, and sodium oxalate as depressors of absorption in relatton to their
calcium-binding potency. Sodium fluoride is seen to depress the absorption
so cffectively, compared with tetracemine and sodium oxalate, that its de-
pressing action on the absorption can hardly be due to calcium-binding
alone. It is probably related to the fact that sodium fluoride has an enzyme-
inhibiting action, as demonstrated by variousworkers withinwidely different
fields (SICVERT & PHILLIPS 1959; LONMANN & JENDRASSIK 1926 and many
others).

HEepeNHAIN (1894) was the first to demonstrate that sodium fluoride
depresses the absorption of sodium chloride from the intestinal fumen.
He regarded this as due to competition between fluoride and the chloride
fort fOr the ruates of cramsport, Maay worters fave sine avad sodivm
fluoride to depress the active absorption of glucose from the intestinal
tract. (No further account will here be given of this). The calcium-binding
potency of the sodium fluoride has apparently not been regarded as
responsible for the depression.

Several workers, whose results also will not be further discussed here,
have studied the problem of the significance of calcium jon for glucose
absorption (MAGIE & SCN 1931, 1932; GELLHORN & SKUPA 1933;'
McDouGALL 1935; GARDNIR & BURGET 1938). The experimental condi-

Tt ' were apparently contradictory.
| I L . .* in connection with the current
e Consparee e .+ o+ " .« -« on the factors determining the

from the intestinal tract. e

absorption rate
Eve}; if anaesthetics are suitable drugs for the purpo - -
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differences in pharmacological effect between expenmental and control
ammals thexr use 15 1ot feally convement for the study of intesinal
absorption as such

The dary effects of hesia may mask or
1n the absorption rate of the two groups 1t 15 therefore obviously a
disadvantage that the control group 15 1 state of deep anaesthesia, whereas
the experimental group is only shghtly affected

Accordingly non anaesthensing drugs are beng wed w the further
snvestigation of tins problem It has been shown that the absorption of
several unphystol i 1s dep d by Cabs, as also 15 the
absotption of glucose and water (SOGNEN 1959)

According to Ssrrr & Tavror (1955) and Fisuer (1955) there is an
inter relationship between absorption and metabolism of glucose and the
water transport 1n vitro

Substances like glucose and fatty acids may be passtvely transferred m
an active water stream (SMYTH & TAYLOR 1955, BARRY & SawyTH 1960)
The same may to a certan extent be true of drugs

QOur results therefore indicate that the nhubition of drug absorption
caused by Ca bs may be due to depressed water transport, which again
mmay be related 1o an effect on glucose absorption and metabohism

This and other possible explanations will be more closely discussed in
papers being prepared for publication

Sumrmary,
Oral doses of chloralose and meb

1 (p barbital) that normally
cause deep andesthesia, or even death, are greatly weskened n their
action when adnurnstered Rlong with a calaum binding substance, such
25 sodum fluonide sodium oxalate and tetracemine {edetic acd) The
plasma level of barbiturate has then been found much lower than 1n
controd amwmals Various crifena suggest that absorption from the
intestinal tract 13 depressed

Tt has been shown that calcium binding substances also miubit the
absorption of glucose and the transport of flwd from the intestnal lumen

The results therefore mndicate that the mtestinal absorption of un

physiologreal substances 15 related to the absorpuion of glucose and the
transport of flmd
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Zane Flectraphoresis of Oxytosin by a Horizontal Column
Technique
By

Kjell Briseid Jensen and Reidar Bredo Sond
(Recenved November T, 1960)

The mowst chamber paper electroph 3) 1s not sustable for
determimng mobulities 1n the alkaline pH-regon, as carbon dioxide will
be absotbed into the buffer contamed sn the stnps and the pH will
accordingly decrease (SUND & BriSEiD JENSEN 1960) The work prcsented
here reports experiments 1n whach the pt was

n smail-dimensioned polythene tubings to prevent a fall mn pH and
evaporation of solsent With a view to electrophoretic examination of
human uninary kinsn (GOMES 1955, WaLaszex 1957; BRISED JENSEN 1958;
GADDUM & HorTON 1959, HORTON 1959, BRISUp JUnNsEN & SUND 1959),
presumably a polypeptde, the procedure was tested with 2 polypeptide of
known electrophoretic properties, oxytocn, and also to some extent
with vasopressin

1. Technique,
A Apparatus and Materials
Electrophoretic equipment LKB paper electrophoresis apparatus, type 3276 B,
e T LS RN .

kquipment for pﬂ - mie ts Met: h H
Hensau Switzertanm -ﬁ’:"mﬂs etotim pr meter ‘!'E“ E 196 § (Metrohm AG,

AR pracmacologica 70 1 fesc §

T
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Supporting materials Granular starch (Amylum Solam: Ph N V) Powdered
cellulose (Ashless Powder Chemically Prepared, Standard Grade, Whatman, W & R,
Bulston, Ltd , England)

Migrants In most experiments synthetic oxytocin was used (Syntoctnon ® pro
ngectione, 51U per amp, Sandoz A G, Basel, Switzerland) The polypeptide was
recovered from the ampoules by freeze drymg

In some expeniments a partly punfied vasopressin was used, (Pitressin ® ampouks
101U per amp, Parke, Davis & Ca, Hy , England}, also recovered from the
ampoules by freeze-drying

Indicators for electro-osmosts Digitoxose (L Light & Co, Ltd, Colnbrook, Eng
land) was gencrally used In some experiments methanol (AR, E Merck, AG,
Darmstadt, Germany} or acetantiide (Ph N V') was employed

Chenucals were of A R quality throughout

B Procedure,

Pretreatment of supporting materials 10 g of granular starch (3 quantity suitable for
a single column, vide infra) were stirred 1n a beaker for 15 nunutes with 40 m! of buffer
and allowed to sediment for 15 minutes This was then decanted and the process was
repeated twice The pH of the st washing was found to be shightly lowered when
alkaline buflers of fow capacity were used In those eircumstances the buffer adheting
to the starch was washed away with 40 mi of fresh buffer solution before packing the
column

250 g of powdered cellulose were washed m a column with 101 0 2 N hydrochlonc
acid It was then washed with distilled water until the pH of the eluate was over §
The powder was dried at 50° and sifted through a silk sieve with 30 threads per cm
and apertures 023 mm (sieve VI, PAN V)

Paching the column Polythene tubimg, 60 cm long, was put into the
stem of a 100 mi separaung funnel (Quickfit D 2/22) and fixed by pushing
1t about 1 cm upwards The connection was secured by a 5-6 ecm prece of
tubing and a Mohr cip The polythene tubing was washed 2 or 3 times
with buffer solution, and the buffer under suction was thereby forced up
beyond the stopcock, which was then closed The lower opening of the
tubing was closed with a rubber stopper, and the tubing anchored to a
Microid shaker by means of 5-6 cm of tubing The latter was put into the
hole tn the top of one of the shaker arms and, after vertical stretching of
the column, was shid over the column and fixed with a Mohr clip

The supporting material, which was used 1 excess, was transferred to
the separating funnel by means of fresh buffer solution 10 g of starch or
45 g of cellulose powder were employed In cxperiments with acid or
neutral buffers the solution was filled to a level about 2 5 cm above the
opetung of the separating funnel In expertments with athalme buffers
the 2 § cm upper layer consisted of liquid paraffin (Ph NV)

The whole content of the separating funnel was set rotating by means of
a glass rotor, and sedimentation was begun by partly opemng the stop-
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cock At the same time the Microid shaker was started, the shaking speed
being adyusted 1o guve the tubmg a strong vibration Strring and shaking
were stopped by a start and stop” clock ~ usually after 15 hours

Fiitng the column into the electrophoresis apparatus “The ready-packed
polythene tubmg was carefully removed from the sedimentation device
and a rubber stopper put 1nto the upper opening Then the tower {5 em
of the tubing were cut off and discarded At the pont were the cut was
made the contents of the tubing were dug out to a depth of sbout 2 em
and replaced with buffer solution A small prece of cotton wool {about
8 mp), which had 1n advance been soaked n the buffer and was free of
anbubbles was then put into the tubing to prevent any movement of the
supporting medwim used

The polythene column was connected 1o the electrode vesseds by Pyrex
glass tubing (int diam 2 8 mm, ext diam 4 3 mm) bent at right angles,
with arms 3 and 7 cm long The short arm was filled with buffer solution
and put 1nto the cut end of the polythene tubing to a depth of about 08
cm With the tubing festing 1n a honizontal position a new cut was made
26 cm from the first one, and the other plass tube was fitted in as described
above Then both the angled glass tubes were completely filled with buffer
solution, care being taken 1o avord a1t bubbles The column was stretched
out horizontally on the cassette floor, resting on 4-5 smali preces of rubber
tubing, and then secured with cellilose tape The cassette Roor could now
be placed 1n 1ts position between the electrode vessels, which had i
advance been filled with buffer solution Usually 650 ml were used 11 each
vessel In expenments with alkahine buffers the solutions 1n the electrode
compartments were covered with hiquid paraffin, §25 mi per compartment
Llliﬂ'l tuns to be compared tha final volume was the same throushont

¢ westu Yatituty, inarcator 1n the butter, both substances being thus apphed
at the same point Up to 50 jt were apphed and this was also the most
frequent volume The tubing was perforated with a cannula 3 to 6 cm
from the anodic end of the supporing mediurn, and a canal was opened
night through the tubmg Then the test solution was applied by means of a
syringe and a new cannula (3 cannula not blocked by granula of the
supporting matertal) Care was taken to prevent ase from pencirating mto
the whing and after application the hofe was closed with silicon grease

Electrophoresis As soon as the test solution had been apphed, elec
trophorests was begun Total ouiput was 80-200 V, usyally 100-120 V
Freld strength was found by voltage measurements over a 20 ¢m cet
section of the column both at the begnning and at the end of the

ntral
ment As secondary electrodes 2 platinum rods (3 cm long and

expen-
06 mm
LY
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thich) with the lower end tapered were used These electrodes were remosed
during the run and the perforattons closed with silicon grease Field
strengths for the buffers i table 1; cellulose (100 V). about 20 V/em and
3/4 mAjtubing; starch (120 V)- about 3 6 V/em and 1/2 mAjtubing An
18-25-hour electrophoresis time was used for the oxytocin experiments
The room temperature was kept fairly constant, in the oxytocin expen-
ments 23° + 2°

Table 1.

Electrophoretic and electro osmotic mobtlities (cmysec/soltjem)
on powdered cellulose or starch

Migrant Oxytocin, concentration n test solution 10 unts/ml
Electro osmotic ind D. 1n test solution 3 5-8 0 mg/m!
Valtage 100-120 volts
Duration of run  18-25 hours
Temperature 23° & 2
Concentrations of barbual sodium and sodium chloride were kept constant (0003 M
and 0047 M), pH was varied by adding dsfferent quantities of free barbital
The figures are average values of 2—4 runs

Powdered
Barht;nml ' oH I V“b':lggke cellulose Starch
r { values W 105 [pelosm 105 p 105 [jetosm 108
00300 700 ; 00062 ~002 } 41 [ 1 ! s
0010s 740 r 00054 -05 44 | 07 16
00045 775 00041 -08 46 | 05 17
60020 s15 | oo028 ) -08 5t { 03 1?

Estumation of distance travelled After the run, the column was cut
itto 1 e preces, which were shaken out, filtered and analysed for content
of mugrant and electroosmotic indicator In the first expeniments we cut
the tube with a razor-blade, but Jater we used a cutting apparatus devised
by O Gjessing, The Chemical Institute, University of Oslo (fig 1) The
column 1s put 1nto the narrow channel on the left side of the apparatus
and gently pushed beneath the knife to the bottom of the shallow groave
n the end of the horizontally placed adjustment screw The screw can be
kept firmly tn position by means of a “‘braking” screw, and it can be
adjusted to give preces of tube from a few mm up to 20 mm in length

Ia the expeniments with oxytocin or vasopressin, digitoxose was used as
electro-osmotic tndicator The cut pieces of column were then shaken
disectly with 2 5 ml de Jalon's solution and Altered through cotton wool
in shortstemmed glass funnels Aliquots of 05 ml were pipetted off for
determination of the sugar and the residual solutions were used for bi-
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ologcal assays The mugration dis-

tance was defined as the dufference

1n hinear displacement between the

peak of the migrant and the peak

of the mdicator Mobiliies were

expressed as cmfsecivoltfem .
Quaninatne determinations The ;

oxyfocicacin ities of both oxytocn

and vasopressin were assayed on

the 1solated rat uterus, essentially |

as deseribed previously (BRISEID

Jensen 1958) Matching was done

by bracketing” the unknown

fractions with two doses of stand

ard differing by a factor of 133 - e

An 1sotomic frontal writmg lever Fig 1 F“:f;:z:‘l‘p{:’o'n“s‘;“:fxf"‘“m"‘

was used (ScHiLp 1947), and the

bath volume was 10 mt As standard preparation the same substance was

used as that submitted to electrophoresis

Fot determmnation of diguoxose 200 mica 12 N hydrochionc aad was added to
a¢ measured after } hour or more, at room
e ==t wth
ectro-

. Hows
' .. - . * ¢ w.phonc

- mixture was

kept at room temperature for ML w2y . = = sof perman
ganate was shmmated by adding a saturated solution of sodwm pyrosulphite from a
burette that could deliver small drops The decolonsing - beng entical for the deter-

—=-sf v Coancentrated sulphunc acyd 4 00 mil was

- e
. . ' -
bath After cooling down to 1ol w o . - <Y
added toll '00 m} and the colour measured at the absorption mauimum ~ uier M

e~ Dhatnmeter bemng used

£ at 238 my on a Beckman Spectro-

f the readypacked columns the flat

ws The contents of a 2-3 cm prece of

Lo i with 2 glass rod to fit the membrane
. =242+ 2l and fixed 10 position when the

close 10 the flat me
i rbrane electrode and Kepl s pus v

lbrauions were done with the electrodes immersed ;x the standard solutrons
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2. Comments on the Technique

Packing the column A sedimentation trme of 15 hours was always
sufficient for complete filling of the polythene tubing, and the supporting
material wos never found to be further compressed after that The
adjustment cf the stopcock of the separating funnel was cntical for
successful packing and required some practice The speed of the rotor and
the Microid shaker usually had to be adjusted after some runmng time
To esttmate the reproductbility of the packing procedure several preces of
tubmg were packed with powdered cellulose and 0 I N sodium hydroxide
Each one was cut into 5 cm pieces, which were shaken with 10 ml
portrons of water and titrated with 0 01 N hydrochloricacid The average
titratron value of 8 52, with a standard deviation 0 18, indicates both even
distribution of supporting medium and electrofyte within the individual
preces of tubing, and satisfactory reproductbihity of packing However,
the deviations observed 1n electro-osmotic mobilittes were far more
pronounced (vide infra  Estimation of distance travelled)

The pieces of tubing were visually inspected before use A few pieces
had to be discarded owing to evidently unsuccessful packimng with gaps
1 the supporting medium

Test solution To obtain the same field strength 1n the section containing
the migrant as throughout the column, the additional conductivity of the
test solutton due to the presence of the migrant must be negligible This will
happen when, for example, a neutral salt such as sodium chloride 1s the
main jontzed substance of the buffer and the concentration of migrant 15
so small compared to concentration of buffer substance that the pH of
the test solution 1s the same as the buffer pH without addttion of strong
acid or base The latter requirement must also be fulfilled 1n order to
know the true pH during the whole electrophoretic run In prepaning test
solutions the above menttoned suggestons were 1aken 1Mo ConsUEIAON
The oxytocin solutions were accordingly made up at a concentraton of
5-10 umts per ml (001-0 02 mM) Electrophoretic mobilities being to
some degree dependent on the concentration of the mugrant, the same
concentrations were used 1n expertments to be compared and also the
volumes applied were as nearly equal as possible

As vasopressin posseses only a weak oxytocic effect, and as the vaso
pressin preparation employed was not highly punfied we had to use 2
fairly strong concentration of the substance The pH accordmngly fell and
had to be re adjusted with sodium hydroxtde Moblities for vasopressin

not given
nrfr;‘l;er;;‘rgmse %vas used at vartous concentrations, depending on the

photometer employed (3 5 mg/ml for Beckman B-8 0 mg/ml for Coleman
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Jumior 6 A) The differences 1 dig ation did not seem to
affect the efectso osmosis

Expeniments with coloured sol d d that the test solu-
tion would completely it the square area of the tubing and diffuse to both
sides of the apph pomnt When ceflulose powder was used as sup-

porting matenal, 1t absorbed the test solution 1 such a way that the
applied flud could not be observed The starch, however, was less
elashe and a small section with flud normally appeared beneath the
apphication-hole
Electrophorests ‘The voltage range used was based on expenments m
which the temperatures of the central paris of the columns were deter-
mined For these measurements a thin-thteaded constantan-copper
thermo element was employed, d to a hughly mV-meter
With some buffers of 1omic strength 005 and an overall voltage of 200 V,
the tise 1 temperature did not exceed 2° With increasing voltages the
nses became considerable, up to 10° was observed for 350 V
The smallness of the current passing the columns necessitated the use of
2 vacuum tube vol for voltage The pol of
the platinum rods used as dary el des must be fi
(SCMILLING & WALDMANN-MEYER 1939) and, anyhow sumitar 1 runs
carned through under essentially the same condrtions
In the cellutose columns a small ncrease in voltage from the begmning
of clectrophoresis to the end was usual, in the starch columns, however, a
smail decrease was observed Voltage measurements of successive 5 cm
sections of a starch colurn showed that the decrease was the same theough-
out, within the error of measurement
The average value of the measurements at begimng and end of 2 run
was chosen for calculating potenuial gradients during the run For both
types of supporting matgnial the difference between the two values usually
fell between 2 and 6% In a single run we noficed a voltage fall of 3By m
a starch column, which was accordingly discarded In two colur;ms
prepared with “soluble™ starch (Amylum solubile pa Merck} the
:;Cf:’:;:ler;;t:::ag; :vlfercj:z,ha;?a& ‘;/:sl\g:::zsc::ixc examunation revealed
probable that the voltage change may have ‘ienﬂdmﬂ‘ bl makes
ue to solution of the
matenal having begun
Estimation of dist, -
peon wadsly “f s:dJ ::ce irmelfed :\:m‘\o as well as p;’-“ry::c:af:d“ have‘
{‘\\?:?:‘ :J‘ =v\:g‘ ;\ S;bﬂa:lcc hke" hydrogen ;;ermlc’lde ml‘E‘ht havle been
London, 1936, General D|scussm;1. 233) Its il
s s wse Aming acuds,

reactivity, however, scv:reb:
for examptle, will be oxidised to the cotre-
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sponding keto acids We chose to usc digitoxose as indicator, a desoxy-
sugar easy to determine quantitatively In some preltminary experiments
with cellulose powder and acetate buffer of pH 55 the movement of
digitoxose was compared with those of acetamilide and of methanol
Digitoxose and acetanilide could be applied together, and a few runs were
sufficient to reveal that the sugar moved faster than the other substance,
which was probably delayed by adsorption Digitoxese and methano! had
to be run m different columns, as the sugar to some extent influenced the
determmation of the alcohol With 10 columns the average mobility for
digitoxose was 278 10-5 (s = 11 1%) and with 11 columns the corre-
sponding value for methanol was 287 10 5 (s = 8 4%) The difference
was not significant

Reference has previously been made to titration expertments suggesting
that the sedimentation method used gave uniform columns However, the
vanations that could be observed for electro osmotic mobilities far
exceeded those of the titration results Even if several other factors
contribute to this effect (variations m temperature, error 1n judging the
peak of imndicator, error 1 the eshimation of potential gradient and so
on), the considerable deviations found 1n electro osmosis could also be
due to differences 1n the packing of columns, not detectable by the titra-
tion method, which might strongly affect mobtlities

The number of parallel runs at each pH was made dependent on the
observed deviations 1n electro osmotic mobilities Accordingly, the larger
error found for the average electrophoretic mobilities must to a large
degree depend upon the error of the biological assays

In both types of supporting matenal the oxytocin could be recovered 1n
quantities sufficient for assay over 3 1o 4 sections (except when tailing
occurred), the peak bemng found mn the central section The method
employed for determination of digitoxose rendered possible an estimation
of weaker side fractions also

The distance travelled by a substance was estimated by the peak posi-
tion, and the peak was calculated as the poimnt of 509 distribution i a
cumulative curve This method of calculation presupposes a normal
distribution for the quantitatively most important fractions However, a
deviation from normal distribution that 1s practically the same from one
pHe-value to another still makes a comparnson posstble nithin a buffer
system, for though the mobility curve will be to some extent displaced, the
calculated pl will also be displaced

The distributions of oxytocin and digitoxose on starch were obviously
not normal for all pH-values examined Thus oxytocin displayed a tailing
that mncreased with pH and was limited at pH 70, but consuff:rzzble 51
pH 89 Digrtoxose, on the other hand, gave a shght forward “tailing
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7]
Fg 2 D of oxytocin and after
Examples of cumulative curves
Abscissa Cm run. Only the shapes of the curves and not their actual positions after the
fun are pven
Ordinate For oxytorin mU 10 1 cm fracuons For digionose the optical densines observed

when one fifth of the eluate from every | ¢m fraction (0 5 mD) was added to 20 m! of
hydrochtorss acid reagent,

run

1 Oxytocin on starch, pH 70

1 Oxytocm om statch, pH 8 9

1M Oxytocin on powdered cellulose pH 78
IV Digitoxose on starch, pH 70

V  Digitoxose on powdered cellulose, pH 70

Fractions obviously due to tailing were omitted 1n the calculations from
the cumulative curves Tathing complicated seriously any estimation of
mobilities at higher pH-values (> 8 2), especially as the runs for the
polypeptide examined at the same ume became shorter

On cellulose columns no tatling Was observed with the quantities applied

n iz 2 are shown some typical cumulauve distnbution curves

Quantitatne determnanons The error of the biological assays must be
the mamn factor contnbuting to the deviations i the measured electro-
phoretic mabilities To reduce the error, only sensitive {2 MU or less per
mi bath} and stable uten that discnminated satisfactorily between doses
1 the ratio 4 3 were used Several muscle preparauions that could not
fulfil these had to be discarded If the actwity could not be

PR .

determined on tha firet An ol V1 oaay A
adayortwoa .

For some b.
at the ranesnreations used would

& uants suusiame

ys This was done by

fluence the assa;
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Tig 3 The dignovose hydrochloric acid reaction
200 m! concentrated hydrochlonic acid (about 12 N) nuxed with 0 50 ml
of solution of digitoxose in water
T Opuical density ag 470 mp against ime for 13 Hg digitoxose read on a Beckman Model B
Spectrophotometer 1 ¢m hght path
11 Opuical density against wave length afier complete development of colour read ona
Coleman Junior 6 A Spectrophotometer with cusettes 6 310 80 pg of digitoxose

assaymg the active fractions against standard substance as usual, and at
the same time agamst standard substance added to “*blind” eluates from
the column These eluates were obtamed by shaking out sections without
activity 1n the usual way In no mstance could an effect of barbital on the
height of concentration be positively established

As 15 evidemt from cunve I m fig 3, the yellow colour in the deter-
mmation of digitoxose increased mn intensity for about | hour at room
temperature The colour was stable The samples kept m darkness over
mght lost only about 10% mn optical density Fig 3 also shows the
essential parts of the absorption curve (curve 1I)

Standard curves are given for both Coleman Junior 6 A (cuvettes
6-310) and Beckman B (1 cm hight path) (ig 4

pH-measurements The pH-measurements on the column contents
showed good reproducibility and were easily made when powdered
cellnlose was the stabilizing medium Starch offered some difficulties owmg
to the “dryness™ of the starch buffer mixtures In spite of some error oc-
curringabove pH 10, electrode EA 127 X was also used above thus pH-value,
and not only 1n packed matenal, but also for the sake of comparison for
measurements with the electrodes immersed 1n buffer solution Even
under conditions that should protect the buffer from the effect of at-
mospheric carbon dioxide, 1t was noticed that the readings on pached
matersal were lower than those on the corresponding buffer solutions
The fall 1n pH, however, scemed largely due to a “volum oo
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Fig 4 The dignovose hydrochlonc acid reaction

Standard curves based on readings from a Mod p 1em

Tight path {1) and from a Coleman Junior & A Spectrophotometer with cuvettes 6310
Procedure as stated in legend to fig 3

10 an effect of the supporting matenial itself, as previously assumed (SUND
& Bristp JENSEN 1960) For example, the pH of a glycinate buffer
(T2 0 05) solution was found to be 11 60, whereas measurements on the
packed material gave 1145 The same pH-value was found when 50 ut
drops were used
On the columns the atkaline buffers were protecied against the effect of
carbon dioxide A layer of an ¢lectncally mdifferent flud was used to
protect the buffer solution 1n the separating funnel during packing and
1 the electrode compartments dunng electrophoresss Such a fluid should
also have 2 low solubility 1n water and a low specific wesght compared to
the buffer solutions, and 1t should not dissolve the buffer substances A
common solvent p g the ifi d was lhiqud
paralfin Many expeniments showed that the techmque described succeeded
wn keeping the pH unchanged As a buffer especially apt to be wfluenced
by carbon dioude we examined MitLir & GOLDER'S (1950) pH 12
glycinate buffer, adding sodum chlonde to 1ome strength 005 The buffer
capacity cannot be calculated on the basis of Van Slyke's formula, but
was found expenmentally to parallel 0 005 hydrochlonc acid equivalents
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Fig 3 The digitoxose hydrochlortc acid reaction
200 m! concentrated hydrochioric acd (about 12 N} muxed with ¢ 50 m!
of solution of digitoxose 1n water
I Optical density at 470 mp against ttme for 15 pg digitoxose read on a Beckman Model B
Spectrophotometer 1 cm hight path
11 Optical density agamst wave length after complete development of colour, read en a
Coleman Junior 6 A Spectrophotometer with cuvettes 6-310 80 pg of digrtoxose

assaying the active fractions aganst standard substance as usual, and at
the same time agamst standard substance added to “blind™ eluates from
the column These eluates were obtained by shaking out sections without
actwity i the usual way In no instance could an effect of barbital on the
height of concentration be positively established

As 15 evident from curve I m fig 3, the yellow colour m the deter-
mination of digitoxose increased n intensity for about 1 hour at room
temperature The colour was stable The samples kept in darkness over-
night lost only about 102 m optical density Fig 3 also shows the
essential parts of the absorptron curve {curve IT)

Standard curves are given for both Coleman Junior 6 A (cuvettes
6-~310) and Beckman B (1 cm bght path) (fig 4)

pH-measurements The pH-measurements on the column contents
showed good reproducibility and were easily made when powdered
cellulose was the stabiizing medjum Starch offered some difficulties owing
to the “dryness™ of the starch buffer mixtures In spite of some error oc-
curringabove pH 10, electrode EA 127 X was also used above this pH-value,
and not only n packed materal, but also for the sake of companson for
measurements with the electrodes tmmersed mn buffer solution Even
under condttions that should protect the buffer from the cffect of at-
mospheric carbon dioxide, 1t was noticed that the readings on packed
matenial were lower than those on the corresponding buffer solutions
The fall ;n pH, however, seemed largely due to a “‘volume error” and not
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barbital sodmm and pH values down 1o pH 7 restnicted the concentration
of the salt to 0003 M To make differences sn conductivity of the test
solunon and the buffer neghpible, a relatvely ksge amount of sodium
thlopde, 0047 M, was added By addition of different quantitses of free
barkutal the pH was varied A pH value of about 8 15 represents the upper
Tt of the system’s efficiency

1t 15 evident from table § that the two different stailizing medsa used
gave markedly different vesults whereas the pl value of oxytoon on
powdered cellulose was close to pH 70, the expeniments on starch inds-
cated a pl value > pH 815 Kunker, TAYLOR & pu Vioneaun (1953)
found a value of 77, using paper strips as supporting medium {57)

Some electrophoretic runs were made on powdered cellulose with a
somewhat different barbital buffer system The ionic strengih was 005,
bt the buflers were prepared by adding different quantities of hydrochlone
acid to the same quantities of barbital sodwm The results, given in table
2 confirm the Jow pl value of oxytocin on powdered cellulose

Table 2

Electrophoretic and electro osmotic mobilities (cm/sec/volt/em)
on powdered cellulose
Migrirt Oxytacin concentration of test &
olution 6 7 uny 5
gmmm et ution tsfnd and 5O units/ml in 1be
£€t50 osmotic indicator  Digrloxs
Voranemaue i Riloxose concentrauon in test solution 8 0 mg/mi
Duration of run 21-23 hours
Temperawre 23 2
The figurey arc average values of 2 runs

Barbual | Mydeochlonc
todiam sad PH no108 : pet oum 19
008 0034 768 ~06 } a2
0026 200 o6 { i3
g ‘&” 2 845 ~10 50
. ) 285 14 \ 32

oxi::r;: \"rsaa\;:(:;:? Zsi!rhc SuRportig medium for expenments wish
uiler system (lonie st

sausfactory capacily over the piy range 79~st;ng”x‘hh50§:l)y£::xd}:‘:ad !al

s::(::d ;: :‘ogemm:::ld‘:eaﬂy 2t pH 83, and with a rate nearly the s::y:c

s, uffer system of table § At higher pH wadiec =

= wuawaluy
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Fig 5 * Mobilies * for oxytocin on powdered cellulose (I) and on starch (n
Corrections for electro osmosis made by means of digitoxose
Experiments conducted in a system of barbital buffers, I'/2 = 0 05, consisting of 0 003 M
barbital sodium and 0 047 M 'sodium chloride pH varted by adding different amounts of
free barbital
For further details sce legend to table |

per litre Measurements of pH were made 1) on the freshly prepared
buffer (11 35), 2) on samples withdrawn from the separating funnels after
paching (11 37), 3) on sections from the packed column (11 25) and 4) on
samples withdrawn from the anode- (11 39) and the cathode compart-
ments (11 40) after electrophoresis for 17 hours at 100 V Other expert-
ments showed that the packed matenal kept 1its pH unchanged dunng
electrophoresis

On runmng several columns together tn the same apparatus the
discharge at the electrodes can become so strong that the pH 1s altered
throughout the compartments tn spite of the baffles present In order that
electrolytic products should not contamimate the columns, only one
column was run 1n the apparatus when the buffer capacity was small

3. Results,

Table 1 and fig 5 give results from comparative electrophoretic experl-
ments with oxytocin on cellulose powder and on starch 1t 1s evident from
table 1 that the electro-osmosts on cellulose was considerably larger than
on starch Barbital seems to be the buffer substance most used in the
pH-area where the pl value of oxytocn 1s situated, and barbital buffers
have also been used for paper electrophoretic estimation of ths value
(KUNKEL, TAYLOR & DU VIGNEAUD 1953) In our work barbital was used
m spite of the rather low solubility of the free acid at the lower pH-range
The combined requirement for buffers with a constant concentration of
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barbital sodium and pH values down to pH 7 restricted the concentration
of the salt 10 0003 M To make differences 1n conductivity of the test
solution and the buffer neghgible, a relatively large amount of sodium
chlonde, 6647 M, was added By addition of different quantities of free
barbital the pH was vanied A pH value of about 8 15 represents the upper
it of the system's efficiency

Tt 15 evident from table 1 that the two different stabilizing media used
gave markedly different results whereas the pl value of exytocin on
powdered cellulose was close to pH 70, the expenments on starch indi~
cated a pl value > pH § 15 KUNKEL, TAYLOR & DU VIGNEAUD (1953)
found a value of 7 7, using paper strips as supporting medm (5°)

Some electrophoretic runs were made on powdered cellulose with a
somewhat different barbital buffer system The some strength was 005,
but the buffers were prepared by adding diffe q of hydrochlane
acd to the same quantities of barbital sodium The results, given 1n table
2 confirm the low pl value of oxytocin on powdered cellulose

Table 2

P and mobilities
on powdered celtulose

Mgrant  Ozgtocn concentratian of test sofution 6 7 unusimt, and 50 untsfml in the
experiment at pH & 85

lectro asmonc indicator  Digitoxose concentration n test solution 8 0 mg/ml
Voltage 100 volis
Duration of run 2123 hours
Temperature 23 4+ 2
The figures arc average values of 2 rups

Barbial | Hydrochone |
sodium acd pH no108 pel osm 1O
M M |
005 0034 s 765 b os 42
0026 | 8o 06 43
I oo 845 ~10 50
\ 0005 | 888 t ~14 52

Starch was also used as the supporting medium for ex;

pettments with
oxytocn 1 2 barbital buffer system (1omc stsength 005) that had a
satsfactory capacity over the pH range 79-89 The polypeptide sull
iecm:d :;) ;m;;/c mtl}x}udnmﬂy at pH 8 3, and with 2 rate nearly the same

s at p in the buffer system of table |
ble tatmg yl ] e L.’At higher p[»‘{-‘vahsxes a
runs made at pH 8 9 thys paye a Aat 4 e
poat of apphuation o1 f:m:ds‘ distnbution cunve, stretchung from the
T P
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Vasopressin, 100, seemed to give a lower pl value on powdered cellulose
by the technique used than m corresponding previous investigations (109
for arginmevasopressin, TAYLOR, DU VIGNEAUD & KUNAEL 1953) The
vasopressin experiments were done  a glycnate buffer of ronic strength
005 The tailing of the polypeptide was considerable

4. Discussion.

The influence of air carbon dioxide, which Iimits the use of the moist
chamber electrophoretic techmque for mobility expenments i the
alkaline pH region, 15 abolished 1n the polythene tubing method described
At the same trme evaporation 1s prevented, at least from a practical pownt
of view, a matter of particular importance i constant voltage experiments

However, our experiments have emphasized the additional problems
ansing when an attempt 1s made to use electrophorests on supporting
media for mobility experiments The results clearly show that large
differences n pl values are obtainable on different stabilizing media 1
spite of the remaiung external conditions bemng kept constant In our
experiments corrections for electro osmosis were obtained by using
digitoxose as indicator It 15 obvious that several conditions relating both
mugrant and clectroosmotic indicator to the supporting medium must be
fulfilled to gve pl values equal to those found on free electrophoresis
(Some authors give corrections for several factors, 1n order to convert the
observed mobilities completely to free electrophoresss results) Even if
this means that the term pl mn zone electrophorests can be dubtous pl
determinations tn such experiments still have use Under well defined
working conditions such values represent constants that will vary with the
factors usually influencing pI values (buffer substances, buffer compost
tions, 1onic strenght and so on)

Some workers have suggested ehmmating the effects of the various
factors mfivencing during zone electrophorests by usmng a reference
migrant, whose mobility 1s known from moving boundary experiments
under otherwise 1dentical conditions However 1n such expeniments the
difficulties mentioned above are also present, several requirements for
the mode of interaction between migrant and reference migrant on the one
hand and the supporting medium on the other must be fulfilled to obtatn
free electrophoresis pl results

The usefulness of the method here proposed still needs further explora
tion The preciston of the method, judged by the standard deviation of the
electro osmotic mobility of digitoxose, was not very satisfactory, bemng
of the order of 10% The precision of the electrophoretic mobilities must
accordingly be still less There may be general reasons for the magmtude

NG
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of error, for example, uneven packing of the column and vanations 11
temperature, but factors specific to our expenments may also contribute
Thus a better supporting materal for the particular substance tested,
oxytocin, rmght be found Starch gave considerable tailing at Tugher
pH values, and cellulose gave low pl values, indicating reversible adsorp-
tion The distributton of digitoxose was to some extent also abnormal on
starch, this fact adding to the difficulties of estmating the distance
teavelled at hygher pH values A more switable buffer system might also
help 1n decreasing error The small buffer capacity of the barbutal system
used restricted the quantities of oxytocmn, and this m turn led to rather
flat distribution curves for it

As the method offers a considerable advantage for expemments 1n
strongly alkahine buffers, and as 1t seems possible to reduce to various
degrees the sigmficance of the complicating factors just menttoned, further

expeniments should be carned out to improve the details of the techmgue
and clanfy 1ts possibilities

Summary.
A zone electrophoretic method with honizontal polythene columns of
smalid has been developed The tech

described prevents the
fall 1 pH 1 fughly alkaline buffers that complicates the use of moist
chamber paper electrophoress

The method has been tested 1 a weakly alkaline pH region, with
oxytoemn as migrant, d as el d and powdered
cellulose or starch as supporting medium The polypeptide fractions were
assayed on the 1solated rat uterus, the digitoxose determined photo-

metnically and the linear displacements of the substance directly used for
calculation of “mobihties™

The pl value found on one supporung matenial were markedly different
from that on the other (corresponding to pH 70 on cellulose powder

and _- pH 8 15 on starch) with the same barbital buffer systemn Neither
powndered cellulose nor starch

proved satisfactory as su;
powdered oo Ty pporting matenal
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From the Department of Pharmacology, University of Lund, Sweden
{Professor G Ahigren, M D)

Experiences with a Fluorometric Method for Determining
Corticosteroids in Man and Rat
By

Pavo Hedner
(Recenned November 22, 1960)

The determination of mmute or rapd changes 1n adrenocortical
actiity by studies of plasma corticosterond level would seemn wore
meamngfl than studies on unnary steroid output Determination of
adrenal steraids 1n plasma may be performed by the colorimetric method
of PoRTER & StLeer (1950) This method of detecting 17, 21-diol 20-one
sterods determines hydrocornsone (corisol), which accounts for the
greater part of corticosteraids 1 man (Buscu & SANDRERG 1953, PETER-
SON 1957) and cortisone, but not corticosterone, the essential sterord of
rat plasma (Buscu 1953)

The speaficty of the method has been cotimised on accoumt of the
occurrence of the non specific Porter-Silber chromogen (MARKS & LEFTIN
1954, Busci & Siner 1955) Large quantities of plasma are needed for
the delerminalion because of the method’s relatively low senstaty
The fl fie of plasma corty ds may be ded
as preferable in several ways It was first proposed by SWEAT (1954) and
later (vestigated by KALANT (1958) By uts means prinaipally corticoste-
tene and hydrocortisone show pronounced fluorescence 1n strong
sulphunc acid, the peak being situated at an activating wave length of
about 4700 A and a fluorescent wave-length of about 5500

A eolumn olrommarographuc techmque has been described to distin-

guish between hyd

and cor (SWEAT 1954, SwEAT
ef al 1953) Without this separation, however, the results can still
N' OYJ ln!c‘l’e.sl _Such simplified modifications of the marh~d L ye peen
- . . o BY these
; ~02 ml)

The am of our Imestigatton has been, first, to confirm and extend the
Ao Pharmacoloeics, yol Wotne

6
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findings of previous studies on fluorometric determunations of plasma
corticosteraids and, secondly, to adapt the method for rovtine chnical
work and for determinations of rat plasma corticosicrord 1a pharmacologi-
cal studies,

Method,

The method is essentrally that given by GUILLEMIN ef al. (1959), but
certain modyffcanions have been made:,

1. Determinations were done on 0 25 ml plasma samples from man or rat

2 For rat plasma samples, corticosterone standards of 005 and 0 1 pg have been
used for comparison, for human plasma samples, standards of 0 [ and 02 ug of
hydrocortisone

3 Asfl e med! a mxture of d sulphuric aad and ethanol
75/25 (v{v} was used (ZENAER & BERNSTEIN 1957, DE MOOR et al 1960) Corticosterone
and hydrocortisone give higher fluorescence 1n this medium than in the ongnal 30 N
sulphuric actd (vide infra)

Blood samples from the rat were taken mostly by decapitation, somefimes by
bleeding from the yugular vem, tnto glass tubes, prepared with a few granules of
heparin The amimals were anaesthetized mostly with ether, sometimes with pentobar-
bital*) Blood samples from man were drawn by venipuncture, the tubes being prepated
with heparin Hepann does not seem to mnterfere with the measurement of corti-
costeroids by this method (GuiLLEMIN et af 1958)

Evperimental

The fluorescence readings are directly proportional to the steroid con-
centrations for the range used i this method, as can be seen from the
calibration curves (figs 1 and 2) Deviations from the straight line do not

Rat
fyor

€l brotan curve

Cert costerane

i an

21
Concented on pmi reag me¢ um

Fig } Concentration fluorescence cutve, corticosterone

) Mebumal (NFN)
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Fig 3 Development of of and
30 N sulphuric acid and sulpbne acd/ethanol mixture

occur until concentrations above 6 5 pg of corticosterone per ml of 30 N
sulphuric acid ate reached (SWEAT 1954)
The retation between hydrocortisone and corticosterone 11 two different
reagent mediums has been studied As can be seen from fig 3, these
@
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sterords 1n sulphuric acidfethano! medium give hugher readings than m
30 N sulphuric acid, thus makig it possible to use the spectrofiuorometer
at a more relable range of sensttivity with lower blank readmgs The
sensitivity of the method will also be somewhat mmproved In 30 N
sulphuric acid hydrocortisone gave readings amounting to 32%, of that
of corticosterone, which 1s 1n accordance with the figure gnven by SuBer
etal (1958) In sulphuric actd/ethanol reagent medum the corresponding
figure was found to be 47%

In this experiment, it was observed that the development of the fuores
cence was complete at a later tme for corticosterone than for hydrocort
sone, wrrespective of the fluorescence medium

Results and Duscussion.

The results of this mvestigation have been tested m accordance with
the critena of rehability given by Borh (1956) and Diczsavusy (1957)

Precision

The precision of the method can be assessed by caleulating the estrmate
of standard deviation (s) from the difference between the two results of

duplicate determinations, sccording ta the formula s= l/ in(—‘;é)— where d 1s

the difference between the results of duplicate analyses and N s the num-
ber of duplicates (SNEDECOR 1946, YOUDEN 1951)

For human plasma thus figure was found to be +2 93 in the range
between 10 and 40 pg/100 ml plasma For rat plasma, the corresponding
figure was -1 43 1n the same range

Determsnations of 0 25 ml plasma samples versus 0 5 ml samples have
also been performed The plasmia concentrations were calculated and the
differences between samples analyzed It was found that the dufferences
between samples did not exceed those between duplicates

Accuracy

The accuracy of the method 1 ¢ how nearly the values found, approach
the “true” values, was tested by recovery expeniments performed at
different plasma corticosterord levels, by adding 0 1 pg of hydrocortisone
to 025 m! samples of human plasma and 005 pg of corticosterone to
025 m! samples of rat plasma

The mean value for hydrocartisone recovery from human plasma was
found to be 945 + 20% (standard error of the mean), and the mean
value for corticosterone recovery from rat plasma 998 £ 365 (sem)
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Fig 4 Fluorescence pattern at 475 my activating wavelength for
corticosterone, bydrocorissone and plasma extracts
a) C {tugher) and

b} Hydrocortisone (higher) and human plasma extract
¢) Corucosterone (highet) and rat plasma extract

Sensttny

As mentioned above, the standard deviation calculated from the
difference between duplicate analyses of corticosterone tn rat plasma was
found to be | 43 Assuming that this apphes also to Ievels below 10 pg/100
ml, the smallest amount of corticosterone detectable by this method
differing significantly from zero would be 286 pg/100 ml plasma at
p =005 m a 025 ml sample Under the same conditions, the corre
spandag, figuee for hydracottsone determination 1o human plasma would
be 5 86 rg/100 mf Thus, the 0 25 m! samples used are sufficient for most
purposes In determming the cor level of hypoph:
and adrenatectomized rats, however, 05 ml plasma samples are re-

commended

Speaifieny

1t 1s possidle 10 get a good picture of the specificity of the method by
g the Jocall of fl

maxima from synthenic hydro-
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Fig 5 Fluorescence pattern at 550 myt fluoresceat waselength far
corticosterone, hydrocortisone and plasma extracts
a) Corticosterone (higher) and hydrocortisone
b) Hydrocortisone (higher) and human plasma extract
¢) Corticosterone (higher) and rat plasma extract

cortisone and corucosterone standards compared with each other and
with extracts from human and rat plasma This was done by connecting
a cathode ray oscillograph with the spectrofiuorometer and then taking
photographs of the resultant curve made by the fluorescent pomt 1
passing over the screen With the spectrofluorometer used tn this laborato-
1y, the fluorescence peaks for synthetic hydrocortisone and corticosterone
were found to be situated at 4750 A activating wave length and 5500
fluorescent wave-length The test was first done with the emutted spectrum
moving along the abaissa, the activating wave-length fixed at 4750 A
(fig 4 a—), and then with the activating wave-length on the abscissa and
the fuorescent wave-length fixed at 5500 A (fig 5a-¢)

As can be seen from fig 4 a—c and 5 a—c, all curves have thetr peaks at
the same activating and fluorescent wave-lengths Consequently no
differentiation 1s possible between hydrocortisone and corticosterone by
this method (fig 4 a and 52a) As can be seen from fig 4 b and 5 b-c the

»
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peaks for extracts from human and rat plasma are siuated at the same
wave lengths as the peaks for hydrocortisone and corticosterone standards,
respectnvely This indicates the absence of aterference by plasma factors
other than ones with similar fluorescence peaks as corticosterods
Besides corticosterods, the only orgame compound 1n plasma known to
mve a high fluorescence at £150/5500 A 15 nboflavine However, this

\ bewng luble 1n chloroform and methylene chlonide, mter-
ference due 1o 1t can be excluded Other steroids besides hydrocortisone
and corticosterone give 1 these circumstances only a tnvial fluorescence
and are found 1n plasma at extremely low concentrations (DE MOOR ef al
1960) Thus 1t may be concluded, that hydrocortisone and corticosterone
1n plasma are almost exclusively measured by the method described

As mentioned above, no differentiation between these sterouds can be
achieved by the method 1t 1s important to recogmse this for theoretical
reasons, but 1n practice studies of corticoid levels sn man and rat are
predominantly concerned with only one of the sterouds

Appendix- Steroid Levels under Certain Conditions.
Rar

a) Normal level The corticosterond level 1n rat plasma was determined
wrelaton (o 2 { d and exp d 1n terms
of it

To obtamn a * resung level”, a number of rats were rapidly decapitated
1 the animal room without anaesthesia Care was taken to distutb the
ammals as little as possible, as it has been shown that even small environ-
mental changes produce adsenocortical stimulation {Gunirman o o/
1938, VA DER Vies ef of 1960) With the method used in itus \aboratory,
using rats of our strain and weight range, the “resting level” of plasma-
free corticosteroids has been determined to be 176 2 1 9ug per 100 ml
plasma sem)}

5} Bypophysectomy The plasma corticosteroid level was found ta be
344 4 037 g 100 ml plasma (s em ) 24 hours after hypophysectomy

) Adrenofectom) The plasma corticosterord Jevel was found fo be
267 = 035 pg 100 mt plasma (s e m } 24 hours after adrenalectomy

d} Influence of Repeated 4 have d
that ethes 3 gves 2 miare profc pitultary — adrenocortical
response than pentobarbital {(Mebumal NFN} Svonor & Savers (954
Munsov & Brigas 1955, HEDNER & RERUP 1960) According 1o th;
2 group of anumals was d with barbital sodum ad-
ministered intrapersioneally as a 1 2% solution at a dose of 40 mefkg
After 10 munutes of complete anaesthesia the rats were decapitated, and
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the plasma corticosteroid levels were estimated. Another group was
anacsthetized by ether inhalation and decapitated after 10 minutes of
complete anaesthesia, The results are shown in table 1.

Adrenalectomized and hypophysectomized rats were anaesthetized
with ether. Their plasma corticosteroid levels did not mdicate any
adrenocortical stimulation,

As can be scen, determination of plasma corticosteroid level also
shows ether ancsthesia to effect a more powerful adrenocortical stimulation
m rats than pentobarbital.

Table 1.

Influence of anaesthetic on corticosterord
concentration in rat plasma

No of f Plasma cort ster level,

Group Anacesthetic | anumals 1g/100 ml
j i
! None (contr ) 12 17619
2 Pentobarbit 5 164125
3 | Ether 6 ~ 414325
— = -
Test of sigmificance ( 3 a df f P
Control versus pentob J 038 ! 15 ’ >07
Control versus ether 745 | i ’ <0 00!
Pentobarb versusether | 690 9 ! <0 00!

Man.

The corticosteroid level tn human plasma has been determined relative
to a hydrocortisone reference standard and expressed 1 terms of 1t

In samples taken at different tmes dunng the day, the “resting feve!
was found to be 18 1 + 09 ug 100 ml plasma (n = 52) Ths 1s in agree-
ment with values found by other mvestigators (SILBER cf al 1958, DF
MooR et al 1960) Observations have indicated that adrenocortical
function s characterised by a certain diurnal rhythm, first as changes i
the amounts of 17-oxo-steroids excreted 1n the urme (PiNcus 1943), later
as changes 1n the plasma corticosteroid level (BLiss, SANDBERG ef af 1953,
PerKOFF, EIK-NEES ¢f al. 1959) These mvestigators drew blood samples
from groups of persons at different trimes during the day and night This
was not done 1n our investigaion, only one sample being taken from each
person. However, the time of each sam pling was noted and 1t was observed
that under these conditions the plasma corticosterord levels was dm”cregt
at different times durmg the day. This day rhythm s shown 1n fig 6.

o
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Oy nat rhytm

am 1 8§ u n o

M Wem
Fig 6 Day rhythm of human plasma cort costero d level

Summary

1 A fluorescence method for determimng free corticosterowds n
human and rat plasm has been nvestigated for its precision accuracy
sensitivity and spearficity

2 Lenvels of plasma corticosterords n intact hypophysectormzed and
adrenalectonuzed rats are given

3 The nfl of the
cor d ¢

{ether or p > bital) on plasma

snt the rat 1s d

4 Resting levels and dwrnal rhythms 1n human plasma corticosteroid
Tevels are recorded
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From the Biochemical Laboratory Northern General Hospital,
Fdiburgh Scotland.

The Tdentification and Determination of some
‘Hypotensive Drugs in Urine
By

S L. Tompsett, W Forshall, apd D C Smth
(Recewved November 25 1960)

A number of substances have been introduced 1nto clinical medicine
for the treatment of hypertension These will be referred to below as
2 drugs The 1dentif and deter of many of these
substances 1n brological fluids, ¢ g unine presents difficulties In general
there 15 2 lack of specific identification tests and many cannot beseparated
by extraction with organic solvents As a result st 1s difficult to effect
concentration

1115 behiened that the procedure desenbed in this paper rep some
progress in this direction and although reference 1s only made to

(1) hexamethomurm salts

{2) Bretylum tosylate {Darentin ®)

(N (o-bromebenzyl)N ethyl N N dimethyl ammonium p-toluene
sulphonic acid) and

(3) guanethidme (Ismekin v}

(2 perhydroazocin I'ylethyl, d Iphate)
it1s believed that it may have a more general application

In the text (2) and (3) will be referred 1o as bretylium and guancthidine,
respectnvely 1t bemng assumed that exammations are being made of the
basic radical only

Imtially urine 15 applied to a cation exch tesin, the hyp:
drugs being retained The hypotensive drugs are eluted with 5 N hydro
chlonc acid the eluate beng evaporated to dryness A solution of the
tesidue 15 vreated winth kate, and the p d remnec-
hates (including remeckates of the hypotensive drugs) are collected A
solution of the rewechates in acetone s examined qualitatively and

1y by paper ch h

Braphy
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Procedure.

lon Exchange Chromarograpi

The column, containing 3 g of Dowex, 50 x 12 {(height 70 mm, dtameter 10 mm}
was prepared as described 1n previous communications (TospserT 1959, 1960y

To the column were applied 100 mi of urine + 10 ml of 10 N hydrochlorte acid
The column was washed with 100 mi of N hydrochloric acid and then cluted with
80 mi quantities of 25 N, 5 N and 8 N hydrochloric acid Eluates were combined as
shown below

Hexamethonium . 25 4 5 Nacid cluates
Bretyhum
Guanethidine 5N + 8 N acid eluates

After dilution with water, these were evaporated to dryness in an all glass vacuum
stlt
It hs been found that a column of this size can cope adequately with 100 ml of
urine, provided that one-tenth volume of 10 N hydrochlonc actd 1s added, and
examufations are hntted to those substances requittng hydrochloric acid of a normahity
exceedtng 1 to effect elution

Reineckate Precipitation
The restduc was dissolved 1 5 ml of water, which was transferred to a cemtnfuge
tube To this were added 5 mi of a freshly prepared saturated solutfon of ammonum

reineckate
At the same time, standards (05, 10, 20, 5 0 and 100 mg 1 5 m of watet) of the

substance under examumation were set up
After standimg at room ight, the tubes were centnifaged ond the

residues of remneckates were dissolved 1n acetone, ¢ £ 10 ml By colonmetric analysis
of the acetone solutions, the amount of the substance present in the unknown may be
calcutated

Paper Chromatagraphy

Paper Whatman no 1

Solvent System n-Butanol/Acetic Acid/Water (40 10/50)

Quantities of 20ul of an acetone solution of the retneckate were apphied to the paper
Whenever possible, the concentration of the acetone solutron was adjusted, ¢ § by

so that 20 pl d 80 pg of the basc as determuned by the colorimetric

kate method The chr wis ds ped overnight n the sotvent system
above mentioned After development, the sheet ws dned, and the posihon of the base
was revealed by spraymng with the Dragendorff reagent

Standards were set up at the same time, 20 pi of standard solutions (reipechate of
the base 1n acetone) were apphed The standards selected corresponded to 10 20 40,
60 and 80 pg of base/20 pl of acetone solution

Results and Discussion.

Vargus quantities of hexamethonum, bretylium, and guanethidine
1 100 ml of N hydrochlonc actd were apphed to columns The colur:ms
were washed with 100 mlof N hydrochloric acid, and eh - aon phen
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Table 1
Hypotenstve Drugs
Apphied 10 a column of Dowex 50 X 12 (200 to 400 mesh)
Dimensions 70 X 10 mm
aght 38
1n 100 ml N hydrochloric acd
Recovery (%) in acid eluates (80 mly

‘ N HCL !ZSNHCl‘ s NHCQ ‘ 8 N HCl

| [ )|
Hexamethonum " L 02 16
} 46 12
S 26 104 8
It mg ;18 b 2 16
Bretylum 1 29 \ 1 647 302
Sme 14 1 s ns EHH
10mg | 2t ne ns
Guanethidine (Ismelin) ! ' \ 623 262
2m 13 ]
Sme 2y 123 96 211
o ms t n E 27 ‘ 03 M2
Table 2
The recovery of Hexamethomum Bretylum and
Guanerhidine agded to 100 mi of uryne
\ Quantity |
added Recovery %
(mg)
Hexamethonium 25N + 5N hydrockloric
acid Eluates
2 832
5 1056
It 1036
Bretylum | 5N + 8 N hydrochlonc
acid Eliates
| 5 | 63
L 1010
[ { 916
0 543
Guanethudin | 5N + & N hydrochlonc
1 acid Ejuates
2 926
3 948
| w0 | 1036

Determination as a sotution of the remncckate ip acetone
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Procedure.
Ton Exchange Chromatograpin

The column, containing 3 g of Dowex, 50 X 12 (height 70 mm, diameter 10 mm)
was prepared as described 1n previous communications (ToueserT 1959, 1960)

To the column were applied 100 ml of urine + 10 ml of 10 N hydrochlonic acd
The column was washed with 100 ml of N hydrochloric acid and then eluted vith
80 m! quantities of 25 N, 5 N and 8 N hydrochlonc acid Eluates were combined 35
shown below

Hexamethomum . 254 5Nacid cluates

Bretylum
5 N + 8 N acid cluates

Guancthidine
IAftcr dilution with water, these were evaporated to dryness 1n an all glass vacuum
stull
It has been found that 4 column of this size can cope adequately with 100 ml of
urine, provided that one-tenth volume of 10 N hydrochloric acid 15 added, and
examinations are imited to those substances requiring hydrochlorie acid of a normaity
exceeding 1 to effect elution

Rewnechate Precipitation.
The residuc was dissolved 1n 5 m! of water, which was transferred t0 2 centrifuge
tube To this were added S ml of a freshly prepared saturated solution of ammonium
reineckate
At the same time, standards (05,1 0,20, 50and 100 mgin §
substance under examuination were set up
After standing at room temperature overmght, the tubes were centril
dues of k were dissolved 1n acetone, € g 10 ml By colonmetrec an
of the acetone solutions, the amount of the substance present in the unknown ma.

calculated

ml of water) of the

fuged and the
alysis
y be

Paper Chromatography

Paper Whatman no 1

Solvent System n-Butanol/Acetic Acid/Water (40/10/50)

Quantities of 20 ul of an acetone solution of the reincckate were applied to the paper
Wheneser possible, the concentration of the acetone solution was adjusted € g bY
evaporation, so that 20 pl contained 80 ug of the basc as determined by the colonmetric
T k method The was developed overnight in the solvent system
above mentioned After development, the sheet was dried, and the position of the base
was revealed by spraying with the Dragendorff reagent

Standards were set up at the same time, 20 ul of stani
the base 1 acetone) were applied The standards selected corresponded
60 and 80 pg of base/20 pl of acetone solution

dard solutions (retneckate of
to 10 20 40,

Results and Discussion.

methonium, bretyhum, and gu:mc!ludme
d were applied to columns The columns
acid, and elutions were then

Vanous quantities of hexa
1n 100 ml of N hydrochloric aci
were washed with 100 m! of N hydrochloric
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sprayed with the Dragendorfl reagent, whereas the ‘normal’ unnary
constituents probably of dietary ongmn, do not react

The Ry values of the hypotensive drugs in the solvent system used are
shown in table 3 The remneckate reagent travels to a spot of Rp about 0 84
but does not react with the Dragendorff reagent The reneckates of bre-
tylum and guanethidine break up clearly duning chromatography, the
free bases 11 to ther stic spots H
reineckate 1s excepttonal 1n this respect, and the compound does not break
up unless the spot 1s treated with excess silver mitrate before chroma-
tography If this 1s done, the msoluble silver seineckate remains at the
ongn, and the liberated hexamethonium base travels to 1ts characte-
nstic spot For this purpose, the dned spot 1s treated with excess 0 1 N
siher nurate before chromatography 1s begun The excess silver salt
travels to approximately Ry 015 and with the DragendorfT reagent 1t
£Wes an intense immedhate reaction, which then fades completely

The unnary excretion of bretylium and guanethidine was studied after
oral admimstration of various doses Frnal evaluation was made by the
visual of paper ch From the results shown n

table 4 1t will be noted that recovery by urmary excretion 1s low after
oral intake

The method was devised for the qualitauve and quantitative examtna
tion mn urme of some hypotensive drugs 1n current climcal use Normal
human urine contains substances that are retained by and eluted from the
column under 1dentical conditrons and that also form msoluble remnec-
kates, which may subsequently be dissolved 1n acetone These substarices,
however, do not react with the Dragendorff reagent on paper chromato
grams and thus do not nterfere Alkaloids when present will react

:1m11:uly to the hypotensive drugs (TOMPSETT 1960), but some differentra-
10n can be achieved by the use of solvent extraction

Summary,

A method 15 deserib
ed for the qualitative and

uantitative ex:
of some hypotensive drugs 1n human unine 4 aminaton

REFERENCES

! chim Acra 1959 21 s55
in chim Acta 1960 5 41
1a pharmacol ef toxicol 1960 §1, 295

Tompsert § L. Ana
Tompsett S L. Ciy
Tompsett, S L. Ac
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Table 3
The examenation of Hevamethonium Bretyluum and
Guaneth by paper hy
Paper Whatman No 1

Sohent System nButanol/Acetic Acid/Water
(40 / 10 ] 50)

Ry

Hexamethonum orn
Bretylum 077
Guanethidine 0

carried out with 80 ml quantittes of 2 5 N, 5 N and 8 N hydrochloric acd
respectively All fluids that had passed through the columns were collected
and evaporated to dryness, and the drug content was determined colon
metrically by means of the reinechate method The results are shown 10
table 1 All drugs were retained by the columns Hexamethoniwm could
be recovered quantitatively tn the combined 25 N and 5 N hydrochloric
acid eluates Bretyhum and guanethidine could be recovered quantitatively
m the combmned 5 N and 8 N hydrochloric acid eluates

Vartous quantities of the drugs were then applied to columns in 100 ml
of urine + 10 ml of 10 N hydrochloric acid The results shown n table 2
indicate that recoveries were quanutative Assessment was made by the
colonimetric reincckate method

All human urines contain 1n variable quantities substances that react
1 a simtlar fashion to the hypotenstve drugs 1n their reactivity towards
the cation exchange resn and precipitation as remeckate On papef
chromatograms, the hypotensive drugs produce a pink colour when

Table 4

The unnary excretion of bretylium and
guanethidin after oral therapy

Urinary Excretion®) °
Dase (ng) (mg) Recorery 7o

Bretylium '

4800 504 ’ 105

400 77 193

200 55 275

Guanethidine
200 38 190
30 4 133

*} Withim 24 hours after dosage



HYPOTENSIVE DRUGS, DETERMINATION K

sprayed with the DragendorfT reagent, whereas the ‘normal’ umnary
constituents, probably of dietary ongin, do not react

The Re values of the hypotensive drugs 1n the solvent system used are
shown in table 3 The remeckate reagent travels to a spot of Re about 0 84
but does not react with the Dragendorff reagent The reineckates of bre-
tylum and guanethidine break up clearly dunng chromatography, the
free bases travelling to their charactenstic spots Hexamethomum
rewneckate 15 exceptional i this respect, and the compound does not break
up unless the spot 15 treated with excess silver mitrate before chroma-
tography If this 15 done, the msoluble silver reineckate remains at the
aorigm, and the Wberated hexamethonum base travels to its characte
nistie spot. For thus purpose, the dried spot 1s treated with excess 01 N
silver mtrate before chromatography is begun The evcess silver salt
travels to approximately Rr O 15 and with the Dragendorff reagent it
gives an intense immediate reaction, which then fades completely

The unnary of bretyhum and gy hidine was studied after
oral admimistration of various doses Final evaluation was made by the
visual of paper chr From the results shown 1n

table 4, 1t will be noted that recovery by urinary excretion 1s low after
oral intake

The method was devised for the qual and
fion 1n unne of some hypotensive drugs 1n current chnical use Normal
human urine contamns substances that are retained by and eluted from the
column under 1dentical conditions and that also form isoluble remec-
Kates, which may subsequently be dissolved 1n acetone These substances,
howeser, do not react with the Dragendorfl reagent on paper chmmam:
grams, and thus do not interfere Alkalords when present will react

ilmllarly {o the hypotensive drugs (TOMPSETT 1960), but some differentsa-
ton can be achieved by the use of solvent extraction

Summary,
A method 15 deseribed for the qual

and
of seme hypotensive drugs 1n human urine

REFERENCES

;:mpwll S L Anal chm Acta 1959 21, 555
Tomp;:l:.g L Chn chem Actg 1960, 8 43
el L. Acta pharmacol er toxicol 1960, 17, 295
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From the Biological Department, the Pharmaceutical Institute,
Unuversity of Oslo

Determination of Adrenaline on the Isolated
Serotonin-Stimulated Rat Uterus
By

Kjell Brisesd Jensen and Anmue Mane Vennerod
(Recenved November 30 1960)

The inhibitory action of adrenaline on the ssolated rat uterus 1s the
basis of a sensitive and consequently also a relatively specific method for
assaying the drug It was first described by DE JALON, BAYO & DE JALON
(1945) and later modified by GADDUM, PEART & VoGT (1949) and GADDUM
& LrMeeck (1949), who replaced acetylcholine as sumulating agent by
the more stable carbachol and used (2 + 2) assays The statistical
treatment of the results was by the method of BLiss (1944) and NOEL
(1945) The assay method of GADDUM & LEmBECK (1949) was subsequently
used by several other workers MuscHoLL (1959) modified the procedure
by using oxytocin instead of carbachol as agomst, thus makng it
possible to eltminate the effect of choline esters by the addition of atropine

In our work the method of GADDUM & LEMBECK (1949) was modified,
essentrally by omiting the numerous recovery doses of unmhubited
agonist given during the assay and by increasing the number of adrenaline-
nhibited contractrons The error of assay was calculated as first described
for 1solated organs by Scrito (1942) Serotomin was used as agomst This
substance usually requires less load on the uterus to give hmear log-
concentration response curves than does acetylcholine, and notably Jess
than oxytocin (BRISEID JENSEN & SUND 1960 a), 1t gives steeper log-dose
(adrenaling) inhibition curves, and therefore more accurate assays

1. Technique.

A Uterus

Uters from virgin rats weighing 150-180 g were suspended 1n de Jalon solution
(GADDUM, PEART & Voot 1949) usually maintained at 29° (4 01°) The rats were
Iboestrol (dicthylstilboestrol) (10 yig/100 g) 18-24 hours before they

njected with sti
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were killed The uterus was generally used soon after the anmal s death, but was
occastonally stored at +4° for not more than three days before use

B Agonist and Antagonust Solutions
Serotorin at concentrations of 8-20 ng/ml was used as agonust The range 10-14
BRI WS MOSLUSUEL | e S e o o = St st

contaming 10 mg ascorbic acid per litre The final concentrations of the adrenaline
solutons were generally 1n the tange 0 1-1 0 ng/ml, though occasionally still lower

concentrations were used They were protected against light throughout the expen-
mental peried

C Apparatus and Dose Cycle

The experiments were done nan from Casella El
1td, London The bath volume was about 3 ml, and the flud was changed by emp-
tying the vessel and refilling 1t from two 250 ml stock bottles contaming de Jalon
solution (wash fiurd) and serotomn in de Jalon solution, and from four 100 mi stock
bottles (hight protected) contaimng the standard or test adrenahine solutions ‘The
apparatus being constructed for one antagonist and four agonusts, for convenience
the four antagonist stock bottles were connected to the apparatus by two three way
stopeocks.

The period of contact of agonsst solution ranged from 20 seconds to 65 seconds,
30-50 seconds bemng most usual The washing consisted of a threefold change of wash
fluid After the 1ast washing the antagonist solution was left in contact with the muscle
for about 2minutes, the bath was thenemptied and filled with agonsst solutionwith no

mtervening washing The interval between doses was fixed at 4 minutes The bath
was aerated

D Matenals

Serotomn 5 hydroxytryptamine creatinine sulphate, Hoffmann-La Roche & Co
Ltd Base), Switzerland

ETCuruan sl su pinit UIC dulLllanne values Tefer 1o the base
E Procedure

Very thin of very thick muscles wete not used The musc]

le was attach
1sotonic frontal wiung lever (SCHID 1947) vielding & maonsé. e:j.w-.an

nt e af aban

= 4 o vl daclions, 4t generall
further contractions When this dsd not hay
shghtly increased, but preferably to not

Acta pharmacologca, vel, 38, fasc, §

y the uterus became stable after 5 or 6

Ppen after 16-15 contractions, the Joad was
morethan ) § g
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From the Brological Department, the Pharmaceutical Institute,
Unyversity of Oslo

Determination of Adrenaline on the Isolated
Serotonin-Stimulated Rat Uterus

By

Kjell Briseid Jensen and Anne Mane Venncrod
(Recerved November 30 1960)

The nlubitory action of adrenaline on the 1solated rat uterus 1 the
basis of a sensitive and consequently also a relatively specific method for
assaying the drug It was first described by D JALON, BAYO & DE JALON
(1945) and later modified by GADDUM, PEART & VoGT (1949) and GADDUM
& Lemorcn (1949), who replaced acetylcholine as stimulatimg agent by
the more stable carbachol and used (2 + 2) assays The statistical
treatment of the results was by the method of Buiss (1944) and Nott
(1945) The assay method of GADDUM & LEMBECK (1949) was subsequently
used by several other workers MuscHOLL (1959) modified the procedure
by using oxytoan mstead of carbachol as agomst, thus making 1t
possible to eliminate the effect of choline esters by the additton of atropine

In our work the method of GADDUM & LEMBECK (1940) was modified,
essentially by omitting the numerous recovery doses of umnhtbited
agomist given during the assay and by increasing the number of adrenaline-
inhibited contractions The error of assay was calculated as first described
for 1solated organs by ScHILD (1942) Serotonin was used as agonist This
substance usually requires less load on the uterus to give linear log-
concentration response curves than does acetylcholine, and notably less
than oxytoctn (BRIsEID JENSEN & SUND 1960 a), 1t gnves steeper log-dose
(adrenaline) infubition curves, and therefore more accurate assays

1. Techmque.

A Uterus
Uter from virgin rats weighing 150-180 g were suspended tn de Jalon solution

° °) The rats were
GADDUM, PEART & VoGT 1949) usually maintained at 29° (£ 01°) Tl
](nJcC(Cd with stilboestrol (diethylstilboestrol) (10 ug/100 g) 18-24 hours before they

' ————
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Table 1
Calewlonion of adrenaline whibition
(Assay 11, table 2)

Dose of serotonsn 10 ng/mi

Standard adrenatme (51 andSp) 025 and 050 ngfmi
Test = {UjandUy) - - - -
Average recovery contraction before assay 74 mm

Sensatassty fall per contraction 0 18 mm (4 + 6 4 contractions)

| Contractions mm
! | Lornacom
Doses of .
Series adrenatime Observed Cafculated | MhublON o
Inhibited Non imfubited

} u s4 ! 730 26
l s; as 1 7o 38
i U, 43 | 20 a
| B { 56 ' 725 P}
u; | 40 725 45
2 U 52 15 28
S, 52 10 3
s ) a 0 3
[T 3 70 4
3 s, 53 ns 26
[N 53 | ns 26
s 37 ns a8
U, 31 o 46
4 uy 51 no 28
S 5 o 23
Sz s 108 50
u, l 50 705 29
s Uy 38 05 a6
$2 37 100 a7
5 48 oo 3
U 38 00 46
¢ u 49 65 29
5y 50 5 2%
S 36 ©0 P

2 Comments on the Techmque.

A Agonst

A number of experiments were carried out with oxytocin {syntocinon ®,
Sandoz) as agomst From the theoretical aspect thys substance offers somé

vantages m adrenaline assays when other compounds acting on the
utetus could be present As already mentioned, Muscort, (1959) used
oxytoein, adding atropine at the same time, to determine adrenaiine 1n
presence of acetylcholine Of more general 1nterest 15 the fact that no

—e
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R b

Fig 1 Typtcal adrenaline assay
The 2 nuddle series of a complete number of 6 are omtted from the record
Serotonin 6 ng/m! bath was used as agomst

R = Recotery doses of serotonin

E = Equil bration doses 0 2 ng/ml of adrenaline added
Sy and S; — Standard adrenaline © | and 0 2 ng/mi
Uj and Uz = Unknown adrenaline 0 1 and 0 2 ng/m!
M = Maximum doses of serotontn 400 and 800 ne/m!

As soon as the uterus was stable standard adrenaline was administered (usually
025 ng/ml) after a transitory stronger inhibition the heights of contraction levelled
out at 1 higher value At this point doses of unknown adrenaline solution were put
mto the bath to obtain a rough estimate of the adrenaline content 3 recovery doses
of serotomin (for purposes of calculation) were then given s well as 4 or 5 doses of
standard adrenaline 1n order to restore a stable level of inhibition The assay was
accordingly begun as the usual (2 + 2) assay with a dose ratio of 2 and 6 sertes of
four randenmzed doses After the end of the assay 3 recosery doses of serotonin were
given The maximum contractions were obtamned by grving two doses of seroton
about 50 times higher than used in the assay Fig 1 shows an example of 1n assay
from the moment on when the prelmnary recovery doses of serotomin were gnen
The 2 middle sertes are onutted from the tracing

F Calculation of Inhibision

The change 1n uterine sensitivity during the expenimental perzod usually a fall was
calcultted on the basis of the average contraction vilues of 3 recovery doses o
serotonin given at the beginning and at the end of the (2 -+ 2) ass1y The figures thus
obtamed made 1t possible to calculate a theoretical recovery contraction herght
corresponding to every observed i} hibited cc The mdividual
contractions were measured to the nearest mm and the inhibition percentages were
found from the theoretical recovery contraction heights which were calculated to
the nearest 0 5 mm as 15 shown in table | The inhibition percentages are given as

whole numbers
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fiished We therefore decided to discard 1 advance such thin muscles
to save time Tt was seldom that muscles from stitboestrol njected sats had
1o be discarded for this reason

Spontaneous contractions were wausual under the conditions employed
and were always quckly abolished

A 10ad on the uterus of 08-09 g occasionally gave no stability, and
the load was then mereased If more than about { 1 g was necessary, the
dose response curve became less steep and the error of assay larger In
that event (for frequency, see Results) a new wierus preparation was
suspended 1n the bath without delay, 5o as to avod the need to discard
the muscle duning the assay

Table 3

Dose and foad data from the 10 adrenaline assayy
summar sed (n table 2.

me e

[ ommi SOMALTE Standard doses | Test doses

! 10 20 20 050-100 | 060-120
2 08 10 35 050-100 0501 00
3 58 18 40 020-0 40 015-030
. ot 12 44 | os-to 063 126
s rs H 1 0 30-0 60 025-0 50
; ar 14 6 008-016 005-018
. o 10 S0 033-0% 033976
" Y io 2 050-1 00 047-094
J g 0 3 025-0 50 026-0 52
e 33 025050 | 025050

A correctly adjusted time of contact for the agomst was essential If 1t
%as too short the longer contractions were “‘cut”, if 1t was too long the
muscle ofien contracted twice and became unstable *

For most utert onc or tw o of the adrenal,

oty

4
doses of
after sumulation with pure serotomm were not reduced dawn to the

:\r:!hnblulon level obtamable This fact explamns the vse of some standard
redaline doses after the three seratomn secovery doses before assay

J\n G,mmm i\ Lf\uascx‘s {1949) method two recovery doses after each
dose were ded

to bring the uterus u
ad p to, or
Ma‘ril‘{ \:: “tgoc,‘a sllable recovery level, thus delaying the fall tn the sensm,vuy
of the o T}: 0 OLT expersence these numerous recovery doses are not
ceessary The {csu}lsr mndicate that the propased change between different
levels gives a d
P umiformity of
hons at each of these levels, and the fall m sensiuvity 1§ );10'.
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specific antagonist seems to have been found so far for this polypeptide
(B Rriseip JENSEN & Sunp 1960 a), which much ncreases the specrficity of
ad renaline determinations based on oxytocin However, 1n our hands the
polypeptide did not for practical reasons prove successful as a stimulating
agent Several assays had to be discarded because of poor precision The
co nfidence Iimits (P = 0 05) often far exceeded the range 83-120%, which
co vered all the experiments done with serotomin as agomst (see table 2)
A ccording to previous mvestigations (Brisep JENSEN & SUND 1960 b) the
ad renahine mhibitions of, for example, acetylcholine, oxytocn and sero
to mn are fundamentally the same, and stmilar contractile activities of any
of these substances should under the same conditions be infiuenced to
the same degree by variations in adrenaline concentrations However, 25
th e various agonists required markedly different loads on the muscle, the
st eepness of the log concentration curves obtamable varied considerably
and also the steepness of the log-dose (adrenaline) infubition curses vared
accordimgly Whereas oxytoctn required a high load and often an
adrenaline dose ratio of 3,4, sometumes even more, serotontn tmariably
dsfferentiated well with a dose ratio of 2

Table 2
Accuracy and precision of the method

Different adrenahine solutions (10) assayed on uten from different rats Further det fs
from the assays ar¢ given in tables 3 and 4
sfb Ratio of the standard deviatron to the slope of the regression hine

!

J Adrenaline pg/mi Llumits*
e [kt I R e 11
Theoretical 4 Observed

1 | 1500 ( 1560 +40 0036 91 108

2 1000 950 50 0073 86 16

k! 500 | 498 a4 0065 87 115

4 1250 1220 24 0050 90-111

5 1540 1570 +19 0081 84 118

6 1820 1910 +49 0059 89 113

7 500 506 f +12 0034 93 107

8 Discarded during assay seé fext

9 235 48 +60 0058 89 1i2
0 375 64| 29 0093 #3120
i 417 414 ~07 ! 0032 94 107

B Procedure

Thin muscles sometimes lost sensitivity quickly An even fall in contrace
on hesght shoufd not affect the results, since the proposed calculation
procedure takes this possibility mto account However, the senstvily of
such uters sometimes declined so rapidly that a (2 + 2) assay could not be
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even after some weighting, the thard muscle did not differentiate suffi
cently

The statistical procedure descnibed by SCHILD (1942) was used for the
treatment of results Table 2 shows that the accuracy as well as the preay
sion of the method was satisfactory The average depatture from the true
adrenaline content was 3% (range —50 to +606%) and the range of
fiducial imuts observed was 94-107% to 83-120%, (P = 005) The mean
«alue for the fatio of standard deviation of a single response to the slope
of the regresston lne (sfb) was 0 058 (range 0 032 to 0 093)

The standard and test curves were parallel (P > 0 05) 1n all assays The
use of (2 + 2) assays elimmates the possibility of testing lineanty in the
mdividual expenments Cestawnly the tests of parallelism give some
security apainst serious departures from linearity if the chosen dose ratios
between standard and test are not too near to § However, as expenence
shows that the region of Lineartty vanes from one muscle preparation o
another, 1t seems safer to attach importance to a good prehminary guess of
stiength of unknown adrenalme solution and the use of a standard to
test dose ratio as near to 1 as posable From table 3 1t can be calculated
that the ratios ranged between 08 and 13

Tn most of the assays the uten quickly became stable, and an mcrease of
load was unnecessary The duration of an assay was usually 4-5 hours
from the moment the uterus was suspended 1n the bath About an hour
and a half was speat in relaxing and stabilisiag on 2 submaxumal dose of
serotomn thus mving a true expenmental time of about 3 hours

Some additional data from the assays are given 1n tables 3 and 4

Summary,

The rat uterus method for adrenaline assay proposed by DE JaLoN, Bavo
& DEJaLON (1945), and further developed by GADDIN & LEMBECK (1949),
has been modified Serotomn was wsed as agonist, the recovery doses o!,’
vninhidbited agomist dunng assay omitted and the error of assay cal-
culated as described by Scuup (1942) The assay were performed as
73 :— 2) assays with 2 dose rato of 2 and 6 series of 4 doses

was used at =

most often 1n the range 0 1-1 § ng/m} of 820 ngiiml and adcenaine

To test the accuracy and
precision of the method, 10 different, unkn
adrenaline solutions were as: a e

sayed The average departure from the tru
adrenaline content was 3% (range —50 to +60%) and the range ocf
fidvoial imuts (P = @ 05) was 94-107%, 10 83-120%
The mean value for the ratio of standard d X

fne (570 was 0038 (range 0 032-0 093) tostope of

24
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Toble 4.

Contractions 1n the 10 adrenahine assays summarsed in table 2
> |l Level in mm i Change | Maximum i Highest Lowest
2 | TTefore  After { zmm | nmm %
< | assay assay mm J of max | ™™ | of max
1 { 66 59 { -7 I 198 , 49 25 28 u
2, 9% 54 36 , 130 86 66 29 2
3] 86 85 f -1 ! 75 68 44 40
4 88 94 | 46 113 72 64 45 40
s 60 44 ~16 | 87 39 45 10 it
6 66 | 19 f +13 135 61 a7 29 H
7 o | 87 ’ ~-4 114 67 59 » »
91 71 74 -5 108 61 56 33 3
10 95 | 95 1 0 | 106 88 83 63 b4
oo | e | -5 97 56 58 35 36

pronounced In fact the sensitvity of the utert was unchanged or even
mcreased during assay in some experiments (table 4) Tius may partly
be due to the fact that serotonin requires only a small load to give stable
contractions and partly to the reduction of experimental tme as a result
of omitting the recovery doses It seemed probable that the proposed
change between different adrenalre doses, without any recovery doses 1n
between, would tend to flatten the log-dose (adrenaline) inhibition curves,
every adrenaline dose being nfluenced by the preceding dose However,
comparative experiments on the same uterus with and without recovery
doses showed no significant differences in steepness

3. Results.

To test the accuracy and preciston of the described method 10 different
adrenaline solutions were assayed Because of the vaniations between
uterr, muscles from different rats were used m the expertments The
adrenaline contents of the test solutions were unknown to the obserser.
Fourteen uterus preparations were suspended in the bath, 3 of them were
discarded early and 1 was discarded during the assay to obtam the results
of the 10 unknown adrenaitne solutions The results are grven m table 2

In experiment number 8 a (2 + 2) assay was begun n spite of con-
stderable tnstability, which in part persisted when the load was increased
from 08 to 10 g After a while the sensiwity of the muscle decreased
rapudly, and the assay was stopped Three uter: were discarded at 2
grelmunary stage of the experiments before assays were started, and the
results of the experiments are accordingly omtted from table 2 For two
of these muscles the discarding was due to a considerable lack of stabiity,
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even after some weighting, the third muscle did not differentsate suffi-
1entf

i ‘rlth‘i statistical procedure descrbed by Scmip (1942) was used for the
1seatment of resuits Table 2 shows that the accuracy as well as the preci-
ston of the method was satisfactory The average departure from the true
adrenaline content was 3%, (range —50 1o +60%) and the sange of
fiduceal Linuts observed was 94-107% to 83-120% (P = 005) The mean
value for the ratio of standard d of a single to the slope
of the regression line (sfb) was 0058 (range 0 032 to 0 093)

The standard and test curves were parallel (P > 005) n all assays The
use of (2 4 2) assays eliminates the possibility of testing lineanty 1n the
mdvidual expeniments Certainly the tests of parallelism e some
security against serjous departures from lincanty if the chosen dose ratios
between standard and test are not too near to | However, as expenence
shows that the region of bneanty vases ftom one muscle preparation 1o
another, 1t seems safer to attach importance to a good preliminasy guess of
strength of unknown adrenahne solution and the use of a standard to
test dose ratio as near to 1 s possible From table 3 1t can be caleulated
that the ratios ranged between 08 and 13

In most of the assays the uten quickly became stable, and an increase of
{oad was unnecessary The duration of an assay was usually 4-§ hours
from the moment the uterus was suspended m the bath About an hour
and 3 haf was spent 1n relaxing and stabilising on a submaximal dose of
serotomn, thus giving a true experimental tune of about 3 hours

Some additional data from the assays are given n tables 3 and 4

Summary,
The rat uterus method for adrenaline assav pronnced hy ne Tyvm D
* - .

o -

© o+ wuiby assay omilied and the error of assay cal-
cufated as descnibed by Schip (1942) The assay were performed as
v) :— 2) assays with a dose ratio of 2 and 6 senes pf 4 doses

was used at of 820 ngfmi and
most often n the range 0 1-1 ) ng/m) sl and adrenaline

To test the accuracy and preciston of the method, I
, 10 different, unknown
agrena}me solatiogs were assayed The average departure from the true
: renalme content was 3%/ (raage —54 to +60%) and the range of
ducral himmuts (P = 0 05) was 94-1077%, to 83-120%,
The mean value for the rats X

0 of standard d.
e (sfb) was 0058 (range 00320 003) slope of regression
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Tablc 4
Contractions 1 the 10 adrenaline assays summarised in table 2
Loy

; J . 1 m—T\ Change | Maumum | Highest Lowest
v Before Afller +mm n mm / ] ) P
< | agsay assay mm g oof ﬁa( mm ufén
! 6 | 59 -7 198 } 49 25 28 1
2 0, s ~36 130 86 66 29 »
3 86 85 -1 i 75 68 4 0
4 28 M 46 | 113 2 64 45 40
3 60 ] —~16 87 39 45 10 1
6 66 79 +13 138 63 47 2 un
7 91 87 -4 14 67 59 39 M
9 , 79 7 -5 108 61 56 33 3t
10 95 | 95 0 { 100 88 83 [3] 9
1 ‘ 74 = 6 -5 97 56 58 35 ¥

pronounced In fact the sensiivity of the uter was unchanged or esen
increased duning assay m some expertments (table 4) This may partly
be due to the fact that serotonin requires only a small load to gave stable
contractions and partly to the reduction of expernimental time as a sesult
of onutting the recovery doses It seemed probable that the proposed
change between different adrenahine doses, without any recovery doses in
between, would tend to flatten the log dose (adrenaline) infubition curves,
every adrenaline dose being mfluenced by the preceding dose However,
comparative expenments on the same uterus with and without recovery
doses showed no sigmficant differences 1n steepness

3. Results.

To test the accuracy and precision of the described method 0 duffercat
adrenale solutions were assayed Because of the vanations betweeht
ters, muscles from different rats were used n the expeniments The
adrenaline contents of the test solutions were unknown to the observer
Fourteen uterus preparations were suspended 1 the bath, 3 of them were
discarded early and 1 was discarded during the assay to obtam the results
of the 10 unknown adrenaline solutions The results are given 11 table 2

Iu experiment number 8 a (2 + 2) assay was begun in spate of con
siderable nstabihity, which 1n part persisted when the load was increased
from D8 to 1D g After a while the sensttivity of the muscle decreased
rapidly, and the assay was stopped Three uten were discarded at a
prelimnary stage of the experiments before assays were started, and the
Tesults of the experiments are accordingly omitted from table 2 For two
of these muscles the discarding was due to a considerable lack of stability,
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From the Dx the P 1 Institute,
University of Oslo

Biological Assay of Adrenaline in the Presence of Local
Anaesthetics
By

hjell Briseid Jensen and Anne Mane Vennerdd
(Recerved November 30 1960)

1t1s not possible to distimguish between (—)- and {-4-)-adrenaline by
chemical tests As(—) adrenaline 1s normaily used for snjections, and as
racemization Aunng Storage cannot be excinded with teriamty, {Morev
1958) a biological assay method 15 necessary for adequate control of such

1 The deter of adrenalme 1n presence of local anaesthetics
presents a special problem, as the latter can aflect the iological methods
Few on the biol 1 deter of adrenaline 1n the
presence of local anaesthetics seem 1o have been conducted Using the rat
blood pressure MorcH (1960) found that all the anaesthetics examined
affected the results to some degree However, an addition to the standard
solutions of the same quantity of the local anaesthetic as was present in
the test sol possible the deter of adrenaline The
same procedure was used for noradrenaline determinations

In our work we have tried to carry out the assays on the isolated,
serotonin stimulated rat uterus (BRISEID JeNskn & VENNEROD 1961) by
direct dilution of the adrenalme - local anaesthenc solution and with.
out addinon of local anaesthetic to the standard solution Such a proce-
dure seemed reasonable, as the rat uterus method is ghly sensitive
compared with the rat blood pressure method, 0 1-1 0 ng/ml of adrenaline
bewng required 1 the former, as against 1-5 pg/miin the latter Besides the
local anzesthetics usually employed along with 2drenaline, namely

procaine, lidocaine, and carbocamn, we also examined cincane and
tetracaine

1. Technique.
Both tech and of
the results were as pre-
‘:Z?;s}:; :le)scnhcd for pure adrenaline solutions (BRISEID JENSEN & VENNE-

Acth prarmacolopica, vol. 18 fase, 1
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1local anaesthetic1n question at Each ¢ a-
t1on was used several times to make possible the detection of any slowly
developing effect The working conditions 1n these experiments were as
stated 1n the descniption of method (BRISEID JENSEN & VENNERDD 1961).
The results are given 1 table § From knowledge of the adrenaline
concentrations necessary for assays and the refative concentrations of

hine and local ! most usually employed (vide infra:
Comments on the Results), the results i table 1 seemed to call for further
2 of comb of adrenaline with lid p or
carbocain
Table 2

Determination of adrenaline 1n presence of procaine or lidocaine
Theoretical and obsersed concentrations
Concentration of local anaesthene 20 mg/ml

sfb Rato of standard deviation to slope of regression Im¢ Further details of the assays
1n tables 3 and 4

Adrenaline pg/ml ( Actual error

Assay as % of b m‘;c:l;' 3;‘)“ ®
Theoretical | Observed | true potency
Procaine | 4 { 408 0054 89112
-2 246 20 0048 91110
- 3 a1 aa 0043 91-109
- 4 a3 504 0024 95-10%
- 5 a1 | 06 0084 90-112
- 6 | 10 193 0049 91-110
- 1 \ 230 234 0045 91-109
Lidosaine | ;i ] } ~07 0043 92-109
|ony | ~10 0043 92109
-3, B 2912 ~10 0040 92-108
~ ; 491 | 484 ~14 | o044 91-109
L 3%0 | 32 ~09 0033 94-107
-8 5% 49 04 0050 90-111
- ® 466 -63 0051 90-131
4 30} -2 0026 95-107
Table 2 shows the results of determinations of adrenahine 1n the pre-
sence of procaine or idocaine
In all the experiments a 2% conc t
and ke cons % % . of local ar was used,

g W
m;gc r;’ormally employed for njection e chosen from the
n the procame expenments the average de

parture from the true
.::‘mn:llul\;l:oment was 22, (range —38 to -+229), and the range of
Py ru:; ollm (:so t;l:)s:rved \;as from 95-105% to 89-112% The mean value

< standard deviation to the slope of the regressi
on I

(s/b) was 0045 (range 0024 to 0054) In the hidocaine :xpifmems 1;11:
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Besides the chemicals mentioned in that paper, the substances used were

Carbocain Carbocain hydrochlor , AB Bofors-Nobelkrut, Karlskoga, Sweden

Cincame Nupercatn ® (chlorhydrat), Ciba, A G Basel, Switzerland

Lidocaine Xylocamn ® (hydrochlor ), Norsk Astra A/S Fyellhamar, Norway

Procane Procain hydrochlor , Farbwerke Hocchst, A G Frankfurta M Germany

Tetracame Tetracain hydrochlor, Farbwerke Hoechst A G Frankfurt aM
Germany

(+)-Adrenaline (+) Adrenaline, L Light & Co Ltd Colnbrook, England

(+) Adrenaline (+) Adrenahine, Califorma Corporation For Biochermeal Re
scarch, Los Angeles, US A

The concentrations of the local anaesthetics mentioned 1n this paper refer to the
chlorides, the adrenaline values refer to the base, the doses of serotontn to § hydrovy
¢ sulph All are wjv

4 1

tryy <
The local anacsthetics used were dissolved in the
before the beginning of the expeniments

dratel:

2. Results.

The two preparations of (4) adrenaline were assayed aganst (—) adre-
naline to estimate the relative mhibitory effects on the rat uterus The
Light & Co preparation seemed to be 40-50 tiumes less active than (—)-
adrenaline, the preparation from the Califorma Corporation For
Brochemical Research 60-70 times less active

Table 1

Effects of various local anaesthetics on the isolated
serotonin stimulated rat uterus

Local anaesthetic

pg/ml bath Lidocaine Procaine Carbocamn Tetracaine Cincaine
ar | oo oo T a0 [ o 1 o
10 0 | 0 0 | Strongly Strongly
depressed J depressed
30 o 0 0 - -
100 [} Depressed Unstable - | -
00 Unstable Unstable
weakly - weakly -
depressed depressed
Unstable {
1000 Depressed - strongly - -
depressed

Preliminary experiments were conducted to determtne at what concen-
trations the vanious local anaesthetics would mfluence contractions of the
rat uterus stimulated by serotonin This was done by stabilizng the muscle
on a submaximmal dose of serotomin and then testing as antagonst the
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Table 3 gaves the serotonin doses, the 1oads on the utert and the concen-
trations of adrenaline and local henc used 1 the exp
mentioned 1 table 2 Table 4 shows the figures for contraction The
adrenaline contents of the test solutions were always unknown to the
observer

3, Coraments on the Results.
“The local anaesthetics examined were those most frequently used along

with line 10 1y f Lidocaine and carbocain The
Tughest of the sub ity used 1 1oy are
2%, and the corresponding range of adrenal ts 00005-0 005%
(5 50 pg per ml) In the solutions prepared for assays we accordingly
fixed the of locah hetc at 2%, and varned the adrena

hine contents within the limits mentioned above This means that the
Jocal anaesthetic was present in amounts 400-4,000 times larger on a
weight basis As the concentrations of adrenaline necessary for ynhubiing
the rat uterus usually fall 1n the range 0 1-1 0 ng/ml (BRismD JENSEN &
VENNEROD 1961) the concentration of local anaesthetic in the final solu-
tion varies between 0 15 and 1 § pg/ml for an uterus of average sensitivity

From table 1 1t can be seen that both tetracane and cincaine strongly
affect the rat uterus at concentrations of 1 pg/ml Accordingly an asssy
method for adrenaline based on a companson of a ssmple dilution of the
test fimd with a standard solution free from local anaesthetic 1s out of the
question With the other local anaesthetics examined the results of the
preliminary expenments did not exclude the possibility of such an assay
procedure and further were begun

Table 2 gives the results of vhe procaine adrenakine and the lidocaine-
adrenalme assays The lowest adrenaline concentrations given in the table
were the lowest concentrations that could safely be determmed without

sigmficant interference from the local anaesthetic
The deter of adrenaline of Iid

were satis-
factory over the whole range of adrenal d

0

Accordingly all the results observed are shown 1n table 2 It can be
conciuded that adrenaline may be successfully determined m solutions
of Id Up 0 4,000 times larger on & wesght

drenaline
When an attempt was made to assay adrenaling i the preseace of
procaine, it seemed ddficlt to obtain good resalts wath amounts of the
local anaesthetic about 4,000 times higher than that of adrepaline At

such concentration ratos the musch Teparations ten & e
Ppreparat ended to becom

2 q
basis than those of a

and & d Quan-
uties of procawe about 1,000 times larger than those of adrenaline,
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Table 3.
Dose and foad salues from the adrenaline assays summatised 1n table 2
Serotonin Adrenal, ! J Locat
ad renaline ng/ml oca)
Assay 5:5 contact ime | Standard amaeshene
} andar
!\g(ml\ n sec doses k Test doses k el
1

Procaine § O 35 | osoro | 0609 | orou
- 2 10 8 S0 019-038 | 019.038 | 015030
- 3 09 8 - 025-050 | 023.046 | 010020
- 4 09 16 30 025-050 | 025-050 | 010020
- 5 09 6 J 0 011-022 | 010020 } 005010
- 6 ‘ 09 20 40 I 010020 010020 | 010020
~ 1 1t 14 45 | 025050 023046 | 02004
Lidocaine | 09 I 10 35 J 035050 j 023046 010020
-2 09 6, 42 [ 038076 [ 038-07 | 02-04
- 3 09 14 15 019038 | 018036 | 010N
-~ 4 09 8 | 30 ‘ 025050 | 025050 | 010020
-~ 5 09 5 45 013026 | 012-024 | 003016
- 6 08 6 45 ﬂ 025050 | 025050 | 100200
-~ 7 09 20 30 013-026 ] 011026 | 050100
- 8 09 | 10 | 50 | 019038 r 020-040 | 100-200

Table 4.
Contraction values from adrenaline assavs summarised in table 2
Level ih mm
nasy [ [ o el it [t
clore er .
assay | assay ’ mm 1% of max ‘ mm | °, of max
] 1 7

Procaine { 76 66 —10 ( - J ~ -~ - l -
-2 7 7| -4l 2w | osa | a3 2
-~ 3 9 | 57 —2 an |9 a8 J 15
~ 4 70 M o+ 4 ( 12 57 51 3 3
- s g m| +7 o | 67 | a8 w1 oM
~ 6 €0 69 + 9 107 s2 ) 49 | 3% 3%
-~ 1 { se | ™ l ~10 } 134 s3] 40 | =

i

Lidocamnet | 64 54 ~10 9l 42 46 j 24 26
-2 77 63t ~14 ;w02 55 54 2% b3
- 3 6 59 ~17 1 102 a6 45 29 28
1 61 59 ~-2 94 43 s 1w | u
- 5 79 71 -~ 8 129 54 42 ' 28 22
- [ 72 56 -16 104 54 52 3 30
- 7 63 57 ~6 93 19 53 14 ts
- 8 62 st ~11 ! 91 ‘ 43 47 % | 3

|

average departure from the true adrenaline content was 20% (range
—68 to —049, and the range of fiducial hmits was from 95-1077% to
90-111%. The mean value for s/b was 0 041 (range 0026 to 0 051).

The standard- and test-curves were parallel mn all assays (P > 005)
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From the Department of Pharmacology University of Helonks
(Professor Armas Vartiamen M D)

Effect of Pyrocatechol an the Change of Noradrenaline
Content Induced
in Rat Brain by Raunescine®
By
A J Jditteld and M K Paasonen
{Recetved Janyary 12, 1961

Bacq d d 1n 1936 that p; 1lol and other 1s increase
the duration of resp to (ine and sympathetic sumulation i
wno More recent work has mdicated that O methyl hol O-
methyfransferase enzyme 15 the principal pathway fot the metabohism of
adrenaline and noradrenaline (cf AxrikRon 1959 and ArMSTRONG &
McMiLLan 1959) Other orthodiphenofs are also methylated by this
enzyme Catechol (BacqQ 1939) and pyrogaliol (Axetropd & LAROCHE
1959} both miubit G i and a logteal exp: for this
15 that they act by competitive mhibsion

Raynesane 1s 2 Rauwolfia alkalod ly and ph ) M}
related to reserpine (PAASONEN & DEWs 1958, KARKI & PAasOVEN 1959)
5-Hydroxytryptamine (S HT) 15 mainly metabolised by monoamumne
oxidase, when rats were treated before raunescine with an inhibstor of thss
enzyme, ipromand, there was a transient 1ucrease, wstead of 3 decrease,
1 the 5 HT content of brain tssue (PAASONEN & Karst 1958) Non-
€rease was seen 1n noradrenaline content.

Our work has been undertaken mainly to find out whether tha
OF mnende o v : .

raencnse

+ uld
i . as
o = m s biedt wds diso studied on thie toueity of adrenabine 1n
mice and on the eyelid ptosis induced 1n rats by Teserpine

Methods.
Noradrenafine in the Rat Brain

Male Sprague-Dawley rase na 1
done at room temperature L
bran excloding the cerebx

* Supported by gran,
Navhral Spcf2ts from the Signd Tustlius Foundanon and State Cammussion for
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however, did not interfere sigmificantly with the assays, as 15 evident from
table 2 This concentration ratio mncludes a considerable number of the
procaine-adrenaline combinations used 1n injections

The adrenaline concentrations used 1n 1nyections along with carbocan
are generally lower than those used with the above mentioned local
anaesthetics We accordingly chose adrenalme quantities as low as
5 pg/ml (or 4,000 times lower than the amounts of carbocatn) for ali the
cxpeniments Some of the assays were satisfactory both in accuracy and
Itmits of error, but 1n other assays the uter: became sumulated by the local
anaesthetic and the adrenaline amounts consequently appeared too low
Further, some assays had to be stopped becanse of instability of the
muscle preparations It must be concluded that adrenaline cannot be
properly determined with the rather unfavourable concentration ratto of
adrenaline to carbocain chosen Samples with higher concentrations of
adrenalme were not examined, but by analogy with the pracaae expen
ments, might well give better assay results

Summary.

An assay method for adrenaline based on the inhubitton of the serotonin
stimulated rat uterus (BRISEID JENSEN & VENNEROD 1961) has been used
for determining adrenaline 1n the presence of local anaesthetics The
assays were catried out by direct dilution of the adrenaline local anaes
thetic test soluttons, and without addition of local anaesthetc to the
adrenalie standard solutions

The results show that adrenaline could be assayed i the presence of
4,000 times larger amounts (by weight) of idocaine This corresponds to
the most extreme concentration ratio of the substances normally used
njections

Adrenaline could also be satisfactonly assayed 1n the presence of 1,000
uimes larger amounts of procame, a concentration ratio that mchudes 2
considerable number of the adrenaline procaine combinations used for
mjection When a ratio of 4,000 was tried, the uterine preparations
became unstable, being weakly depressed or weakly stimulated

When an attempt was made to assay adrenaline in the presence of 4 000
times larger amounts of carbocain, some of the assays were satisfactory
and some were unsuccessful Thus a vahd adrenalme assay was not
possible As the adrenaline concentrations used for injection along with
carbocain are generally [ower than those used with Iidocaine or procaine,
a gher adrenaline carbocam ratio was not examined

REFERENCES
Jensen K Briseid & A M Vennezbd dcta pharmacol ef roxicol 1961 18 20
Mborch ) Pharm Weekbl 1958 93 141
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1260 D :‘0
180 h ‘
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1 Effect of raunescine (R and pyrocatechol {P) wuh and w thoul )pronsazid p!

E\:Sn( o?\ the brasn nofadrensl ne content The results are f ven as perceniages of the
cortesponding control groups For further explanation sec text

© atliouils vl amnne in the brams of rats also treated with spromand and
pyrocatechot

Reserpine Eyefid Ptosis

Three hours after the reserpine mection the eyes were completely
dosed Pyrocatechol up to a dose of 50 mgfkg had no effect on this
reaction When 100 mgjkg of ipromazd were injected 30 menutes after the
reserpme the development of ptosis was not prevented In these anmmals
no response was seen after 10 mgfkg of pyrocatechol, but 25 mg/kg of
this opened the eyes in about 15 munates, and they remained open for 10
to 15 minutes  After 50 mg/kg of pyrocatechol the ptosis was abolished
for about an hour

Even ata dose of 100 mg/kg resorcinol and hydroquinone were mactve
when injected into rats pretreated with reserpine and ipromazd

When the closure of eyes was mduced by chloralose, combimed treat:
ment with and !

P i at the
above produced no opening of the eyehds

doses d
Synptoms obserred

In rats pyrocatechol withia 2 to 3 minutes caused,

» tremor lasting from
10 to 15 mnutes Q. y there were \

, €SP when
doses of 50 mg/kg ar tugher were employed Shght pilo erecion was also
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subsequent procedure was the same as described by PAASONEN & KravEr (1958) and
ily the syme ay d by von EuLer (1956) The samples were analysedby
the cat blood-pressere method Before by g the assay a b of drugs
as suggested by Karky (1956), was administered
Raunesetne (S B Penick & Co . New York) was dissolved 1n glacial aceic annd and
thie solutron was difuted with water so that the final concentration of acenic agid was
not more thin 2% The dose of raunescine w1s 5 mg (2 mlykg and was ghen ity
peatoneally  The animaly were hifled two hours after the raunescine inyection
Psrocatechol (E Mcrek A G, Darmstadt) at a dosc of 25 mg/kg was admimistered
stubcutaneously 6 times at {-hour intervals, the first inyection being gisenan hour before
the raunescine Ipromazid phosphate (F Hoffmann La Roche & Co, Basch was
mjected subcutineously at a dose of 100 mg/kg of the base on the previpus evening
about [6 houts before the raunescine All rats were kept without food after iprontazd
admnsstration The control rats recened mjections of the corresponding solvents
which was saline except for raunescine Student’s t-test was used to test the sigmficance
of the difference of two means

Reserpine evelid Ptosts

Tonducetheeyelid ptosis, | S mg/kgof reserpine (reserpime amp , Laake Oy, Tuthu)
was tnjected intraperitoneally nto rats, the controls recewing the solvent alone The
time and degree of palpzsbral fissure reaction was estimated by inspection, and at feast
four rats were used at cach dose level studied In these experiments, besides tproniand
and pyrocatechol resorcinol (E Merck A G Darmstadt) hydroguwnone (E Merck,
A G, Darmstadt) and chioralose (British Drug House Ltd , London) were used All
these drugs were injected subcutaneously The design of experiments and the doses are
given below

Tovictty of Adrenaline

Adrenaline (Rhone ~ Pouleng, Pans) was dissolved 1n hydrochlone acid and the
solution was then diluted with saline a dose of 1 5 mg/kg was imected subcutaneously
at half hourly intervals Halfl of the animals received also 20 mg/kg of pyrocatechol
subcutancously, but the injection was given as far as posstble from the site of the

drenal The first pyr hol dose was given half an hour before the
adrenaline, and administration of both substances was continued until death of the
animal

Results,

Noradrenaline in the Braun

Pyrocatechof alone at the dosage used had no clear effect on the brain
noradrenaline content When given with raunescine, however, pyrocate-
chol treatment had an nhibitory action on the noradrenaline depletion
(fig. 1). The amine content 1n the group recerving raunescine only was
0147 £ 0015 (SE of the mean) pg/g and 1n the group treated with
pyrocatechol and raunescine 0244 -+ 0026 pg/g These two means are
sigmficantly (p << 0 01) different .

Ipromaznd treatment inhibited noradrenaline depletion induced by
raunescine, as was already known (PAASONEN & KARrk1 1959) Pyrocate-

pe—,
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dings
adrenalme refeased from sympathetic nenve ¢o
%rtfe‘ex‘:l‘: :for eholar 1s further emphasized by the finding of actvity
m only thote dihydroxyt capable of O-methy

ferase Further, the pyrocatechol sproniazid treatment does notynhibit ‘t]hc
eyelid ptosis induced by an ordwmary hypnouc agent, chloralose, which1s
not known to release noradrenaline from tissues

Tpromazd increases the toxcity of adrenaline and noradrenaline only
1n special circumstances (BorowiTz & NorTH 1959) When large amounts
are injected there may be little opportunity to inactivate any of the dose
@ven before a lethal level 1s reached Consequently the Jack of clear
potentiation of adrenaline toxicity to muce by pyrocatechol 1s not sur-
pnsing

The general symptoms produced 1n rats by pyrocatechol with or withont
raunescine were pasticularly marked when ipromazid was also ad
mimstered The ovetall pieture was that of no clear motor smulation but
rather raised rntability, including tremor and

The results tndicate that both oxidative deamination and O methylation
are metabolic pathways for endogenous noradrenaline m the nervous
ussue of rats It cannot be decided whether one of these mechamsms 15
more impostant than the other

Summary
1 Pyrocatechol pretreatment snfibits the noradrenaline depleting
action of the Rauwolfia alkaloid raunescine, m the rat bram When
ipromand 1s also given raunescme produces an increase in the bramn
noradsenaline

2 Pyrocatechol and 1prontazid counteract the reserpine induced eylid
prosis only when both substances are smyected mto the rat Meta- and
paradih y [t 1 d,

and b 1 place of pyro-
catechol are inactive

3 Pyrocatechol does not clearly mcrease the toxicnty of adrenaline
repeatedly gven 1nto mice

The results ndicate that both moncamine oxdase and catechol O
methyl e di
y

can ¢ noradrenaline m the nervous
ussue of sats
REFERENCES
Armstrong M D & MMdlan A Tdentification of 2 mawr e nary me =
Arm .

Asel o o metnytat on of epmepherme and oth
W0 Science 1957 126 400" 1 catechols i vitra snd
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noted, but no exophthalmos The animals remaned 2t one place m the
cage and were over irrtable to touch All the symptoms were intensified
when ipromazid had been adminsstered o the ammals on the previous
evemung Raunescine treatment also agravated the symptoms which were
most marked 1n rats recetving aly three compounds

Tovuclty of Adrenaline

From 32 mice recesving repeated mjections of adrenaline, but no pyro
catechol, one hall were dead 1n 185 munutes From the same number
of mice receving pyrocatechol as well as adrenaline 509 had died m
110 minutes Qwing to the great distribution of survival times the differ
ence was not significant when tested as prescribed by Wircoxon (1943)

Drscussion

Like 1gromazid, pyrocatcchol miubits the depletion by raunescine of
the noradrenaline 1n the brmn of rats (PAASONEN & KaRkI 1959) As
already mentioned, a nise 1n bram 5 HT s produced by raunescine afiet
ipronrazid  pretreatment (PAASONEN & KARKI 1959) An increase 11
bram noradrenaline content 1s produced by raunescine only when 1t 1s
given after pretreatment with both iproniazid and pyrocatechol The
probable explanation for this diffesence s that though jpromazid alont
inhibits mono amine oxidase, the mam metabolising enzymes of 5 HT
~ both moncamine oxidase and catechol O methyltransferase ~ have
to be blocked to produce the same effect on noradrenaline Ths agrees
with the recent concept of catechol amime metabolism (ARMSTRONG
& McMiLLAN 1957, AxrLrop 1957, LaBrosse, AxeLrop & KEty 1938,
AxeLrOD & LAROCHE 1959) It remain to be seen whether the mcrease of
noradrenaline 1s due to 1its protection from metaboltsm after it has been
Iiberated by the Rauwolfia alkaloid from cellular bindmg snes {for
discussion ¢f PAASONEN & KARKI 1959)

Pyrocatechol 1tself 1s unable to increase bramn noradrenaline This may
be due to incomplete miubition of O methyltransferase Owing to e
toxicity of pyrocatechol 1t 1s not possible to mcrease the dosage On Wt
other hand, the time interval used, 2 hours may not have been long
enaugh to produce a demonstrabie effect

Among a number of compounds examined by GARATTINI GIACHETT],
Prert & RE (1960), adrenaline and noradrenaline were the most active i
exerting an antireserpine effect on eyelid ptosis in mice Ipromazid had no
effiect It 1s likely that i our experiments the eyeopening effect of the
combined treatment by promazid and pyrocatechol was due to the



Acta pharmacol et toxicol 1964, 18, 101-~104

From the Department of Pharmacology and the Institute of Physical
Chemistry Umiversity of Copenhagen Denmark

The Degree of Polymerisation of Hyaluronic Acid Isolated
from the Myometrium of the Human
Cervix Uteri
By
Ole H Iversen and h Marcher
(Recerved January 14 1961}

A previous paper (IVERSEN 1960) recorded the 1solation of acid muca-
polysaccharides from the human cervix uten, the findings suggested the
presence of hyal acud and chond lphate A and B 1n the
wsolated substances, as well as a vaniation with age and androgenic treat-

me:;l 1n the degree of polymerisation or the relative amount of hyaluromic
ac

In the work described here the degree of polymensation of hyaluromc

acu(i ssolated from the human cervix uten has been determuned by osmo-
mietry

Matenial and Methods.

5 33 cervix uten, removed by operation (Department of Gynaecology,
alipebjug Hosprtal), were comminuted and stored 1n acetone for at least
mmomh None of the patients had formerly been treated with cortisone,
yrowd or cort pin The d were fib of the
;!;erg;zs uters, adnexal complaints and — ;n a few 1nstances — anomalies 1n
og c;;xgbgere Iwx:re not found any important macroscopical or histo-
e rmalities in erther the myometrium or the endometrium of the

_The cyclical phase was determuned on all nremaras mme ¢ — ..

admimstered ag daily doses of b ) ) )
® 120 as the fourth and seco

o Saete. T SICAL LOLLEC
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The Degree of Polymerisation of Hyaluronic Acid Isolated
from the Myometrium of the Human
Cenvix Uteri
By
Ote H Trersen and K. Marcher
(Received January 14, 1961)

A previous paper (IVERSEN 1960) recorded the 1solation of acid muco-
polysaccharsdes from the human cervix uters; the findings sugpested the
presence of hyaluromic acid and chondroitin sulphate A and B in the
1solated substances, as well as a vanation with age and androgenic treat-
tan;gl 1n the degree of polymerisation or the relative amount of hyaluronic
In the work described here the degree of polymenisation of hyaluronic

:1? 1solated from the human cervix uten: has been determined by osmo-
etry

Material and Methods.
. 53 ;:mx uter, removed by operation (Department of Gynaecology,
a‘::: J;rg Hosputal), were corminuted and stored 1n acetone for at least
. ron:j Nonf of the patients had formerly been treated with cortisone,
coy u's or cort p The op d were fibromas of the
bl;epd utent, adnexal complaints and — 1n a few 1nstances — anomalies in
op a:;‘ib::‘;: l»\;ere not found any important macroscopical or histo-
P alities i exther the myometrium or the endometrrum of the

_ The cycheal phase was determuned 0n all nremarss ang Famme ot

adrumstered as dayly doses
B 1eo a3 the fourth anq «
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For the purpose of tsolating the mucopoly saccharides we manly used the methed
previously described (Iversen 1960), but certain modifications were made and the
method will therefore be briefly described To obtain sufficient amounts of material
the preparations were pooled 1n groups of 4-5 The dried, de fatted tissue was incu
bated for 72 hours with barbital buffer pH 7 8, to which were added tetracemin (edet ¢
acid, Versene @) 3 24 g/l After preciy with trichl acid and dalysis
the filtrate was evaporated to a volume of 50 ml, and the residual protein split products
were removed by repeated shaking with chloroform and isoamylalcohol (Sevag 1934
After dialysis for 48 hours, the mucopolysaccharides were precipitated with 3-4 vol
cold alcohol In order to remove the sulphated polysaccharides a solution of the
substance in 0 1 M-NaCl was brought to pH 1 5 by means of HC! at 0°C with vigorous
surnng Mesh amine 10n-exchange resin dovex ® in the chloride form was added and
the mixture was stirred for 2 hours at 0° The restn was removed by centrifugation and
subsequent filtration through sintered glass funnels, until the solution was perfectly
clear Aftet removal of the resin, the solution was brought to pH 7with NaQHand
then precipitated with 2-3 volumes of alcohol (Stmovs 1955) The precipitate was
washed in alcohol and ether, dried under reduced pressure tntil constant werght was
obtained, and weighed The ssolated substance was a fine white or yellowish white
powder, hygroscopic, fairly easily soluble in water

The molecular weight was calculated from osmotic pressure determinations obtained
by the micro osmometer descnibed by Cyristransen and Jensen (1953) The concentra
tion used 1n these experiments was 5 mg of the isolated substance in 1 m! o5 M
potassium chloride accordng to our experience the Donnan effect 15 then neghgible

The sulphur analysis was performed after the method of ZiNNeke (1951)

Nitrogen determination was done by Dumas® method

Viscometrical measurements were made in the micro viscometer described by
DALGAARD-MIKKELSEN and KVORNING (1948)

Results.

The assumption that the 1solated material 1s hyaluronic acrd with mor
mmpurtes 1s based on five considerations ) The material 15 wiite 07
yellowssh-white  2) 1t 1s fairly easify soluble 1n water 3) the solutcon i
viscous, the viscosity decreasing on addition of bactertal hyaluronidase
and giving the charactenstic degradationcurve of hyaluronate 4) a low
content of sulphur, indicating mior amounts of chondroitin sulphates
5) a mtrogen percentage only a httle higher than the theoretical (347%)

During the experiments 1t was found that the yield of hyaluromc acid
was about 075% of dried defatted ussue, the largest amounts from the
younger indwiduals and from hormone-treated patients, the smatlest
amounts 1n the individuals of 40 years or more Further, 1t was f‘our;d
that the amount of tsofated hyaluronic acid corresponded to about 55 %
of the total mucopolysaccharides isolated, the largest amounts betng
found 1n the younger and hormone treated individuals

The results of the mnvestigation are shown in table I The grouping was
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Table 1

the myometrium of 1he
s (M) of hyafuranate ssolated from
“‘y’fﬁf&'f?\'c:fli ::\m )ca\tuh\ed (tom measurements of osmouC pressure

Pet cent
Cybeal | Homonth | yp e | TR } s
Age phase teeatment
- 093
0 \ b { 2% - 083
20-30 P a - )
o4 [ P v - -
o : \ bow 398 036
on H [T 365 059
pss . R - 044
e H andeogenic §7 - 102
40-50
e IS androgeme A4 401 ? g
40-50 5 androgeme X 52 -
3040 | P estrogenic 62 ) - -
40-50 13 | estrogeme 43 \ - o
40-50 s es:mgemlz | 2; 2 \ e
o v estrogen P
Ve I \ 3 ) 382 103
>60 4 -

P proliferative phase S sceretory phase

according to age and cyclieal phase, as well as to treatment with oestropen

of androgen 1t appears that no significant varations were found sn the
lecular wesght of the

Discussion

The molecular weights shown in table 1 refer 1o apparent, not too true,
malecular weights The latter, obtamable by extrapolanng to zero concen-
tration, are therefore a httle higher than those given tn the table The
solation p i\ ployed 1n this 15 rather muld, and it 3s
not hikely to have been ble for any depolymensation worth men-
uoning It 1s therefore concluded that the degree of polymerisation of
fyaluronate 1solated from the myometsium of the human cervix uter 15
faiely fow as compared with hyalurome acid jsolated from other nissues
(ensen 1957, Bux & SweUOMANN 1943, ZaCuaRuse 1958, Swivix &
MALMGREN 1952, BLUMBERG & OSTER 1954, HviDRERG 1959)

No significant vaniations were found sn the molecular weights The
previously found variations in the viscosity depending on age and andro-
genie treatment (JVERSEN 1960) must therefore have been due to chatges in
the relative amounts of hyalutonic acd ang chondronn sulphate This
150 15 10 accordance with the work of BiwmiftiseN & MARCKER {1969),
who found vanations 1 the ratio HA/C of aoruc hissue wath 4ge
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Summary.

Acid mucopolysaccharides were isolated from the myometrum of the
human cervix uteri, The hyaluronic acid was isolated by adding ion-
exchange resin. The molecular weights were determined by micro-0s
mometry; no significant variations in the molecular weights were found
dependent on age or on androgenic or oestrogenic treatment.
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Pharmacological Actions of Aprobits — along
acting Antihistaminic
Compound without sedative Effect
By
1. Albanus, E. Hansson, C. G Schmiterlow
(Recenved December 7, 1960)

Pr

has gained widespread clinical use, with many different
smdications  The marked antilstamume effect of the drug 1s tesponsible
for 1ts use 1n treating allergic disorders As an antallergic drug, however,
1t has limitations because of its marked sedative action We therefore
thought 1t would be of mterest to try to separate sedative and antihista-
minie actions

Promethazine (WHO, NFN) (N @ d\methylammo 2 methylelhyl) phe-
nothiazine chloride) 1s a tertiary pt azin with hyd
properties The solubihity 1n water 15 however easily lost under the shghl
atkaltne conditions that occur 1n the tissues Promethazine enters easily
mto the central nervous system (SCHMITERLOW 1956), and 1t could be
expected that the sedative effect would disappear if the hydrophilic

properties were increased 1o a point at which the solubihity w water
persisted even 1n an alkaline medivm

~

W cHycHy
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PROMETHAZINE 4ProOBIT®

On this working hypothesss a senes of
quaternary phenothiazine
d:nvauvcs were synthetised Of those tested so far, the substance 1 (10-

P t thyljethyl-2 hydroxy ethyld chlonde
WMW\.“ Tae. 2, 9
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(Aprobit @, Reeip Co, Stockholm, Sweden) showed an antibistaminic
actvity similar to that of promethazine As, however, it had been found n
preliminary experiments that aprobit lacked the sedative properties of
promethazine, it was thought desirable to imvestigate aprobit more
thorougly and to examine 1n more detail the possible differences between
the two drugs

Methods,
Antiustanume Action

The antihistamunic activities of aprobit and promethazine were tested on guineap g
tleum, on the histamine acrosol effect 1n guinea pigs and op the bronchial tone of
guinea pigs

On dewn The antthistaminic action was tested on 1solated gwinea pig 1leum 1n
oxygenated Locke’s solution at 37°C, and antit actvity was calculated
described by ScrumERLOW (1948)

On lustamine acrosol ‘The method employed was a modification of the techmgue
of HaLrerN (1942)

Guinea pigs weightng 190-210 g were used Each animal was placed 1 a ghass
container, and the acrosol was made with 0 05% hustamine chloride 1n glycerol water
(1 4) solution Aprobit or promethazine was given mtramuscularly from 30 minutes
to 16 hours before the ammals were exposed to the aerosol If the ammals could stay
for 5 menutes 1n the aerosol without showing any signs of dyspnoea, they were con
sidered to be protected

On bronelual tone Bronchial tone was recorded by the method of KoNzert &
ROssLER (1940) The gunea pigs were anaesthetised with urethane, and the lungs were
artifictally ventilated by a Starling pump, which drove air into the trachea Tracmgs
were made by ustng a piston recorder on smoked paper
Antiacetylchohne Action

The ant1 acetylcholine actions of aprobit and promethazine were tested on guined

g tleum

Blood Pressure

Blood pressure was recorded 1n ¢ats under chloralose urethane anaesthesia with a
mercuty manometer connected to the carotd artery Injections were made via the
femorl vein

Isolated feart

The rabbit heart was excised and a cannula was troduced 1nto the aorta abose the
semulunar valves Oxygenated Locke Ringer solutton was petfused through the
coronary vessels at a constant temperature (38°) The contractions Were recorded by
a lever attached to the apex of the ventricles The coronary flow was measured by
collecting the perfusate 1n a Gaddum s outflow recorder and registening the volume

over constant intervals of time

Efects on Blood Vessels
The effect of aprobit on blood vessels was studied on 1solated rabbit ear or hund leg

Ringer solution was perfused mnto the central artery of the ear or the femoral artery
The amount of perfusate collected from the veins was measured at constant intervals

of time
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Actton on Gastrie Monlu;y et e v

’ . . .
electrode was placed on the penpheral part of the feft cut vagus in the neck Blood
pressure was recorded from one of the carotid arteries

Ganghome blocking Attion

The of the b of cats under chloratose-urethane
anaesthesta were recorded mect ona h The fibres of
the cervical symphathetc trupk were fated by means of two silver

electrodes in a polymethacrylate rod The stumuli were applied for 20 sees atintervals
of 3 mmnutes The electneal stimulus had the charactersstics pulse frequency 10 per
sec , pulse duration 15 msecs, strength 1 520V

Respiration N .
Theeffect of aprobit on died
and on cats by body The skio was cut around the neck

Just behsad the ears and mobtlised from the neck and a tracheotube was inserted The
cat was then put mto a metal case The head of the cat was pulled out of the case
through 2 round hole surrounded by a collar The mobilised skin was tumed over the
collar and fixed tightly around 1t

The case was connected by a tubber tube to a float secorder wnting on 2 smoked
drum, calibrated so that the volume could be calcul:

The advantage of this method 15 that the neck of the cat 1s free and other records,
such as blood pressure from the carotid artery and stimulation of the mctitating
membrane, can easily be made Injections wete made through the yugular vein

Toxicuty Experiments

Acute toxicity was determined 1 mice by subcutancous and oral routes Deaths
were counted after 48 hours 2nd the LDS0 was calculated by the procedure of Buss
{1952y

Subchronic toxsey was studied mtats A group of 7 male vats recenved on six days
@ week for 3 weeks an oral dose of 50 mg/kg aprobit given 1n approximately 05 m!
water An equal number of ammals was given the same amount of water The rats
were weighed twice a week At the end of the expenment the rats were kifled for

and th

n

Chrome tavicuy was studied n rabbuts The rabbuts were given oral doses of 50
mg kg aprobit in gelatine capsules 6 days a week for eight weeks The controls receved
the corresponding amounts of empty gelanne capsules The rabbuts were weighed

twice a week At the end of the experiments the rabbuls were killed for macroscopic
and microscopic pathalogscal examination

Central depressive Effects

Effect on barbuprate nareosis The technique was a modification of that of Coursorser
eral {1953) A hyprouc intrapentoneal dose of 3§ mg/kg thiopental sodium {thiome-
bumataatrium NFN) or 75 mg/kg hexob: { sodium (enh: 1 NFN)
was admintstered 1o rats of five groups The sleeping time of the antmals 1n control
groups receiving no premedication was compared with that of anumals given intra-
muscular aprobu or premethazine 30 munutes before the barbiturates

n
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Conditioned avordance escape m rats “The conditioned avoidance escape response
was studied in rats The experimental technique was basically that of Cook & Wemtsy
(1957) The animals were first conditioned to avoid an electric shock by placing them
10 & box whose floor 15 a grid composed of statnless steel rods Shocks of 40 mA and
60V were delivered to the grid from a sttmulator The rats escape the shock by climbing
a pole in the centre of the box A buzzer was used as conditioning stimulus The rats
were trained for about 3 weeks before the actual expeniment

Clunbing test i mice ‘The effect of aprobit and promethazine on the actaty of
mice was tested by the mouse climbing test method of Knerr (1960) Mice werghing
19-21 g were hept i a small cage contarming a small ladder The number of mice
climbing the ladder was recorded 1, 2, 4, and 8 hours after admnstration of the drig

Spontaneous aggressneness in Swamese fighting fish (Betta splendens) The effect of
the drugs on spontancous aggressiveness was tested on sexually mature mate fish by
the method described by Waraszen & ABoop (1956) The fish were placed in an
experimental aquarium divided into two parts by a transparent watertight window and
a removable opaque shide The fish were absenved for five minutes, and the number of
attacks by each fish was noted The opaque shde was then put m place, and to one of
the chambers the drug to be tested was added 1n aqueous solution and allowed 1022t
for 30 munutes After that the shide was taken away, and the fish were observed far
another five minute period

Results,

Antilustanuue Action,

The relative antilustaminic actions of promethazine and aprobut on the
gutnea pig tleum were compared The results are shown m fig t The
antthistaminic actron of aprobit was strmlar to that of promethazine

The protective action of aprobit against histamune aerosol mn guines
pigs 1s shown in table ! For comparison we also measured the anti-
histamime actvity of promethazine Both aprobit and promethazine
protected gutnea pigs aganst the histamine aerosol at a dose of 1 mg/hg
For both drugs the dose that abolished the histamme shock was the same
as was their duration of action The effect of aprobit on the bronchiotes
studied by the method of Konzett & Rossler 15 shown m fig 2 Aprobit
abolished the constrictive effect of hustamine on the broncinoles

AntiacetyIchole Action

The anti-acetylcholine activities of the two drugs were tested on guinea
pig tleum Fig 3 ilustrates the dose-response curve for aprobst and
promethazine m reducing the response of the gut 1o 2 standard dose of
acetylcholine The anur-acetylcholine effect of aprobit was found to be

slightly stronger than that of promethazine

Action on the cardiorascular Sy stent
Diotes of mare than 1 mg/kg atravenously of aprobit produced a fall
1n blood pressure, which developed almost immedsately and was maximal
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Fig 1 The effect of promethazine and aprobit on bistamine induced
contractions of gunea pig sleum
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1 minute after the injection This depressor action of aprobit was, how-
ever, of short duration, the blood pressure returning 10 1ts onginal level
2-3 minutes after the mjection (fig 4) No hypotensive effect was observed
1 ammals when 20 mg/kg aprobit was given intramuscularly From fig 4

Table 1

The action of aprobu ® and promethazine on bronchiospasms
m gumea prgs 1mduced by histamine acrosol

|
|

Number of anumaly protected out of total

number of treated anumals at various intervals
Drug Dose after adminstration of the drug §
Somin] th [ 2b | 4R | §& | 16K

Aprobt tmgkg 88 ] 48 28 . .
Aprobit Zmgfkg 10110 10710 ' 10/10 s;m x x
aprobll dmglke 88 \ 82 88 8 58 448

probit Smgkg 88 88 88 | s 518
fromethazine | mgikg  8j% o oap .
Prometuine  Zmefkg 82 s | nzs ]7’/}1 . .
bomebange  4mglke 313 8it 878 678 I 28

romethazine 8 mgfkg &8 8 it 88 i 3R
*) Not tavest gated
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Fig. 2. The effect of aprobit on bronchiolar tone of guinea pig recorded
by method of Konzett & Réssler (Hi = histamine)

it is also evident that aprobit exerted a marked adrenolytic action. The
pressor effect of noradrenaline was not affected. Promethazine in identical

doses did not cause this adrenaline reversal.
Aprobit abolished the hypotenstve effect of histamine. A dose of I mg/ke
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Fig 3 The effect of promethazine and aprobit on acetylcholine-induced
'8 contractions of guinea pig tleum
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mesmbmne du¢ to preganghon ¢ stumulation Lower curve carotid blood pressure (Adr =
adrenalne Nor  noradrenaline Hi b stamune ACh = acetyicholine)

body weight of aprobut 1s enough to reduce the blood pressure lowering
effect of 5 pg ustamine (fg 4)

1t was also found that ! mg/kg aprobit reduced the depressor effect of a
given dose of acetylcholime by approximately 50% Thus ants acetylcholine
effect 15 shghtly greater than that of the identical dose of promethazime

Aprobit was admimstered into the cannula of 1solated heart preparation
at various concentrations The drug did not produce any change in
coronary flow or any observed effect on the amplitude of contractions or
heart rate

Because of the depressor action seen after intravenous njection of
aprobit the effect of the compound on the vessels of the perfused 1solated
Tund imb or ear of the rabint was determuned Daoges of up to 10 mg per
ml of aprobut were injected into the perfusion cannula Neither vasodilator

nor vasoconstnctor effects were observed
Action on Gastric Motilty

On sumulaton of the peripheral end of the vagus  fall 1n the blood
Ppressure and strong contracttons of the stomach were observed After
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Fig 2 The effect of aprobit on bronchiolar tone of guinea pig recorded
by method of Konzett & Réssler (Hi = histamine),

it is also evident that aprobit exerted a marked adrenolytic action. The
pressor effect of noradrenaline was not affected Promethazine i identical
doses did not cause this adrenaline reversal.

Aprobit abolished the hypotensive effect of histamine. A dose of 1 mg/hg
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partly responsible for this anerease 10 respiratton, but not entirely, since
promethazme at the same dose caused an almost identical drop i blood
pressure without any increased respiration, indeed, promethazine usually
caused a temporary apnoea Further the bload pressure fall caused by
aprobit was, sometumes negligble, though the effect on the respiration
persisted

Toxiety Expeniments

Acute toxictty The LD50 1 mice was found to be 266 mg per kg body
weight subcutancously and 575 mg per kg body weight orally

Subchronic toxieity Chronte feeding for three weeks failed to produce
any sigmificant departure from the control growth curves of rats Gross

as well as hustol 1 of Iiver and kidney at the

end of three weeks feedmg did not reveal any changes

Chromce toxicity After chrome feeding of rabbits for eight weeks, no
significant difference was observed 1n the growth of any of the test animals
and the controls Histofogical exammation was made of hver, kidney,

spleen and bone marrow No histopathologic lesions attnbutable to
Aprobit were noted

A

Aprobit
1mg/kg
]

Blood pressure
e mmHe

Lu':n."!"wv‘-

Fig 6 Cav Choralose urethane U
et cunve
Fecerded wih 1 body plethysmograrh, Loner cune earaned sk pressure



112 ALBANUS HANSSON AND SCHMITERLOW

imjection of aprobit, stimulation of the
vagus did not cause any fall n blood
pressure or contractions of the stomach
(fig 5)

Ganglonic blocking Action

An intravenous myection of 1 mg/kg
aprobit caused a temporary reduction 1n
response of the nictitating membrane to
preganghonic sumuli This partial block
was rapid m onset The duration of
aprobit action was relatively short, the
blocking effect disappeared only a few
munutes after the wjection (fig 4) With
2 mg/kg a total though stll temporary
block was obtained

Fig 5 Cat Chloralose urethane  Effect on Respiration
Upper curve gastric motility
Lower curve arterial blood pres In cats under chloralose urethane anae

sure Sumulation of the left vagus  gihocia, as well as n decerebrate cats,
A before and B after I mg/kg  aprobit at a dose of 2 mgf/kg caused a
aprobut marked increase n respiration (fig 6)

Both respiration frequency and amplitude

were tncreased Under the mfluence of aprobit the response to a high per
centage of CO; (approx 8%)inthe nhaled air was markedly exaggerated
The fall 1n blood pressure caused by injection of the drug could be

Table 2

Effect of aprobit and promethazine on spontaneous activity 1n mice

Number of ammals climbing the lad
der out of tota] number of treated ant

Number of
Drug Dose ammals mals at various ntervals after admint
. tested stratton of the drug
1h | 2n 4h | 8h
Controls 20 20/20 J 19/20 19/20 ! 20/20
bit 10 mg/kg 20 20/20 1820 19/20 19/20
ﬁg:gb:t 25 mgfkg 20 18/20 20/20 19/20 20/20
e 10 mg/kg 20 12/20 16/20 16/20 18/20
g;zz:ﬁ:ﬂ:e 25 mg/kg 50 5/50 8/50 32/50 38/50
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 shows closely similar actvity butits effectiveness was found
féoge‘i?\::;nthin that of chlorpromazine Yugher doses being necessary to
mve the same resp A dose of w ly 10 mg/k pr
the same effect as 2 mg chlorpromazine
mi:‘::l:‘t on the other hiand failed to produce any block of the condt
X
uo;c)d';;f’l'; 1237 The pricentage of mce that fated to climb the ladder at
dufferent umes after the admumistration of the drugs 1s seen table 2 The
of 10 mg/kg p hazine had a shght effect but at a dose
level of 25 mg/kg promethanne the effect was marked only 10 chimbed
the ladder 1 hour after the mjection There were no obvious effects on the
chimbing of the muce after admuustenag the same doses of aprobit
Spontaneous aggressieness in Samese fighting fish Promethazine had a
marked effect on the spontancots aggressiveness seen 1n the Samese
fighting fish A dose of 10 mg per litre abolished the fighting response
Contrary 1o the effect observed after barbiturates the fish still retamed
1ts fhght reflex when treated with promethazine After doses up to 20 mg
per hitre of aprobit the sp! g was quite unaltered

Discussion

The quaternary phenothiazine compound aprobit ® first descnibed by
CARriSsoN HAnsson NILZEN & ScinTertow (1960) has been subjected
10 2 more detaled pharmacological study This revealed some similanties
and some differences between aprabit and the well known tertiary

et 4 1

P P P

The antilustaminic properties of the two drugs were found to be almost
wentical both mibiing the acuion of istamine on mtestinal and
bronchiolar smooth muscles and both also preventing the effect of
histamine 1n reducing blood pressure  Aprobit was also found to be a
potent anti acetylcholine drug showmg blocking effects not only on
effector structures with postganghiome cholinermic innervation but also
on synaptic transtussion. This action may be due to the fact that 2 choline
fike structure exists 1n the side cham of aprobit and may enable this drug
to compete effectively with acetylcholine for receptor sites

Aprobit abolished the effect of vagal stmulanion on the moulity of the
stomach This s maccordance with the findings of GERNANDT & SCHMITER
LOW (1953} who showed that promethazing exerted thus effect and
suggested that this probably zccounts at least partly for its well known

zr)m-em:uc effect m the treatment ot prevention of motion sickness The
ocking effect of 2peabit was even more striking Which strongly suggests
that this drue could ala b sead v ot sickness
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Central depresstie Effects,

Gross behavior The effect on the gross behavior of rats was observed
more or less continuously for a period of 8 hours after mtramuscular
administration of aprobit or promethazine Promethazine had a strong
sedative effect on the rats, and at dose levels up to 50 mg/kg body weight
both sedation and ataxia were grossly obscrvable effects There were no
obvious effects after admumistration of up to 50 mg/hg body weight of
aprobit

Effect on barbiturate yarcosis The effects of aprobit and promethazine
on slecp mnduced by barbiturate were studied sn rats Aprobrt had no
effect on the slecping time of rats mjected with hexobarbital or thiopen
tone, whereas the same doses of promethazine increased the sleeping time

Sleeping time

in minutes
2001
Hexobarbital sodwm, controls x
- ~ +promethazine O
~ = +Aprodit -
]/1I
100 I/T
L
T . T
[ 35 SO R T a
ie i hy
2 5 10 2
Dose in mg/kg

Fig 7 The effect of promethazine and aprobit on sleeping time produced
by hexobarbital (enhexymal) in rats

In fig 7 are shown the results of increasing doses of promethazing and
aprobit on sleep caused by barbiturate The sleeping time ncreased almost
linearly with dose m amimals pretreated with promethazine

Conditioned reflexes Chlorpromazine was given as a standard drug to
groups of previously conditioned rats, i order to study the disappearance
of the conditroned avordance escape respoase After a dose of 2 mgfkg
chlorpromazine the conditioned reflex was blocked 1n 509 of the rats
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being a terhary and aprobit a quaternary compound This difference may
account for the differences 1 some of their actions, particularly m their
effccts on the central nervous system Promethazne, bemng a tertrary
compound, is easily soluble 1n lipids after alkalisation, whereas the
quaternary compound aprobut 15 not ipid soluble As has been pointed
out by Bropie & HoGaeN (1957), there exsts a close correlation between
the distribution of drugs and their hpid solubility 1n the un 1omzed form
The blood bram barmier offers an exceptionally good ilustration of the
close connection between hipid solubility and permeability through
biological membranes

Summary,

The pharmacological properties of the quaternary compound 1.(10-
phenott 1 Tjethyl-2 hydroxyethyldimethyl chloride
(aprobit ®) are descnbed The investigation includes & companson
between this drug and the tertiary phenothiaznine derivative, promethazine

Aprobit 15 a potent antihustaminic compound, action and duraton
bemng similar to those of promethazine

Aprobit has 2 marked adrenolytic effect not produced by promethazine
1 corresponding doses

Aprobit causes a sumulation of the respiration not caused by prometha-
2ne

Aprobut, like promethazine, abolishes the gastric contractions caused
by stimulanion of the vagus

The toxicity of aprobut 15 low

Aprobnt does not show a sedative action on the central nervous system
as does promethazine

The reasons for the observed simularities and diffe
between these two phenoth are d

p
In concluston 1t can be sard that aprobut 15 an effective, long-lasting,
non toxi, antihistanume compound lacking sedative effects

q

rences 1n effect
4
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In the further study of the pharmacodynamic action of aprobit on the
autonomic nervous system, 1t was found that 1t had a marked adrenolytic
action and also a ganglion-blocking effect, two qualities absent from
promethazine The adrenolytic action 1s difficult to explam, but shows the
usual pattern, including a reversal of the effect of adrenaline on the
systemc blood-pressure but httle effect on the rise mn blood pressure
caused by noradrenaline The ganglionic blocking effect may be due to
the above mentioned choline-like structure 1n the aprobit molecule

Aprobut blocked the effect of vagus stmulation on both circulation and
the stomach It was found, however, that the effect of mjected acethyl
choline was more difficult to abolish It 1s generally agreed that it 15 easier
to block the effect of exogenous acetylcholine than that of vagus stmula-
tion This was obviously not so with aprobut, the reason perhaps being that
this drug exerted a blocking effect at both the postgangliome and the
preganghonic chohnergic structures

The respiratory stimulation caused by aprobit could be interpreted 1n
several ways The effect must obviously be a peripheral one, as HANsSON
& SCHMITERLOW (1960) have shown that aprobit does not penetrate mto
the brain The fall in blood-pressure, causing a stimulation of the receptors
1n the carotid region, may well account for at least a part of the increase i
respiration  Further nvestigations, including a record of the action
potentials 1n the sinus nerve, are considered to be necessary before any
defimte conclusions can be drawn about this mechanism In this connec-
tron 1t should be pointed out that promethazine, although 1t caused an
equidepressor effect on blood pressure, did not cause an mcrease 1n
resprratory frequency or amplitude — on the contrary there was a transient
apnoea

The main difference between the actions of promethazine and aprobit
was established when that on the central nervous system was studied The
depresston caused by promethazine was entirely absent with aprobit The
gross behaviour of the animals was not influenced even by large doses of
aprobit The conditioned avoidance-escape reaction was not affected,
spontaneous aggressiveness in the male Betta splendens persisted and
barbiturate-induced sleep 1n rats was not prolonged when aprobit had
been given This difference between promethazine and aprobit 1s explained
by the fact that promethazine easily enters 1nto the bram, whereas aprobit
cannot penetrate the blood-bramn barrier (SCHMITERLOW 1956, HaNssON
& SCHMITERLOW 1960)

The structure of the two compounds, promethazine and aprobut, 1s to
a certamn extent rather similar, both being derivatives of phenotiuazine
This may account for the stmlanty 1n some of their acttons On the other

hand there 1s also a striking difference 1 their structure, promethazine
P
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‘being 2 terttary and aprobit a quaternary compound This difference may
account for the differences 1n some of thar actions, particulatly 1n their
effects on the central nervous system Promethazine, bemng a tertiaty
compound, 1s easily soluble 1 lipids after alkahsauon, whereas the
quaternary compound aprobit 18 not hpid soluble As hos been pomted
out by BRODIL & HoceeN (1957), there exsts a close correlation between
the distribution of drugs and their lipid solubility in the un jomzed form
The blood bram barmer offers an exceptionally good iffustration of the
close tonnection between Lpid sofubihity and permeabahity through
biological membranes

Summary,
The pharmacologcal properties of the quaternary compound 1-(10-
phenott Imethybethyl 2 hydroxyethytdumethyl chlonde

Y
(aprobit ®) are described The nvestigation includes a companson
between this drug and the tertiary phenothiazine denvative, pr

Aprobit 15 a potent antihustaminie compound, action and duration
beng simlar 1o those of promethazine

Aprobit has a marked adrenolytic effect not produced by promethazine
1 ¢orresponding doses

Aprobit causes a stimulation of the respiration not caused by prometha-
Bne

Aprobit Iike promethazine, abolishes the gastnic contractions caused
by suimulation of the vagus

The toxicity of aprobut 15 low

Aprobit does not show a sedative action on the central nervous system
as does promethazine

The reasons for the observed similanties and differences 1n effect
between these two phenothiazine pounds are d d

In conctusion 1t can be said that aprobut 15 an effective, long lasting,
non toxic antifustamime compound lacking sedative effects
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The Determination of Noscapine (Narcotine)
in Plasma and Urine.
By
Sven Vedso
(Recetved January 30 1961)

Noscapine (formerly known under the falsely descniptive name of
narcotine) 15 an afkaloid present 1n opium 1n amounts only exceeded by
those of morphine It has been known for almost 150 years and was first
1solated 1n 1817 by Robiquet However few pharmacodynamic effects of
thas substance were established, and 1t was considered as almost nert
untl it was recently d d that P h d
antitusstve properties (KONZETT & ROTHUN {954, BICKERMAN & BARAC
1954), which revived interest 1n and 1ts phar )t This
paper describes a sensttive and specific method for determining the
alkalotd 1n plasma and unine

The many methods given in the Literature for quanutative determina-
uon of opium alkaloids are based on varous principles Unfortunately
the seasitiaty of these methods 13 too low to permis the determination of
opim alkalotds sncludimg noscapine, 1n plasma or urine after oral or
parenteral admunistration, because the doses that can be used generally
result at concentrations below 1 pgfm!

Coorer & HaTcHER (1934) used Valser's reagent (a solution of po-
tassium mercuric 10dide) for determining small amounts of noscapue
Z;!cwr;;i:n; “\::xc\s v»(;lh noscapine and produces a fluorescence by means

lhem’s own to 1 );g can be measured The two authors

:mmv:nous admumistration, b?l? the las - D e et

3 ck of sensittvity of the analyucal

method led to only approximate feenlte Nambatn— - . N
been described by Wirmore & V- e

VI et al (1945) and ViDic (1952) -* ’
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which noscapine can be determined 1n plasma and urine at concentrations
down to 50 ngfmi {1000 ng == 1 g}

The pH of the plasma or urme 15 adjusted to 10 by adding alkaly, and
the noscapme base 15 1aken up m an ether phase, which 15 then extracted
with dilute hydrochloric 2cid 'The and extract 1s adjusted to pH 92,
whereby the greatest mcrease 1 fuorescence 15 obiamed (fg 1) The
fivorescence 15 determined before and after heatng for 30 munutes at
120° 1 an autoclave The corresponding ncrease of fluorescence of &
senes of standard solutions of noscapine treated in the same way 15 also

measured, and the content of noscapime 1 the test sofution 1s thus cal-
culated

Methods

Apparatus

Centnfuge tubes with conical ends 10 m), furmished with Quickft No 14 glass
stoppers greased with Dow Corniog stiicone grease

Test tubes drameter 16 mm

Aluninom fod

2 Caalsberg constriction pipettes 2 ml

2 Carlsberg constriction pipettes 1 ml

Shakng apparatus, shaking honzontally with excursions of 2 ¢m and 300 shakings
Per munute
Autoclave (120°)

Fluorumeter ~ able to give full scale deflection for a solytion nf 10 g~ = an
P .

s v v sl

Reagents
All reagents ate prepared from freshly glass distitied water
ne .

sto = ~ . ’ ! )

wa ’ '
2) 1 N NaQH

2 %lf:( HCl prepared daily from 1 N HQY
uffer teagent] pH 10 0 Equivalent amon
Qg unts of NaHCO; (21 0 8) and Na,CO.
il a:cm:x;i ™ bed 3 umes with re distilled ether ont a filter fitnmel an A 2€. 4
" . . .

5 NazsUy repeatedt
& Taoe % fepea ff Ty washed with ether and dned at 110°

)}
N wphate m 01 N H;50, contaning 14 yg and 70 ng

w
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cipitating the alkaloid from an acid solution with alkaloidprecipitatiog
reagents such as silicotungstic acid or bromine All these methods are
unspectfic and are relatively msensitive

More recently, paper chromatographic methods have been developed
(CurrY & PowELL 1954, MANNERING ot al 1954, BETTSCHART & FLUCK
1956) By means of them the opium alkalods can be separated and
demonstrated 1n amounts down to a few pg These methods are, however,
also not sufficiently sensitive to permut quantitative determinations m
plasma and urine after admimistering opium alkalords in vivo

MiLTHERS (1958) describes a polarographic method for morphine m
blood and plasma by which morphine can be determmed with great
accuracy at concentrations as low as 1 pg/ml

BETTSCHART & FLUCK (1956) observed that spots of morphine nos
capine and narceme 1n the chromatograms are fluorescent and that this
fluorescence 1s increased considerably after heating at 120° (for 20 minu
tes) The method for determming noscapine described here 15 based on
this observation The greemsh-blue fluorescence developed by heating
noscapine was found to be consistent and of the same intensity as that of
quinme, this has permitted development of an analytical method by

500)

40

300]

200

100
] 1 1 S—
8 ) 10 n

Fig 1 Influence of pH upon increase of fluorescence o ml
hloride/9 m
¢ fluorescence of aqueous solutions of 2 ug noscapine ¢
Tnerease @ after heattng to 120° for 30 pun at various pH ralues
Abscissa pH Ordinate Increase of fluorescence
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100

500 1000 1500 2000 2500

Fig 1 Standard curve for noscopine chioride (and morphine}
= Increase of fluorescence for aqueous solutions of noscapme
chlaride at pH 9 2 after beating
© Increase of fluorescence for aqueous sofutions of morphine
at pH 9 2 after heating 2t described for noscapme chlonde
Abscissa ng noscapioe chlonde (morphine) in samplc (5 9 mi)
Ordnate Increase of fluorescence

o

From the increase tn fluorescence of a given test solution the content of
noscapine chionde can be read from the standard curve The content of
noscapine chloride per ml plasma 1s then calculated from the formula.
Noscapine chlonide in plasma (unine) =

contanh ek foom the sandand v K 65
— 500 ngfml

1t 1s smportant to use serupulously clean utenstls and to prepare all
reagents from freshly plass-distilled water, avording contact with rubber,
which would increase the mtial fluorescence considerably

The aperture for the exating beam of the fiuormeter 15 kept constant
duning each whole series of measurements Before the measurements of

18



122 SVEN VEDSO

per liter The solutions can be stored at room temperature 1n Pyrex glass bottles for
several months However, 1t 15 advisable to compare each freshly made solution with
that previously used before 1t 1s finally used up

Procedure

Measure 1 00 ml urine or plasma contaming not more than 2500 ng
noscapine 1nto a centrifuge tube Add 6 50 ml ether and 0 10 g buffer
reagent I, fix the stopper and shake immeduately i order to avord
adherence of the carbonate to the botom of the glass Place the glass
horizontally 1 the mechanicaf shaking apparatus and shake for 30 mt
nutes Separate the two phases (centrifugation 1s generally not necessary)
and remove the water phase from the ether phase with a 1 m! constrction
pipette Dry the ether phase by shaking with 0 25 g Na,SO; Transfer
500 ml of the dried ether phase nto another centrifuge tube contaunng
200mlof0 I N-HCI Place the tubes in a water bath at 18° for 5 miutes,
shake by hand for 2 mun , allow to separate and transfer the hydrochlonic
acid layer into a test tube with a 2 ml constriction pipette Care must be
taken that no ether s transferred wath the hydrachlottc acid Repeat the
extraction with 2 00 ml 0 1 N-HCI, and wash with 1 00 ml distilled water
for 1 minute To the combined extracts n the test tube add 040 ml
1 N-NaOH and 1 50 m! buffer reagent I and mix

The fluorescence of the water phase 1s measured at 22° on the fluort
meter (A PHOTOVOLT Muluplier Fluorescence Meter model 540 was
used) A filter 1solating the 365 mpu mercury lne 1s used for the exciting
beam and one transmutting between 480 and 580 mp as a secondary filter
Two different apertures for the exciung beam can be used, depending on
the steength of the fluorescence to be measured The aperture 1s adjusted
to give full-scale deflection for two different solutions of qumnme sulphate
18 0 1 N-HaSOy, contaning 14 pg/l and 70 pg/!

The test tubes are covered with alumimum foil, placed m the autoclave
and heated at 120° for 30 runutes After cooling to 22° the fluorescence 15
measured agan and the werease 1 fluorescence calculated

From 3-5 standard selutions containing 0-2500 ng noscapine chlonide
are made up as desertbed below OFf the buffer reagent I 1 50 m) are placed
1 a test tube 020 to 500 ml of the noscapine standard solution diluted
1n two steps 2000 times (= 500 ng/ml) are added, and the contents of
each tube are made up with distilled water to 69 mi The fluorescenice 15
measured before and after heating as described above The calculated
nereases of fluorescence are plotted with the content of noscapine chio
nde as the abstissa and the ierease n fluorescence as the ordmate
Within the himits of concentration prescribed (502500 ng) a straight line

should be found (fig 2)
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readings being generally from 1525 scale wauts The increase after
heating 1s also higher than those found with aquecus blank soluhons,
penerally from D-20 umits “Table 1 shows 23 double determumations of
plasma from 6 different expermental subjetts Who duning the last week
had not taken any opum atkaloids A variance analyhis shows tbat the
varaton of the blank values from time 10 ume m fhe same person
fugher than that 1o be expected from the analyuical error (P = 9%,
915% < P <99%, 90% <P <95%, 0% <P <95%, 10% <P <
90Y,, 0% < B < T0%, but the vanation 1 the blank values from
wdividual to ndvidual daes not exceed that found from time to ume
within the same sndondual (P < 50%)

Urme The analyses of unae are much less exact, because the fluores-
cence of the solution even before heating 15 fngh and weanustent from
sample to sample, generafly more than 100 umis on the scale The con
struction of the fuonmeter 15 such that the scale deflections must be
muftsphed by 10 when excursions {rom 100-1000 scafe umts are Tead As
the anafysis 15 based on 2 of a gl mn y
such Ingh mitial readings will cause considerable errors, especally when
small differences, e g as seen 1n the blank tests, have to be measured ‘The
merease 1o fluotescence after heating 1s about 0-40 scale wpsts, corre-
sponding to 0-100 pg noscapine chloride/ml urine

Table 2
Readings of fluorumeter, alter heating solutions to 100°
Noscapine 1
onge ~{ © My \ Yhour | 3hows | Shours | Ghours | 7 hours
Sy s ; kd 55 sso 1
0
10 ug 15 135 655 910 12;0 lggg
100 g 15| 0 5250 8900 ~ -
Readings of Anonmeter afjer beanng sofutions 1 an autoclave fo 2207
Nescop e | !
chlos de
Shtor de 1 0 Mm ;l 10 Min 20 Min oMm | 60 M
o
95 16
[ [ e o l - ad
L 150
Hi o3 0 23 = "
e - - 750 725
- 1300 1250

UV N R N
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cach series the fluorimeter 1s adjusted so that full-scale deflection 15
obtained with one of the two solutions of quinine sulphate. During the
measurements this full-scale deflection must be controlled, as the light
from the ultraviolet lamp is not entirely constant over long periods. At
the highest sensitivity the fluorescence of the noscapine standard solu-
tions before heating is about 10 scale-units and, as already mentioned,
increases after heating in proportion to the concentration of noscapine

Blank Values

Water: When solutions without noscapine are heated as described, the
fluorescence is increased 0-5 scale-units corresponding to 0~10 ng nosca-
pine chloride/ml.

Plasma: Fluorescence of test solutions extracted from plasma containing
no noscapine is somewhat higher than that found with pure water, the

Table 1.

23 blank values for plasma from six different experimental subjects

{Increase of fluorescence Awer:ge
Experimental caleulated as ng of the
subgect Date 1960 noscaptne chioride determi-
mifplasma nations
127 0 [
217 13 9
A 188 19 21 231
89 58 47
269 45 19
187 20 ?
267 i3 23
B 28 18 11 199
219 65 26
1 3ny 10 6
228 8 8
c 318 3s 28 204
69 26 26
J 89 19 13
610 42 ©7
D 1210 15 21 330
2010 26 27
710 68 47
E 1510 0 54 355
2510 21 23
1010 31 25
F 1810 16 25 192

2810 5 13
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80(

200 400 600 800

Fig 3 Recovery of noscapine by exiraction from plasma

The unbroken line shows the theoretical regression hine, the best fitung
regression 1ine 1s broken

the results of the analyses of the samples without addition of noscapine
are plotted against those found 1n the corresponding samples with added
noscapine, the former 15 shown as abstissa and the latter as the ordinate.
A regression analysis showed that the best fitting line has a slope of 1.02 +
004, crossing the ardinate at the point 62 i 6 6 ([ = 26). Thus lne does
not deviate fi from the i} 4 line wath a slope
of 100, crossing the ordinate at 50 ng The pomt of crossing the ordinate

1s shhtly higher than expected (S00), but the difference 1s withun the
Timit of + twice the calenlated error,

The Specificity of the Method

To aqueots solutons of salts of morphune, codeme, mnarceine and
papavenne at the same concentration as used for noscaping were added
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Comments,

Some factors having a possible effect on the result of the analysis have
been exammed

Dependence on pH

The influence of pH on the sncrease m fluorescence after heating 1s
seen from fig 1, showing that the biggest increase was at pH 9 2 Mixtures
of 02 N-NaOH, 02 N-HCl and 02 N-Na,B40; were used as buffers

Dependence on Heating Tune and Heating Temperature

After adding buffer solution a series of test solutions with various
contents of noscapine chloride were heated for vartous times to 100° ona
boiling water bath or 1n the autoclave at 120° From table 2 1t can be seen
that the same 1ncrease 1n fluorescence 1s obtaned after heating to 100° for
6-7 hours or to 120° for 20-30 minutes An ncrease in heating time does
not affect the fluorescence

Reproducibility of the Analy tical Results

This was examined on 26 pairs of determinations on plasma with a
content of noscapine chlonde up to 1360 ng/ml Each pair was analysed
on the same day 1n the same series of analyses The vanatons from the
roean were determined by the formula

_(x—xp
T

The series ws divided 1n two equal groups, one with the determmations
from 50-400 ng/ml, the other with 400-1360 ng/m! In the first group
(50-400 ng/mt) the standard error of a single determination was found to
be £513% (n = 13), for the second group (over 400 ng/ml) £5557%
(n = 13) The calculated combined error for both groups of analyses
(50-1360 ng/ml) was found to be £54% (n = 26) The relative error for
deterrnations below 50 ng/ml was higher, because the method 15 based
on a difference between two readings and the error of the readings on the
fluorimeter has a greater effect when the differences are small

52

The Recorery of Noscapme by Extraction

Twenty eight random samples of plasma from sndividuals to whom
noscapine had been admimistered were each divided 1nto two porttons,
one of these portions was analysed directly, the other after additrion of
50 ng noscapme chloride/ml dissolved tn 01 ml distilled water In fig 3
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From the Cardiol 11 y, Gentofte A s, Copenhig

Tutestinal Absorption of Theophylline from an Aqueous
Aleoholic Solution,
By

Mogens Jorgensen and Pouat Mofler
(Recenned February 20 1961)

That theophyllime and s dernates are often effective 1n asthmatic
attacks 1s doubled by few Their somewhat dramatc effect, most often
experienced after niravenons admuimstration, can hardly be suspassed
on admiisitation by any other route The absence of a physwcian or
other person able (8 carry out the necessary sempuncture, hawever, often
defays the onset of t 1 1 | of pl
has also been used because of 1ts rapid effect, but this requires the assist

ance of at feast an experienced nurse and 15 frequently accompamed by
somewhat severe local pain

ScHGER McGinw & ¥ (1957) have duced an ag
aleoholic solution of theophylline, which can be admimstered orally
without unpleasant gastro intestinal side effects, and Soungd shat us
solutron gave fugher theophyline blood Jevels than tablets comtaming
equinalent amount of ammophylhse and cholme theophythmate The
preparation proposed by hese authors contamns 400 mg theophyiime
dussolved 1 75 ral of 209 alcohol 1 water

SpieLMAN (1957) and ScHLUGER, McGINN & BURBANK {1957) hane
reported good chmcal results with thus preparanon on treating acute
asthmate attack The alcohol 1s supposed to enhance the absorption of
heophytiime from the gast 1 tract

It would be an obvious practical advantage 1f thus new method of
admimistering theophylline could replace mtramuscular myections The
feported chmeal vesults are promising However, we thought 1t of 1
tetent 10 compare bloos fevels of theophyline after each method of
adnungstration, «f possible to establsh whether the prefesence for the
osal Toute 15 qustfied We also teted ta discover whether addimion of

alcobat has,
Hronol Jas, a5 mentoned sbove, the effect of acceleratng theophyihme
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buffer solution (pH = 9.2) treated as described and compared with
standard solutions of noscapine. No initial fluorescence and no increase
in I.luorescence after heating were seen with codeine, narceine or papa-
verine. Morphine, however, gave an increase of fluorescence correspond-
ing to nearly half that found with noscapine, but, unlike with noscapine,
no proportionality was found between concentration of morphine and
increase in fluorescence, However, the method could be modtfied so as
to develop a morphine determination with a sensitivity of up to 0 1 pg/ml

(fig. 2).
Summary.

A fluorimetric method for quantitative determination of noscapine i
P]asma or urine has been developed; the method is based upon the great
increase in fluorescence occurring on heating noscapine at pH 9.2. The
sensitivity of the method allows quantities of 50 ng/m! to be determined

(s = £54%).

The influence of various factors on the validity of the results has been
examined.
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From the Casdiatogeal Laboratory, Gentofte Amtssygehus, Copenhiagen

Tntestal Absorption of Theophyltine from an Aqueous
Alcoholic Solutien.

By

Mogens Jorgensen and Poul Moller
(Recerved February 20 1961)

That theophylme and 1ty detwvates are often effectne 1n asthmatic

attacks 15 doubted by few Thew somewhat dramatic effect, most often

d after my s ad can hatdly be surpassed

on admimsiration by any other toute The absence of a physwran or

other person able 1o carry out the necessary vesnpunctuse, however, often
delays the onset of A} of P

) N
s also been wsed becavse of 1ts rapid effect, but this requires the assist-

ance of at least an expenenced nurse and 15 frequently accompanied by
somewhat severe local pun

SCHLUGER, MG & HEvnessy (1957) have introduced an aqueous
alcoholic solution of theophylime, which can be admimstered orally
without unpleasant gastro intestinal s1de effects, and found that this
solution gave hgher theophyline blood levels than tablets contaimng
q amount of hylline and choline theophyllinate The
preparation proposed by these authors contamns 400 mg theophyline
dissolved 1n 75 ml of 20%, alcohol i water

SeireMan (1957) and SCHLUGER, McGrin & BURBANK (1957) hase
reported good climeal fesults with thus preparation on treating acute
asthmatic attack The aleohol 1s supposed to enhance the absorption of
theophylline from the gastro ntestinal tract

It would be an obvious practical advantage »f this new method of
administening theophyliine could replace intramuscular njections The
repotted chneal results are promising However, we thought 1 of m-
terest 1o compare blood levels of theophylline after each method of
admmstration, if possible to establish whether the preference for the
oral route 35 yustified We also tried to discover whether addition of

aleahol has, as menyoned o
absorntion bove, the effect of accelerating theophyllne

1w
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buffer solution (pH = 92} treated as described and compared with
standard solutions of noscapine No mutial fluorescence and no mereast
m fluorescence after heating were seen with codemne, narceine of pap
verine Morphine, howeyer, gave an merease of fluorescence correspond
ing to nearly half that found with noscapne, but, unhke with noscapme
no proportionality was found between concentration of morphme and
ncrease n fluorescence However, the method could be modified so &
to develop a morphine determunation with a sensttavity of up to 0 1 pg/ml
(fig 2
Summary.,

A fluonmetnic methad for quantutative determunation of noscapine 1t
plasma or unine has been developed; the method 1s based upon the greal
wncrease in fluorescence occurring on heating noscapme at pH 32 The
senstvity of the method allows quantiies of 50 ng/ml to be determued
(= +£547%)

The nfluence of various factors on the vahdity of the results has been
examined

Acknowledgment

T am grateful to Miss Hanne Tvilling for valuable technical assistance
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scularly Planned expenments with an aqueous solation of theophylline on the
;:sl?l‘;:‘:c p«sim (K, F and N) were given up because of the unpleasent side-effects
expenenced 1n the two first experiments {See below)

Venous tiood samples were taken 10, 30, 60 and 120 runutes after adwistenng
the drug Theophplime analysis were made of whole blood immediately after the
experients Plasma was stored at —120°C for alcohol determuination on the following
dayﬂ-mn—k. 1 ma WaAd nanasnerat ame  —oa Aatame = 4 L oL

[

tonis y A by spx hy y of the sodwm hyd fraction at 277 nm
Recoveries were 91% from blood samples of known theophylline concentration

prepared by adding smatl amounts of theophylline ;n aqueons alcohol o freshly made
solutions of theophyihine m water

Alcohol were conducted with dehyd.

Results.

In the three experiments illustrated by fig 1 (B, F and N) the theophyl-
{ine concentravion was fogher after oral than after intramuscular adming-
stration  The higher maximum after oral mtake was reached after a
steeper 1i5¢ 1n toncentralion than 1s shown by the values after mtramus-
cular myection n the fourth expeniment (K) there was no difference
Between the two routes of admimstranon

Fig 2 shows a comparnson between theophylime blood levels after
oral admmistration of theophylime solution with or withowt aleohol,
together with the associated aleohol-concentration curve The absorption

s =

oI gl WS BLOOD
ALEOWL BuocD COME {mgM]
THEGPHILINE Mg WHORE BLOOD

ACOMOK BLO0D CONC g/ )

X IO WATER SOLUTON OF THEGPMLINE

o= WATER SOLUTION OF THEOPRYL M
% ALODL MO CONC (mp/) AFTER ALCOHOL WATER SOLITION O THEGAMICLRE
2,2 Blood the

F
phylline fevels and
OT400 mg theophyline i seohol warer soreae oo EnCETAERNORs following oral ntake

tion and blood theophyll
400 mg of theaphyllne tn water sattenr T FVEIS followog
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Methods.

The absorption expertments were performed on 5 human volunteers,
20-30 years of age, who had not taken barbiturates, analgaesics or the
Iike for at least 24 hours and who had not had cofee or tea for at least
12 hours

The volunteers arrnved fasting for the expeniments, which were carned out fron
9-12am

Two of those (B and P) recened on two separate days 1) 400 mg of theophylla
dissolved i 75 m! water and 2) 400 mg of theophylline dissolved 1n 75 m1 20, aleohol
Only B consented to undergo an additonal experiment, together with three otbe
persons (K, Fand N), tn which 2 ml of wyectabile theophy lamunt fortius®) were gvet

L]

THEOPHTLUNE mg/t WHOLE B1D0D

THEOPMMLUINE M9/l WHOLE m00D

THEOPHYLL NE man WIOLE B1000

THEQPHULIME gt WHOLE BLOCD

° 30 60 120 mmn 1o [ womin
X~ ALCONOL WATER SOLUTON OF THEOPYLL ME ORALLY

—— 0 -— AM NOPHYLLNE NTRAMUSCULARLY
Fig 1 Blood theophylline levels following equivalent amounts of‘ulcolhol water solution
of theophylling orally and hyll

hylamune (Ph Dan)

fortius 15 a stenie sotution of theop!
T200 7 ene diatmine hydrate

le theophylamt
Thx‘s)sf)rl?x::c;;b::ommnspm 1l 200 mg theophyline and 55 mg ethyl
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From the Department of Physiofogy University of Turky Finland
(Professor Kaarlo Hartrala M D)

The Absorption and Excretion of TPhenolphthalein
and 1ts Glucuromde by the Cat.
By

Ralle Pekanmahi and Helkhi A Salm
(Recetved February 22 1961)

The glucuromd; t 1stics of phenolphthalein were demon

o 1al LapeLtients on the cat have shown the same thing (PEKANMAKI
1958} The absorption of phenolphit from the d tract occurs
to a neghgible extent as the free compound 1t has been claimed that the
absorption takes place as a protesn complex (FANTU:

s & DYNtEWICZ 1937)

The absarption of the pure henolphthalesn gl de has
not been studied

The hep properiy of phenolphthalein and ch ity related

P
exarunations Tetra todo- and b y
used as contrast media tn chol phy Pt n the free
form 1s water soluble only at alkaline reactions In thus respect 1t resembles

bilirubin another compound also forming glucuromde complexes and
soluble in bile

Studses with CU4 labelled phenolphthalein (Visex Liv & Rotu 1956)
have indicated that the molecule of phenolphth 18 preserved ntact
when stroduced mto the orgamsm  the authors demonstrated the ab-

sence of radioactive CO; from the expired air Fyeret am £ o
thihate

has been exploted for X ray
henolphithatein are 1

"

- ~ 9 1 o8¢ workers used the dog as the test
ammal and showed that the excretion takes place mn both free and con-
gated forms
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of theophyline was as rapid from the aqueous as from the aqueous
alcohol solution The maximum concentration occurred as carly as 10-30
munutes after 1ntahe The concentration curve for alcohol showsa steeper
rise to maximum 1alues than that for theophylime

The tho volunteers who drank the solution of 400 mg theophylime m
water suffered from severe Jower abdominal colics, accompanied by
nausea, 6-8 hours after the intake Both had to hie down for almost an
hour, and the symptoms did not disappear until the next day On no
occasion did the aqueous alcohol solution give rise to any discomfort We
hase subsequently adopted the aqueous alcohol solutron 1n treatment of
acute asthmatic attacks 1n 16 patients and have so far observed no side
cffects of the hind described above

Conclusion and Summary.

For practical reasons oral intake of theophylline 15 preferable to 1njec
tions SCHLUGER, MCGINN & HENNESY (1957) showed that the absorptton
of theophylline from an aqueous alcoholic solution was quicker than
from tablets Our own experiments have shown a rate of absorption from
this solution equal to, or even greater than, the absorption after mtra
muscular injection We have been unable to demonstrate any advantage
ous effect of adding alcohol on the rate of absorption It seems, however,
that alcohol prevents the side effects on the gastro-mitestmal tract that
may arise afier oral intahe of 400 mg theophylime 10 aqueous solution
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n Bile

Fh’;:ipl\:{l: 1:;5;:{;"::\?[\3;&:0\)'&4 overmght at 370°C m 01 M acetate buffer
pH 45 1 mg/l ml B- (Worthington) The hydrolysate was
extracted twice with ethyl ether i presence of 0 1 mi § N HCL and the eibereal phase
was separated The ether was evaporated i the water bath and the residue dissolved
1n glyeme and sodwm hydroxide buffer at pH 1045 This solution was filtered with
double filter paper (ScHLecHEr & Sculiy 589%) The absorbency of the lhiberated
phenoiphthalein was measured 1n 2 Beckman DU spectrophotometer at wavelength
m’r‘;‘:hconc:mmmn of free phenolphthalern was measured by 2 simdlar procedure,
the B-ghicuronidase hydsolysis being omitted

“The amount of phenotphthalen was hugh enough 10 2li experiments for the traces
of bile prgments not to mterfere with the determunation

Phenolphthatern Determmnation in Blood
The proteins of whole blood were precipitated by acetone 10 part per 1 parts of
blood The acetone blood muxture was centrifugated and the clear hquid evaporated

@ @ warm water bath  The fesidue was dissolved 1 01 M acetate huffer pH 45
contaming 1 mgfl =1 8~ ~ =~ -

37° Glyeme-NaQHl
filter paper (SCHLER o
filter, the operation -

The colour was measured as described above The concentration of free phenal-
phihalein was measured by a supular procedure, but without the p-glucuronidase
hydrolysis

P .

N . " . ' 7. Talretoy
the fegh NI | LR . -
wereste 'o1'e (0 w1 sy, 1 acuon of urinary enzymes
Cheamarographie Methods

For chs analysis the henol wa
s extracted fr
e and unne with ethy! acetate 1 2c:d medium e om
N d.»\ dc;cmdmg method on Whatman No ) paper and with butanol-ammonium
ydroxide efuant was employed Glucuromdes were droh
B-glucuronidase solution onoysed on. the paper st

‘The liberated phenolphth:
o o e soluion 1T Pl phithale:n was detected wath glycine

The control were ph B-gh
. acid (Sigma),
{Si1gma) and ph pro anal (Merck)
Results,
The effect of tile on the absory

plion of phenolphthalein and 1ts glncu-
ronide 15 shown in fig 1 and 2 Some of the results were reporkeg ma
RrEvIse rammen-~11on (PEKANMART & SaLmi 1960)
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Radio~sotope studies have indicated that, irrespective of whether
phenolphthalemn was given to dogs orally or intravenously, hutle more
than a half of the radsoactivity was excreted in the facces, Of sadioactne
phenolphthalein given intravenously 43% was excreted 1nto the bile over
72hours, 11%in the faeces and 359, in the unine (Visex, Liu & RotH 1936)
Insestigators have not paid much attention 1o the form mn which rhenol-
phthalemn is excreted, namely whether free or conjugated.

Demonstration of the cat's glucuronide-forming capacity in jts miest-
inal tract (PERANMAKI 1958) has led us to the attempts, described here, to
study the absorption and excretion of phenolphthalein and 1ts glucuromde
into the bilz and urine.

Materials and Methods.

Altogether 13 female cats were used 1 the experiments

1) Phenolphthalemn (Merck, pro analys)) and 2) phenolphthal B-gl 2
acid (Sigma) were given to the ammals a) mto the stomach by means of a rubber tube,
b) by tnyection into the portal vemn, c) by mjecuion mto the caval vemn Phenolphthalen
solution was prepared by dissolving 1t 1n 2 N-NaOH and adding distilled water o
gne a final concentration of 002 N-NaOH Phenolphthalein mono-§- glucuronic acid
was dissol ed 1n distilled water

The matenals analysed after vanous mtenals %ere blood from the portal vers,
blood from the caval vein, bile and unine

Brle and unne were collected quantitatinely dunng the expeniments Two differest
methods for collecting the bile and pre g d: mto the nere em-
rloyed First, the common bile duct was Ligated and the hepatie duct cannulated with
a polythene tube 10 allow dramage of the bile from the Iner through the cannula and
prevent the flow 1nto the bladder and mtestine This operation was performed the day
before the experiment proper 2nd resulted 1n 2 fotal absence of bile from the intesune
Second, the common bile duct was hgated and the gall bladder was evacuated at the
begmning of the experiment proper by punctuning the wall. Dunng the expeniment the
excreted bile was quantitatively obtamned at the desired mtenvals by mjecting saline
1mto the bladder and sucking out the flurd several tunes, thus washmg the ner walls
of the bladder The operations and the experiments themseles were performed undef

barbital h In the oral to prerent vomuung chlorpro-
mazme at a dose of 4 mg kg of body-werght was given half an hour before the begipning
of the experiment.

The unne specimens were taken by collecting all urine excreted dunng the exper-
ment and ninsing the bladder with distilled water at the end of the experiment 1n the
same way as described 1n connection wath the bie collection

The relatne short duration of the experiments arose from the peed to performance
of somewhat drastic surgical operations  Prolongation of the expeniments induced 18
the ammals disturbances of acidbase and rmneral equilibriem.

Analy ucal Methods
Ether extraction was conducted by the method of FanTis & Dynmwicz 1937
Cootrols imndezted that the f-glucuronidase hydrolysss described here does not split

phenolphthalen sulphate
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Phenolphthalein Determnation in Bile

The hile speaimen was hydrolysed overnight at 370°Cin 01 M a,ctt‘ale buffer
pH A4S 1 ma/t sl §- d: The

was
extracted twice with ethyl ethet 1 presence of 0 T mi 1 N HCI ?nd the ethereal phase
e aATe Le (PR o v

) . . L] -
phenclphthalewn was measured a2 Beckman DU spectrophotometer at wavelength
340 my

“The concentration of free phenciphithalen was measnred by a simitas proceduse,
the B-glucuromdase hydrolysis being omited

The amount of phenolphthalemn was hugh enough in all experuments for the traces
of tule prements oot to interfere with the determination

Prenolphthalem Determination w Blood

The proteins of whole blood were precipitated by acetone 10 part per U parts of
blaod The acetone blood mixture was centnfugated and the Slear Ligmd evaporated
n a warm water bath The residue was dissolved 1n 0 1 N acetate buffer pH 4.5

contaimng 1 mgfl 1 R~ =2 A
37° Glgerne NaOK L.
£ obap mnan (T . .o
M 44 '+ uuons i the ot box
r e NN

The concentration of free pheno!

phthaiein was measured by a simular procedure but without the B-glucuromdase
hydrolysis

b -

E v v u0 L ALIOR O] BAMaTY eRZYMES
Chromatographse Methods
For ¢h analyss the by U
was extracted fi
bilé and urine with ethyt acetate m acid medsum, tem
A descendung method on Whatman No } paper and with butanol ammonmm

hydroude eluant was empl
ployed Glucuronides were h
Sglucuromidase solution The Yberate s Ay ohaner il

d ph
and sodnm hydroxide buffer phenoiphthalemn was detected with glycine
The control syb

were ph
(Sigmay and

Ropl

B acd {Sigma)
pro ana) {Merck)

Results

The effect of tile on the aby
romde s shown m o | : :d s;rpuon of phenolphthalein and its glucy-

Some of the results were
reported 1
Previous communication (PENAMIAKT & SALMI 1960) ? "
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Radio-isotope studies have indicated that, irrespective of whether
phenolphthalein was given to dogs orally or intravenously, httle more
than a half of the radioactivity was excreted in the facces. O radsoactse
phenolphthalein given intravenously 43 % was excreted into the bile over
72hours, 11 5 in the faeces and 35 in the urine (Visex, L & Ror1 1956)
Investigators have not paid much attention to the form 1n which phenol-
phthalein is excreted, namely whether free or conjugated.

Demonstration of the cat’s glucuronide-forming capacity in its intest-
inal tract (PEKANMAKI 1958) has led us to the attempts, described here, to
study the absorption and excretion of phenolphthalein and its glucuromde
into the bile and urine.

Materials and Methods.

Altogether 13 female cats were used in the experiments.

1) Phenolphthaletn (Merck, pro analysi) and 2) phenolphthaletn-mong--
acd (Sigma) were guven to the animals a) into the stomach by means of a rubber tube,
b) by myection into the portal ven, ¢) by injection 1nto the caval vein Phenolphthalemn
solution was prepared by dissolving 1t 1n 2 N-NaOH and adding distilled water 10
give a final concentration of 002 N-NaOH Phenolphthaletn mono-- glucuronic acd
was dissolved 1n distilled water,

The materials analysed after various intervals were blood from the portal veun,
blood from the caval vern, bile and urine

Bile and urine were collected quantitatively during the experiments Two different
methods for collecting the bile and preventing dramage into the intestne were em-
ployed Farst, the common bile duct was ligated and the hepatic duct cannulated with
a polythene tube to allow drainage of the bile from the lver through the cannula and
prevent the flow to the bladder and mtestine This operation was performed the day
before the experiment proper and resulted in a total absence of bile from the intestine
Second, the common bile duct was ligated and the gall bladder was evacuated at the
begantng of the expersment proper by puncturing the wall During the expertment the
excreted bile was quantitatively obtamned at the desired intervals by ingecting saline
into the bladder and sucking out the fluid several times, thus washing the inner walls
of the bladder. The operations and the experiments themselves were performed under
pentobarbital anaesthesta In the oral experiments, to prevent vomuting chiorpro-
mazine at a dose of 4 mg/kg of body-weight was given half an hour before the beginming
of the expertment

The urine specimens were taken by collecting all urtne excreted during the experi-
ment and ninsing the bladder with distilled water at the end of the expeniment in the
same way as described 1n connection with the bile collection

The relative short duration of the experiments arose from the need to performance
of somewhat drastic surgical operations Prolongation of the expeniments mduced 1n
the animals disturbances of actdbase and mneral equilibrium

e

Analytical Methods
Ether extraction was conducted by the method of Fantus & DYNIEWICZ 1937

Controls ndicated that the -glucurontdase hydrolysis described here docs not spht
phenolphthalen sulphate
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The chromatographic analysis revealed the conjugation ol;l :)}:::::::
hthalein into the glucuromide m the ile By the dcscendu;lg ¢ e
graphxc method the same value of Rj'was obtau;cd‘ for the ca o :1 e
the bile as for the phenolphth mono 4
f?::r:glz?ol}&f l= 019) After hydrolysis with B glucuronidase free phe(;mln
:h\halem was detectable on the paper The same results were obtained o
analysing urine . . o
When the bile of and

glucuronide, given mtravenously or orally, was studied as a function of

10;

PER CENT OF AOMINISTERED DOSE

1 2 3
HOURS AFTER ADMINISTRATION
P16 3 Excretion of phenolphthatesn a5 slucuromde into the bite after orat admimistration
The total excretion after oral admunistration of free phenolphthalen or Phenolphthatein
Elucuromde Dosage 6 64 mgfig body weight, expressed as phenolphthalern

ume, greater excretion of free phenolphthalein was established at the same
cancentrations (Fig 3and 4)

When the 1ota) 2mounts of absorbed Phenolphthalein and phenol-
Phthalemn glucuromde were determined, 1t was established that the degree
of absorption depended largely on the amount admumstered The per
oL IR fasc 3 -
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Fig 1 Effect of bile on absorp of ! 11 portal vein blood
after oral 10n of free iphthalein (100 mg/kg of body weight) T =test
ammals (ligation of common bile duct and dramage of bile) C = control antmals (n0
ligation)

A clear decrease m blood concentration of free phenolphthalem was
observed when dranage of bile into the intestine 1s prevented the
concentration of phenolphthalemn glucuromde 1n the blood remaed
almost unchanged
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15 20 45

HOURS AFTER ADMINISTRATION
f bile on nbsorpuan of phznolphlhnlem Concentrations 1n the vena cava
tl::llgog allsl‘::c::)al 1on of free opbrlng/lg of boldylwugh(l),
ligation ofcommon bile duct and drainage of bile) C = control animal
T = test ammals (b (no [igation}
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thalemn glucuronide was mected snto the portal vew,
‘gaho:\; "2\‘;1,0\‘5;; dae\ec\ccgi 1n the tile and about 674 1 W \\n‘lﬂ\e olr:‘
3 houts The corresponding vatues for phenolphthalem glucuromide pr
\te the caval vein wete 6% the bile and 4%, 1 the unne A summaty
of these Tesults 15 shown n fable 1

Table |

Exeretion of Phenolghthalen and ns Glucuromde

Substance adminstered

Site
of appheabon e

Frze phy

K
o

Digesuve tract
Portaf vein
Vena cava

G = phenoiphthalein ylucuronide
F = free phenolphthalern
+ = < 2%
4 - 6% pefamtol
444 = 6~10% adtunistered
44 b+ = > 10%, dose

Discussion,

The absence of the bile from the intestine has an mfluente on the absorp-
1100 of f5ee phenolphthalein, but not on the absorption of phenolphtbaiein
gucotomde owing to the solubihsing effect of bile s2lts and acds This
possibibity was supgested by Fantus & Dywewicz {1937) Thas glucu-

romde comuganmn Sekang place in the ntesunal mucosa plave an
pOTIAnt mart m ek

n

phtl « it i 13 comjugated solely with glacurome acid
We fave not studied the possible ! changes of phenolphthal

ghucuromde Quring the absorption stage, but it 15 certainly absorbed
unchanged from the digestive tract and easdy excreted through the
kdneys afler emering the reudation On the other hand, Phenolphihalem
ghucuromde admmsstered darectly wta the dlood 18 more easly excreted
110 the ke than wto the urne Free phenolphthalemn 13 stll more actively
excreted o the bile at the same cancenttrations Owing to the molecular
sirucsure of phenolphthatem st 15 posstble that the free -OH radicals of a

gheeurotadoReme subsvance are 3 necessary candition for excretion into
the bile 1 seems clear that we are deafing with an active transport
mechamsm

12
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CURDH 1D
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HE,NG&!’M“NX‘\N Gy
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PER LLNT GOF ADMINISTERED BOSE

" " 5
1 b4 3
HOURS ATTER ABMINISTRATION
Fig 4 Excretionof phenolphtbalcm Ay g\u:uromdc ntg thc buc aftes w:na s admmmu

ton Towal after oral
glucuromde Dosage § 64 mgrhg body wﬂgm, expressed as phcno)phths!em

cent absorptions of frev phenoiphthalem was greatly sased when the
dosage was Jowered The percentage of absorbed phenofphthalen ranged
from G 5~2f, according to the dose giver When free phenofphthalen was
admmsiered into the satestinal tract, the total amount excreted mto the
bile was about three tymes that excreted mto the urme When phenol-
phthatesn glucuronide was gaven by mouth, fowenng the dose rassed the
percentage absorhed The percestage of absucbed phenolphtisaien
glucuromide was from 3% to 11% during 3 hours and aheays greater than
the percentage of free phenolphthalem absorbed

When phenoliphthalemn glucuromde was given mia the mtestine, excre-
tton snto the unine was greater than mito the bile

When phenolphthalem was myected wiravenousty it was established
that 17% of the drug mjected 1nta the vena cava was excréted in 3 hours
anto the bile and 29 mto the unne After admimstratica by portal vem,
the greater part of the phenolphthafein in the utine was mn the free form
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From the Departroent of Pharmacology, Karolnska Institutet,
Stockholm, Sweden

Pharmacological Effects of Fatty Acids, Triolein
and Cottonseed Oil.

By

Lars Oro and Arvid Wrethnd
(Receved March 8, 1961

Vanous triglycendes 1n emulsion show marked pharmacolopcal
on For ple, several with low

molcculat woights have been found ly toxic on
mjection (WRETLIND 1957 b, ORD, WesTeRnoLM & WRETLIND 1959) On
the ather hand, fats of higher molecular weights, such as cottonseed onl,
triolein and certain vegetable fats, show hittle or po toxiaty on ntravenous
njection nto mice Hence 1t 15 possible to produce injectable emulsions
of cottonseed oil as a carner of agents, such as gher fatty acids, that
owing 10 msolubility conld not otherwise be studied for their pharma-
calogieal effects Such fatty acd emulsions have enabled us to determine

the toviaity of fatty acids on intravenous imection

In the same wnvestigation we have also studied the effects of these
cmulsmns on respiration and blood pressure mn cats It was found that
g only o1l or triolemn could cause reduced
Blood pxcssure and apnoea These effects were charactensed by such
hyl that fi y they were ble only on
the first njection Thty were readily distinguishable, therefore, from the

affects of the difierent fatty acid emulsions 1 which cottonseed onl acted
as carner

Lastly, we conducted experimtents on guinea pig small intestine n order
to study the effects of fatty and emulsions on smooth muscle

Experimental.
Anmimal Expeniments
Fot deternunations of toxicity, fraes we b .
solutions of fatty acids were myected .
to st feast 1x groups each of 10 a0
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The frec form of phenolphthalein was absent from the bile, but the
small amount of material precludes the drawing of too dogmatic con
clusions from this finding

Summary.

The absence of the bile from the intestine reduced the absorption of
free phenolphthalemn, but had no nfluence on the amount of absorbed
phenolphthalein glucuronide when conjugated phenolphthalein was
excreted 1nto the bile in the form of glucuromde only
No free phenolphthalemn was detected in the bile Of admimstered free
and conjugated phenolphthalein the free form was excreted more inten-
stvely
Phenolphthalen glucuronide was excreted mto the urme more easily
than the free form

The degree of absorption of frec and conjugated phenolphthalem
depended Jargely on the amount admunistered The percentage absorption
rose when the dosage was lowered
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Table I

Composion of fatty acid emulsions used for
determmning the toxicity in mice

- w1 mmted by Wa ean N1 and Stow
. Ve et 3 used

. re pre
. * wlsions

Fatty aod 02-2g

Cottorseed o g
Phosphatides 04dg
Sodium cholate Oig
Glycerol monostearate 0sg
5%, glucose solution to 100 mi

higher fatty acids than the emulsifiers previously mentioned The fatty acids mvests-
gated were stearic, aleic, launic and tndecylic

‘The cotronseed oil emulsions used 1n the cat expeniments had the compositons
shown 1n table 2, except that they contamed no fatty acid and that either unsaturated
phosphatides (WRETLIND 1957 a) or hydrogenated phosphaudes were used In some

we studied triolein instead of cottonseed o1l

The hydrogenated phosphatides were prepared as described below The phosphaudes
3208 were dissolved 1n 600 ml cyclohexane 3,400 ml absolute alcohol were added, and
the precipitated cephalins were filtered off The filtrate was concentrated under
reduced pressure and nitrogen to a volume of 850 ml To the resulting solution were
added 30 mg Raney mickel as catalyst the solution being then transferred to an
autoclave i which 1t was subjected to hydrogenation at 85-130°C with hydrogen
at a pressure of 75-150 atmospheres for two hours The hydrogenated solution was
fittered hot and passed through a column of 500 g A1203 with a dsameter of 45 mm,
equipped with a heating jacket (75°) The column was eluted with 95% ethanol The
first (raction of 300 mi was discarded, the next two litres of cluate were added 1o six
lutges off acetone and placed 1 a yefnizerator at +4° The tesultng phosphandes were
filtered of under reduced pressure washed wath acetone, and dred th a desiecator

under reduced pressure The yield amounted to 30-50 grams Analysis showed N
16-17 per cent and P 3 7-3 8 per cent

Table 2
Composition of emulsions used for investigating the effects
of fatty acids on resprration and blood pressure
Pluronic F 68 (polypropylene polyethylene glucose) ob-
tatned from Wyandotte Chemical Corp, Wyandotte,
I US A The'emulsions were adjusted to pH 7 3 watl
Nao#

Fauty acid 1

Cottonseed ol 10 ¢
Phosphatides e
Plurome FH
5°. glucose soluton to s
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crrors were by the method of MILLER & TAINTER (1944), the results are summarnised
in figure |

Some 100 cats weighing 2-6 kg were used for investigating the respiratory and
cirenlatory responses to cottonsced oil, triolemn and fatty acid emulsions These
amimals were anaesthetized with duallymal (allobatbital (WHO) dial ®, Ciba, 2540
mg per kg body weight) or chloralose (50 mg/kg) Resprration and blood pressure
were recorded by means of a Grass electr halograph!) with suppl Y
demodulators A Statham pressure transducer, mode! P 23 AA2), was used for blood-
pressure determinations on the carotid artery The fespiration was recorded with a
Grass pressure transducer I'T-5 connected to a side tube 1n a tracheal cannula

In a number of expeniments the pulmonary arterial pressure was measured via 2
plastic catheter that had been sutured 1n the artery after opening the thorax In one
cxperiment the thorax was closed again, 1n the others 1t was left open under artifical
respiration

For studying the direct effect of fatty acids upon the heart, a heart fung preparation
described by WreTLIND (1957 b) was used Blood pressure and flow were recorded
by the Grass transducers mentioned above

The action of fatty actds on guinea pig small wntestine was studied 1n an isolated
organ bath contarning 15 ml Tyrode solution (0 8 %NaCl, 002% KCl, 002%CaClz,
002% MgClz 6 H;0, 0 1% NaHCOy, 0005% NaH,PO, H;0, and 0 1%, glucose)
The organ bath was aerated with air A Grass force-displacement transducer, model
FT-03, was employed for recording the tension of the gut In this connection we also
studsed the ability of fatty acids to abolish contractions elicited by histamme For this
purpose histamine (02 pg/1S ml} was first added to the organ bath and fatty acd
emulsion was added without prior washing when maximal contraction had been
obtained The observed rel: of the was ded

Test Solutions and Test Emulsions

For the toxicuy deternunations tn mice the lower faty acds {acetic, propionsc,
butyric, 1sovaleric, norvaleric, caproic and heptylic) were admenistered 1n aqueous
solutson, whereas the higher fatty acids, because of ther insolubility i water, were
emulsified To prepare these emulsions the fatty acids were first dissolved m heated
cottonseed o1l, which served as carnier Phosphatides, sodrum cholate and glycernn
monostearate were used as emulsifiers (table 1) The emulsions were homogenized
1n a Logeman apparatus (WRETLIND 1957 a) The pH of the solutions and emulsons
was adjusted to 7 3 with NaOH

The concentrations of fatty acids were so chosen that the injected volume required
for determuning LDS0 amounted to between 3 and 45 ml per kg body weight Thus
acetic, propionic, butyrtc, 1sovaleric, norvaleric and caproic acids were administercd
as 10% and heptylic acid as 5% ) caprylic, capric, unde-
cylic, laurie, tdecylic and mynstic acids as 2% emulsions, pentadecylic, palmitic,
margarc and stearic acids as 0 2%, and olerc acid as 29 emulsions

For imvestigating the actson of fatty acids on gumea pig gut 1% emulsions of the
compositons recorded in table 1 were used

Cottonseed ol was simularly utilized as carrier when 1nvestigating the respiratory
and bload pressure responses of the cat to higher fatty acids Emulsification was wn?;
phosphatides and Pluronic F 68 (table 2), because they make stabler emulsions of

strument Co, Quincy Mass, US A
3 g;‘:::sa}:lnstrumenls Inc, 254 Carpenter Road, Hato Rey, Puerto Rico
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stearic acid, which had an LD50 of 23 4 07 mg per kg Approximately
the same value was obtained for steanc acd m therat (21 5 & 18 mg/ke)
Oletc actd showed an LDS0 of 230 & 18 mg/kg 1n mice This imples that
steanc acid 1s ten times more toxic than the unsaturated oleic aod The
towwcity of nonaleric and sovalenic acids dffered sightly, LD30 being
1,290 4 53 and 1,120 30 mg/ke, respectively

‘When the fatty acid soluttons and emulsions were 1njected 1n amounts
near the LDSO dose, the ammals immediately had convulsions and
collapsed on their sudes Resprration ceased within -2 munutes, sometimes
after hyperpnoca

A it i et ittt <l
1 2 3 *

B TR -

PENESSTY Vo
e [
200

¢ IOD\"M‘

9
e ———

ot resp

PR ~

of emul with d oil or triolein

ka to anaesthetized cats produced vanous effects, depending on the

asse an'd the em\xls\ﬁerls With soy bean phosphatides and Pluronic F 68

an nital (0 2-1 ml/kg body weight

:nmeumcs caused a fall of blood pressure as well as apnoea (ﬁgy 2 ]%h';lg

l;s.v.ex\t:y was usually around 10-40 seconds Another snjection of the same

; }z::seeananably had either a less effect or nope at all — The actron of

d ol 1 1s thus ch 1zed by

Y p

!;;lg}::\dysx. hence the same or progressively igher doses can be

e umn::O ;;I:ggo;strable effects on blood pressure and respiration ~
one was the emulsifier, 1-3 ml/kg was r

e gmduce an ;g'cc\ w‘\\h 109 cottonseed o1l or trioletn emulsu:mcqulrgzd

duced a rise of pressure 1n the pull
art & puime
rier) up 1o 100 mm Hg (fig 3) The latency varned from 10 fcco:;sa 2:
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Results.

In altempfs to determine the LDSQ for the carrier emulsions with
cotran:ccd. oil alone, we found on intravenous injection of a maximal
volume - je., 60 mlfkg of the 259 cottonseed oil emulsion with emul-
s:ﬁex:s, as shown in table 1 — into mice only a transient depression of the
respiration rate. It follows that the LD30 is higher than 15 g cottonseed
oil per kilogram.

LD50

mg/kg
2000

1500
1000

5001

AN
TN,
2 4 6 8 10 12 14 16 18
Number o} C-gloms wm fokly ond
Fug. 1. Toxicity of saturated fatty acids on intrarenous injection into mice The abscissa

sndicates the number of carbon atoms 1n the fatty acid molecule, the ordinate, LDSO in

mulligrams per kilogram of body weight The LD50 values in mg/kg, together with their
- s = =48 11 heuyne acd 800 £

standard errc .-

24; n-valeric . . 5 4 85, heptylic
acd 1200 & ' ‘ acid 129 = 545
undecylic act * . ‘ . 0, mynstic setd
43 + 26, pe . acid 36 + 03;

Figure | shows that the intravenous fovictties of different fatty acids
differ considerably for mice. Least toxic 1s caproic acid with six carbon
atoms, which has an LD50 of 1,725 4 85 mg per kg body weight. With
an jnereased or decreased number of carbon atoms in the fatty acid
molecule, the toxicity rises. The most toxic of all those investigated was
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1, but on repeated mjection these quickly subsided
lbh:catx:tam:fs c:\?e otachwhylaxxs P\Vl\h fatty acd emulsions conl:unu:ig
hydrogenated phosphatides, only theeffects of the fattyacids were obscnllc

ntravenous mjection of the fatty acids mestigated — steanc, oleic,
1aunic and tridecyhic — had 2 hypotensive effect on the sysiemie ewrculation,
but raised the pulmonary arterial pressure The doses required for this
acton were § mg stearic acid, 50 mg oleic acid, 75 mg launc acd or 60 mg
tiidecylic acid per kg body weight All of the fatty acids studied had a
neganvely motropie effect on the heart, as shown by the experiments on
heart lung preparations Simitar results were given by oleic acid emulsions

At

v 3 ]

”_‘___,____/-\‘,___
CW-

without cottonseed o1l as carrer and also by those with unsaturated
phosphatdes and Plurome F 63 as emulnfiers Emuinions with different
emulsifiers differed somewhat 1n their effects For instance, the effect on
pulmonary artertal pressure was far less with hydrogenated than with
unsaturated phosphatides The action on the respiration was charactenzed
by hyperpnoea after small doses and apnoea after larger ones No
tachyphylaxis was observed with fatly acid emulsions In several ex-
penments indeed an increased effect was noted on repeated 1mection of
equal doses (figures 6 and 7) — Vagotomy had no effect on falls 1n blood-
pressure produced by the fatty acids studied
As to the action of fatty acid emulsions on small intesfine from the
quaten pig s sy < e N &d not
Cause any contraction even i felatively large doses (100 mg/15 ml) They
could however nhibit the contraction produced by histamine The
?;cgr::n :lfs mhlb;!‘mn&de:ended on the particular fatty acid contained 1n
b s ;:r}( w‘z‘;l b s| owrs the ruative potencies of the fatty acids 1n
e lslcccr; lx;om l:\c curve that eapric and undecyhe acds,
— et Ofrl :e: caa?:rr\s, were the most effective Somewhat
1ds was required for total nhibition of
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A fom Hy
i """""2 o 00
8 A_ "
WP 1
200 0
¢ \_A“ 0
0
?f( 3 Effect of cottonseed oil emulsion on pressure n the pulmonary and carot d arcerres
~ PR
and ws
05 J

as emuls fers were injected

2 minutes Here too the effect declined with repeated 1njections and
ultimately disappeared, although the injected doses were ngh

The hypotenstve actton of these emulsions was substantially less afier
vagotomy, but 1 spie of this operation there was an uachanged nise of
pressure 1n the pulmonary artery This elevation 1n pressure showed 2
high degree of tachyphylaxis (fig 5)

Disect experiments showed also that soyabean phosphandes caused 2
blood pressure fall and apnoea both of which effects exhibited marked
tachyphylaxis With repeated mjections however the hypotensive action
did not completely disappear (fig 4) a result suggesting that two hypo
tensive factors were present here

With cottonsced emulstons contaming fatty acrd the first injections
were sometimes 1ccompanted by interference with the specific effects of

A 4-&144 HH +H+~H'¢;+ H H##-J-BE#H w—a-A:i-MW

5 mm—#w-—*—";'-—]*‘::

200 T T

[ ’ “ ¢ 12kg under Dal ®
aion C the biood
bean phosphatdes
nsive dcuon chaf

acterized by tacaytny dk s Loup 48 5 v g s
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Discussion.

This mnvestigation thus shows that several fatty acids are markedly
toxic when admimistered intravenously 1t1s mainly the hugher fatty acids
that show thus (LD50 23 mg/fkg) to the greatest extent With a reduced
number of carbon atoms 1n the the toxicity d hes, being
teast for caprow acid with six carbon atoms (LD50 1,724 mgfkg) When
compared with the tnglycendes of low molecular weight, the free fatty
acids thus show the reverse behavior 1 toxiaity, for the LD50 curve for
tglycerides reveals a distnct mimmum when the fatty acid component
has five or six carbon atoms Thus, hydrolysed fatty acids cannot be
tesponsible for the acute toue action of the thglycendes

Qur value for the LD50 of acetic atid (525 mg/kg) 1s closely consistent
with that found by WELCH ef al (1944) ~ 380 mg soditm acetate per kg n
mice SamsoN, DasL & Dast, (1956) described a hypnotic action of fatty
acids of Tow molecular weight (Co-Cyp) There scems 10 be no direct
comrelation between hypnotic and 1oxic effects The EDSO for hypnotic
action d prog 1y with an g number of carbon atoms
m the fatty acid molecule, 1n contrast to the LDSO, the highest dase bemng
that of eaproic acad with six cacbon atoms and the dose then falling with
both increased and reduced numbers of carbon atoms
m"(‘::‘ ;::;;el;:::d:;r respration and blood pressure to the fatty acid

rom those to the triglycendes of low molecular weight
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A ! 2
5 ' \\\\ mm Hg
C 100

Fig 6 Effect of oleic acid emulsion on blood pre::urr and n:plmllon Cal, 4 0 kg under
chloralose anaesthesia with hilataral yanntan

Jection Umes, B, resp LA ] - . .
emulsion 1n cottonsee

the contraction after 0 2 pg lustamine If the fatty acid molecule contatned
a greater or smaller number of carbon atoms than 10 or [I, the relaxing
action on histamine-contracted intestine decreased, for mstance, 150 mg
of butyric acid was required for total snhibitton Comparison of undecyhe
actd with 1ts unsaturated homologue, undecylenic acid, revealed no
significant difference. The emulston system alone without fatty acid 18
mert No difference was detectable when the lower fatty acids were
admmistered 1n agueous solutions instead of 1n emulsions

A ! “H%WM
B MW TR

b=
P l e
c \_I.w
1]

Fig 7 Effect of stearc acid emulsion on respiration and blood pressire_Cat, 4 3 k_s_“.“;’::
. . n
. -

F
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action of serotomn (5 hydroxytryptamine) and the effect 1n anaphylactic
Sh(:: t]: I‘T}l‘l:c blood pressure fall that follows snjection of emulsions of
cottonseed ol ot triolem sts d\(ﬁcx‘x}& lto determune the mechanism exactly
se of the pronounced tachyphylaxis

bc??uan anacs\%cnzed cat 1s mjected with 6 mlfkg 109 emulsion of
cottonseed ail or tnolein emulsified with 0 1 or 10% Pluronic F 68 a
substantial fall in blood pressure as well as apnoea occur after about
10-60 seconds The cat may even due after this first mjecuion The pul
monary artenial pressure sometimes ises as high as 100 mm Hg Our
resulls suggest that the hypotensive effect 15 elicited masnly via the vagus
fortis 1 d by (fig 5)

Since the responses of blood pressure can also be obtaned with the
soya bean phosphatides alone 1t seems probable that the effects observed
with the cottonseed o1l and triolein emulsions were due to the presence of

such phosphatides That the d phosphatides were responsibl
also appears ltkely 1nasmuch as there was no cireulatory response when

yd d saya bean phosphatdes were used as emulsifiers The fact
that cottons:

eed o1l emulstons with Pluronic F 68 as the sole emulsifier
produced similar effects on the blood pressure shows that this 1s not the
only explanation Our observations tend rather to suggest that the effects
of 1y ad d fat are due to a number of fac
tors such as the properties of the fat the emulsifiers the surface tension
size of fat particles and the charge carried by them On the basis of our

present knowledge 1n this field 1t 1s impossible to say finally which s the
puncipal factor involved

According to SEEVERS (1958) tachyphylaxs 1s probably due to specific

receptors  that may take up the active substance thereby eliating the
pharmacological action When no more of these receptors are available
the effect ceases The active substance 15 subsequently released slowly
and not unul the hiberation 1s complete can an effect be once more ob
tained In our experiments the recovery period was relatively long at
least four hours It 15 not yet possible however to say where these
{;‘c::lors ar~ sitwated or by what mechamism the fat emulsions block

s

Summary
Pharmacological miestigations of the effects of intravenously admin
wstered fatty acids of high molecular weight are handicapped by the fact
that such acids are nsoluble 1 water at neutral reaction By utihzing fat
matticles in an smulcang ag carriers of these falty acids 1t has been possible
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(WRETLIND 1957 a), 1n cats intravenous mjection of more than 5 mg
stearie actd or 50 mg olerc acid per hg was followed by apnoea and a fall
in blood pressure as well as by convulsions with lethal outcome Lower
doses had a depressor action on blood pressure, the respiration sometimes
being stimulated The dose required for toxic action varied somewhat
with the emulsifier employed The effect on the ctreulatory system also
differed with different emulsifiers Stearic acid emulsions with phos
phatides and Pluronic as emulstfiers raised the pulmonary artenal pressure
substantially, and this elevation contributed to the fall of blood pressure
n the systemuc circulation With hydrogenated phosphatides there was no
demonstrable nfluence on pulmonary arterial pressure, on the other
hand these emulsions had a pronounced effect on heart-lung preparations
so that therr hypotensive action may be attributable to direct cardtac
depression Olerc acid emulsions that had been emulsified solely with
phosphatides and Pluronic F68, without cottonseed o1, also had a hypo
tensive and toxic action on heart-lung preparations

It 1s accordingly evident that the emulsified higher fatty acids studied
had, on ntravenous injection, a pronounced toxic action assocrated with
a fall of blood pressure

PeLrigr (1956) determined the toxicity of some neutral fats and free
fatty acids in non emulstfied form He concluded that the toxic effects of
fatty acid were caused by damage to the pulmonary capillanes with
extravasation into the alveolar spaces JErFersoN (1948) held a similat
view In our experiments on anaesthetized cats we occasionally observed
progressive respiratory distress, and blood tinged froth escaped from the
tracheal cannula At autopsy the lungs were oedematous — It 1s worthy
of note that the LD50 1s more or less the same for non emulsified oleic
acid 1n rabbits (PELTIER 1956) and emulsified oletc acid mn mice (250 mg/kg
and 230/kg respectvely) Scupert (1941) found that 033 ml of non
emulsified olerc acid per kg had a toxic action on the dog The emulsified
form had a lethal effect on anaesthetized cats 1n somewhat smaller doses,
te, 50-100 mg/kg However, total amounts substantially greater than
250 mg of emulsified oleic acid per kg can be given by repeatedly mjecting
sublethal doses

The fatty acid emulsions had no stimulating action on small mfestine
Sfrom the gumea pig — a finding that accorded with resuits reported by
GABR (1956) The emulsions could however, relax histamine contracted
mtestine This effect was not correlated with therr toxic action, rather the
reverse, the relaxing effect being maximal for fatty acids with 10 or 11
carbon atoms and decreasing with erther a smaller or greater number of
carbon atoms 1n the molecule OFf interest 1n this connection 15 the finding
of GANLEY et al (1960) that lugher fatty acids partially snhibited the
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From the Dep: t of P ! Unversity of Gothenburg, Sweden
(®rof N-O Abdon MD 1)

The Effect of a Surfage-Active Agent (“Tween 207) on Speed
of Transportation by the Frog’s Ciliated Mucous Membrane.
By

Carl Ryde
(Recerved March 14 1961)

Ciliaty function 1s of a great ymportance for the forward movement of
mucus along the bronchsal mucous b Severaly have
been carried out on the effect of various drugs on the ciliary mechamsm,
especially those used as expectorants (KOCHMANN 1930, RICHTNER 19413
Koroik ef af 1952, Hitw 1957) 1t has been demonstrated that, among
other compounds, ammonium chlorde, 10dine compounds, ethereal oils
and late aibiary , whereas morphine mhubits 1t

LIESEGANG (1939) emphasized the importance of the pure physical
factors that come into play with expectoration, he was of opinion that

the agents reducing surface tension would facilitate expectoration through
thus action

During recent years surface active agents have been used 1n increasing
degree, and with good chintcal results, for the treatment of coughs

MLeR & Bovir (1952) used "W R 1939", an alkylarylpolyether
alcohol, and LARKIN (1957) palyoxyethylenedodecanole, each giver by
nhalation MILLER was of the opimon that the favourable climceal effect
occurred because the surface active agent lowered the viscosity of the
spututn Fornes & Wise (1957), however, 1 similar experiments, found no
appreciable change 1n viscosity

RYDE (1955) tested poly hylene sorbitan 1 (Tween 20)
by mouth It has been shown thata sytup containing this agent (Expigen

8) had a marked *foosening up” effect, especially n patients with
troublesome coughs and viscous expectorations

The difference between Tween 20 & and Tween 80 @

= sorbimacro;
WHO NEN) s that the fatts atut s oo o PITCTORO! et 300,
saturated whereas Tw
with the WHO and N

“sorbimacrogot laurate yo
Aca pharmacoiogics, vol 14, fax -
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1n our mvestigation to study the toxicity and certain pharmacological
effects of such actds when given intravenously Although emulstons of the
carpier fat are devord of toxicity, they exhibit peculiar pharmacologial
effects characterized by pronounced tachyphylaxis In this 1nvestigation
the following observations were made

The LD50 by intravenous injection mto mice was determined for
saturated fatty acids from C, to 13 Of these, stearic acid emulsion showed
the highest toxicity LDSO 23 mg/kg body weight With a decreasing
number of carbon atoms in the fatty acid molecule the toxicity fell
reaching a mimmum for caproicacid LDS0 1,725 mg/kg As the number
of carbon atoms declined beyond that point, so did the toxicity rise agarn
the LDSO amounting to 525 mg/kg for acetic acid

The LDS50 for stearic acid was ten times less than for 1ts unsaturated
analogue, oleic actd For the cottonseed oil emulsion employed as *cartier
the LDS0 was indeterminable, being higher than 15 g cottonseed oil per
kilogram

The pharmacological effects of emulstons of corronseed oil and triolen
on respiration and blood pressure were mvestigated by intravenous mjec
tion 1ato cats With soya bean phosphatides and Pluromic F 68 as emul
sifiers a blood pressure fall and apnoea as well as an elevation of the
pulmonary arterial pressure were observed These effects were also noted
for fat emulsions emulsified solely with Pluronic F 68 and for unsaturated
soya bean phosphatides alone Emulstons with hydrogenated phospha
tides, on the contrary, did not produce such effects The action on the
circulation and respiration showed marked tachyphylaxis

The effects of tugher farty acid emul on circuls and respirat
were characterized by a fall i blood pressure as well as hyperpnoea of
apnoea Such emulsions also had a negatively motropic effect on the heart

Fatty acid emulsions had no direct action on small mtestine from the
guinea pig but mhibited contractions elicited by histamine
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The difference between the averages, tested by the t test, 1s hughly
sigmficant (t = 127)

gln the other test senes, which consisted of 48 ohservations, a small
piece of cork was used 1nstead of a mucous clot, but under otherwise
smlar condwions ‘The average values of these observations are given
1n table 2

Table 2

Transportalion time in seconds of a piece of cark over

a frog s ciliated mucous membrane moistened with

isotome sal e solution with or without Tween 20
sem  standard error of mean

Time 1n se¢
Solution applied
" mean | sem
06% saline 1 284 ( 050
003°, Tween 20
n 06% salne , 274 052

The difference between these values 15 not sigmificant (t = 09)

"These results show that, with a mucous clot, there 15 a defimte increase
n transportation speed brought about by the presence of 2 surface actne
agent On the other hand, there 15 no effect on the transportation of a
prece of cork

A change of transportation speed i a test such as this must depend
either on a change m cihary activity or on a change yn the adhesive condt
tions

That the transponation speed increases only for an object showing
marked adhesion to the mucous membrane (such as mucus) could be
interpreted to mean that the surface active agent acts by dunimshung the
adhesiveness This explain the beneficial effect on 10n that has

been observed with cough medicines contaming syrface active agents as
the active ingredient

Summary.

The effect of a surface active agent (polyoxyethylene sortitan mono-
lourate  Tween 20 ) on the transportation speed of cihary mucons mem

branes from the frog has been mvestigated It was demonstrated that 11
caused 2 signsficant werense i g

s peed of transportation of a mucous clot,
ut there was no observable change 1n speed of transportation of a piece

of ;ork This may be due to the reduced adhesiveness caused by the

surface

su ..,...ni’: .a"ient and might explam the beneficia} effect of such agents

m
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. Our own 1nvestigation was intended to discover whether or not
Tween 20” effects the speed with which a ciliary mucous membrane can
transport particles placed on 1t

Methods.

The investigation was done on the pharyngeal mucous membrane of
the frog (Rana esculenta) The frogs were of equal size and were judged ta
be all of equal activity They were kept at a controlled constant tempera
ture, and the experiments were carried out at room temperature (20°C)

The ammls were sactificed by pithing through an incision 1n the neck, after which
the bram and spmal cord were destroyed The ciliary mucous membrane in the

pharynx and hagus was d. { out and fastened with clips to a glass sfide The
shdﬂe was then placed 10 a damp Petri dish contatning g filter paper mosstened with 2
067 salne sol The 1on was e d under an operation mcroscope

prep
with a visual field of 13 mm, two series of tests were made The frogs 1 each series
were divided into two groups picked at random In the first Series the frogs n one
§roup were treated with a drop of solution containing $03% Tween 20° 10 06,
Saline, whereas the preparations 1n the other group received only a drop of 067%
salme Duning each dissection, the thick mucus, always readily avalable on the mucous
membrane, was collected Each frog s own viscous myucus was placed on the mucows
raembrane The amount was approximately constant The time was measured with a
Stop watch from the moment that a definite point on the mucous clot passed 1 and
out of view In the second series, a diminutive piece of cork (2 little under a mm s
diameter) was used instead of the mucus The averages of 10 measurements on each
Preparation were determined

Results and Discussion,

In all 72 observations were made on the transportation time of @ mucous
clot In half the expertments, the mucous membrane was mostened with
saline solution, i the other half with *“Tween” solution The average
values {or the observations are given in table 1

Table 1

Transportation ime 1n secopds of a mucous clot over

a frog s ciliated mucous membrane motstened with 1so

tonic saline solution with or without Tween 20
sem = Standard errot of mean

T
Selution applied ‘vw%

mean | sem

!
067 saline l 3200 043

003% Tween 20

1n 069 saline 2533 03¢

{
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From the Pharmacological Laboratory of Dumex LTD, Copenhagen
{E Jacobstn, M D)

Absorption and Excretion of Noscapine
By

Sven Vedso
{Recened March 28, 1961)

The clintcal and biological effects of opsum atkalods have been known
for a fong time, but httle has been published on thewr absorplion and
excrenson Most of them are towe even 3n small doses; for this reason
methods for determimng their concentrations in the body, for example
sn the blood, must be extremely sensttive 1f they axe 1o give useful informa-
Lon

Opum contains 4to 10 percent noscapme For many years it wasassumed
that tits compound potentiated the effect of morphuine Cooren & Hat-
cueR (1934) disproved this conclusively and at the same tume measured
m cats the blood cone of and ats via the
urme However, their analytical methods were of low sensitivaty, so that
they could only state that the compound dysappeared rapidly from the

g blood after son and that mere traces
were found i the unine In secent years interest 1h noscapine as a thera-
pevtic agent has been revived on account of 1he discovery that 1t has a
¢ d effect (For see VEDso 1961) However
1t should be ked that was ded already a5 early

as tn 1930 by Cropra. MURHERIEE & Dixsirt for bewng “by wself bene-
ficial sn allaymg cough™

By a fluonmetnic method deschibed earhier (VEDsO 1961) the concentra-
ton of noscapine in blood and unne has been mvestigated after oral
administration to human subjects and after intravenous admmstration
10 Tabbus

Methods,
Noseapine was gnen orally, 1 vanous doses, as tablets contmng
to nofmal male expersmental subjects
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NOSCAPINE

Plosme cont
ng/m!

2500,

100

20 40 60 60 100 Dose
mg/kg

Fig 2 Relationship between dose of noscapine chloride and
plasma concentration 2 hours afler 1ntake of noscapine chloride The values
are taken from fig 1 and from 4 simtlar experiments

Abscissa Dose of noscapine chlonde sn mg/kg body weight
O¢d nate Plasma concentration (ng/ml) 2 hours after admmistration

one maximal blood concentration was reached within 1 hour and then fell

rapdly
The values in fig 2, taken from fig | and from 4 similar experiments,
show the relation between the plasma concentration iwo hours after
‘en, 1 mg per kg body weight The relation 1s not
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The tablets were taken 1n the morning about two hours after a light continental
breakfast Immediately beforehand a blood sample was taken At various times after
wntake (usually 1,2, 3, 4, and 6 hours) blood samples were withdrawn and theur contents
of noscapine chloride determined All blood samples were taken from the cubitalsen
and stabtlized with heparin

Some experiments were also carried out by oral admnusteation of the same doses
formulnted as delayed absorption preparations Two techniques were used 1) every
tenth minute the experimental subject was given 50 ml of a solution of noscapin¢
chloride tn sucrose syrup (32 mg/ml) 2) the experimental subject was gen the

It as a cation-cxch resin lex of sulphonated polystyrene

In the ammal cxperiments unanaesthetised rabbats were used and noscapme
chloride was given 1n an tsotonic solution Intrasenously 1nto the ear vemn The blood
samples were t1hen at various times from the opposite ear

Results.

Plasma In fig 1 are shown the plasma concentrations obtawned 1
6 different cxperimental subjects all of whom took noscapine chloride 1n
dases of 250300 mg at zero hour and in one tstance 500 mg In all but

Plasme conc
ng/mt {enour 4000)

NDOF

1200+
moo:
8001 %
6001

400+

200

HourS

!
bjects grven
Concentration of noscapine chloride in the plasma of 6 human sul
:;Ec::pme chloride (250-300 mg and 1n a stngle case 500 mg) orally at zero ime
Abscissa Time tn hours after administration
Ordinate Concentration (ng/ml) in the plasma
- a k K dose 250 mg

0 m a-
3 5 e o me x _YCM - 300me
2 350 mg e--_leHs - omg
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~Excretion”
g/min

Fig 4 Excretion In the usine of free and total
noscapine chlonde afier oral admunistranon of 500 mg noscapine chlonde
— —— frec noscapime
totat noscaprae

Abstwsa Mouss after admnutratian
Ord nate Excyetion in the uring in pg/muin

different days This method of admmstenng the alkalowd produces a
steep fall 1n plasma concentrayon

Urine Noscapine 15 excreted 1 the unne partly free and partly con-

jugated s are morphune and many athet alkalods Determnation of
‘total noscapine was made after hydrolysss in 1 N HCl at 100° for | hour
Fig 4 shows the relayonshup between free and total noscapine in wring
at vanous mtervals after the mtake of noscapme chionde of a single
experimental subject The excretionn the urine increased with the plasma
concentration, mmdivideal vanations were tugh, but only 1 two subjects
out of 16 was concentration 1 the urme more than four tsmes that in

afier intravenouy snjection of noscapine chionde
the total amount of plasma. taken a3 100 m!

after imjection

67 mn

13 Vmin 16-18 mmn 6062 min

0 350 pgfm) ] 0 185 pg/ml
S |83 | oaset®
45 pefml 9
¥ 09 ug/ml
et 18% \ 0 36‘!4]
30 pgpml
{ 28 ( '
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——
-——

L T -]

! 2 H 3 < H § Hours

Fig 3 Companson between plasma Jevels obtained
after admlms(rauon of different forms of the drug to the same
experimental subject

[ 2 ® one single dose of noscapine chioride (250 mg)

A= A diided administration of noscaptne chloride (250 mg) the arrow indicates
last admunistration

O-w=-=- 3 one single dose of noscapine resin complex (corresponding to 250 mg
noscapine chloride)

C-—= ——O one Single dose of noscapine restn complex (corresponding to 350 mg

noscaprne chloride)

Abscissa Time 1n hours
Ordinate Concentration {ne/ml) m the plasma

rectilinear but hyperbolie, so that the increase i blood concentration 1
relatively much higher than the carresponding increase n dose

Fig 3 shows a typical example of how the plasma concentrations
obtamed 1n the same person depend on the method used to adminster
the noscapine, as a single dose of chloride or 1n divided doses as chlonde
or as a cation exchange resin complex

Table 1 shows the plasma concentrations 1n 2 rabbits One recewved
S mg and the second 25 mg noscapne chloride intravenously on two

Table !

Concentration of noseapine (as chloride) in rabbit plasma
1) Estrmated percentage of given dose present 1n

Mmures
Dose ‘ Date { Rabbit f >3 ‘ 2 S
75 ug/mt

5 mg l 129 ’ Bskg f 1 5%Y

!4 3 ug/ml
25 mg t 14/9 ) 315 kg } j

15 2 pg/ml
25 mg l 179 ‘ 3 15 kg ‘
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on 1t mcreased continuously duning the penod of administration, 50 that
3 hours after the first admimstration of the fractionated dose the plasma
concentration was neatly 3 tmes as high as when the alkalod had been
admmistered s a single dose at zero time It 15 also seen (fig 3) that the
concentration 1n the blood reached its raximum as early as about 30
mnutes after admimistration had ceased

These results indicate that noscapine 15 not byoken down rapidly, but
that apparently, like morphume (MILTHERS 1958) and scvem\' other weak
orgamc bases, such as certam h and 1als, 1t 1S
deposited m the ussues, as described 1n reviews by BrobiE & HoGBEN
(1957) and WAY & ADLER {1960)

The expermmental subjects were only slightly troubled by the rather high
doses of the alkalowd, of which the maximum smgle dose according to the
Damish Pharmacopotea 1s 50 mg The subjective symptoms after adminis-
tering the alkalowd were not proportional 1o the blood concentration
Some of the subjects felt shight drowsiness and 1n a single subject nausea
was observed These symptoms, however, occurred as much as 2-3 hours
afier the intake of noscapine chionde, at a time when the plasma concen
tration was much lower than after 1 hour It does not therefore appear
that any conclusion can be drawn from the plasma concentration as to
the phar d effect of On the other hand measure~
ments of the plasma concentration can be used as an index of absorption
rate Dunng the absorption of a large amount 1n a short time from the
itestinal tract as occurs after large doses of noscapine, the rate of
fixatton to the uissues will be slower than the rate of absorption As a
tesult, the plasma concentraton will nise When the doses are further
inereased, the disproportion between absorption and fixation rates
becomes even more pronounced, and the peculiar hyperbolic shape of the
dose plasma concentration curve, as seen n fig 2, appears The shape of
tus curve suggests that the noscapine m blood can be regarded as the
result of a kind of overflow The results obtained with divided mtake of
the atkalod support this view The curves obtamned after fractional
mtake of the chloride were similar to those obtaed in the experiments in
which the alkaloid was ad; d as a cation-exchange resin complex,
but appatently the absorption 1s pro} ped with the last d to
3-5 hours as seen from fig 3

Excretion of free noscapine n the urine ncreases with the plasma
concentration However, the concentrations measured n the urine are

generally only 2-4 ymes as high as the corresponding ¢
oncentrat
the plasma Whether the small amou i . rtton by the

nt excreted 1s due to fixation by the
[lalasma protemns or 1o some other process has not been nvestigated
mtially, frec noscapme 1s excreted almost exclusively, but fater the
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the plasma, no further investigation has been made mto this point, and
we have ignored the relation between free and conjugated noscapme 1
both plasma and blood Morcover the amount bound 1o plasma proteins
1s completely unknown

Discussion.

In man plasma concentrations of noscapine chloride obtained after
cach of the 3 methods of admrmistration were small compared with the
dosc given In 5 out of 6 experiments (fig 1) the peak plasma concentra
tion after a single oral dose noscapine chloride was obtamed after 1 hour
Apparently the only subject who showed a peak blood concentrateon 25
much as 2 hours after adnumstration had a rather slow absorption rate
This 15 consistent with the fact that the same subject also showed low
plasma concentratron when noscapne was administered in divided doses
or as the resin complex

From fig 2 1t can be seen that an mcrease 1 dose resulted 1n a more
than proportional increase n plasma concentration If for example, the
dose was increased from 2 to 4 mgfhg, there was a five-fold or grealer
nerease i the plasma concentration From the same figure tt can also b
seen that clinical doses of noscapine chloride (20-50 mg = 03-08 mg/ke)
should result m plasma concentrations hardly measurable by our method
Admunisteation of 4 mg/kg, corresponding to about ten times the chneal
dose, gives a concentration of about 05 pg/ml after two hours If the
drug 1s evenly distributed mn the aqueous phase of the orgamsm, the con-
centration should be at least ten tmes as lugh as that actually found
Table | shows that after mtravenous admussteation to rabbuts only 5%
of the noscapine was found n the circulating blood a few nunules after
mjection and less than 0 59 after | hour

The rapid disappearance of noscapine from the blood in human subjects
cannot be caused by renal excretton 1n none of the expertments was the
total excretion of noscapine more than about 1 % of the dose given during
the first 6 hours These results agree completely with those of COOPER
HATCHIR (1934) i cats Excretion by rabbits has not been exarmmned

Further, the rapid disappearance of noscapine from the circulating
blood cannot be due 10 a rapid transformation to some metabolite
andeterminated by the method used The result of such a rapid transforma-
nion would be that after a suitable fractional mtake no measurable
plasma concentratron would be obtaincd However, as seen 1n fig 3, and
m 5 simlar expeniments not reported here, this was not se With frac-
tional 1ntake at a fawcly slow cate, the plasma concentration first became
measurable when the total dose exceeded about {00 mg and from then
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From the Department of Clinucal Chemustry, Unwersity of Lund,
General Hospital Malmd, Sweden

Porphyria Induced in the Rabhit by Diethyl
1,4-d1hydro-2,4,6—trimethylpy1'idine-3,5—dimrb0xyla(e
1 Excretion of S-aminolaevulic Acid,

Porpl Cop hyrin and Protoporp
By
Burgitta Haeger-Aronsen

(Recewved April 11 1961)

Two clear cut types of experimental hepatic porphytia have so far
been described one 1s induced by dervatives of @ substituted allylacetic
acid the other by hexachiorob The “Y phynnuna™
observed by STokvis (1895) and others 1n sulphonal-poisoned rabbits may
represent 4 thurd type, but the methods avatable at that time did not
permit mote detailed studies of the pigments excreted

The formertype wasfirstobserved in rabbits (ScHVID &SCHWARTZ 1952b)
recewving toxic doses of allybsopropylacetylearbamide (sedormid ® =
apronal (NFN)) Its occurrence has since been confirmed by other workers
{BENarD, Gaipos & GArpos Torok 1953, GOLDBERG 1954 and others)
The c of the porphob and uroporphynn in the urine
are markedly increased but the level of vnrary 8 aminolaevulic acid 15
normal (STICH 1958) In the acute ntermuttent porphyra of genetic otigin
all three metabolites are excreted 1n excess of normal SCHMID & SCHWARTZ
(1952 a) have shown that the catalase activity of Iiver cells 15 decreased 1n
sedormid ntoxicated rabbuts This 1s not so 1n patients with acute 1nter-
mittent porphyna (Gray 1950)

Arother type of aquired porphyria was discovered 1n Turkey (Cam
1957 1959 cit Sceewo 1960, Cemnat & Ozen 1960, Sanmo 1960)
ﬂ_‘;\“"g an epid of a syndi bling porphyna cutanea tarda

v\hcc :in;s::?::;z’: xqrt;]e hexachlorobenzene, which had been added to
oF aroperphyim an; - e patients excreted abnormally large amounts
proporphyrin n the urine and facces, but the
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proportion 1s reversed, so that the excretion of noscapine after 6-7 hours
1s almost entirely 1 the conjugated form (fig 4) It 1s not known whether
or not conjugated noscapine 15 present i the plasma If plasma 1s hydro
lysed with hydrochloric acid, as described earher for urme, the samples
gel when an ether extraction 1s attempted, and no separation of the two
phases can be achieved It 1s noteworthy that the excretion of morphine
1 urine, relative to the dose, 1s much higher than that found for noscapine
After therapeutic doses of morphine P£RREGAARD (1957) found that
about 40-50%; was excreted 1n the urine, about 1/10 of 1t as free morphine

Summary.

1) By means of a fluormmetric method previously described the blood
concentration of noscapine and its excretion 1n the urme have been
determined after oral admimstration to human subjects

2) The measured plasma concentrations are small and plasma concen
tration 1ncreases much more than corresponding mereases of the doses
When the alkaloid 1s admimstered intravenously to rabbits 1t disappears
almost completely from the circulating blood within a few mmutes

3) Measurements of the blood concentrations at various times after
the 1ntake of the alkaloid give a possible index for the absorption rate

4) When noscapine 1s admimstered as a resin complex, the blood
concentration curve 1s similar to the curve obtamed when 1t 15 adnunis
tered 1 divided doses as the chloride
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The 8 faevulic acid and porphobil 1n the unpe were determuned by the
methods of MAUZERALL & GRANICK (1956) coproporhyrin was measured by a
modification (HAEGEK ARONSEN 1960) of Askevorp s method (1951) Dc\ermmallc{u

. 2

constants and correction divisors of WITH (1955) were used
The concentration of haemoglobin and the numbers of red and white blood c2lls
were determuned before the first and after the last dose of DDTD

Glucose and albumin in the unne were measured qualitatively with chnistix & and
albustix ® (Ames analytical reagents) respectively

Results.

‘The mean values found for the daily excretion of 5 aminolaevulic acid,

porphobilinogen and coproporphynn in the urine are given graphically
mfig 1

8910 1amge buser

Fig 1 Mean wona
7y excretion of 8.2
Y et ‘_mmclxt_vuhc 261d (ALAY Darnhoht aceee
Arrows indicate dayy of ’
tnmethylpye - '

It
mucas:;e:;\ £rom the fgure that the excrenon of all three metabolites
re o er a(:‘mlmslmuon of PDTD The curves for the excretion
T 10 shape, and the
first three doses, bit 1 they sove duning the period covered by the

hen began to fall despte administration of the
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excretion of porphobilinogen was found to be normal (CETINGIL & Ozex
1960) The excretion of §-aminolaevulic acid was not studied

A corresponding increase in excretion of porphyrins has also been
found in rats porsoned with hexachlorobenzene (ScHMID 1960, OCRNER
& ScumiD 1961) The ansmals also excreted an excessive amount of
d-aminolacvulic actd and porphobilinogen 1n the urine, though not unti
2-8 weeks after adminstration of hexachlorobenzene had been begun
The concentrations of uroporphyrin, coproporphyrin and protoporphyrin
mn the hver were raised, but the increases were not accompanied by any
demonstrable decrease 1n catalase activity of the hver cells

When studying the uptake of orally admimistered fluorescent substances
by the lining of the forestomach 1n mice, FIGGE (1959) fortuitously eb
served that 1n animals receiving diethyl-1,4-dihydro-2,4,6-trimethylpyn
dine-3,5-dicarboxylate (DDTD), which has a blue fluorescence, the liver
and the gall-bladder exhibited a bright red fluorescence wn near ultraviolet
Irght SorovoN & FiGGE (1959) have shown that the concentration of
protoporphyrin and coproporphyrin 15 markedly increased 1n the hver of
muce receiving DDTD They studied the excretion of porphyrmin a DDTD-
intoxicated guinea-pig, which had also recerved the preparation by mouth,
and they found the urinary coproporphyrin to be raised Examunation by
the semi-quantitative method of WATSON & SCHWARTZ (1941) showed
only traces of porphobiltnogen in the urine They compared the effect of
sedormid and DDTD on porphyrin metabolism and found that both
substances raised the concentrations of protoporphyrin and copropor
phyrm 1n the Diver, but only after admimstration of sedormid did they
find any increase i urmary porphobilinogen Though green porphynns
are abundant n the Iiver of rats recewving sedormud (SCHWARTZ & IKEDA
1955), SoLoMoN & FIGGE (1960) were unable to demonstrate the occur-
rence of these pigments ;n DDTD intoxicated mice

Tius paper is concented witli the excretion of S-anialeevilc a0,
porphobtlinogen, coproporphyrin and protoporphyrin m DDTD fed
rabbits

Material and Methods.
Six rabbuts (3 males, 3 females) weighing between 2 4 and 2 7 kg were grven diethy!
" - 1 1. -4 . 7€ 4 aarhoxylate (DDTD) (Eastman Kodak Co.
weight 4 times duning 8 days (see fig 1)
. i 6% alcohol and administered by stomach
4 La Taamad ately afterwards about 20 mi of water were given by the same routfr

N

of urine and faeces were colietled stpataiesy
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DDTD 15 not closely related to sedormud or hexachlorobenzene )

DDTD, hke lorot the urinary 8 hun
acid, but sedormid does not (STicH 1958) Brochemically, then, porp! {n:
md\;ced by DDTD or hexachlorobenzene resembles acute m(\lem:; eln)
porphyia more closely than does porphyria induced by sedormu {1able

The catalase actvity of the liver in DDTD intoxication 1s the subject
of 3 paper in prepasation

Summary,

Oral admunustration of diethyl 1,4-dihydro 2,4 6-tnimethylpynidine 3,5-
dicarboxylate (DDTD) to rabbuts prod

porphyria, ct 1zed by
a markedly d of porphob and coproporphynn
and a moderatel d of & laevulic acid m the urine

The faccal protoporphynn and coproporphyrin are rased, particularly
the former
Acknowledgement
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fourth dose The excretion of porphobilinogen and coproporphynn was
much larger than that of 8-aminolaevuhc and Thus, after the admintstra
tion of the third dose, the mean excretions of porphobilinogen and of
caproparphyrn had mcreased forty fold, but that of & aminolzevule
acid was only ten times the original value

The ncreased excretion of porphyrin and porphyrinprecursors 1 the
urine was accompanied by a marked rise 1n the excretion of porphyrmns
1n the facces The mncrease in faecal porphyrins was due mainly to a fise
1n protoporphyrin

No change was noted 1n excretton of the metabolites by the control
animals

The 1ntoxication was not accompamed by any significant change m the
concentration of haemoglobin or 1n the numbers of red or white blood
cells

Neither glucosura nor albumimnuria was demonstrable

Towards the end of the experimental pertod the ammals appeared weak,
and they had no appetite No signs of paralysis were observed

Comment.

The nvestigation showed that DDTD produces a prompt and €07
siderable mse in the urinary porphobilinogen, coproporphyrin and
S-amnolaevulic acid 1n the rabbit

The results differ from the findings of SoLovoN & FiGGE (1959, 1960)
n so far as these authors, who used the semi quantitative method of
WATSON & ScHwaRTz (1941) for determination of porphobilinogen, did
not find any increased excretion of the metabolite tn DDTD intoxicated
rats or guinea-pigs

ZTable 1

Urinary & lacvuhic aad porph and coproporphynn and faccal copre
porphyrin and protoporphyrin 1n patients with acute intermttent porphyna and 1n animals
with experimental porphyria

Urine Faeces
Type of porphynia B amino | . ] oo
porpho | copro copro p!
h::,"d' ' bitmogen } porphyrin| porphyrin; porphynt
Acute intermittent porphyria ++ + 4+ (+) + -+
(human beings}
Sedormid induced - +++ + + S+t
rabbits rats}
He)((achlarobcnzenc induced + 4+ +++ + + +
+ ++

rats)
DD(TD nduced + +++ | +++
{rabbuts)
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tion and once on ¢ach subsequent day Ouly the pseudocholiesterase actwity was
determuned and the result given 1 pmols of acetylcholine spt per run/ml serum
(37°C and pH 74) By this method the normal range for men 15 found 0 be 3 20—
5 68 umols per s jml (mean value % 2 x the standard deviation) and for women
2 28-5 00 pmols per mn /ml

Srnall doses of DEP inactivate the pseudocholinesterase m the serum, but exest no
notable effeet upon ussues and itke effect upon the speatfic efythrocyte cholnesterase
(Hawxins et al 1947) However, the tissues show increased sensitvity to acetylcholne,
but as a rule without exhibiting cholnergic signs

Table 1

Acctyleholinesterase ac¢ maty after 1 m mjection of ¢ 6 mg DFP,
measured 1m pmols ACH/msn fml plasma

pavents % e | Betore ‘ Pays al'lelr ectign ofdn;soprnps)l ﬂunrcgphe\p‘x;le
Men Py laer 210 26 260 236 296
3450 [195 283 182 364 320
30 414 283 310 346 410
4 [s3 (260 136 344 360 176

S 386 212 216 364

6 276 j155 170 176 196

7 836 190 160 502 407
LENETUNN 330 396 376 344
Women 9 ! 544 212 282 284 302 316
10 159 |410 336 382 380 340
1 640 280 324 330 362 42
32 8% 18% 210 160 270
13 sed | 276 174 330

Results,

The finduags are given 1 table [ and in fig 1 Twenty four hours after
1he 1njection the pseudocholmesterase activity was distinctly reduced, on
the average 1o less than half the imtial value JANDORF et al {1950) found
2 maxumum reduction 1n esterase - both in the plasma and 1n the red cells ~
shortly after mysavenous 1Mjection nto rabbits, 24 hours after the njec-
:;:m the had agan d considerably Probably,
‘h:rcﬁr\c. the inwal f2ll 1 out senes also was conwderably greater than
Z:h al m':aSured the first determunation was not casried out until
o ‘::l'zs g ;r the mjection In one subject the minimum vatue was found
l nd-4th day after the injection MARCRAND {1952) found remission

n pscttdocholinesterase 10 about one half witun S gays, and pormat
values were re-stablished 1n 3 weeks (cf' Karczaar y[ ’1 4 "
At fio time did our patients A

show any symy
hase been atipbuted to a tove effect of {heyDEg’ms or signs that could
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From the Department of Rad:ology, Isotope Laboratory (Professor Gregers Thomsen
M D) and Medical Department A (Professor K Brochner-Mortensen M D) Rigs
hosputalet, (the University Hospital) Copenhagen Denmark

Cholinesterase Activity of Human Plasma after Intramuscular
Diisopropy] I'luorophosphonate (DFP)
By

Troels Munkner, Jorgen Matzhc, and Aage Videbzh
(Recesned April 18 1961)

The use of DFP for determintng the Iife span of the red blood cells was
suggested by GRrop ef al (1947), and DFP32 was mtroduced for flus
deterrmination 1n human subjects as well as 1n ammals by COREN ef af
(1954) In cross-transfusion studies MUNKNER et af (1960) used Cr! la
belled red cells and red cells labelled with DFP32 Labeliing with DFP in
assessing the life span of the cells involves the advantages, among others
that 1t can be carned out m o and that the labelling of the ndvidoat
erythrocytes 1s apparently stable until haemolysis sets 1n

Before using DFP, however, 1t must be realized that it alters chohn
csterase activity  Alkyl- and aryl fluorophosphonates are ant chohs
esterases, which bind themselves irreversibly to cholmesterases, including
the specific cholmesterase of the red cells and the non-spectfic pseudo
cholinesterase of the plasma (MENDEL ef a 1943, HAwkINs f af 1947)

A study of the decrease 1n cholinesterase activity after injection of DFP,
combined with a chincal assessment of the patients’ condition, may help it
discussing of the value of determining esterase actvity after porsoning
with nsectictdes, such as parathion, or with nerve gases The climeal
wanfestations of poisoning due to mhubition of cholinesterase after the
wgestion of toxic quantities arc muosts, blurred viston, headache and
fatigue, mcreased secretion of sweat and saliva, vomiting and drarrhoes,
dysphagia respiratory failure, muscular fibrillation and convulsions
Death 1s caused by respiratory paralysis

Materal
T 1 waaloe and five females suffering from various diseases were mjected intra

"
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Discussion.

HAwaINs ef ol (1947) clamn that deter of pseudochol
esterase do not give a true picture of the correlation between anticholin-
esterase effect and pharmacological effect, since 1t 1s the speaific cholin-
esterase that 1s responsible for the hydrolysis of acetylcholine i the nerve
endings, not the non specific serum esterase FRAWLEY ef al (1952), hold
that & of pseudochol are of value 1n confirming
exposure, but less so 1n assessing the degree of the exposure or the seventy
of any symptoms They state that much the same reduction in plasma (and
erythroeyte) cholinestesase actvity may be found after single doses
rangug from those producing no symptoms to the lethal SUMERFORD
et al (1953) reported mild clinical symptoms and signs when there was a
shight reduction 1n activity to below the average normal range, whereas
severe posomng was seen only along with a marked reduction 1n true
choliesterase ANDERSEN ef af (1952) have described a case of poisoning
with chimcal symptoms in which the activity fell only to about 60%, of the
control value KaRroG er al (1958) have observed climical well bemg
while the cholimesterase activity was only a few per cent of normal m
blood cells as well as 1n plasma ATHENS et ! (1959) used DFP on 120
persons who only had local pam after the intramuscular imjection, but
1o systemic symptoms or signs on doses of up to 3 mg DFP A dose of
4 mg pave nise to symptoms n 3 out of 4 subjects

In our senes the activity fell, as already mentioned, to an average of
50% of the wutal value without any toxic signs

Conclusion Our results are 1n keeping with those seported previously
In assesung the degree of acute possonng, determmation of psendo-
cholinesterase s of lttle value, though a fall m pseudocholinesterase
actwty 1s a valuable mdicator of exposure to DFP The use of a small
quantity of DFP for labeliing erythrocytes must be considered permissible,
as none of our patients developed toxic symptoms of signs

Summary,

D: 15opropyl flucrophosphonate 1n doses of 06 mg1m was admn-

:s:‘:zed to 8 men and 5 women The efiect of DFP upon the pseudo-

C{a;;hr‘\‘czt:asfyac;wny’ in plasma was measured Thus reveated 2 distinet

1 Vi, bot chseeal signs of intoxication d

subject This Confirms that g), 1 the ps n‘ lé r‘mt orase al:utg

:lr‘e of ‘":{“(ed value for assessing the toxgc effect of DFP The halfufe of
e pseudochobinesterase was found to be 16 days (cf fig 2)
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enzymate actviy
{per cent )

" ¢

Tz 3 & 5 § 7 8 T 21 3 ¢ 5 € 7 4 am

Fig 1 Al 1n pseud Ichol ase actwity in the plasma
of 8 men and 5 women obscrved for up to 8 days after t m inection of 0 6 mg DFP The
solid line gives the average values the dots indicate the individual values

560

bmel ACH/mn /mi plasma

10%f Y2 64

nplasma chot desterase log epm

]

o 5 75 70 75

Upper curve Cholinesterase actiitv before and after 1 m injection of

1{17{0 2 normal individual Lower curve Concentration of DFP32 labelled
olinesterase plotted aganst tume (same pattent as for the upper curve)

Fig 2
DFP, 06 ms,
plasma ch
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From the Medical Department B Copenhagen County Hosputal, Glostrup
(Head Enk D Bartels)

The Effect of Probenecid on Renal Excretion and
Plasma Level of Uric Acid in Patients with Renal Insufficiency
By
N R Haagensen and Bent Nielsen
(Receved April 12 1961)

Renal excretion of unc acid 1s, both 1n normal mdmduals and

patients with gouty arthnitis, greatly d after oral ation
of probenecid, and the urc acid clearance rises considerably Instially the
serum unic acid level falls Ad 1on of 1-4 g prob d daily for

several days however, induce a nise in uric acid production 1n half of the
persons 1nvestigated (CRONE & Lassen 1955, Giorup & POULSEN 1955)

In patents suffering from chronsc renal insufficiency an elevated serum
unc acid c 15 often d, and some of these patients
1n fact experience gouty attacks

As different subfuncuons of the kidneys may be disturbed, probeneaid
gt not be expected to be able 1o increase the unnary exeretion of une
aad 1n all of these patients If no uricosurnc effect 1s obtamed, an eventual
perpheral effect upon production or molization of unc acid could bring
about a nse 1n the serum concentration of uric acid, not desirable in these
patents Whether this 15 indeed so has now been investigated

The results indicate that prob d can be ad d to patients

with renal insufficiency with no danger and without any further rise 1n
the serum concentration of une acid

Material and Methods,

The patients These were 9 females from 32

10 72 years of a
Depariment for renat nsufficiency i e admited o the
u fmgnaxh 7 patents had chrome pyclonephritts of a few months 0 20 years dura-

O I MOt €35¢3 from 110 § years The duration of the disease: m several patients was,

ho:;nwr somewhat uncertan )

e patient (no 5) had 2 chronic ney

phritis first recognized during preghan

years cathier She had hypettension {200 130 mm Hg) and hypenemnel;aei: dlcsyealsi

e —
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Results,

Six of the eleven patients tested showed before the mvestigation serum
concentrations of uric acid above normal (table 1) No correlation between
erther the serum or the | lobin value and
the serum unc acid level could be found Three patients showed a fall in
the serum uric acid concentration, the rest showed no sigmficant change
1 esther direction

The mean values before and after probenectd admimistration were 76
and 68 mg/l, respectively (fig 1)

Seven patients showed a rise i unnary excretion of unc acd, two
showed a decrease, 1n one patient the excretion was not altered after
admimistenng probenecid No correlation could be found between degree
of renal msufficiency and effect of probenecid The mean values before
and after probenectd administration were 325 and 568 mgf24 h, re-
spectively (fig 2)

It has been demonstrated that probenectd can increase the urinary
excretion of uric acid even 1n patients with severe renal insufficiency No
simultancous Tise m serum unc aad concentration was found, and no
other urtoward reactions were observed It thus seems safe to treat
uraemic patients with probenecid 1f nessesary

Fig 1 Seeum concentraly
on of uric acid (me/lit,
before and after anzestion of 1 g of pmbene:(ld E’r‘.::esﬂ of
um bicarbonate M = moan vatue £
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with congestive failure In 1 patient (no 3) no spectfic diagnosts has been established
but she had a pronounced renal insuffictncy

Comphications Of the seven patients with pyelonephritis, 2 had moderate hyper
tension (no 7 Max  195/110, no 8 Max 170/120 mm Hg) Papillary necrosis
verified by typieal urograms or by passage of renal papillae was encountered i
5 patients with pyelonephritis, one of these had renal calculi Diabetes mellitus was
not found in these subjects

Clinical symptoms Symptoms of uraemua (nausea, vomiting thirst anaemua con
vulsions, somnolence, haemorrhagic diathesis) were found 1 all but one patient
(no 2), the most common symptom being anaemia

Allof the patients had impaired concentration capacity, as measured by the maximal
spontineous specific gravity of the urine

Cardsac failure was found 1n 2 patients with pyelonephritis (no 1 and 8) and i
patent no 5, as mentioned above In 6 of 7 cases of pyelonephritis excessive intakes
of ph anl have been recorded 1n most this abuse had
Jasted for several years

Two patients with chronic nephritis and undefined kidney disease had not taken
undue amounts of analgaesics

None of the patients experienced gouty attacks
Experimental Procedure

In patients not confined to bed were 1nvestigated A liberal diet was allowed

For 5 days daily deter of uric acid 1n serum and urine were
performed Samples of unine from every 24 hour period, beginmng at 9 p m, were
used A small amount of chloroform was put into the vessel containing the 24 hour
utine Venous blood samples were drawn at 82 m On the third day an oral dose of
1 g probenecid and 5 g of sodium bicarbonate were grvenat 9 p m

To serum ations, the mean values for two days before and two
days after adminsstering probeneaid were used To compare urmary excretions 1he
mean value of the total excretion for two days before administering probenectd and
the highest value for the two days after were used The uric acid was determined 1
the Hospital Central Laboratory by the enzymatic method described by PRETORIUS
(1949)

Table 1
] e Uric acid
Serum Excretion 1o urin€
Patient Age H};Ib creatinine bllcl:;;:o- Serumconcentration xcr':";/“h
ne 8| mell | o Eqn

before after | before after

43 280 337

38 93 89 21 61 fed (tea
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From the artment of Pharmacology and Tougology, Royal Vetennary and
AgncuhuraDltgollcg:, Copenhagen (Professor Sv Dalgaard Mikkelsen VM D)

Toxic Effect of Monochloracetate on Geese
By

M Chnstiansen and Sv Dalgaard Mikhelsen
(Recetved Apnil 19 1961

To facitate the work of harvesting unequally nipened crops of clover,
and to reduce the risk of Joss, farmers use, among other things, the sodum
salt of monochloracetic acid as an agent to produce early ripening A few
days after spraying with 20 kg per hectare dissolved 1 500 | of water the
crop will have withered and dned up, being then ready to be harvested
mech My Since i 15 used on seed-crops and 15
decomposed by soil bacterta (JENSEN 1957, 1959, 1960), the chance of its
porsoning domestic amimals 15 regarded as negligible The same has been
clawmed 1o apply to game but i 1958 a tepart was recewed of posoning
after spraying that killed a flock of wild geese (Grey Lag Goose, Anser
Anser L)

RosenoRN-LEHN (1958-1959) reports as follows

On August 4 1958 between 102 m and 4 pm, a white clover field of 18 hectares
was sprayed With a solunion of 18 kg sodm monochloracetate 1n 400 3 of water, to

which had been added a 1% (v/v) solution of sulphonated detergent per hactars
About 118 14 .

clover f [
This cte s
field wa.

w v wedulaie e geese therefore sought their food in the
Senly sprayed clover field The next few days the peese were not observed, and they
were then all found dead on their reservation
Everythung pomnted to p

with l
the geese were w a state of ad

As, however,
d decay and d

this
dragnosts could not be confirmed We therefare thought 1t appropnate to
imvestigate the toxe effect of monochloracetate on geese

Matenal and Methods,
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™9/294
72004 L

1000

8oo

Fig 2 Unnary excretton of uric acid (ma/24 h)
before and after ingestion of | g of probenecid and 5 g of
sodium bicarbonate M = mean vatue

In these ‘acute’ experiments no mcreased production of uric acid has
been demonstrated after admunistering probencerd The results from
three patients showng a considerable rise m urinary excretion with ro
fall, or even a shight rise 1n serum concentration of uric acid 1s not 1
consistent with such an effect of probenccid Several patients, however,
showed no rise mn erther urmary excretion or serum concentration of
uric acid

Summary.

Patients with chromic renal sufficiency were mvestigated for the effect
of probenecid on their urtnary excretion and serum concentration of urie
actd Probenecid increased excretion in the urine without any major
alteration in serum concentration
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membrane was seen 10 be diffusely reddened and spotted with punctate
haemorrhages The tracheal mucosa showed vascular congestion

The chemical analyses of organ material gave the results set out 1n
1able 1 Jt1s seen that only the geese given sedim monochloracetate by
tube and submitted 1o post mortem exammation shortly after death had
farger amounts of organically bound chlorine 1n the gizzard and intestinal
contents than the controls The concentrations 1n homogemsed liver tissue
were always found to be of the same order as that 1 the control hver from
an untreated goose of the same flock

Discussion.

The 1nvestigations reported here show the lethal dose of monochlor-
acetate for geese to be identical with that reported by WoopaRD, Lance,
Neison & CALvery (1941) for rats and gumea pigs (LD50 about 75
mg/kg) As farmers spray sodm monochloracetate for early npemng of
clover at a concentration of 2000 mg per square metre, there 15, as shown,
a great nisk of fatal posoning of geese foraging on the crop Wallking
amongst a freshly sprayed plot withowt feeding, on the other hand, causes
no p g This 15 1 with the ¢ 1 observation that
among such wild birds as pheasants and partndges, which mawly seek
ammal food tn clover fields, the mortality has not been found abnormally
high during the pertod of spraying for eatly npeming of clover

The prctuse of powoning i geese has features 1n common with 1hat of

b acd p m pigs and dogs as described by
DALGAARD-MIKKELSEN, KVORNING & MOLLER (1955) and ANDERSEN, DAL-
GAARD-MikKELSEN & KvorNING (1955) They are both charactenised by
an effect on muscular acuvity and by 2 latency of some hours from in-
take 10 a sudden development of chimcal signs For wild geese this
latency means that they can move far from theur feeding place before the
potson begins to wnterfere with their mobility

The fact that an increased content of organically bound chlorine was
only demonstrable in pecfectly fresh post morter matenal suggests that
monochioracetate, ike other organic chlotine compounds {BRAY, THORPE
& VatLance 1952) and monobromacetic acid (HANSEN 1956), 15 de-

C

o

rapidly 1n a buol 1

ty 2 toxico-
chemical analysis does not always serve as a relable guide m’pracnce

Summary.
A case 1s report
they had fcm.‘.)f),f fd b d m"“"f""":‘fﬁm porsoning of wild eesea afea-
ehloracetate . . .
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allowing them to forage on a clover plot 1 hour after an aqueous solution had been
sprayed or by ad g through an h 1 tube an aqueous solution with
added agar

Chemical determinations of orgamcally bound chlorine in the contents of guzzard
and intestines and tn the ltver were performed by HANSEN s modification (1956) of the
Conway method (1950)

Results

Six geese were transferred to a clover plot, where they had never been
before, 1 hour after this had been sprayed with the quantity of sodum
monochloracetate solution used m normal practicé, corresponding 10
20 kg per hectare i 500 1 of water The geese moved about 1n the mosst
clover, but ate practically nothing No signs of poisoning were observed
over the next 48 hours

Spraying over areas where the geese felt at home, and therefore al¢
freely, led to the deaths of four out of six geese within 24 hours of spraymg
with 20 kg sodium monochloracetate per hectare n another experiment
with 40 kg per hectare three out of six geese died

Admmistration by oesophageal tube of 50 mg per kylogram body weight
gave no signs 1 two geese Administration of another 75 mg/kg one week
later killed both geese after 4 and 6 hours A dose of 100 mg/kg to wo
geese resulted in death within 3% hours It was characterstic, both after
intake with fodder and after admimstration by oesophageal tube that
the geese were apparently unaffected until about 3 hours afterwards Then
smacking sounds and acts of deglutitron were noticed, as well as unsteady
gaut, duning which the test birds almost hiterally lost their heads, the neck
falling backwards on to the back The geese developed ntermiient
convulstons 15 to 30 minutes before the occurrence of death i reflexless
coma, 1n between they lay with extended wings and legs, attempting feetly
to ratse the head by the neck

At necropsy all the test birds were found with thin and shimy contents
of oesophagus and glandular stomach In the duodenum the mucous

Table 1
Organically bound chlorine 1n grzzard and infestines and n liver pg/g
Administered by

Residue left on clover {
IComrol oesophageal tube
| z0kgha | 40ksmma | 75 mejkg | 100 melke
ol 1+ 2 1 4| 7 8 9{ akh c 4
??:S:m': 3 4 16 27 17 15 17 25 47 34 20; 1296
o 350 oo ;a9 [ 2025 33 | a0 B4

Liver
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ol of P i! Royal Vetermary College kholm, Sweden

Riological Fate of Cl4-labelled
Ethyl (3,3—ﬂsphenyl-l-melhyl-propy)) dlme(h)\ammumumbmxmde
Cetiprin®, a i\ nary A C

By

Estal Hansson and Carl G Schmterlow
(Received April 30 1961)

The phystological disposal of a number of monoguaternary ammoniam
compounds has been reported by LEVINE & CLark 1955, 1957 and Le
VINE, BLaR & CLaRK 1955 Their results show that the pattern of tissue
dxs!nhuuon 15 approxxmate\y the same for all these subsmances despue

were round to be d;smbuted pnmanly n the ussues concerned with
excretion, but the concentration of the drugs in other organs was too low
to be determined by the chemical method employed In order to investieate
Pyots

© L uiup s Leen studied 30 mice and rats by autoradiography and
Tadioassay

Methods.
Synthewss of C14 Cetiprin?)

The synthesis of Cl4cetipnin was c::rned oul a: dcscnbed below
1-Citethy K3 3-drphenyl | & was prepared
by reacting € f-ethyhodide (The Radnochemlc:ﬂ r.m.. Arnnt —

4 4-diphenyt 2-d|melhy[amxno-n butane
OTODALY A meth T

.

. I T

- ~ Sywt was Jound on the chromatograms,

Y Rearp To $10ckhalm Sweden
3 We art indedted

10 M;
of lhe Labelied Cot pan o Mr S Carsson and Mr N Forsderg Rearp Co for synthesty
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For domestic geese the lethal dose of sodium monochloracetate after
oral intake or administration has been found to be of the order of 75-
100 mg/kg.
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Bun Thyod gaad Heart Lung Kidoey

Sal vary gland Liver  Somach  Jncames

$12 of mpection

Fig 1 A showing of (light areas)
10 2 mouse | hour afler mtramuscular imjection of CH4 Jabelled cetiprin

unlike what was found 1n the blood vessels, was observed 1n the bran or
1 the spinal cord

Imtially up to one hour, the Iner showed the highest concentration of
radioactivity, but this level decreased rapidly, mdicating secretton via
the bile A hugh activity was seen 1n the biliary ducts, the gall bladder and
the small intestines The accumulation of radioactivity 1n the intestines 15
probably mainly due to excretion via the bile (table 2)

The gastric mucosa showed a higher level of radioactmty m its fundic
and pyloric parts than that in the intestinal mucosa (fig 3)

The salivary glands showed a high accumulation of radioactivity, but
much lower than that in liver and intestine Accumulation of radioactivity

was observed 1n the thyroid gland and radicactvity was found there
during the whole period of observation

Bram Brown far Liver

Sabrery § and
iz 2 Auto-rad ogram
showing d str bution of
T r2d oactwty (gl
< § houns afler intramuscular inject ons of C1s la‘byd?e’s c‘:tnr;r‘.:;) e
Aca padarmclopcs, vot, 1, fase 2

Hean Stomach Tntestins
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Autoradiograply

White mice weighing about 20 g were given Clé-cetiprin ether by stomach tube or
by intramuscular ingection The dose was 50 ug per gram of body werght (0 16 :Cper
gram) The mice were Jalled 15, 30 minutes, ), 4 8, 24 and 48 hours after dosing by
tmmerston tn a mixture of acetone and solid carbon dioxide (—80°) The frozen mice
were mounted 1n a cold room (~10°) on large stages fitted to a sledge microtome
Sagittal scctions through the whole animal were taken and dehydrated at —10° Auto-
radiography was performed by the method of ULLserG (1954) Exposure was made
agamst an INpusTREX (KopaK) X ray film or STrucTuRIX (GEVAERT) X ray film
Pregnant mice were also used to study passage of the drugs from mother to foetus

Excretion Studigs

1 Unrine and faeces Adult male rats weighing about 300 g were used The animals

d the syb: Jarly or by h tube they were kept 1

metabolism cages allowing the scparate collection of ufine and faeces aad were fed
ad hibitunt on a standardized diet

2 Urine and bile Adult male rats weighing about 300 g were used The rats were
anaesthetized with pentobarbital, a polythene tube was introduced into the common
btle duct, and the bilc was collected The urethra was ligated, and the drugs were
ingected intravenously Four hours after injection the rats were killed, and the vrne
was collected from the bladder

Radioactive Assay

Urine, faeces and bile were plated on alummum planchettes and counted i 2
gas-flow counter (Tracerlab Inc USA) Appropriate self absorption corrections
were applied when necessary

Metabolism Studies

The radicactive constituents of the urme and the bile were separated by papet
chromatography (Whatman No 1) Auto radiograms of the paper strips were pr¢
pared on No Screen X ray film Two solvent systems were used The developing sol
vents were I) & mixtare of n butanol acetic acid water (4 1 5), I} N butanol and
2 N ammonium hydroxide (5 2)
The chr were developed by d ding ct hy with sotvent |
and ascending chromatography with solvent IT

Results,

Auto-radiographic Studtes

Examples of the distribution of Cld-cetiprin at various gmes after
sntramuscular tjection are given in fig 1-3 The level of radroactvity m
blood was found to be low during the entire period of observation, 8
spite of the contnuous absorption from the site of mjection The radio-
actvity was thus rapidly cleared from the blood with accumutatron tn the

lung, fat
< testines, the gastric mucosa and the kidneys The 3
e, 1 ons No radioactevetys

tissue and connective tissue showed fow concentraty
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Baa Lung Stomach  Kidney

Salivary gland Mesrt muscle  Lever  Foectuses Placentae  Site of Injectlon

Fig 4 A showng b of ight areas)]
it a pregnant mouse with foetuses 1 situ 1 hour after intramuscular injection of C14
fabelled cetiprin Note absence of radioactvity fram the foctuses and the bramn

The radsoactvity was 1nitially low 1n the skeletal muscles, but after
24 hours the relative concentration had increased considerably The heart
muscle showed an especially high concentration

Although the placenta contamed a large amount of radioactivity, hittle
or no radioactivity was seen 1n the foetuses (fig 4)

A d hy after oral ad 1on showed that Cli-cetiprin
was absorbed slowly from the gastromtestnal tract Most of the radio-
activity was in the stomach and the intestines one hour after the snjection
Radioactivity was, however, observed 1n tbe liver, the kidneys and the
salivary glands Auto-radiograms taken 4and 8 hours after the mnjection
showed a copsiderable amount absorbed and approximately the same
tissue distribution as efter intramuscular mjection

Excretion Studies

The daily output of cetipnn or its metabolites or both 1 urine and
facces after oral adi 101 and 15 given 1n table 1
After oral admmstration most of the radicactivity was elimmated 1n

the facces during the first day, and the unnary excretion did ot exceed
16 1%, of the dose admsmstered
After d

the rad; matertal d
1 the faeces approximated to that 1n the urine Between 66 4 and 806%
of the dose admtnistered was recorered during the three day txprenmemo
However, after oral admustration 90 5-98 89, was recovered The
comparatively low radioactivity recovere:

d after mtramuscular imjectio
was probably dus to slow absorpion of the si e of

Imjection ubstance from the site of



E HANSSON AND C. G SCHMITERLOW

Gastric mucosa

Fig 3 Enlargement from fig 2 showing accumulation of radioactivity (ltght areas) ma the

gastric mucosa 8 hours after mntramuscular injection of C!4 labelled cctiprin

Table 1.

Excretion of Cl4.cetiprin 1n urine and facces

Per cent of dose excreted

2d
urine faeces

Total  |Grand
urine facces | urtne facces | total

admimistration
unne farces

Route of i
\

per os 46 7ssi 23 39| 09 36] 78 898 916
per os 63 901 29 89| 02 44| 94 BS54 928
per os 137 598 15 128] 09 26| 161 749 %0%
intramuscular 288 344 108 33 08 25| 404 402 806

287 93| 35 201] 08 40 330 334 664

wntramuscular

Table 2.
Excretion of Clé-cetiprin tn unine and bile

% of total dose
collected 1n bile

% of total dose
Rat No collected m urine

92
138
m 102
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{hat three radioactive substances were present (fig 5) The main portion
corresponded to unchanged cetiprin The additional weak spots suggest

bol or prod at low Tissue
extracts from liver, fung and heart muscle contained only unchanged
tetiprin

Discussion

The metabolism studies showed that Clé-cetiprin was mainly eliminated
unchanged, and only traces of metabole or congugation prod ppeared
on the chr The chr of liver, lung and heart
muscle extract showed only unchanged cetiprin These findings aow usto
conclude that the radioactwity present from the tissues on the auto-

d was mamly } d cetiprin

The autoradiographic studies showed a high concentration of cetiprin
1n organs mainly concerned with excretion of the drug viz liver, mtestine,
fadney and probably salvary glands In addition there was a marked
accumulanon 1n the gastric mucosa where 1t remamned for a compara
twely long tme without the app of any appreciatl mn
the lumen Ths 1s of special mterest for clinical application of the drug to
pepuc vleer

Cetiprin a quaternary compound, did not pass the blood brain barrier
“The mabity of such compounds to pass 1nto the brain has been attributed
10 their low ipid solubility (Bronie & HoGren 1957)

A high accumulation was seent in the thyroid gland Radioactivity could
also be seen in the heart and other muscles These findings are contrary
10 those of LEVINE, BLAR & CLARK (1955) but agree with the findings of
ALLGEN ef ai 1960 and HANSSON & SCinTERLOW (1961) for quaternary

henoth pound e of quaternary compounds
mhe thyroid and heart muscle 1s dufficult to iterpret No toxse reactions
on the thyroid or heart have been reported, and no pharmacological
effects on these organs have been observed

Quaternary ammonum compounds are known 1o be absorbed slowly
feom the gastrowtestinal ract (LEVINE, Blam & CLagk 1955) On oral
administration of Clicetipnin 10 rats, 4 5-16 1% was recovered 1 the
urine These figures correspond to amounts of drug absorbed from the
gastromntestinal tract Since a part of the drug absorbed 15 eliminated by

bihary secretion into the mtesting, the am
3 ount absorbed 1s probably much
higher than indicated by the recovery in the yrine P Y

Summary,

cet .
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Since large amounts of radioactivity were seen 1n the small ntestines,
cexperiments were conducted to determme the manner n which the com
pound reached the ntestine Samples of bile were collected and analysed
for radioactivity Qutput of radioactivity 1n the bile and 1n the urme wa
determined during a four hour period after mtravenous yection of
CH-cettiprm (table 2) The results indicate that afier intrasenous mjection

BILE URNE LIVER _HEART Ry

o007
016

085

& sty {lizht areas) corees

Fig 5 Auto rad of paper chr showing r.

ponding Yo unchanged cetipfin (Re 0 85) and conjugates (Re0 09 and Ry 0 161 Thechirama

togeimt was developed by descending chromatographv with n butanol acetic actd water
{4 1 5)as sohent For further explanation see text

m the rat a sigmficant amount of cetiprin was excreted via the bile and the
urme The percentage of recovery m the bile was found to account for
between 13 1-18 8% and 1n the urine for 9 2-13 8% of the inyected dose

Metabolism Studies

These studies were performed on muce and rats Injections were made
intramuscutatly of intravenously Small measured portions of urine and
bile and water extracts from hver, lung and heart muscle were chroma-
tographed on paper Cetiprinis mainly eliminated unchanged The paper
chromatography of urme and bile after injection of CMcelsprin revealed
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From the Department of Pharmacology, Untversity of Goteborg, Sweden
(Professor A Carlsson, M D)

The Effect of Intra-arterially Adminjstrated
‘Hydralazine on Blood Flow in the Forearm and Hand!)

By

At1zd, B , G. Johnsson 2nd M. Henmng
(Receved May 4 1961)

The hyp: effect of hydral: (1 hyd hthal ) 1n man
and ammals 18 due to a reduction m peripheral vascular resystance
(MOYER et gf 1951, WiLKmNSON et af 1952, Fres of al 1953) Ammal
studies have mven nse to divergent opinions whether the site of actionss
centeal or perspheral, but there 15 evidence that after mtravenous admin-
stration of therap doses of hydral: 1n humans the vasodilator
effect anses at least 1n great part from a penpheral pont of mterference
{STUNKARD et al 1954, ABLAD 1959) WiLKINSON et af (1952) found that
hydratanige myected 1mto the femoral artery, 1n doses exceeding 20 mg,
raised the skin temperature of the ipsilateral but not of the contralateral
leg The reported dosage was 8o high, however, that the hydralazine
concentration n the leg may possibly have exceeded the therapeutic level
by a substantial margin

Since 1t seemed of sntesest to ascertatn whether intta artenal admmsira-

ton of lower doses would also give rise to local vasodilation, we nfused
hydralazine at low dosage 1nto a brachial artery and studied 1ts effects
on the blaod flon wn tha frvpmen 01

- © lood flow was measured

e & VAN Zw,
W . s, . N LWALUVENBERG

'\ .

Methods,
po.sn:ﬁ: :xpcnments were performed on healthy students sn a secumbent
1

AL R .
1 .

SR n M prosented at
Pharmacotogical Societien en x.m’n‘fm’ og‘t‘n:\\::an}u“;rl;a Pritish and Scandinavian
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permitted an autoradiographic study of the distribution and also made t
possible to measure and follow its excretion and metabolism

A rapid accumulation of cetiprin was observed at carly intenals m
the liver, the intestines, the salivary glands and the kidneys The concentra-
tion in gastric and intestinal mucosa was high, An accumulation of
cetiprin was also observed in the thyroid and muscles. Cetiprin was
excreted via the urine and facces The main route of elimination was in
the faeces afier oral administration, owing to its low absorption from the
intestine. However, after intramuscular injection the excretion in urtme
and faeces was approximately equal. Cetiprin was also excreted via the
bile. The radioactivity in bile, urine and in tissues was shown by paper
chromatography to be mainly due to unchanged cetiprin. Traces of
metabohtes or conjugation products or both in urine and bile were also
demonstrated.
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outer diameter of 0 6 mm was then introduced 1nto the artery, the blood flow to the
arm being temporarily occluded by a cuff placed round the arm near the axilla The
catheter was advanced proximally for about 8 cm into the artery The catheter was
connected to a syringe placed 1n an mfusion apparatus, and through 1t ssotonic sal ne
or hydralazine was infused 1nto the artery at a constant rate, usually 0 3 ml per munute

Plethysmographs were then applied to both hands or to the upper part of both
forearms and placed at the fevel of the sternal angle The plethysmographs were of
the type described by FoLkow ef al (1958) The hands were covered with loose fitting
latex gloves and the forearms with sleeves of thin latex

For the determinations of forearm blood flow, the temperature of the plethys
mograph water was 34°C and the room temperature 24° & 1° Cuffs were appled
round the arms just proximal and distal to the plethysmographs The blood flow was
measured simultaneously mn both forearms by rapidly inflating the proximal cuffs
about once per minute to a pressure of 56 mm Hg This was done by connecting the
cuffs to a constant pressure reservoir of the type designed by Hess (1954) The duration
of cach inflation was about 15 seconds The volume ncrease 1n the forearms was
registered on smoked paper by float recorders filled with paraffin The distal cuffs were
inflated to 200 mm Hg at least one minute before measurement of the blood flow The
hand circulation was blocked during the admunistration of hydralazine

During measurement of the hand blood flow the temperature of the plethysmo
graph water was 33° and the room temperature 27° + 1° Cuffs were applied Just
proumal to the plethysmographs and the blood flow was measured in the same way
as 1n the forearm experiments

It will be evident from the results that the blood-flow was approximately
equal m the two arms before adnumistration of hydralazine, and there was
no indication that the catheterization of one brachial artery mnterfered
with the blood-flow to the hand or forearm

S

HYDRALAZINE
—

3

! TEST ARM
t
1
t
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BLOOD FLOW IN ml/i00ml TISSUE AND MIN
S

o
o

5 10 15 20 25 30 35
TIME IN MINUTES

flow 1n upper part of the forearm before and after infusion

d
Tig 1 o?r\tr)dmlnzme (total dose 0 36 mg) into one brachial artery
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The effects of mtra-arterially admumstrated hydralazine (hydralazme
chionde, apresoline @, Ciba) on the blood-flow 1n the arms were studied
1n three senies of cxpenments In the first, the drug was mnfused for five
mimutes and the circulatory response 1n the forearms was recorded for at
least 30 minutes In the second run the drug was gnen by rapid mpection
(duration 15 seconds) and its effects on the forearm blood flow were
recorded continuously for about 60 minutes; the catheter was then re-
moved, and the experiment was interrupted, but about four hours after
the myection the plethysmographs were again applied and the blood flow
measured for about fifteen minutes In the third senes the drug was
infused for five minutes and the effcets on the bloodflow of the hands were-
recorded for at least 70 muinutes

For statistical analysis of the results the r test (FiSHER 1936) was em-
ployed

Results.

1 Effects of Intra arterially Infused Hydralazine on the
Blood Flow wn the Upper Part of the Forearm

A typical experiment 1s illustrated 1 figure 1, and the results of six
experiments are gwven in table 1 Hydralazine was mfused m a total dose of
0 18-0 36 mg It increased the blood flow tn the forearm of the infused
nimb (test arm) The effect set m after a Jatency of one to two minutes and
reached its maximum approximately 12 minutes after beginung mfuston
On the average the blood flow 1n the test arms rose from 4 57 mi/100 ml
tissue/minute (stmplified, 11 the followmng, as “ml”) before the mfusion,
to 823 ml 13-18 minutes after the start of infuston (difference 3 66 =
092 ml, P < 002) The effect thereafter remamed unchanged until the
experiment was ended 30 minutes after beginning wmfusion The blood
flow m the contralateral arm (control arm) showed no significant change
after the admimistration of hydralazine - In three experiments blood
pressure and pulse rate were taken before and 30 munutes after the 1n-
fusion, and no appreciable change was observed

2 Effects of Intra-arterially Injected Hydralazine on the
Blood Flow w the Upper Part of the Forearms

Table 2 gives the results of five experiments The effect of hydralazine
(0 19-027 mg) on the blood flow in the test arms was slow n onset
Compared with the pre-Injection value the blood flow was, on the avcrage{
1 80 ml hugher for the first six-mmute period (035, P < 001), 294 ml
for the second (£ 046, P < 001), 3 32 m for the thied (£ 037, P <
0 001); and 3 64 for the fourth six-minute period, 19-24 munutes after the
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ijection (077, P < 00!) One hour after the mnjection the effect
remained largely unchanged Four hours after the injection a distinct
cffect persisted 1n two arms, on the average, the blood flow i the five
test arms was 1 08 ml greater than that in the control arms (4038,
P < 005) No sigmificant changes of blood flow 1n the control arms were
recordable during the first hour after the injection

3 Effects of Intra-arterially Infused Hydralazine on
the Blood Flow 1 the Hands

These effects were studied m six experiments (table 3) Hydralazine
(total dose, 0 31-0 55 mg) produced an increase of blood flow 1 the test
hands Here also the effect occurred slowly and reached its maxuunt
approximately 20 minutes after beginning tnfusion The blood flow
averaged 17 83 ml before the nfusion and 29 48 ml 19-24 minutes after
1t was begun (difference 11 65 + 195 ml, P < 001) About 70 minutes
after the infusion the effect was sull persistent, the blood flow bemng
750 ml higher than the premfusion value (4 289, P <005) In the
control hands the infusion produced no sigmificant alteration n blood
flow

Discussion,

Hydralazine admunistered 1n the brachial artery depressed the penipheral
vascular resistance tn the ipsilateral forearm and hand without producing
systemic effects If the whole of the intra-arterial dose of hydralazine had
left the blood stream during transit through the arm, the substance would
have had a concentration of approximately 02-04 mg/kg 1 the arm
tissues When admimistered intravenously to anaesthetized animals
hydralazine has a hypotensive effect m doses down to 01 mg/kg (BEN
ef al 1953), and m most studies of 1ts haemodynamic action i man
Intravenous doses of 0 2-0 5 mg/kg have been used In our experiments
therefore, the tissue concentratton of hydralazine the forearm and hand
was probably within the range that may be attained on 1ntravenous
adminsstration of the drug in therapeutic doses — The vasodilator action
1n the forearm and hand was slow 1n onset, and the time course was stmular
to that of the hypotensive action after intravenous admmstratton

LIER et al 1953
(Eijsir results are )consmant with previously reported expenmenlva:
observations, which have shown that 1n human subjects the hyp(;ten's:) <
effect of hydralazine 15 largely attributable to 1ts pertpheral site of actt
1n the vascular bed (STUNKARD et al 1954, ABLaAD 1959)  hand

Simce the blood flow response to hydralazine in th}f f:rcant);u;su:l o s
persisted for a considerable time after admimistering the drug,
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Normorphine, Nalorphine and Morphine.
Quantitative Separation and Determination of Small Amounts
in Blood and Tissues.

By

hursten Milthers
(Recerved May 8 1961}

It has generally been assumed that morphune 1s N demethylated to
normorphine 1 the orgamsm Thus 15 what happens, for nstance, with
codetne (ADLER e af 1955) Thus, though normorphine has been estab-
tished as 2 morphine metabolite in vitro (AXELROD 1956), evidence for its
formation 1o 15 ndirect The only experimental evidence available at
present suggesting normorphne fosmation tn vive 15 the observation that
CH0, appears n the breath shortly after injection of morphune-N C4H;
1nto rats (MArCH & ELUIOT 1954) or man (ELLIOT ¢f al 1954) Obviously
such tracer cxpenments give no more than indirect evidence for the
formation of normorphune as a metabolite of morphine 1t was therefore
thought important to elaborate methods permating the quantitative
determination of both normorphine and morphuine 1n various tissues

BECKETY Casy & HaRPER (1956) have postulated that the nor-deriva
tive of morphine 15 responsible for the analgesic effect This hypothests
and the conficmed antagontsm of nalorphine to morphune analgesia
wdicate the importance of also determining nalorphine by the same
procedure

Methods for quantitatively determimng smafl amounts of morphune

wn blood and tissues have been desenbed previously (MiLTHERS 1958, 1959)
Methods for determiming normorphine have not been found in the
lterature but 2 method for separating morphine and normorphine by
“““‘f‘: “XOma‘OxﬂPhy has been put forward previously (MILTHERS 1959)
Multmi\ntt(\:\\m:\mn of nalorphne had been desenbed by Woops &

IO (1957) and us separation from morphy

matography by Provey 0959 11 orphine by paper chro
ere we present a method by which 1t s

o
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to have been relatively firmly attached to its site of action A simiar
finding has emerged from m vitro studies of bovine mesenteric artery
preparations In such preparations hydralazine lessened the effect of
various fonus-increasing stimult, and us action persisted for two hours
after 1t had been washed out of the bath (AbLaD, unpublished results)

Summary,

Hydralazine was adminstered unilaterally mto a brachial arteryinman
the dose being such that the tssue concentration of the drug i the armwas
presumptively within the range associated with systemic admimistration
of therapcutic doses It substantially increased the blood flow in the
proximal part of the forearm and 1n the hand, whereas the blood flow i
the contralateral arm was unchanged The local vasodilatation developed
slowly, reached 1ts maximum 12-20 munutes after administering the drug
and persisted for more than one hour The results lend support to the view
that the hypotensive effect of hydralazine 1s due largely to 1ts peripheral
site of action 1n the vascular bed
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overies of nalorphine and morphine were still approximately 100%
We did not succeed 1 obtaimng higher recovenes of normorphine by
application of other extraction mixtures Ths 15 most probably due to the
low solubility of the normorphine 1 all solvents

To avord time-wasting titrations, some further investigations were
carried out We found, that on adding 4 g sodium carbonate to the 5 mt

4] %g
i
FH

%

8% [X] 9% 99 % 15 pH

Fig 1 Percentage recovery of normorphine
The normorphune 15 extracted (rom aqueous solutions at different pH values
three imes with equal volumes of a mixture of ¢hloroform and iso-propanol (3 1)

in the separation funnel just before the extraction, there resulted a pH a

htdle tugher, as well as a higher recovery, presumably on account of a
salting out effect

Paper Chromatograph)

Separation of normorphine, nalorphine and morphine was accomphshed
by paper chromatography The main difficulty hes 1n separating normor-
phine from morphune, because the Re values of these two substances
are close to one another 1n most ck p As d
[;rt\mu‘sly (MILTHERS 1959) this separation was carned through by

g paper ch phy wath the ct
amylenc hydrate, di n buthyleth )7 T,

cr and water, 80 7 13 (Brossig, HAFLIGER
:.of:;\x:m l95‘5) We found that for this mixture the Ry values for
ne,
sm“l’:;yl ¢, nalorphine and morphine were 004, 050 and 008, re-
The procedure was, with so:
by Pararortno (1057 me modifications, the same as that described

e
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possible, after extraction of tissue-homogenates and subsequent chroma-
tographic separation, to determine normorphine, nalorphine and mor-
phine polarographically n various tissues, at concentrations down to
06 pg/g with a recovery of 72%, 97%, and 97%, respectively

Preliminary Imvestigations.

Polarography

The last stage 1n the method of morphine determmation previously
described by the author 15 the polarographic determnation

Morphine as such cannot be determimed polarographically, but it 15
transformed after treatment with mitrite 10 acid solution nto a dernvative
that can be determuned polarografically This derivative has been descri-
bed earlier as a nitroso derivative, but recently 1t has been shown to be a
nitro derivative (BAGGESGAARD-RASMUSSEN & BoLL 1958, LUND 1958)

Normorphine and nalorphine can both be determined polarographically
after treatment with nitrite 1n acid solution, having a half-wave potentsal
about I 0, stmilarly to morphine The procedure 1s the same as described
by PZRREGAARD (1957) There 1s proportionality between the concentra-
tion of morphine, as also of that of normorphine and nalorphine, and the
wave-height at maximum sensitivity (1 ¢ observed wave-height n mm
multiplied by the reciprocal of the sensitivity of the appatatus on which
the curve 1s obtamned) This proportionality 1s valid for concentrations up
to 500 pg/ml and probably for still higher concentrations The average
ratio between the morphine concentration expressed 1 pg/ml and the
calculated wave-height at maximum sensitivity expressed in mm 15 0 9352
For normorphine and nalorphine the average ratios are 0 0270 and 0 0316,
respectively The sensitivity of the polarograph was controlled every day
by means of standard solutions before and after use

Extraction

By the method previously referred to, the homogenates were depro-
teimised with uranyl chloride The supernatant liquid was autoclaved and
the morphine extracted at bicarbonate-alkaline reaction (1 ¢ at pH about
8 4) three times with equal volumes of a muxture of chloroform and
wso-propanol (3 1) By this procedure nalorphine was also extracted
quantitatively, but only 30-40% of the normorphine The 1soelectric point
of morplune 15 about pH 9, and one mught expect 1t to be higher for
normorphine, a secondary amine By extraction at different pH-values,
adjusted by titration with sodium carbonate, we found the best recovery
to occur at about pH 94 (see fig 1) The average percentage recovery
of normorphine was ther¢ about 78 from aqueous solutions The rec-
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are more compact The sheet was then cut off just above the zones corresponding ‘t_o

& MarT (194T)
The excrsed prece of paper was cut to a point at one end, and the other end was
placed on the free end of a double wick (4 X 6 cm) of Whatman paper No 1, which
? _ A NI A R SR

sucked through the wick and the piece of paper down into the pipette, took the
naforphune along with 1t The elution volume was from 0 50-1 00 wil, and N HCL was
added to give a total volume of 100 ml

The lower edge of the rematnsng part of the sheet bearing the spots of normorphine
and morphine was then serrated, and paper chromatography was continued in the
same vessel after of the sheet After the paper chroma-
tography had continued for some further 28 hours (total about 45 hours), the sheet
was femoved agan from the vessel and dried Localisation and the elution of nor~
‘morphune and morphime were carned out as for nalorphine

in our p y we d a problem which
we strongly should adwise anybody to take care of In the chromato-

graphic mixture we use di-n-buthylether, and thus ether ofien contains
peroxides even when of analytical reagent quality, because they develop
on storage Morphine, normorphuine, nalorphine and other substances
are destroyed by peroxides We have noted a loss of up t040%, even after
paper chromatography for only 2 hours, if the dr n-buthylether contamned

& des can be removed by washing the ether several

F €
times with ferrous sufphate and then with water, and finally removing the
water by shaking with p hyd peliets Devel of

perotides 15 avorded by storage w the dark at 4°C with potasstum hy-
droude pellets

Q and Quantitative Determinat
of Normorphine, Nalorphine and Morphine in Tissues,
The sufistances wsed 1 the were morp! hyd:
(“L;x:z:;&NE;lO H:0} melung pomnt 305 ~307°, obtained from the Department
N ten \anar:,"?) andA\;:‘I{axe. US A, malorphme hydrochlonde (CyoH 05
31
€N 10 by o D::alogrs“ml Products, and morphine hydrochlonde

Techaque

Fhe exper
ol 300 mal v, e o o o cr o Y FEmOned from
male tabbits . Pt for 2 few expeniments on normal adult

e
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Fig 2 Two stages 1n the separatton of nalorphine normorphine
and morphine by paper chromatography

The left part of the figure shows the spots of normorphine morphine and nalorphine aftet
chromatography for 17 hours nalorphine 15 cleaely separated from morphine and nor
morphine
The night part of the figure shows the remaining part of the sheet when 1t has been cut off
Just abave the zone corresponding to the nalorphine spots after 17 hours of chromat
ography The lower end of the sheet has been serrated and chromatography continued fora
furtier 26 fours A¢ (s ¢tme (arfer 45 fours chromarogrepiyj normorphme e deed
separated from morphtne

The paper used was Whatman No 1 buflered at pH 6 3 The paper was first drawn
twice through an aqueous buffer solution consisting of 15 6 g NaH,PO, 2 Hz0 and
35 ml of 30% w/v NaOH per 1000 ml solutton and then dried Each sheet measured
50 x 23 cm A transverse starting line was drawn 12 cm from the upperend and five
samples and a standard were applied The sheet was then suspended for 3 hours satura
tion m the chromatographic vessel (20 x 30 x $0 cm) Descending chromatography
was begun, when the flud level approached the lower end of the paper after 16-18
hours at 22°C, the paper was removed from the vessel and dried The nalorphine was
Jocalized 1n ultraviolet hight by means of absorption from the standard spot The
absorptions n ultraviolet Iight are marked with amounts of nalorphine down to
10 pg and with amounts of morphine and normorphine down to 2 ug because these
two substances only run a short distance on the sheet and consequently the spots
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are more compact The sheet was then cut off just above the zones corresponding 10
the natorphine spot, usually 12-14 cm from the onigin The zones were cut out of the
other five lengths, and each of these five preces of paper was eluted separately Elution
was carmied out as described by PARREGAARD with the technique of CONSDEN, GORDON
& MarTN (1947)

The excrsed Prece of PAper was cut 1o 3 pownt at one end, and the other end was
placed on the free end of a double wick (4 X 6 cm) of Whatman paper No 1, which
was placed over the edge of 2 vessel containing N HCI The tapering end Of the paper
carrying the nalotphine was brought nto contact with the point of a graduated cy-
tindnical pipette of 100 m! capacity The hydrochloric acid 1n the vessel, on bemg
sucked throvgh the wick and the piece of paper down into the mpette, took the
malorphime atong with = The elutior volume was from 9 50-1 00 ml, and N-HClwas
added to give a total volume of 100 mi

The lower edge of the remaining part of the sheet bearing the spots of normorphine
and morphine was then serrated and paper chromatography was continued in the
same phic vessel after of the sheet Alter the paper chroma-~
tography had continued for some further 28 hours (total about 45 hours), the sheet
#as remorved again from the vessel and dried Localisation and the elution of nor~
morphine and morphine were carried out as for nalorphine

In our prel y iy we

d a problem which
we strongly should adwise anybody to take care of In the chromato-
graphic micture we use di n-buthylether, and this ether often contams
perovides even when of analytical reagent quality, because they develop
on storage  Morphine, nosmorphine, nalorphine and other substances
are destroyed by peroxides We have noted a loss of up 10 40%, even after
Paper chromatography for only 2 hours, if the @i n buthylether contained
Mroudes The peroxides can be removed by washing the ether several
Umes with ferrous sulphate and then with water, and finally removing the
water by shaking with potassium hydroxide pellets Development of

Peroudes 15 avorded by storage in the dark at 4°C with potasstum hy-
droude pellets

Sep and Quantitative D

of Normorphine, Nalotphine and Morphine in Tissues.
The substances used 1n the expenments
Cugroarinees wsed penments were normorphine hydrochloride

meltng point 305 -307°, obtamned from the Department

of l[l‘eé!‘()h(a::um.z:) 2\& \;I’;lfnrt US A, nalorphune hydsochlonde {CieHiy 0y
reon armaceutical Products and

© Hooen v raamaceut ucts and morphine hydrochlonde

Techmque
The expeniments were carnie

d out with organs freshly removed fi
normal adult male ; 21 adun
e st ale rats, except for a few experiments on normal adult

gt
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The organs were homogemsed 1n a mcrohomogemser (Potter & Elve
hyjem) with 09% w/v sodwm chloride solution The concentrations of
homogenates in our experiments ranged from 20% 10 50% w/v, depending
on the weight of the organs

To homogenate samples of 4 25 ml were added 250 pl of aqueous solu
tions of normorphine, nalorphine and morphmne, so that each sample
contained 10, 20, 40, 60, or 100 pg of the three substances per § ml
homogenate OfF these homogenates 500 ml were deproteimsed with
uranyl chlonide, as described for morphine determination m blood
(MiLTHERS 1958) The supernatant liquid was drawn off, 10 % 10N-HClwas
added, and the mrxture was autoclaved at 120°C for 30 minutes To 5 00mi
of the solution were added 4 g sodum carbonate, and this was then
extracted three times with equal volumes of 2 muxture of chloroform and
iso propanol (3 1) The extracts were filtered through anhydrous sodum
sulphate and after evaporation to dryness the residues were dissolved
100 pl of a mixture of chloroform and methanol (2 1) and applied to the
Whatman paper Washing was performed twice with 100 pl of chloroform
methanol, applied at the same origin as the first 100 gl Paper chromat
ography was then carned out as described above After 16-18 hours of
chromatography the paper was dried, the sheet cut off just above the
Jocalized nalorphine zone and the lower edge serrated Chromatography
was begun agam and carried on for some further 28 hours, to ensure the
separation of normorphne from morphine The paper with the nalorphine
spots was cut out and eluted as described above To the eluate was added
N-HCl 1o a total volume of 1 00 ml, and this was treated with 400 pl M
potasslum mitrite for 5 minutes The reaction was stopped by adding
600 pl 209 w/v potasstum hydroxide, and the nalorphine was determined
polarographically After a total pertod of about 45 hours of chromat-
ography, normorphine and morphine were localized, cut out, eluted an
determined polarographically

Results.

As seen m table 1 the percentage recoveries of added normorphu:e,
nalorphing and morphme were approxmmately 72%, 97% an:i 97%
respectively The individual results showed variations up to + 6%

The sensitvity 1s to a certain extent lmited by the sensitivity of the
polarographic determination, which requires not less than 3-5 pg of these
substances, 1n other words, by the standard method with 5ml homogenate
1t 15 possible to determine 2-3 pgfg tissues Greater sensiuvity can be
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Table 1
Recovery after separation of normorphine, nalorphine and morphine
{0 tissues contaming known added arounts of the compounds

Average
Added compounds o 20 4 60 100 | gecovery
4rg/S ml homogenate per cent
Blood normorphine | 792 180 272 468 195 75
undiluted nalorphine 9sg 191 393 572 101 97
morphine §78 194 387 538 100 9
normorphime | 725 138 254 401 811 72
Bran25%) | nalorphine 965 194 399 556 972 97
morphine 978 189 400 578 975 o7
Rormorphine | 704 135 246 397 683 [
Liver 50%1) nalorphine 901 194 401 398 953 9
morphine 998 206 405 611 996 101
wormorphime | 741 147 381 4l8 7143 7
Spleen20%,) | malorphine 956 198 408 578 100 99
morphine 913 192 405 383 979 97
|“hormorphine | 667 145 290 460 136 73
Kidney 33%1)  nalorphine 978 190 407 567 931 97
worphine 960 189 194 56§ 983 07

N Per cent ussue 1n the homogenate (w/v)

obtained by using a larger volume of homogenate We have determmned

aslittle as 0 6 pg/g tissues n 20 ml homogenate 50 % w/v without reducing
the accuracy

‘Summary.

A method 1s described for stmultaneous determination of normorphine,
nalorplune and morphine in tissues The homogenate 1s deprotemnised,
autoclaved 1n acid solution and extracted at alkaline reaction wath a
mixture of chloroform and iso propanol The substances are then separated
by d ding paper ch hy and finally determined polaro-
graphically

By this method 1t 15 possible to determine as smalt as 2 5 pg/g ussue
on 5 ml homogenate 509 and 06 pg/g en 20 ml homogenate 50%,

with a recovery of 72 + 6% for normorphine and 97 + 69
nalorphine and morphine ’ 6% for both
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The Combined Effect of Adrenaline and Sodium Chlonde
on Blood Pressure in Normal Rats

By

A J Aho, M I Linna and Ammo Pekkaninen
(Recenved November 8 1960

Emotional factors as for mstance mental exertion, psychuc stramn and
agressive states increase the blood pressure (MiLis 1959, WoLsr 1953,
PICKERING 1955) These factors also increase the excretion of adrenaline
(GoopaLy. & MeenaN 1956 ZUibema ef al 1956) eg during matn
culation examinations to fourfold (PEKKARINEN et af 1959) Audiogemc
and visual sumul can cause trangient hypertension in halfwild rats
(FARRTS ef al 1945, ROTHLIN ef al 1955) especially old ones (MeDory &
Bongiovann 1945)

An adrenaline infusion decreases renal blood flow (GoLpzZIBHER 1946,
HarTMAN & BRrOWNELL 1949) Electric sumulation of the sympathetic
renal nenes (GooDWIN ef al 1949) and the cerebral cortex (HoFF of 2/
1949) as also intravenou of adrenaline (TRUETA ef al 1947,
CERLETTI ¢f af 1949) cause an expenimental 1schaemia of the renal cortex
Psychic factors can decrease renal blood flow to 4 of its normal value
even though blood flow 1n other organs remains normat (WoLFF 1953,
Sctroiper 1957) The renal vasoconstriction can last longer than the
fise 10 blood pressure especially in essential hypertension (WoLyr 1953)

In man pheochromocytoma can cause all the charactenstic signs of
Rypertension in the blood vessels there may appear diffuse, degenerative
and partly necronie changes hke those after protonged admmstration of
adrenaline (Rasp 1953 EaGer 1940} This increases the blood pressure
w the dog 10 some degree (LANGE 1923, ENGER 1940) but the effect 1s
Z‘;i’:‘i ::\c:\;:‘::dl:s:h; a;;;lg:;:QSZLuAdmnahnc and noradrenaline

tension (Oust o1 ol 1950) ure during experimental renal hyper
”‘5‘0\“;":\'}: c:!ande solution 1 place of drinking water or addition
) e diet ancreases the blood pressure (SAMIRSTENN et al 1950,

w1

n
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PICKERING 1955; SELYE 1955-56), as do other sensitising factors The
rise 1n the blood pressure of experimental animals depends on the datly
intake of sodium chloride (MENEELY ef al., 1953). Essential hypertenston
is rare in individuals on a low salt intake (DAHL 1959) DOCA enhances
and Jack of sodm chloride decreases the effect of adrenaline or nor-
adrenaline injections 1n acute test (RAAB 1953, 1959)

The doses of DOCA needed to increase blood pressure (2 5 mg daily)
are, however, relatively big (KNowLTON o7 al. 1946; PICKERING 1955)
Salt is an essential factor also in the development of hypertension caused
by Jarge aldosterone doses (0.5 mg daily) in rats sensitised by umlateral
nephrectomy (GRoss et al. 1957). Because the importance of salt m the
experimental of hypertension, and also the vasocontrictor effects of the
catecholamines 1n acute tests, we decided to study the combined effect of
sodum chloride and prolonged adrenaline 1n chronic tests

Materials and Methods.

The matertal included 105 normal albino rats, 69 males and 36 females Theit
average bl weight was 282 g In the adrenaline + sodium chloride group was 35
rats, m the sodium chloride group 34, m the adrenahne group 8 and 1z the control
group 8 In the acute test there were ten rats m each two groups (adrenaline or adre-
naline along with salt)

The single dose of adrenaline 1n o1l was 1 mg (Adrenalin Retard, Leo, dissolved 1
02 ml of o1l solution containing ascorbic actd 0 015, white beeswax 0 02, anhydrous
lanoline 0 04 and arachus o1l 10 1 ml) The adrenaline in o1l was given as a daily ¢
tion into the dorsal regions subcutaneously near the median hine 1n all about 3000
injections were given Sodium chioride was admimstered 1n the drinking water 25
1-2% The measurements of blood pressure (once in 7-14 days) were carned out
20-24 hours after the 1 with photoelectric from the
hind leg without anaesthesta (Metro Industries) Every blood pressure measurement
was checked at least three times Before the blood pressure measurement the rais
were kept az an anmal holder for sbous 5-19 munes, after which they generally
remained sedated during the measuring time

Statistical treatment Student’s p-test was used for compartng blood pressures
The result was considered significant at P < 001

Results.

Bodyweight (fig 1) The average mitial bodyweight was m the adre-
naline -+ sodium chlonde group 320 g; 1n the adrenaling group 237g,mn
the sodium chloride group 290 g; and 1n the control group 256 g An
inerease i body weight was observed only m the control group In the
other groups the changes of body weight were smait S

The course of the experument. At 3-1 hour after the adrenahne mjection

the rats were obviously tired and weak, and they were breathing rapidly
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Fig?

o o 0 32 40 0 60 o o0 Doys
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o———a Controf

Fig 1| Aserage body weights of the rats 1n the control group and during
protonged treatment with adrenaline and sodium chioride

and panting About 142 hours later these effects had disappeared, and
the rats seemed normal agam At the end of the treatment almost all the
test antmals showed a tendency to local infections 1n the skin of the dorsal
region and back, though these seemed to have hittle effect on their general
condition The mortality 1n both control and adrenaline groups was ml
When the tests 1n the adrenaline + sodium chlonde group had lasted
30days 107 gof the rats were dead, and at the end of the experiment 31%
At autopsy some of the dead ammals had extensive pneumoma Jike
purulent inf I d ner and were seen

more noticeably in the adrenaline + sodium chlonide group than m
any other

A Acute Test

One single injection of adrenalne 1 ol (1 mg sc) caused a fise n
blood pressure from 106 to 121 mm Hg n normal rats (fig 2) In the
Troup of rats fat Tor two weeks had had 2% sodwm chloride in the det,
the adrenafine 1n o1l caused a nise 10 blood pressure from 116 to 135 mm
Hg In both groups the increase 1n blood pressure lasted about 6 hours

B The Chronic Test

In the adrenaline & sodwm chloride
group (fig 3 A) (A
mgiday s ¢ = about 3-4 mefkg and | p (Big 3 A) (Adrenaline 1

-2% sodium chlonde as drnking

e
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Fig 2 Effect of adrenabne 1a oil (I mg subcutancously) on the blood pressure 1n the
control group and m the group afier 2 weeks® treatment with 2°, sodium chlonde i the
dtet Each valye 1s the average for ten rats

water) there was a tendency to wcrease the blood pressure already
after a week (from 114 to 125 mm Hg) The blood pressure then mereased
continuously, reaching a maximum (146 mm Hg) on about the 50th day
After that the pressure began to decrease gradually, despite daily adrena-
Iine injections  After 70 days the blood pressure decreased quickly, i
about 20 days, to 10 mm Hg above the original level

In the sodwin chiloride group (fig 3 B) the blood pressure n 20 days
increased to 125 mm Hg, after which 1t increased much more stowly The
peak (130 mm Hg) was reached on the 75th day After the salt treatment
the blood pressure fell 1n a few days, but not reached yet the level m the
beginming of experiment

In the adrenalme group (g 4 A) the rise 1 blood pressure was slow
(118 mm Hg after 27 days), 1t then became more pronounced and con
tinued until the 56th day The blood pressure had then reached 1ts maxi-
mum (136 mm Hg) and clearly began to fall from the 80th day onwards

The ansmals m the control group (g 4 B) were given the same food as
the other groups The drinking water was tap water Therr average blood
pressure was observed to nise only shghtly for 110 days, from 110 to

[17 mm Hg

C Comparison of the Adrenalme -+ Sodwm Chioride and the
Soduim Chlaride Groups i the Chromc Test
On comparng the adrenahine - sodwum chloride group wath the

i reSsure
sodium chionde group, tt will be noticed that the rise in the b ood)z e

Ve
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Fig 4 Lflect of prolonged treatment with adrenaling tn ol on the
blood pressure of rats
Individual values and the means The averige normal blood pressure
A = Adrenaling 1 mg subcutaneously every other day
B — Control bfood pressure for the same time

broken hne

days, when 69% n the adrenaline + salt group had a blood pressure of
< 130 mm Hg, the corresponding value for the salt group being 37 5%
(Fig §) The clearest difference m blood pressures was on the 47-50th
days, when values of < 130 mm Hg were found 1n 85% of the adrenaline
+ salt group and 1n 21 % of the salt group and values of < 150 mm He
tn 41% of the former and 7% of the latter group At the end of the test
blood pressures were found to be considerably higher in the adrennline +
salt than mn the salt group This 1s also rllustrated by the fact that values
of < 170 mm Hg were found only mn the adrenaline +- salt group
Comparison of adrendline + sodwm chloride and adrenaline groups

When the adrenaline + salt group and the adrenaline group are compared
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Fig 5 Percentage dustribution of individual values for blood pressure
during profonged teatment with adrenaline injections and sodium chloride as well

a3 forf the sodium chioride adrenaline and control groups

tagher average values of blood pressure appeared 1n the former group
{fig 4 A and fig 5), but the difference was not sigmficant at the 005 level
Analysis showed that the difference 1n blood pressure between the groups
became significant only on the 20th test day (P < 001} (Fig 3A)

Discussion,

The combined effect of adrenahine and sodium chlorde on blood
PIOSSUIC 1 QUL S¥penments 1o some extent supports opimon about the
role of sodium chlonde retention and ncreased secretion of adrenermic
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substances 1n the actiology of hypertension Sodmm retention, especally
1n the smooth muscles of the blood vesscls, may cnhance the effects of the
vasoconstrictor impulses of the sympathetic nerve fibtes (Raan 1953)
A normal sympathetic tone can already then cause vasospasm, and an
mcreased vasomotor tane as well as noradrenaline rasse 1t considerably
(ScrrorpIR 1957) According to CROUT (1959) (RAAB 1959) a number
of studics suggest that vascular reactvity to catecholamines may be
inereased 1n hypertension

It has been stated that an adrenaline njection decreases renal blood
flow (GoLDZIEHER 1946, HARTMAN & BROWNELL 1949) and causes 1schac
mia in the renal cortex tn ammal experiments (TRUETA ef af 1947, CERLETTI
etal 1949) It has also been shown that psychic stimuli produce renal
vasoconstriction m man (WoLrr 1953) These cffects may be basic
to the development of increased blood pressure from prolonged adrena
Iine and sodium chloride treatment

Repeated admustration of adrenaline in oil (2-4 mg kg) or i water
(0 4-1 7 mg/kg) to rats has been shown to cause transtent hypertensive
reactions (140 mm Hg), beginming on 5-7th day during prolonged treat
ment for 130 days (Hoim 1952) These reactions tend to become normal
later on, despite the treatment The blood pressure measurements were
performed with the plethysmograph under ether anaesthesia For shorter
periods, 1-14 days, 1 mg adrenaline 1n o1l, causes hypertension in 1ats
only occasionally (SCHROEDER & NEUMAN 1942) In dogs daily injections
of 1-6 mg (up to 40 mg) adrenaline 1 aqueous solution, for 8 months to
2 years, clevated the systohc blood pressure, 1n one dog maximally by 90
mm Hg n 3 months Later the blood pressure began to return to normal
mn spite of continued 1njections (ENGER 1940)

In our experiments the effect of adrenaline alone upon the blood pres
sure 1n a rat was shight (fig 4 A) We did not observe as high (180 mm Hg)
individua! blood pressure values as did Hexm although some raised values
(145-155 mm Hg) were in fact scen 1n our rats after the 55th day In our
preliminary tests series the myections of adrenalme m o1 ncreased the
blood pressure n old rats up to 160-170 mm Hg (Ano et al 1959) m 2%
months So great a nise we have, however, not been able to confirm 1w
later experiments The age of the animals may be of importance, €8 the
audiogenic strmuli increase the blood pressure more m old than n young
rats (MLDOFI' & BONGIOVANNI 1945) J

In our experiments the mjections of adrenaline 1 o1l were considere
- t - ~sympathetic tone Clearly, the effect

2 same as those of the endogemc
and adrenaline, upon the receplors
In spite of the fact that adrenannt 1 the doses used produced a shocklike



ADRENALINE AND SODIUM CHLORIDE 25

state of fatigue 1n rats for some hours, the vasopressor effect 1n the acute
xperiment was small

e pTel-: adrenahine dose, 1 mg daily, 1s large per unit of body weight, com~
pared cg, with the doses used chimeally The rat 15 nsensitive to
adrenabme The effect m the acute test lasted only 5-6 hours (fig 2) The
test ammals, e g the gumea pig and the monkey, require rather ugh doses
of adrenaline to produce even a shott fise 1n blood pressure (KASAHARA &
KAWAMURA 1937)

The level and the wncrease of blood pressure sn expenmental studies
depend on the amount of sodwm chlonde 1n the diet (MENEELY et af
1953) These workers gave the rats a sodium chloride diet for over one
year, the salt content ranging from 001 to 9 8% Prolonged administra-
tion of 2 8-5 6% sodium chlonde 1n the diet increased the blood pressure
to a shghtly hypertensive level during 9 months treatment 28% sodim
chlonde 1 the diet of the test animals corresponds to a daily p
tion of 14 g salt for a 70 kg man {MENEELY 1959) 1-2%, sodwum chlonide
1n drinking water, as used by us, about corresponds to Meneely’s 2 8%/
diet, since 1n our test the salt content of the food increased the total amount
of sadwm chionde Dnnking water contaiag 2% sodwm chloride caused
hypertension 1n all rats (BRANDT et al 1951) after s1x weeks, and the
blood pressure then returned to normal

Two common physiologcal effects 1n normal metabolism, those of
adrenaline and sodm chlonde, when combined, i our expeniments
wnereased the blood pressure of rats The combined effect of these factors
has not been previously studied mn chromc tests Several investigators
emphasize the importance of sodium chlonde and psychuc factors 1 the
development of hypertension The response of the blood Pressure in rats
during prol d with adrenaling 1n o1l and sodium chlonde
150 a farge extent individual In our own experiments there were some
animals 1n which the blood pressure reached the hypertensive level About
the diidual variation of the blood Ppressure values in test ammals there
are also carhier findings 1n rats (Heng 1952) and dogs (SCHROEDER &
GoLpMav 1952) dunng prolonged treatment with adrenaline only

Sutamary,
The combined effect upon blood prece canf o
adrenalime in il (1 mg dally}and of 1-,
» ;\l::‘ as well as the separate effects o
of adrenaline 1 oil alone (1 m,
g every Ind day),
months 1n 105 normal unsensiysed ::-lybmo mtsy )

were studied for three
treatment The blood pressure was measured

A control group got no
without anaesthesia The
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average initial blood pressure before treatment was in each groups 110~
114 mm Hg. In the adrenaline -~ sodim chloride groups there was
found a significantly higher blood pressure after the 20th day of treatment
than in the control and the sodum chloride groups. The highest blood
pressure level during the whole test period was observed in the adrenaline
-+ sodium chloride group. The difference in blood pressures between the
adrenaline 4 sodium chloride group and the sodium chloride group was
significant for almost the whole test period, but the difference between the
adrenaline 4 sodwm chloride group and the adrenaline group was
significant only on the 18th~20th days of the test (P < 0.01). After treat-
ment, the blood pressure tended to decrease in all groups. Our findings
suggest a role for the combined effect of adrenaline and sodium chloride
in the aetiology and development of hypertension,
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average initial blood pressure before treatment was in each groups 110

114 mm Hg. In the adrenaline + sodium chloride groups there wa

I‘ounq a significantly higher blood pressure after the 20th day of treatmen

than in the control and the sodmm chloride groups. The highest bloo
pressure level during the whole test period was observed in the adrenalin
+ sodu}m chloride graup. The difference in blood pressures between th
a.drc'nahnc -+ sodium chloride group and the sodium chloride group wa
significant for almost the whole test period, but the difference between th
adrenaline + sodium chloride group and the adrenaline group wa
significant only on the 18th-20th days of the test (P < 0 01). After treat
ment, the blood pressure tended to decrease in all groups. Our finding
suggest a role for the combined effect of adrenaline and sodium chlorids
in the actiology and development of hypertension.
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NFN nome
Acridum srethocameum
(pINN)

Ahmema num

tartrate ahmemazin tartras

Other Names
2 Hydroxy 2 6 10-timethylundecanecarboxybic acid (1)
(Aguinst hypercholesterofacmua)
10-3 2
BAN Trnmeprazine

(DCF pINN) ® Theralene Vallergan
(Psycho sedative)
Allytprodinunt 3 Ally] 1 methyl4 phenyl§ propionoyloxypiperidine
(BAN pINN) (Analgesic euforising)
Amanoginum 2 Amino-4-anilino s tnazine
(PINN) (Diuretic)
Amba~onum 1A 4
(BAN pINN) diene (2 5)
® Iversal
(Antibactenal)
Aminoproma inam 10423 h
fumarate BAN Proq:
fumaras ® Lispamot
(DCF pINN) (Anticonvulsant)
Amacqinum

chlonde amoca nichlotidum

Amopyrochinunt
(PINN)

Amphensdonum
[F33SY)

Amydricarnum
chlor de amydoicams
chlordym

 teate amydncain n 1ras

NAR 1936y
A oramnasrium

Beclamidum
TBAN pINN)

Ben ethid nuom
BAN pINN

Ben malecenam
NNy

IR

3 {2 Dicthylaminoethyl)-2 0x0 3 phenyl 2 3 dihydrogen
‘benzofurane

pINN Amolanonum (NND)

® Amethone hydrochloride

(Local anaesthetic)

7 Chiloro-4-(4 hydroxy 3{pyrrohidimyt {1} methyh)
anline)quinaline

PINN Amopyrogumum

& Propoquin

{Chemotherapeaticy

10 pheny) 2 oxo 1 2-dihyd

1 (3 Ammophenyl) 2{IH]pyndone

® Dornwal

(Psycho sedative)

Benzoic acid (1 dimethylamine 2 (dimethylammo
tmethyD) bury} () ester

& Alypin hydrochloride

(Local anaesthetic)

(Dye for determmation of blood volume)

N Bennyl 3chlotopropionamide

% Nydran

{Anticonvulsans)

12 BenzyloxyethyT)-4-pheny!

aaid«(4) ethyl ester o 0
tAnalgenic enforiing)

NQR3IB N
monozmide (ane of
(Uricosuric)

1 methy!

X 18
the stereossomers)
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Names approved by
The Nordic Pharmacopoeia Council)
(NFN Namgs).

(Recened March 4, 1961)

The Nordic Pharmacopoeia Council hereby announces that the Council
has agreed upon an NFN2) name for each of the drugs mentioned m the
list below This name may possibly be used if the drugs are (ncluded tn
the forthcomng Nordic Pharmacopoeia or if they are included n one or
scveral of the National Nordic Pharmacopoetas or official formulartes
or addenda thereto

Information as to the drug that the NFN name covers 1s given as the
chemical name of the drug, a selection of the registered trade names 1m
common use and other names for pharmaceutical specialities {denoted )
are given, together with the commonest non-registered names, which
melude the proposed or recommended International Non-Proprictary
Names (denoted pINN and rINN) approved by WHO The registered
trade name 1s 1n some mstances the name of one of the salts mentioned or
a preparation 1n which the drug in question 1s the actnve principle

BAN British Approved Name

DCF Denomimations communes (frangatses)

NND New and Nonofficial Drugs

Names approved in 19603).

Other Names

NFN name
Acetyldgttoximum 14 Acetylaxy 3 (O B D digitoxopyranosyl (1-4 O B
(pINN,NND) D digitoxapyranosyl (1-+4) B D digttoxopyranosyioty}
5P card 20(22) enolide ¢ Acctyldigitoxm
® Acyland
(Digatahislihe)

Truacetic acid ester of oleandomycin

pINN Triacetyloleandomycinum (NF)

® Cyclamyein Evramycin Matromyan Tao
(Antibiotic)

Acetyloleandomy crnum

. . *7% Copephagen Bronshoy Denmark
N 1sk Farmakopé nevn ) for the Nordic

16 p 364
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NEN name Other Namey

Chlorthiazdum 6 Chioro-7 sulfamoy! 1,4,2 benzothradiamnedionide
sodigmsalt chlosthazsdna (L)

trum pINN Chlorothizzidum (BP, DCF, UsP)
(BP,DCF pINN,USH) ® Chlownde, Dusesat Duund, Distaid, Ehydrd, Fean.
: 1, Klontsid, Lyovac duril, Salisan, Saluric, Salutnd,
Urinex.
(Drurettc)
Chlorzoxazonum $ Chloro-2 oxo 2,3 dibydrogenbenzoxazole
(BAN pINN,NND) ® Neoflex, Paraflex.

{Skeletal muscle relaxant)

Cholunt theophyllinas Salt of (2 hydroxyethyDtumethylammomum hydroxide

(BPC, PINN) 2nd 1,3 dimethyl 2 6 dioxo-1,2 3,6-tetrabydrogenpurine
NND Oxtnphythne
® Choledyl ChophyMin, Kofylhin, Teokolin
(Duretie, vasodiator ete )
Clemizotum 1 (4 Chl 112 (pyrrohidinyl (1) methyl)-b
chloride clemizall imidazole
chloridum ® Allercur
(BAN pINN

(Antitustarminic)
Conga-onnatrium Disodimsatt of 4 4 bis(l amino-4-sulfonaphthyt (2)-
azo)bipheny! Congo Red

BPC Rubrum Congoensis

(Dye for diapnostic use)

3 acld (3,5 5 b h

3,5 § Tnmethylcyclohexylmandelate

® Cyclomandol Cyclospasmol

(Spasmolytic vasodilator, periphete)

Cy defor,
(BANRINN)

Creloben aprinum

50D
i) triene
(Psycho-sedatne)
Cyclopregnatum €B-Hydrosy 3,5-cyclopregnanone{20)
(BAN pINN) & Neurosteron
(Psychopharmakon)
Demethvichlartetracy clinum 7 Chtoro-4 161012122
chlonde demethylchlortetra  * ¢ A }
cychms chlondum
(BAN pINN) .
Dequatonum

P

11 Decamethylene (1,10)-bis(4 amino-2
methylquinolmum hydroxde

PINN Dequalinu chloridum (BPC)

® Dekadin Dequadim

{Antibacteriaf)

chloaide dequalans chlondum

Detromphenisaminm (+)3304
maleate dextromphenssamim e NN et 3 ey

2)-propylamine
(":‘\':‘\ T Duomer
Pevetion ;5’ {Anubustaminey
phenisaminum (433 (5-Chtoncth
e denclorpheniacm, hpropstamme Y Nedimethyt 3 pymayt
mate

R Polaramine
(Antitustamnic)
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NEN name Other hames

Bialamicolum 33 Diallyl 55 bis(diethylaminomethyl) 4 4

chloride \! )] dihydroxydip

chlenidum @® Camoform

(BAN pINN) {Chemotherapeutic)
Bretylum N (2 Bromobenzyl) N-ethyldimethyl

4 toluenesulfonate hydroxide

bretyli tosylas
(BAN pINN)

Brompheniraminum
maleate brompheniramnt
maleas

PINN Bretyln tosylas

® Darenthun

(Sympatholytic)

(£) 3 (4 Bromophenyl) N N dimethyl 3 pyrridyl
(2) propylammne

® Dimetane Ilvin

{pINN NND) {Antihistaminic)
Broperoestrofum 1 Bromo 2 {4 ethylphenyl) 1 2 diphenylethene
(DCF pINN) ® Longestrol
(Estrogen)
Butopy by droxd Butyld 142 3-cimethyl $ oxo | phenylpyrazol my!
1odide  butopyr. 4 hydrox
Jodidum (Analgesic antithcumatic)
(PINN)
Ceramacrogolum Polyoxyethylene ethers of bees wax
® Atlas G 1726
(Pharmaccutical necessity)
Chaulmosulfonum 44 Bis(12 cyclopenty] boxamdo ()i
(DCF pINN) p Ifone 44 B s(dihyd 1 do)
diphenylsulfone
® Chaulfone
(Chemotherapeuuc)

Ctloramanozir um

Cllorn e anonum
APANNY

Chlorphenest iam
(BAN pINN)
C! lorphenoctonum
salt with trans 1 2 bis(4 am no
2 sulfophenyl)ethene chlor
phenocton: amsonas
Chlorproguamium
chloride chlorproguansh
chloridum
(BAN pINN)
C}lorpropamidum
(BAN pINN NND)

Chlorprothixen tm
chloride chlorprothixent
chlorrdum
RAN pINNY

2 Amino 4 (4 chloran lino) § triazine

PINN Chiorazambum

® Ormdan

(Duretic)

2 (4 Chlaorophenyl) 3 methyl 4 oxotetrahydrogen
134 shwaznadiavda (L4,

(Skeletal muscle relaxant)

3 (4 Chlorophenoxy)propanediol (1 2)
{(Fungicide)
(24D P
hydroxide
PINN Chlorphenocti amsonas (BAN)
{Antibactenal fungreide)
1(34 Dich 3D S
® Lapudnn
(Chemotherapeutic)

}d 1

pror

3 (4 Chlorobenzenesulfonyl) ! propylcarbamide

@® Diabaryl Diabet Diabines Diabimese Mellinese
{Antid abetic)

trans 2 Chloro 9 (3 dimethylaminopropyldene)
thioxanthene

® Taractan Truxal

(Psycho sedative)
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NFN name
Chlorthiazidum
sodiumsalt chlorthiazidna

tnum
(BR.DCF pINN.USP)

Chlorzoxazonum
(BAN pINN NND)

Chofnl theophsinas
(BPC pINN)

Clemi=olum
chlonide clemizol
chiondum
(BAN pINN)

Conga onnatrssm

Qther Names
& Chioro-T sulfamoyl 1 4,2 benzothiadiazinedioxide-
[
le)N Chlorothiandum {BE, DCF, USP)
& Chiotride, Diuresal, Diunl, Dwtred, Ehydnd, Fenu
1, Klontsid, Lyovae duuril, Sahisan, Salunc, Saltnd,
Uninex,
(Duuretic)
3 Chloro 2 o%o 2,3 dihydrogenbenzoxazole
® Neoflex Paraflex.
(Sketetzl muscle relaxant)
Saltof (2 hydroxyethyftrimethylammonium hydrotide
and 1,3-dimethyl 2 6 d10x0-1,2,3,6-tetrahydrogenpurine
NND Oxnphyitine
& Choledyt, Chaphyllin, Kofyllin, Teokolin
(Dhureic, vasodifator etc)

§ AWercar

(Antibystamenic)

Disodsum saltof 4 4 bis(l amuno-4 sulfonaphtbyl (2)-
azo)biphenyl Congo Red

BPC Rubrum Congoensis

{Dye for duagnastic use)

Cycland: 1 ac1d (3,5,5
(BAN pINN) 35 5 Tnmethylcyclohexytmardelate
® Cyclomandol, Cyclospasmol
(Spasmolytic, vasodilator, perrphere)
Cycloben.aprinum 3 () D P Jeycloh
(PINN) triene .
(Psycha-sedatine)
Cvclupregnotum €p-Hydroxy 3,5-cyclopregnanone (20)
(BAN pIN™y

Demethsichlortetracy clinum
chlorde demethylchlortetra
cyelin chloridum
{BAN g1nN)

Degeatomm
edlande dequaton chtordum

Destrompheniramnam
maleate destrompbeniramins
maleas
I NNy
Drseklwphemraminum
m

leate deschlorpheniramini
maleas

& Neurosteron

(Psychopharmakon)

7 Chloro-4 d 3610,1212a hyd,
1 H1-410x0-14 42 5,92 € 1(,122 octabydrogennaph
thacenecarboxamide (2)

% Declomyen Ledermyen

(Antibionc)

11 Decamethylene (1 10} bis($ amino-2
methylqunolintum hydroxde

pINN Dequatinu chlerigum (BPC)

@ Dekadin, Deguadin

(Antibacterialy

{+)-344-Bromophemy -\ N dim

oo y ethyl 3 pyrndyl
& Disomer

(Anthistaminic)

(+)3 (3-Chloropheayh)-

(:Hmnhmmr YD-NLN-dimethyt 3 pymdyl-
% Polaramine

tAntbinamimic)




MNFN-name

Diampromidum
(PINN)

Drathymosulforum
(DCF, pINN)

DicHormezan wnum
(PINN)

DiHrpheraraurum
chloride  dichlarphenaraint
chlondum
(BANDCEFINN,Ph Int)

Dimvdrocadeirum
1IN\

Ml naridum
(BAN PN\

Durcth orum
wIzn\y

Dimerhisreroram
BAN PN\

Diphennal am
BRAN I

Dynknezntum

@INN

D Rser e
wdde Juhetaman Wi ;o
BRAN PINN AN

Frat e o
el enalvamal
natra ™

NFN NAMES

Other Names
N-(2-(\-Methylphenethylamino)propy -N-
phenylpropionamide.

(Analeeac)

4.4-Bis(8 hydrow-2-methy 1S 1sopropylphenylaro)
dipheny lsulfone

& Daatox argentique (silver-compound)
{Chemotherapeutic)

2-(3,4 Dichlorophenyii-3 methyl-4

34 thiannedioude(1.1)

(Psycho sedaine)

3-Ammo-4 hvdrowphemidichloroarsime.
Previous NFN name  Chlorphenarsnum
1NN, Ph Int  Duhlorophenarsimt ydroctlendum
(BAN, DCD)

& Cloraren, Dichlor-mapharsen
{Chemotherapentid)

6-Hrvdroxy+? methoty-17-methy1-4,S-eponvmnrphinse.
Dhtvdrocodemne

(\naleesi, enforaned

4 Hyvdrow-(N-methn1dn Moroacctarudo) bervens.

& Ertamnde

(Chematherapeune)

= (2 Dimethlaminoctty -1 3 dimethy R, e-droe
L33 eretrabn drogenpunne. -2 Dime™lammxinh
Laxdimethhantheme

(P haanakepind

sa-\ethil 17 methvlathvei k1~ fhdron-*-
OWOANIRNT TS b S1-D methv it enens
hONeorosteron

(Procevosen)

1203 OV apos 3diphemiipropy D=8 phemvip e
carhanlie aadS) el e

Anilean euforan)

N A RN A3 Wdroned dphemneopn

by drocer-1

2~

Mdearne
(Tachoasdame
LRI M N zmalmhidene-2Ik
peratiena-(l Sk hneny Mer v
Pamoad,

X AS Al Doy He'mean, Nend
Tt

(AN h'rur w0

U ORI B kel e
pyRTr

Tamad

(UL

a PRAN
avatetrah dragespmrn tine (= WAL
(merUmer e D hitash tamk and
PINN N Sy ™

AR RS R R AR

[R R EES W]
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NFN name
Fibrmalysinam humanum
GINNY

Flumecklaudiet
(BAN PINN}

Flyormetholonum
(PN TNDY

Fuormethy lpredmisotonim
aceus acid estes fluoe
methylprednisotom acetas

Fluoxipredmsoton m
e sadd ester flgox
predmusolom acetas

Furethufimem
(BAN pINN)

Glvbatht olum

Ghyprothi ofum

Grise fuleinum
BAN pINNy

Hedachinum

<h! ride Bedachin chlotidum
(BAN pINN)

Other Names
Enzyme productd fiom human ghasma By treating pro
fibrnolysie with streptokinase Plasmia
PINN Fibrmolysium (humanum)
® Actase Fibrmolysn (human) fyovac Thrombolysm
tyovac
{Enzyme)
7 Sulfamoyt 6-trifluoromethyl-4H 1 2 d-benzo
thiadrazinedioxade (1 1)
® Ademol
(Duuretic)
9a Fluore-11B 17a dinydroxy 6u methyl 3 20-
iomopregnadiene (1.4)
pINN Fluorometholopum (NND)
B Oxylone
{Glucocorticond)
9a Fluoro-11f 170,21 tnhydroxy 16a methyl 320
urapregradient (1 4) 92 Huoro-16a methylpredm
solone
PINN Dexamethasonum {BAN NND)
® Decadron Deltafluoren N Deromil Dexacortal

¥

p lon Forte
corin Gammacosten Millicosten Oradexon
(Gucocorticoid)

9a Fluoro VI 162,170 21 tetrahydroxy 3 20
dioxapregnadienc (1 4) %a Fluoro 16
hydroxyptedasolone

PINN Triamanolonum (BAN NND)

® Amstocort Kenacort Ledercornt
(Glucocorticaid)

4 Phenyl 1 Q tetrahydrogenfurfurylovyethyl)
pipendinécarbovyhic acid (4) ethyl ester
(Analgess cuforming)

5 Tert biutyl 2 sullansiamido 13 4 thiagsagole
PINN Glybuthiazelam (HCF)

® Glypasol

(Antdiabenicy

$ tsopropyt 3 sulfannamgo-d ) Auadiazole
PINN Glyprothiazolum (DCF)
(Antidabeticy

Anutiotic produced by Penscrthum griseafuls um and
Penicum janczewsku 7 Chlora-2 4 6-tnmethoxy 6
eyt 34 dosospuroibemzoturane A0M) 1 1
cyclohesene)

® Fulon Fubian Fungnin Gnfulun Grisovin
Lamont.

(Antbioticy

2 163,

umhydravde)

PINN Hedaquimi chlondum (BAN)
% Teoquil.

(Funguide)
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NFN-rname
Diampromdum
{PINN})

Diathy mosulfonym
(DCF, pINN)

Dichlormezanonum

{pINN)

Dichlorphenarsinum
chloride dichlorphenarsint
chioridum
(BAN,DCF,rINN,Ph Int)

Dihydrocodetnum
(PINN)

Diloxamdum
(BAN,pINN)

Dimethazanum

(pINN)

Dimethusteronnm
(BAN,pINN)

Diphenoxy latunt
(BAN,PINN)

Diphoxazidum
(PINN)

Duthazannum

NFN NAMES

Other Names
N-«(2:(N-Methylphenethylamino)propy)-N-
phenyipropionamide
(Analgesic)
4,4"-Bis(4-hydroxy-2-methyl-S-isopropylphenylazo)
diphenylsulfone
® Dratox argentique (siker-compound)
(Chemotherapeutic)

2-(3.4-Dichlorophenyl)-3-methy 14 thy drog
3 4-thrazinedioxide-(1,1}

(Psycho sedative)
3.A 4-hyd
Previous NFN-name Chlorphenarstnum

ypheny Idichl

B,

fINN, Ph Int Dichl hyde
(BAN, DCF)

@ Clorarsen, Dichlor-mapharsen
(Chemotherapeutic)

6-Hydroxy-3-methoxy-17-methyl-4,5-epoxymorphinane

Dihydrocodene

(Analgeste, eufonising)
4-Hydroxy-(N-methyldichloroacetamido) benzene
® Entamide

(Chemotherapeutic)
7-(2-Dimethylaminocthyl)-1,3-dimethy! 2,6-diovo-

thyly

1,2,3,6-tetrahydrogenpurine 7-(2-Dimethyl
1,3-dimethyixantiune

(Psychoanaleptic)
6-Methyl-17a-methy lethynyl-1 7B-hydroxy-3-
oxo1nd {4) 6a, 21-Di or
® Sccrosteron

(Progestogen)

1-(3-Cyano-3,3 diphenylpropyD-4-phenylpipetidine-
carboxylic acid-(4) ethy! ester

(Analgesie, cuforising)

N-Acetyl N -(3-hydroxy 3,3 diphenylpropionyl}
hydrazme

(Psycho-sedative)

3-Ethyl-2(5-(3 ethylbenzothiazolinylidene-(2))-
(1,3 ¥l fuazol

tad

10dide Jodidum

(BAN,pINN,NND)

Enallymy malum
1 1

hydroxide

@ Abmunthie, Dehex, Helnusin, Netoeyd, Telmcid,
Telnmd

(Aunthelnuntic)

(£)-5-Allyl-lsmethyl 5-(1 methylpentyn (2)-31)-2,4,6+
trioxotetrahyd (j;)-S-AHyl-l.m:lhyH

natrium

(1-methylpcntyne (2)-ylybarbrturic acid
pINN  Methohexitalum

@ Brsetal natrium, Methoxital
(Anaesthetic)
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NEN name
Fibrunolysinum bumanum
(pINNY

Flumethamdum
(BAN plNN)

Fluormetholonsm
(sINN NND)

Fluormethy lpredmsolonunt
A ot

Other hames
Enzyme produced from hyman plasma by treating pro-
fibrmolysine with steeptokinase Plasmin
SINN Fibenolysmum (humanum)
® Actase, Fibrinolysia (human) Jyovac, Thrombolysin
tyovac
(Enzyme}
7 Sulfamayl 6 sfluoromethyt-4H 1,2,4 benzo~
thiadiaznedioxide (1 1}
® Ademo]
{Dsurenc)
9g Fluoro-11B, 170 dihydroxy 6a methy! 3 20
diexopregnadiene {1 4)
PINN Fluorometholonum (NND)
® Oxylone
(Glucocorticord)
9a Fluoro 138 17a 21 trihydroxy-16a methyl 3,20~

methyipredmsofom acetas

Fluoxspredmisofonum
acetic acid diester fluot

P 1,4) 9u Fluoro {6« methylpredai
solone
NN T et man e

eortin, Gammacorten, Millicortes, Oradexon,
(Glucocornicord)

9o Fluoro 11§ 160,172 21 tetrahydioxy 3,20
diovopregnadiene (1 4) a Fluaso Ita

Furethidinum
(BAN piNIN)

Glybushr olum

Ghygrovhs olum

Griseofulvimum
(BAN pINNy

Hedachinum

PINN Thamcmnolopum (BAN NND)

& Anstocort, Kenacort Ledercort
{Glcororticord)

4 Pheny! 1 (2 tetrahydrogenfurfuryloxyethyl)
ppendiecarbotyhic acd () ety ester

(Anafeesic, euforsing)

5 Tert butyl 2 sulfanilamido 1,3,4 thiadiazole

PINN Glybuthiazolum (DCF)

® Glypasol

(Antidiabeticy

S Tsopropy! 2 sulfanitamdo 1,3,4 thiadiazole

BINN Glyprothsazolsm (DCF)

(Antidiabetic)

Antibiotic produced by Penucillum griseofulvium and
Penwcdhum janczewsku 7 Chloro-2 ,4 6 trimethoxy 6 -
methyl 34 dioxospurolbenzofurane-2(31) 1 2]
cyclobexene]

® Fulen Fulvien Fungivin, Grfulun, Grisovin
Lamoryl

(Antibotic)

2 116)
chloride bedachimnehtoridum ymbydrowide) o

4 Hedaquinn chloridum (BAN)
Teogquil
rade)
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NFN name
Hexadimethrinum

NFN NAMES

Other Names
NNN N Tetramethylhexamethyylencd amine N

bromide fiexadimethitin

bromidum

(PINN)
Hydrochlorthlazidum

(BAN pINN NND)

Ttydroxidiont naresi succinas
(BAN pINN NND)

fmipramnum
chlonde tmipranuni
chloridum
(BAN pINN)
Inprochonum

(BAN pINN)

Isoproponum
10dide 1s0propom jodidum

Isoxsupruum

(pINN)

Kanamyetnum
sulfate kanarmycuasulfas
(BAN pINN NND)

Khejlosidum
(DCF pINN)

Levisoprenalinum
(DCF pINN)

Levop! enacylmorphan im
{BAN pINN)

Levorpl anolum
tarttate fevorphanolitartras
(BPC rINN NND}

tr b polymer

® Polybrene Polyerone

(Hepanin antagonyst)

6 Chloro 7 sulfamoy! 3 4 d hydrogen 124
benzothadiannedionide {ty

PINN Hydrochlorothiazidum (BAN NND)

@ Dichlotnge Dihydran  Direma Ehydnd novum
Esidrex Esidnx Hydrex Hydnl Hydrodwnl Hydro
salunic Oretic

(Diuretic)

Sodiumsalt of 21 (3 catboxyproptonyloxy)pregnad one
320y

PINN Hydroxyd oni hatrn sucenas (BAN NND)

@® Presuren Viadnl

(Anaesthetic)

5 {3 Dimeth propyl) 10 11 dihydrog
SH dibenz([b flazepine
® Tofram!

(Psychoanaleptic)

25 Disethylenetmino 1 4 dioxo 3 6 d propoxy
cyclohexadiene (2 5)

PINN Inproquonum (BAN)

(Nucleotoxic agent)

(3 Carbamoyl 3 3 diphenylpropyl)methyldi sopropyt
ammontum hydroxide

pINN Isopropamidiiodidum (BAN NND)
® Darbid Tynmide

{Ant cholinergic)

1 (4 Hydroxyphenyl) 2 (1 methyl 2 p
amino)propanol (1)

@ Duvadilan Vasodilan

(Vasodilating)

Antibiotic produced by Streptomyces kanamyceticus
@ Kanacedin Kanacin Kaneadin Kannasyn
Kantrex Kantrox

(Antib otic)

7 Hydroxymethy! 4 methoxy § oxo 5H furo[} Z 8

thyl

Ul pyrane 7 gb 2 Hydrovy
methoxyfuranochromon glucoside
® Khellinin

(Coronary vasodilating)
()1 (34 Dihydroxyphenyl) 2 soprop !
(Sympathomimetic)

() 3 Hydroxy 17 phenacylmorphinane

(Analges ¢ cufons ng)

() 3 Hydroxy 17 methylmorphinane

Previous NFN name Levorphanum

@® Dromoran Levo dromoran tartrate

{Analges ¢ euforising)
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NFN name
Lysergidum
(PINN)Y

Mannomustinsm
chloride mannomustint
chlonidum
(BAN pINN)
Melphatanum
(BAN pINN)

Metazocinum
(BAN pINN)

Methocamphonum

Other Names
7 Methyl4 6 62 7.8 9 hexabydrogenindolol4 3 fel
quinol necarboxylic acid (9) d ethylamide Lysergic scid
d ethylamide
{Psychosomimetic)
16 B (2 chloroethylamino)-t 6 dideoxy D manmtol
® Degranol
(Nucleotonic agent radiomimetic)

3 (4 Bis(2-chlorocthylamino)phenyl)-L alanine

® Alkeran

(Nucleotoxic agent radiomimetic)

8 Hydroty 3 6 11 tnumethyl 1 2,3 4 5 6-hexahydrogen

2 6 methano 3 benzazocine

(Analgeste euforising)

30 Tnmﬂhylzmmomumpmpyl 1388 tetra
321

rethylsulfay

methyl 3 azan 1)

PINN Trimethid nu methosulfas (BAN)
@ Camphidonium Ostensin Ostensol
(Gm,;mm: blacking agent)

(BAN pINN NND)

Methylpredmsolomum
acettc acid ester methylpred:

d (2 hydroxy 342 methyxyphenoty)
pmpylesl:r

® Robaun Tresortil

(Skeletat muscle relaxant)

115 17a 21 Tnbydroxy 60 methyl 320 dioxo
Meth

sofoniacetas
(BAN pINN NND)

Nurrofurado xonum

Nitrofurmethonum

N trofuroxizonum

Norlevorphanotum
{BAN pINN)
Orphenad num
chlor de orphenadin
chlonidum
eitcate orphenading rtras
Oxadimed num
(PINN)

a4
® Depo medrol Medrelon Medral Medrane
Mesopren Urbason
(Glucocorticord)

S Methyl 3 (5 mtrofarfuryl dencamino)oxazohidinone
2

PINN Furmethoxsdonum

(Chemotherapeuticy
5 M

36

axazol dwnone-(2)
PINN Furmethonotum

® Alafur
(Chemotherapeutic)
12 w1
carbamide

fINN Nidroxyzonum
(Antibacteriah

0 3 Hydrorymorphimane
Anaomem o

\ paa 180 10nyg)
N (Benzoxazolyl (2)) N benzyt N N ¢
o Bens 31 imethylethylene
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NFN name

Oxanamidum

(PINN,NND)

Ovibuprocainum
chlonde oxtbuprocaing
chlondum
(DCF,pINN)

O xichlarochinum

NEN NAMES

Other Names
12 Epoxy 1 ethylpentanccarboxylic acid (1) amide
2 Ethyl 3 propyiglyeidamide
® Quaactin
(Psycho sedative)

4 Amino 3 b ybenzoic acid (2 diethyl, h
ester

PINN Oxybuprocainum (DCF) USP Benovinate
Hydrochloride

® Dorsacaine hydrochlor:de Novesin

(Local anaesthetic)

7 Chloro 4 [4 (N ethy! N (2 hydroxyethyhamino) |
1 1

sullate oxic

Ovind isolum

Oxtphenbuta~onum
(PINN)

Onrphentsatinum

(PINN)

Qxiprogesteronunt
caproie acid ester
oXiprogesteront caproas
acetic acid ester
oXiprogesterons acctas

Pantot! enolum

Paracetan olum
(BAN pINN)

Porufocaimum
(PINN)

Pasimazidum
(DCF pINN)

Pauctmytinum

hing sulfas

methy y ] q
pINN Hydroxychloroquinum (BP USP)

@ Hehopar Plaquent]

(Chemotherapentic)

3 (2 Aminoethyl) 5 hydroxy 1 (4 methoxybenzyl)

2 methylindole

PINN Hydroundasolum

(Enteramin antaronist)

4 Butyl 1 (4 hydroxyphenyl) 2 phenylpyrazolidine
dione (3 5)

PINN Ovxyphenbutazonum

{Antirhcumatic)

33 Bis(4 hydroxyphenyl) 2 oxo 2 3 dihydrogenmdole
PINN Oxyphemsatinum

® Lavema

(Laxative)

17a Hydroxy 3 20 dioxopregnene (4)

17a Hydroxyprogesterone

pINN Hydroxypropesterom acetas (NND)

® Delalutin Prmolut depot Prodox Protuton depot
(Progestogen)

(4) 3 (24 Dihydroxy 33 d d
propanol (1) Pantenol

® Bepanthen Pantevit Panthoderm Pantol
{Viammn (B complex))

1 Acctamudo 4 hydroxybenzene

NF Acctaminophen

® Alvedon Febrilix Napatyl Panadol Tyleno!
(Analgesic antipyretic)
4 b acid (1 eridyl (4)) ester

(Local anaesthetic)
Salt of 4 2mino 2 hydroxybenzo ¢ acid and pyridy! (3)

cat zZin ylhydra; 4 amino
sal cylate

(Chemotherapeutic)

Anubioticp by P yces p P

PINN Hydroxymycinum
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NFN name
Pecaninum
acetate pecazim acetas
chlonde pecazm chlondum
(BAN pINN)
Pempidinum
butartrate pempidin bitartras
(BAN pINN)
Pentcillinasum
{pINN NND)

Pentctilinclemzolum

Pemosilinphenyrazimum

Perphenazinum
(BAN pINN NND}

Other Names
10-(1 prpendyl (3)
NND Mepazine
® Lacumin Pacatal
{Psycho sedatnne)
122 6 6-Pentamethyfpipenidine
® Perclysen Tenormal
(Ganglione blocking agent)
Pencillin hydrolysing enzyme
® Neutrapen
(Enzyme)
Salt of d-carboxy 5,5 dumethyl 2 (1 (phenyfacetamido)
carbotymethylphiazolidine plactam and 1 (4-chloro-
benzyl) 2-(pyrroidinyl (1) metbyDbennimidazole Ben
Zylpensciltim salt of clemizol
PINN Clemizotum pemcilinum (BAN)
® Lergopemn Megacillin Neopenyl
(Antibotic)
D salt of dcarboxy § S-dimethyl 2 (! (phenylacetamido)
carboxymethyl) thiazolidine B—I:uam and 2,5 d)phenyl
P perazine D of 25
razme
PINN Phenyracilinum (DCF}
& Alfadryt
{Antbiotic)
2 Chloro 10 {3 (1 (2 hydroxysthyDpsperaninyl(d))
propyliphenoth azine
® Fentazin Tnlafon
(Psycho-sedzu\z)

P
chlonde phe

( =)8 phenacy! 3 phenglatycoloyl

chlondum PINN yhemmepmn:mondum(BAN)
(BAN pINN) ® Trophenum
(Hypotensive)
Phenel tnum Phenethythydrazme
sulfate phenetzion sulfas ® Monofen Nardit
(BAN pINN) (Psychoanalepticy
Phenethanotum

Phencrhyla acinum
bromide pheneth;

2 Phenylethanol

NF Phenylethyl alcohol

(Pharmaceutscal necessity)

& Hydroxy 6 11 dimerhyl 3 phencthyl 123456
2 bemethana 3

bromidum

Phermraminnm

maleate phenirammi maleas
(BAN pINN NF)

PINN Phenazocinum (BAN)

® Narphen Prinadol

(Analeesic euforismg)

NN Dimethyl 3 phenyl 3 pyndyl (2)-progylazune
Prophenpynidamine

® Tnimeton

(Anttistamnic)
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NFN-name
Fhenmetralinum
chleride phenmetralini
chlonidum

Phosphothtaminum

Piminodinum
(BAN,pINN)

Poloxalk ofum
{PINN,NND)

Polybenzarsolum
(PINN)

Poskinum
bromide poskint bromidum
{BAN,pINN)

Pralidoximum

todide pratidoximijodidum
(BAN,pINN)

Propethonum

NFN NAMES

Other Names
{£)-3-Methyl-2-phenylmorpholine
PINN: Phenmetrazmum {BPC,NND)
DCF: Oxazimédnine
. Mynadst, Preludin
(Anorcugene)
3+((4-Amino-2-methylpyrimidiny ! (S))methyD-4 methyl-
5-(2-phosphoncoxycthylthrazolium chlonde Thamn-
monofosforic acid ester
PINN Monophosphothiaminum (DCF)

(Vitanun)
1-(3-Anilinopropy)-4-pheny Ipsg bovylic
acid-(4) ethylester.

(Analgesic, eufortsing)

Ethy! de-propyl de-propylencglycal polymer

®- Polyhot
{Bulk laxatine)

3-Arsano 6-hydroxyphenyl-(1)-methylene-polymer.
(Chemotherapeutic)
3-(2-Phenyl-2-(propronoyloxymethyDacetyloxy) 6,7-

poxytropane Propionoylhy
® Proscoptne

(Tropane-alkalord)
[~Methyl-2-hydroxyimmomethylpyndintum hydrovide
2-Pynidimealdoume methotodide (the 10dide) PAM
PINN Pralidoximi methrodidum

@® Protopam

(Anticholinesterase antagonist)
Tusethyl(3-cyclohéxyl-3-hydroxy-3-phenylpropyl)-

1odide honi jodidum
chloride propethom
chlondum

Protamani sulfas
SrINN NFY

Proxiphy lhinum
(BAN,pINN)

Pjyrazinamidum
(BAN,pINN,NND)

Renanolonum
(pINN)
Ricinomacrogolum

Rustocettnum
(BAN,pINN,NND)

hydr
PpINN Tridihexethylitodidum (NND)
® Pathulon, Pathiton N
(Anticholinergic)
Protamine sulfate
(Protea, used as koparin ari2goarst)
7-(2-HydroxypropyD)-1,3-dimethyl 2,6-dioxo-1,
tetrahydrogenpurine 7-(2-HydraxypropyDtheophylline
PINN Proxyphyllinum (BAN)
® Brontyl, Neofyllin, Purophyllin, Theoden, Theon
{Druretic, vasodilator etc }
Pyrazinecarbocylic acrd (2) amide
® Aldenamide, Isopyratsin, Tisarud
(Chiemotherapeutic)
3a-Hydroxypregnadtone-(11,20)
{Anaesthetic)
Polyoxycthylene ethers of nicinolic acid
® Atlas G 1295
(Pharmaceutical necessity)
Maxture of antibiotics produced by Nocardia lunida

® Spontin
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NEN name
Sahmavidam

Sulfachlorpyrdazinum
(pINN)

Sulfadimethoxinum

{BAN pINN NND)

Sulfaethidolum
(BAN pINN NND)

Sulfamethoxipyridazenum
(BAN pINN USP)

Sulfingyrazomum

(BAN pINN)

Sulfobromphthalewum
d s0d umsalt

Otker hames
N-pyndyl-{$)-carbonyhh-N salicylidenchydrazine.
N Isoicofinoyl N salicylidenehydrazine
PINN Salinazidum (BAW)
® Acond Nicond, Nupasal
(Chemotherapeutic)
6-Chloro 3 sulfamfamidopymdazine
® Consulid
{Chemotherapeutic)

2 4-Dimethoxy 6-sulfamlamidopynimdine
BAN Sulphadimethoxine
® Madrbon Madnqd

(Chemotherapeutic)
5 Ethyl 2 sulfanilamido 13 4 thiadiazol
BAN jol DCF Sulfadth

® Sethadil, Sulfa periongit Sul spansion, Sul spantab
(Chematherapeutic)

6.Methoxy 3 sulfanilamidopyridazine

PINN Sulfamethoxypyndazimum (NND)

BAN DC
pyrazine

® Durasulf, Kynex, Lederkyn, Longamd Longm,
Longisulf Midice] Midskel Nidikel, Sulfametopynda
zin Sulfdurazin Velocid

(Chemotherapeutscy

1,2 Diphenyl-4-(2 phenylsuifinylethyDpyrazohidin

dione (3 5)

BAN Sulphinpyrazone

® Anturan Anturzml

(Uncasuncy

33 Bist4 hydroxy 3 sulfophenyll4 5 6 7 tetrabromo
T T b

leinnatrium

Sulacarbilatum
GINN}

Syrosingapinum
INN NND}

Tacrtnnm
{BAN pINN)
Tetrahydrazolinym
chloride tetrahydrozohn
ewordum
(BAN NF)

acd

USP Sulfobromophthalem Sedwm
& Bromsulphaletn Soduwny

(Agent for liver function test)

4 Sul phens ] acid (2 y
(Carboanbydrase imhibstor)
211 Dimethosy 1 bonyl 3 (4 eth,

nyloxy 35 dimethoxybenzoyloxy) 1,234 42 5 ; 813,
13b 14 142 dodecahydrogenbenz[g) ndolo[2 3 alqumo
lizine 4 3s¢ d

ester of methylreserpate Carbethovysyrin, 20Y] methyl
reserpate

@ Singoserp
(Psycho-sedative)
9 Amino-1 2 3 3 tetrahydrogenacridine
(Curare antagonisty
2123 4 Tetrahydrogennay
phthyl (1)midaz
fINN Tetryzolinum " e

& Tyzanol Tyhne hydrochlonde
(Sympathomimetic)
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NEN name

Thalidomidum
(BAN pINN)

Thialisobumalnatrium

Thiambutosinum
(BAN pINN)

Thiocolchicosidum
(DCF pINN)

T/ wprapa=atum

chloride thiopropazate

chlonidum

{BAN pINN NND)
Thiorida tum

chlonide thwonidazimi

chlondum

(BAN pINN)
Triacetimim

(pINN NND)

Tropigiin i
(BAN PINN)
\y1 meta~olinum

NFN NAMES

Other Names
26 Diovo 3 phthalimidopipenidine N Phthalylelutamic
acid imide
® Distaval Lulamin Neosedyn Neurosedyn
(Sedatine)
Mixture of sodiumsalt of 5 ally! § sobutyl-4 € dioxo-"
thiohexahy drogenpyrinidine and 6 *, dryed sodwam cae-
bonate Sodium $ allyl § ssobutyl 2 thiobasbuturate and
6°, dryed sodium carbonate
PINN Buthalitalum natricum
BAN Buthalitone Sodium
® Bayunal Transithal Ulbreval
(Anacsthetic)
1 (4 Butoxypheny]) 3 (4 dimethylaminophenyl)
thiocarbamide
(Chemotherapeutic)
7 Acctanudo 3 glucopyranosylovy | 2 dimethoxy 10
methylthio 9 oo 5 6 79 tetrahydrogenbenzo(afhepta
fenc 2 14 Di(demethoyy) 2 glucosidoxy 14 methyl
thiocolehcine
& Coltramyl
(Dernvatine of colchicin)
10 [3(4 (2 AcetyloxyethyDpuperaziny 1 (propyl} 2
chlorophenothiazine
® Dartal dihydrochloride Dartalan
(Psycho scdatine)
10 {2 (1 Methyipipentds | (D)ethyI} 2 methyIthiopheno
thiazine
@ Mallory! Mellani Mefient
(Psycho sedatine)
Propanctiiol (1 2 3) tnacetic acid ester
Glyceroltniacetic acid ester
® Enzacetin Fungacetin
(Fungicide pharmaceutical necessity)
32 Methylcrotanoyloxyhtrapance Tizlyltropine
{Antiparkinson agent)
2 ((4 Ters butyl 2 6 dimethyiphenyDmethyl)
N

chloride xyl;
chloridum
(pINN)

® Otrivin
(Vasoconstrictor}
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From the University Institute of Forensic Medicine, Copenhagen

The Urinary Excretion of Ethanol by Man
By

Frack Lundquist
(Received May 3 1961}

Knowledge of the laws g g the of alcohol through the
Kidneys 15 1mportant for the forensic evaluation of analyucal ﬁr:dmgs
when unne has been d in with accidents of
of traffic rules The use of unne analysis as important or sole evidence 10
such has been ad ted by several authors (HAGGARD,
GREENBERG, CARROLL & MILLER 1940, SOUTHGATE & CARTER 1926, cf
FALLERPROOK & VAN GAASBEEK 1943) Also, when blood analyses are
lable the ethanol 1n a urine sample voided at the time
of taking the blood sample may gwve mmportant information about the
case 1 particular, 1t shonld be possible 10 calcutate a lower limt for the
maximum blood ethanol concentration 1n the peniod dunng which the
urine has been produced by the kidneys For such purposes 1t 1s clearly
necessary to know the degree of confidence with which the blood alcohol
10on may be calculated from the ton 1n the urine
It1s generally assumed (HAGGARD & GREENBERG 1934) that the ethanol
concentration of urine leaving the kidney 15 nearly the same as that of
the water phase of the blood perfusing the organ A capacity of the kidney
to concentrate alcohol has never been demonstrated The published
material however, 1s too imited to permit the conclusion that the human
kidney can never produce unne with a concentration of ethanol higher
than that of the water phase of the blood at the same time The most
cone) Xing of for elvaid: this probieat would be (o
collect urethrat urme continuously during 1nfusion of ethanol at a rate
sufficient 10 keep the blood concentration nearly constant, while the urine
flow 13 vaned within wide lmuts Such expenments have not been pet-
fm:\ned and for practical seasons could not be on a sufficiently large scale
wm; n:;:mauves 1o this approach two procedures have been used s the
ported here ‘The first consists simply in collecting urine as
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frequently as possible during an experiment 1 which the blood ethanol
concentration 15 measured at intervals sufficiently close 1o permit a
rehable average blood ethanol concentration to be computed for each of
the peniods of urine collection The other procedure 1s a statistical one,
based on a number of analyses conducted for the police

Methods.

In most experiments blood samples were taken from the earlobe m
Widmark tubes and analysed by the method of Wipwark (1932) (see
Lunpeuist 1959) Urine was analysed 1n the same way Blood analyses
were usually done 1n triphcate and unine analyses n duplicate In two
experiments blood was taken from the cubital vein and serum used for
the analyses for these the enzymic method for ethano! determination, 1n
Lunpquist’s (1959) modsfication, was used Creatinine was determined
by the Jaffe reaction

The experimental subjects were all males aged 22-55 years They were given about
1 g of ethanol/hg bady wetght as red wine or brandy In most experiments the alcohol
was given 1n the course of one hour, and the blood sampling was begun about one
hour after all the ethanof had been consumed In a few experiments the alcohol was
given 1n two periods at an interval of two hours

The blood (or serum) ethanol concentration was calculated as the average for each
uninc collection period ftom the blood alcohol cunve This was obtamed by connecting
the expermmental blood ethanol values by straight hnes No attempt was made to
smooth out the expenmental curve

Results,

In all, 19 experiments were performed on 16 experimental subjects
There were 61 urine collection pertods, from which a reasonably certain
average vaue for Toe ook wemul contemmiuun wis vtaaed The
possible sources of inaccuracy 1n these experiments are mamly three

1 The presence of residual urine n the vesica will result in mixture of
urine with that formed during the preceeding collecting pertod Thus does
not seem 1o cause serious errors, as the ratio of unne to blood alcohol
concentration (designated below U/B rati0) 1s not sigmficantly different
at increasing and decreasing blood alcohol concentrations, as seen from
table 1

2 The rate of urine flow changes during the collection period This
results 1n uncertamnty about the average blood ethanol concentration to
be employed, as tlus has generally not been constant during the penod,
and may undoubtedly sometimes cause serious error, especially when the
peniod 1s long and the blood ethanol concentration low At high blood
ethanol concentrations errors from tlus source will be insigmficant
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Table 1.

ethanol ethanol
Therane N ixpcnm:ms imvolving 15 male subjects
“The tlood ethanol ¢oneentralion was 1n the range 05-15 gn

Thange of Dlood ethanoyl v 7] Averast unne
concentration during the| ¢ "‘;"" s 100 Range
utine collection periads ethanol conc
12 134 116-1 51
g,

onstant 8 136 126~1 47
Xﬁfl’; reten s 135 11051
Total 55 138

In only three of the expenments reported here were the unne flow both
1 the preceeding and the following period nearly the same The U/B ratio
then were 1 26,123,2nd 1 30 In most of the collection penods both unne
flow and blood ethanol concentration were decreasing This means that
the urine/blood ratios will shaw a tendency towards oo ugh vatues

3 The analytcal errar of the ethanol determunation m blaod and urtne
Tay cause appreciable spreading of the U/B ratio If we take as an example
a period 1n which the blood ethanol concentration 15 08 g/l and the

orresponding urine 104 g1, an error of 005 gfl, which1s
quite common for the analytical methods employed, wilt give as extreme
values for the U/Bratio 1 16and 1 45(1 e, when the errors are 1n opposite

directions) It 1s therefore evident that the range of values found 1n these
€Xpenments 1s ble with the p ofa rat1o of the
U/B ratio

Table 2 shows that the U/B rano does not change significantly with the
rate of urine production This 15 alse ewident from table 3 where it 15
seen that urine flow as low as 02 mi/min gave the same urine/serum
fatto as was found with a unne flow of 36 mifmin

The 10 persods showing the highest U/B ratios (1 47-1 51) come from
8 dufferent expeniments In 6 of these penods the relative accuracy with

Table 2
Fnfluence of the urine flow oa the ratio urine ethanol concensra
tan blood ethanof concentratton The experiments are the same
as those used for Table |
Unneflow | Number of
Wlma) | penods | UiBrawe | Range
<t 10
12 ] 4

HI 11314
2 1121 51
e E i 116 151

—_—
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Table 3.

The ratio of urine to blood serum ethanol concentrations Two
experiments on one experimental subject (age 22 years)

Serum et
conccnlr:::g?.l Length of | Urmne flow | Unine/serum
e/ period {min )| mlimm ratio
085 37 36 BT
013 39 069 108
056 41 044 109
045 41 02 n
079 50 23 108
066 37 09 105
o7
Average

which the blood ethanol concentration was estimated was less than nor-
mal, esther because the level of cthanol was low or because the indivdual
values showed abnormal spread In two periods the blood ethanol
concentration was rising rapidly, which might easily have troduced
errors in the determnation of the average vatue for the penods i question
It may therefore be Justifiable to omut these 9 collectton periods from the
matersal, and then the average U/B ratio decreases to 1 32

Forensic Cases subnutted for Analysis

It 15 sometimes possible to draw conclustons about the U/B ratio from
blood and urine samples taken at the same tume If the amount of urine
votded 15 not too large, and consequently the pertod durmng which it has
been produced relatrvely short, and 1f at the same time the blood-ethanol
concentration 1s high, the U/B ratio should dewviate httle from the one
valid at the time of urine production

The question of the rate of urine production was studied by measuring
the concentration of creatmme m the urme As scen from fig 1 the
creatinine concentration 1s much lower (the rate of urine production
thercfore higher) 1n persons with a ligh blood ethanol concentration than
1n persons whose blood 15 devoid of ethanol Less than 1% of the group
with more than 075 g/l of ethanol in the blood have creatinine values
above 1 9 mg/ml, 1n contrast to the sober group, which have 31% m this
range The fact that urme flow 1s faster i persons who have taken alcohol

s that the time taken to produce a certan volume of urine 1s shorter,

mean
be placed on the U/B ratios

so that more confidence may consequently

found o
The matenial used was selected according to the critersa given belod
Out of 1000 consecutive cases, those were chosen mn which the blood
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NO ETHANOL M BLOOD OR URINE

126 CASES
10
0-0759/1 ETHANOL (M BLOOD
30
77 CASES
20
[
o 10
o
S
it ABOVEQTS g/1 ETHANOL IN BLOOD
?, ° 370 CASES
o«
w30
20
10

3 7 14 15 19 23 3 4D
CREATININE mofu

Fig 1 Derb tanal »oexa

ethanot conc was above 15 gfi, the blood and unne samples were
obtained at an interval not exceeding 20 minutes, the volume of urine
3.3

. .~ . .
» 2 .fauwnwuy d Wer imit was chosen for the volume of unne 1s that
experience has shawp the Joss of ethanol through evaporation

frequently to be large when small amounts of urine are voided into a large
Acta pratmacologica, vol 18 fasc 3

19
e
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container, especsally 1f some time elapses before the urime 1s transferred
to a closed tube

The whole material was divided mto three groups and the U/B ratio
calculated as shown 1n table 4

Table 4

The ratio of the concentration of ethanol in urine 10 that n blood

taken at the same time The time between taking blood and

urine samples was less than 20 min The volume of urine
voided was alwavs between 30 and 300 m!

Range of
r\“c"::b" ltood cthanol| W/Brano | s J Range
ses conc (g/l)
69 150-2 00 144 o1 114-1 64
38 200-2 50 137 009 116-1 57
46 >250 133 010 107155

It 1s evident that, as the blood ethanol concentration increases, the U/B
ratio approaches that obtamned in the experimental series

Discussion.

The theory that complete equilibrium 1s obtamned n the hidneys
between the water phase of the perfusing blood and the unine produced
(WIDMARK 1932) 15 strongly supported by the investigation described here
The ratio of 130-1 35, which 15 1 agreement with the figure given by
several investigators (SOUTHGATE & CARTER 1926, HAGGARD & GREEN
BERG 1934, HAGGARD ef al 1940) corresponds to a concentration of
solids 1n the blood of 23-26% 1f the urine 1s tahen to be pure water These
figures seem to be rather high, on the other hand the U/B ratios found are
1 agreement with 17 vifro equilibration experiments by Hagaarp, GREEN
BERG, CARROLL & MILLER (1940), who found values of 1 34, 1 30and 127
for urines of density 1002, 1012 and 1 028, respectively The small blank
value for urine exammed by the Widmark method (generally below
005 g/l) will tend to give shghtly high values for the U/B ratio "

As to the samples from legal cases, 1t may be of interest to calculate t ;
maxmmal ratio that could be expected If 1t 1s assumed that the rate DI
urine production 1s one mi/mm and the volume of urine voided 3}?0 lr:l;
then the blood cthanol concentration will have been about 0 75 g/) ughe

when the urne production began (5 hours before) than at the tume the
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Blood sample was taken If 1t 1s alsoassumed that the rate of urme produc-
tion has been falling during the period, we may as a reasonable figure
assume that the blood ethanol concentration corresponding to the unine
sample was 05 gl Tugher than at the ume of withdrawing the blood
sample In a subject whose measured blood ethanot was 1 5 g/l we should
thus find a U/B ratio of 174 1f the blood ethanol value was 25 g/l we
should find the UfB rato to be about 157 In the matenal shown in
table 4, no U/B value above this range was observed When both ethanol
and creatinine were determmed 1n the urine, 1t was noticed that with a
gh U/B ratio the was lly also high,
1indicating a relatively long collecting period

1t appears safe to conclude from this work that at some time during the
accumulation of a urme sample the blood ethanol concentration has been
at least equal to the unne ethanol concentration divided by 1 35

Summary.

1 In 15 expenimental subjects the ratio of urine ethanol concentration
to blood ethanol concentration was found to 135 as an average for all
the 55 urine collection periods In two experiments on one subject the
unne to serum concentration ratio was found to be 1 07 The sources of
errof in thns kind of experiment are discussed

2 In matenal from forensic cases submuited for analysis, when blood
and unine samples are taken at the same time, the ratio of the ethanol
concentration in the utime to that 1n the blood 1s shown to approach the
theoretical valve for diffusion equilibrium when the blood ethano!
concentration 15 so high that the change 10 blood ethano!l during the urine
accumulation in the bladder becomes relatively ummportant

3 The results presented strongly support the assumption that the
kidneys have no capacity to concentrate ethanol It 1s concluded that
dividing the ethanol concentration 1 a unne sample by 135 gives a
figure representing a lower limit for the maximal blood ethanol concentra-
tion dunng the period of urine accumulation
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From the Research Department, AB KAB], Stockholm, Sweden

Amphetamine, Diethylpropion and Tranylcypromis,
a Psychopharmacological Study in the Relation between
Structure and Activity
By

B Melander and Gisela Glimecke
(Receved May 8 1961)

The chance observation, made duning chimical work on the tuberculo-
static actity of iproniazid, that the compound had 2 “mood elevating”™
effect led to mtensive experimental studies, expecially by Zeller and hs
group, recently reviewed by Zerter (1960) They found ipromazd to be
a potent mhubitor of mono amune oxidase (MAO) The observation of
the anti-depressive effect of spromtand and its possible correlation with
MAOG-mhibition has resulted 1n preparation of several so called *“psychic
energizers” Practically all of them are chemically related to ipromand
they are often referred to as irreversible inhubitors of MAO

Whife fooking for MAO substrate competitors, the Research and
Development Division of Smith Kline & French Laboratories!) found
trans 2 phenyicyclopropylamme to be a potent reversible competitor for
MAG The non proprietary genenic name adopted n US A (and the
UK) for this compound 1s tranylcypromin It 1s also known as
SKF 3852)

The properties of tranylcypromin have been described by Costa ef af
(1960) Green & Sawvir (1960), HIMWICH ef af {1960), Horira &
MCGRaTH (1960) Maass & Nivvo (1959), Ozaki ef al (1960), PLETSCHER
(1960) SARkAR et al (1960) SPENCER ef af (1960}, Tenescin et a (1959 2
and b 1960) and by Zerrer (1960} There seems to exist a principal
difference 1n mode of action between the hydrazide type compounds and

tranyleypromum, 1 that the hydrazdes nhubits the MAO, whereas
tranyleypromun competes with the natural substrate for MAQ Thus, after

1 Philadelphia Pa, US A.
7 Parnate
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treatment with tranylcypromin the MAO will not have to be re synthe
sized, but can continue to metabolize 1ts normal substrate as soon as the
tranylcypromun has been removed from the organism

Pharmacological studies on man have been reported by HorwiTz et al
(1960) Chnical studies by AGiN (1960), GoLpMmaN (1960), LEMERE (1960)
and by Lesse (1960) show tranylcypromin to have ant: depressive proper
ties

Since tranylcypromin can be considered to be chermically related in two
other compounds with activity on the central nervous system recently
studied 1n our laboratories, viz amphetamine and diethylpropion, and
discussed by MELANDIR (1960), we decided to mclude tranyleypromm in
a comparative study with amphetamie and diethylpropton under the
same expenimenta) copditions The structural formulae for amphetamine
diethylpropion and tranylcyprormin given in figure 1 show that all have a
benzene nucleus and a nitrogen atom connected by a carbon carbon chain

—
&>—CH2—CH~—NH2
]
CH;
Amphetamine

—
<_/\——‘§3—CH——N——C;H5
[T
O CH; CH;s
Drethylpropion

O—cn-cn——mq,-xram
N /7
ch,

Tranylcypromin
Tagore %

Experimental Techmique and Results

A Iniro MAO Competition

The degree of competition for substrate by the three compounds was
studied with tyramme as the substrate n a Warburg apparatus 1t i
compared with that of amphetamine 1 table 1

B Motor actnit) Studies
Three dsfferent techniques have been used to evaluate the ncrease of

ease n actvity due to the test compounds

decr
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Table 1.
Mono amme oxdase inbubition studied by the Warburg techuique
Tyramne substrate Incubation tume 30 rnutes at pH 73 and temperature 37°C.
Efféct expressed as the mol/] concentration producing 507, mhibition of MAO = 150

¢ " 150
ompous: amphetamune/1 50
Amphetamine 3
Diethylpropion 008

Tranyleypromn 500

1 Photo-cell technique

The design used for this part of the study 1s the same as described by
MILANDER (1960)

In order to ascertain the optimal dose level, dose-response curves were
constructed for the three compounds Figure 2 shows the results obtained
at dose levels of 2 5 mg/kg 1p, S mg/kg1p, 10 mg/kg1p and 25 mgfkg
1p Asdemonstrated by MELANDER (1960), the effects produced by amphe-
tamne and diethylpropion do not last longer than 180 minutes These
two ds were therefore not followed for more than 3 hours i

Py Pacm rycsnen

Fomz
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the circumstances Because of a possibly more sustained effect from
tranylcypromin, this compound was followed for 6 hours Comparative
studies with all three compounds could not be carried out at a higher dose
than 10 mg/hg 1p, since amphetamine at a dose level of 25 mgfkg 1p
produced *“‘pttering” 1n the mice Thus a numerical evaluation increased
actvity due to the drug was not possible, so that only diethylpropton
and tranylcypromin remamed for evaluation at the dose level of 25

mg/kg1p

II Squirrel wheel cage

LIUNGRERG (1957) introduced a new variety of the old squirrel wheel
technique His apparatus allows the mice to choose between workmg in
a wheel or staying 1n a little box 1n another part of the available space
StrOM (1960), utibizing Ljungberg’s set up, found the technique to be of
value for evaluating both sedattve action and central stimulation

1Lab tchal

The apparatus built by Mr Calnert State Phar Y

was used 1 our study to exploit the experience gained by Ljungberg and by Strom
The apparatus shown In figure 3 contains 24 individual compartments with housiag
facilities The number of revolutions for each wheel 1s recorded separately In order to
allow operation of the apparatus independently of normal working routine automatic
photographic registration of the accumulated figures every half hour was arranged
At the end of an experiment the developed film will supply all necessary data for
evaluating the drugs effect

The design of the study was a triple cross over test with phystologieal
saline as the placebo The study was carried out both during the actrve
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period, which 1s 1n the dark, and the passive period 1n daylight Because
of the occasional extremely hugh motor activity observed durng the
active period, 1t may be preferable to evaluate the ataractic effect during
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the active period and the presence of actiity increasing properties during
the passive period By means of the design chosen for thys study two series
have been run, one with amphetamine, diethylpropion and physiological
saline, and the other with amphetamine, tranylcypromin and physiological
salime Ths ar offers good possibil for checking the re-

producsbility of the test The results obtaned are shown in figures 4 2, b,
candd

111 Sand sifting

SiEGMUND & WoOLF (1952) ntroduced the sand siftmg techmque with
groups of mice working in the apparatus for the whole test penod
Adopting this techmque, we have chosen to work with another rodent,
the Mongohan Gerbil We have also found 1t useful to run the testas a

tniple cross over study and to imtroduce certain modifications of the
onginal techntque

An ntroductory period 15 used to get the gerbils aquainted with the apparatus Ten
animals form a group at each dose level of every compound under test The results are
gven as the average amounts of sand si{ted dunng the period of aciive wotk On the
day before the test the animals are tratned for 15 munutes every hour for 4 hours The
anmmals are moved from their normal cage into the test cage, into which 150 ml of
sand are mtroduced After the 15 munute work period the animals are moved back
to the rest cage

On the day of the test the animals are moved to the test dage for 15 mnutes, after
which the compound to be tested 15 administered orally In the control phase phy-
swlogical saline 15 admunistered orally 1n amounts of 1 mi/100 g of body weight The
first working pertod begins 30 munutes after admmstration of the compounds The
working period 1s 15 minutes every hour for 6 hours

The degree of activity 1s given as ml of sand sifted per test period of
15 minutes each hour Figure 5 supplies details of the results

o == omptetom oe Omg/ig ps

® o—e Guethypropen I0ag/ig e
s ’ o o tronylcyproman 0mg/kgpa.
wE = phys 2alne ImifI00g pr
Tufr 4
2 “le
L]
s®8
T2
5

'QL—.‘.—:-‘.—:"“ nhours
Fig 5 R
1n 8 cross over s :;:lgfobunkncd by the sand sifting technique
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ce compounds under test have froma psycho-phar-
n:;:c:slc():g:llie&:l}:eol;‘inew to ‘l’w classified under different he;\d‘mgs, with
t showing central I} and tranylcyp
Y ;;otcm MAO-comp having a pred ly ataractic spcclrumd
Diethylpropion seems to be devord of both activity stmulating effect an
MAO competition This study emphasizes the need for a variety of tests

m eval psycho phar d lly active drugs
Summary.
‘The ch 1ly related compound: ph diethylpropion and
tranyleyp have been sut d toa psycho pharma-
cological study The tests used were

A In wvitro mono amino oxidase inhibition
B Motor activity studtes,

I Photocell technique

1T Squirrel wheel cage

1T Sand sifing

In the A situation, only tranylcypromin shows activity of an order
placing 1t among potential “psychic energizers™
In the B I situation, ly increased sp

motor activity, whereas diethylpropton consistently reduced activity
Tranylcypromn, at the same dose levels as those of amphetamune,
decreased motor activity, but at a hugher dose level tranylcypromin at

first reduced actvity but later on quickly increased activity
In the B 11 h l

d the amimals whereas
diethylpropion and tranyleypromin reduced mtiative and spontancous
actwvty of the ammals

In the B III sutuation, the same pattern as in the B 1T situation was
found

The three compounds under test cannot be classified under one simgle

Esyclh:‘h,L headmg, being a stimulant, whereas
drethylprop: and yleypromun show activity-d g properties
Quly yleypromin can be dered 2 MAO- p of p 1
nterest as a * psychuc energizer

REFERENCES
Aem WV Tranyeypromun in depression A elinical report , Am J

"+ & H E. Himwich “Brain
EEG Patterns of Rabbits®,
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Discussion.

The results obtained m the experiments clearly show how difficult it 15
to predict the pharmacodynamic and especially the psycho-pharmaco
dynamic effects of new chemical compounds related structurally to
previously known congeners

An analysis of the results reveals clearly that in companson with
tranyleypromin nerther amphetamine nor diethylpropron possesses any
metits as MAO competitor, the effect of tranylcypromin being 500 times
that of amphetamine and over 6000 that of diethylpropion Thus i witto
test, however, does not allow of any conclusion as to possible effects on
the central nervous system Such an evaluation 1s preferably made by
means of the other tests used i this study

The photo cell technique supplies the informatton that, when the three
tested compounds were run in parallel, only amphetamine mcreased
spontaneous activity whereas both diethylpropion and tranylcypromm
decreased spontaneous activity m mice Elevation of the dosage level from
10 mg/hg to 25 mg/kg excluded the possibility of using amphetammne 11
the comparative study On companng diethylpropion and tranylcypromin
1t was found that diethylpropion still depressed activity Iike an ataractic,
whereas tranylcypromin given 1n the high dose first caused a decrease of
actvity and then within 14-2 hours a consistent activity merease that
persisted for the whole experimental period

In the squirrel wheel apparatus, both diethylpropion and tranylcypro
min showed effects oppostte to those of amphetamine Both 1n the activé
and passive pertod — but more pronouncedly mn the active pertod — tranyl
cypromin decreased activity when compared with amphetamme The
activity curves for amphetamne and tranylcypromin lay on erther sn:ie of
the physiological saline placebo values, which shows the absence of 11y
stimulating activity of tranylcyprommn at the dose level chosen On
comparing amphetamine with diethylpropion the same general pattern
for diethylpropion was found as for tranylcypromin, but the differences
1n the later test Were not so pronounced as i the test comparing amphe
tamme and tranylcypromin

The sand sifting technique once agamn emphasizes the principal duffer
ences between amphetamine on the one hand and tranylcypromn and
diethylpropion on the other On studying the results with diethylpropion
and tranyleypromun, 1t 1s found that the only way of differentiating
between the two 15 by means of the MAO hubition test Nesther of thelse
drugs showed any tendency to the kind of central stimulation that results
1n an increased motor activity of test animals
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From the Department of Biochermstry and Nutnition Polytechnic
Institute Copenhagen

Kidney Damage in Hamsters Receiving an Artifical Diet
Containmg 5,7-dichloro-8-hydroxychinaldme
By

Frede Chnstensen and Henrik Dam
(Recerved May 2 1961)

Hamsters receving an artificial diet with a high content of sucrose or
glucose often develop severe diarrhoea During aUemprs 1o prevent s
diarrhoea by antitbacterial agents, we observed severe kidney damage 1n
all hamsters fed on the basal diet supplemented with 0 17/ of 5,7-dichloro-
8 hydroxychinaldine (chlorquinaldol (WHO), chlorchmaldol(NFN), “Ste-
rosan” R )!) for a pertod of 60 days On repeating the experiment with
sterosan, we also exammned the effect of a related compound, S-chloro-7-
todo 8 hydroxychinoline (“Vioform” ®)2) under the same conditions
Since the observations made 1 these experiments may be of mterest to

pharmacologists and may give nise to further studies, they are reported
here

Expenimental.

The amimals were young hamsters, 25-30 days old, of average weight
30-40g Dunng weaming and until the expeniments began, the stock
diet (table 1) and water-milk (1 1) were avaidable ad hibitum Thereafter,
the expenmental diets and water were mven ad fibtium

The animals were weighed weekly

Three different experiments were conducted
s, - .
) . .. .
. . .
. st wal duded 10 diet no 295 as the pure powder, and m.gwu 4
23 powdered tablets of Enterovioform ®3) The feeding period was maximally 66 da‘;s

1) Generously furnsshed b;

2 YJ R Geey AG Basle izerl,

’i gtnemuﬂry furnished by CIBA Akuengeselischafy %:;k rS:“e?lzn fand
nterovio‘orm contains sapamine g as emulsifier e
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Influence of sterosan & and vioform ® on diarrhoea As seen from table 3,
14 of the ammals fed on the basal diet 1n expenment no 1 developed
diarrhoea within the expenimental feeding period, and one of those fed on
the vioform-containing diet had diarthoea at the end of the experiment
In experiment no 3, 1n which also the vioform-contamning diet was used,
5 of the hamsters got diarrhoea after a feeding period of 113-125 days
None of the amimals fed on the sterosan contaming diet developed
diarrhoea n expenment no 2, however, m the previous experiment, in
which the influence of sterosan on the kidneys was first observed, some of

the b

KIDNEY DAMALL 3N fAamat=ns

Table 2
Basal Diet fro 25%)
[

Casein crude _Z,g (;
Sucrase S
Salt mixture US P No 2 XIi1
Vitamn misturel) 0s
Choline chlonde g (Z)
Lard?) a0

5§ mg and sucrose up to 500 mg
3 Vitamins A ang D were dusolsed in the lard Two

AJS Copenhagen) corresponding to 669 tu of vitamin
Aand 133 (u of witamuin Dy

Fiz 1 Kidney {ram & bamstet fed on the basa) diet with 0 4

B this agent also developed darrhoea

-

of sterosan @ for 60 days (Magnmification 4 5)

%
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Experiment no 2 Nine hamsters, 4 males and § females, were fed on the basal diet
supplemented with 0 1% of sterosan for a period of 81-127 days

Experiment no 3 Seventeen hamsters, 5 males and 12 femalcs, were fed on the
basal diet supplemented with 0 1% of vioform for a petiod of 109-127 days

During the expenimental feeding penod some of the hamsters deseloped
darrhoea and died or were hilled

Table 1
The stock diet

Alfalfa meal 1
Hog liver powder 3
Salt mixturel) 3
Ground wheat 8
Ground yellow corn 8
Dried brewers yeast 8

Casein crude 14
Corn starch b2)
Sucrose 28

Vitamun E ( Ephynal , Roche) Smg

1) McCollum Simmonds Salt Micture no 185 supple
rented with 13 mg KI 130 mg CuS0y 5 H;O and
394 mg MnSO; Ha20 per 100 g

Results,

The results of the three experiments are shown n Table 3

All the hamsters fed on the sterosan contaiming diet had severe macro
scopic kidney damage, no such lesions were seen 1 the animals fed o
the basal diet or mn those fed on the vioform-containing diet However,
mexpenmentno 3, the kidneys in § of the 17 hamsters fed on the vioform
contmning diet for 127 days exlubited a slight 1o marked pale appearance

Description of the hidney damage The kidneys of the ammals from the
sterosan-group were pale, with markedly depressed areas o the surfoee
(fig 1) The lustological sections, stamed with hematoxylin and eosin,
showed that the lesions 1n the kidneys were located 1n the external part of
the cortex The tubular cells were degenerated round the depressed areas
of the kidney surface From the depressed surface arcas strands of
rated tubular cells partly penetrated the cortex of the fadneys
h the van Greson’s stain for connecine
damaged (fig 2) The pale
t tubular changes

degene:
These strands did not stamn wit
tissue  Apparently the glomeruli were not
hrdneys from the vioform-treated hamsters showed shight
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Fig 2 Damaged area 1 the kidney cortex of a hamster fed on the basal dict
With 0 1%, of sterosan ® (Haematoxylir eosin, magnification 300

The questton whether microorganssms play a role in the development of
the diarrhoea 15 not settled In previous expeniments, diarrhoea occurred

1n groups of hamsters fed on the high sucrose basal dret supplemented
with 01% of vanous 12l agents® phthalylsul

hiazole, chlor-
B h BY, erphavmyen,
ot with 0 1% of each of these compounds plus 0 1%, p

hthalylsulfathuazole
The mean gamn 1n weight for the hamsters fed on the sterosan- or the

vioform-contaiming det for 8 weeks m expenments 1 and 2 was nearly
the same, 25-21 g (males-females) and 23-22 g (males—females), respec-
wvely The mean weight gain for the males fed on the basal diet 1 ex-
penment no 1 was 35 g in 6 weeks (group no 1) and 28 g 1n 8 wecks
ferounno N
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From the Department of Pharmacology, Unwversity of Turku

Infubition by Methysergid of 5-Hydroxytryptophan
Toxicity to Mice
By
J Rin3, N T.Kirk and E. Tala
(Recerved July 18 1961}

S Hydroxytryptophan (SHTP) 1s the precursor of 5 hydroxytryptamine
(enteramine - serotomn 5, HT) 1n the orgamsm The administration of
SHTP mcreases the amounts of SHT 1n most tissues (UDENFRIEND ef af
1957, DAVIDSON ef al 1957, PAASONEN & GIARMAN 1958) Monoamne
oxidase (MAO) plays an smportant part m the physiological mactivation
of SHT (BLASCHKo 1952, FREYRURGER ef al 1952, SIOERDSMA ef al 1955),
and MAO-mhibition increases the level of 3HT, particularly in brain
(UDENFRIEND ef al 1957, PAASONEN & GIARMAN 1958, PLETSCHIR ef a/
1959) If SHTP1s given to amimals previously treated with MAO-inhubitor,
there 1s an increased accumulation of SHT 1n tissues and 1n the reactions
mduced by SHTP (BoGpanskt et al 1958, Horrra & GoGErTY 1958,
PAASONEN ef al 1961)

Dunng recent years several drugs have been introduced that anta-
gontse SHT 1n vitro and in vaivo In order to study the effectiveness of one
of the most recent, methysermd (WHO, D CI) N (1 (hydroxymethyl)-
propyl}-4-methyl (+)-lysergarud, desenl @, we have mvestigated its
ac‘t‘mn on the toxicity of SHTP to MAO inhubited muce In addition, the

of gid on the and motor activity depressing,
actions of SHTP admimistration has been studied

Matenal and Methods .
Female afbmo mice weighing 18 to 21 g were used
They were pretreated with § mg/kg of ph

2inehydrochlonde) subcutaneousty

(PIH, p-ph
inteaperitoneally from 50 to 1

during the morning  After 6 hrs they were given
000 mg/kg D L-§ hydroxytryptophan in a 1-5% (w/%)
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Discussion,

1t has previously been found that hamsters of the same age as those used
in the present experiment eat 4-6 g of the basal det per animal per day
If the addttion of vioform ® or sterosan ® does not influence the eating
habits of the animals, the daily ingestion of each of the two anttbacteral
agents was about S mg per ammal, corresponding to about 10 mg per
100 g of body weight. The doses used in human therapy are considerably
lower, ¢. g, 600 mg of sterosan or 1,500 mg of vioform per day for adults
with diarrhoea. These amounts correspond approximately to 1 mg of
sterosan or 2.5 mg of vioform per 100 g of body weight, and the treatment
15 usually not continued for a period of time comparable to that used m
our experiments. Therefore, the results of the experiments reported here
do not necessarily imply a risk of kidney damage from ordmary thera
peutic application of the drugs studied

Further, in other experiments with hamsters fed on the artificial basa!
diet (no. 295), pale kidneys were occasionally observed These kidney
changes may have been caused by particular properties of the duet, such
as the low content of essential fatty acids or the high content of sucrose
or both

Kidney changes, somewhat similar to those observed in the present
experiments, have been noticed 1n rats fed for 26 weeks on fat-free diets
or on diets contaming hydrogenated arachis oil as the sole source of fat
(FuncH, AArs-JORGENSEN & Dam 1957) It is possible, therefore, that I
the expermments here recorded a latent abnormality of the,tissue has
rendered the kidney tubul: particularly sensitive to a noxious effect of
certain drugs. These problems should be studied further in hamsters
recerving other, and especially more normal diets as well as 1 other spectes

Suntmary,

Severe kidney lestons were observed tn hamsters fed on an artificial diet
supplemented with 0 1% of 5,7-dichloro-8-hydroxychinaldine (sterosan
®) for 81 days or more No such lesions were seen 1n hamsters fed on the
same basal diet supplemented with 01% 5-chloro-7-todo-8-hydroxy-
chinolme (vioform ®) for as long as 127 days or 1n those fed on the un-
supplemented basal dret

The kidney lestons were found 1n the tubuli cells of the cortex. Appar-
ently the glomerul were not affected .

1t 1s possible that the artificial basal diet used 1n these experiments ha
increased the sensitivity of the tubuli cells to the damaging effect of
certam drugs.

REIERENCE

Funch, J P, E Azes Jorgensen & H. Dam Brie J Nutr 1957 11- 426
3



257

HYDROXYTRYPTOPHAN AND METHYSERGID

—0r 1 F 16— 100> 01393~ L80Fy0— 9L0FY I+ 2
9 0F T Z— 8907 11+ 8£0F 60+ TTOFS T W | oos
950F 22— 260F 11~ 6LOFS O 6P OFE I+ >
_| [ eroFro- 0g0FLO+ 67 0F [0+ 801+ W | oo
100 0>7 100 0> | 1000> -]
b4 OFZ O+ oTH I+ | jgg» FTOFLLE 90100+ | 1ggw |EEOTLET | O
€80F 10+ ﬂ.cMnoH LLOFGOH ﬁo«;n ane“nex w [ oot
|-gz 0¥ 9 0+ T0TL1 STQEL 1+ YI0FTTH wovel+ | D
o 0T o0L | 100> Tforso- | 19097 pzoTso- 000> | 3eor90+ | 9007 Misoibo- | W |08
[2k4 =]
4 | d 2 g
d v d 14 f d 3 vo | g
—— T — T T T - gz &
25 o
5dn0s8 3 OM 10 [ OM} UIIMIIG SIIUTISU| SUIOS Ul puT gZ| 5
+dnos8 5 put 14 UsMI3 d JO TINITA ) PUB LONIIUT g LHS 32 (SI4) SN ISL2P 18 ssmesdwal i %
L
S

Jo powisuod dnoas Yo satw paEads surzeidiuayd pue ALifs 3O

[243] JonTut 243 Wl danzesad

oy (miosa t (w95 F) 95usyd uRaw oyp SpEunLD OF

Z AL

Samyeaadwia) 04} GO PIRIASAYIIS JO 133453 UL



256 KARJA, KARKI AND TALA

solution 1n 0 61 N-HCI, made immediately before use One hour before and one hour
after SHTP administration the test animals were gnen a subcutaneous dose of the
possibl g g sub The contro! anmals were iyected with pheniprazine
and SHTP at the same time, but sahme was injected mnstead of the antagomsing sub
stance The results of the toxicity tests are based on mortality at 12 hrs and the
LDS0’s are calculated

The rectal temperature was measured with an electric thermocouple (Thermorapid)
at mtervals of 30 mim for 4 hrs after SHTP smyection The tests were conducted at
room temperature, 21 to 23°C As a rough t of motor by
methysergid, tracings were obtamed by placing treated and control ammats for one
munute on the smoked paper under a glass cylinder

Table 1.
The protective effect of methyserged on 12 hr e
thality of SHTP 1n pheniprazine (5 mg/kg) pretreated mice
Each group conusted of 10 ammals

Lethahity percent

SHTP mg/lg | T e
Methysergid Coatrol
3 me/hg

50 0 o

100 ° 20

- P 20

300 20 30

500 30 n

1000 I 80 -

Results.

The effect of methy sergid on mortaliyy  The results of the toxieity study
are summarised i table I The 12 hrs LD50 of 1 p SHTP in pheniprazine-
treated mice was 305 mg/kp When S mgfkg of methysergd were given 08¢
hour before and one hour after SHTP, there was a reduction n death
rate and the LDSD rose to 625 mg/kg Most deaths occurred within 6 hrs
of SHTP admumstration, anumals that Iived for 12 hrs survived

A lower dose (0 5 mg/kg) of methysergid also proved to have a pro-
tective action, but a dose of 0 I mg/kg was meffective 1 our expenments

The effect on pyrogemc action When temperatures of test ammals were
followed, 1t was soon noted that the effect of SHTP on rectal temperaturé
was dependent on the dosage used In controf ammals recesving smalles
doses, 50 to 100 mg/kg of SHTP, there was a temperature increase jastmg
several hours with a maximum at 13 hrs after admmistering the drug
(table 2} Larger doses (300500 mg/kg) also tnduced an imual elevatiot
of temperaturs, which subsided after 13 hrs, the ammals becoming

hypothermic
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Condrol

L5D I
“ Ergolamine l

Phenlolamine

10 20 30 40

T S W

So 60 J0 80 90
per cend oied

Fig 2 Companson of eflects of phentolamine, lyserzid (LSD)
and ¢rgotamine an toxicity of SHTP Each group consisted of 20 mice, all given
pheniprazine 5 mg/kg s ¢ and 300 mefkg of SHTP 1 p
Control group mo Other treatment
Lyrerprd group 3 sk LSDS 3¢
Ergosamne group 1 me/kg ergotamine tartrate s ¢
Phentolamine group S mgfkg phentolamine's ¢

Pheniprazine alone at the dosage level used had httle or no effect on
temperature  Phemiprazine and methysergid given together, however,
shghtly reduced the temperature of test ammmals

Behaviour  Adminstration of SHTP produced withun 4 to 5§ mm a
pronounced tremor and stiffness of the imbs and later on convulsions
Methyserpid reduced these signs, as shown i fig 1

Effect of other amagonists Lysergic acid diethylamude = lysergid
(LSD) and ergotatming 1n doses of § mgfkg each also had a protectng
effect on SHTP-induced mortality, as would be expected (fig 2) On the
other hand, admimstration of phrentolamune, known 10 be an effective
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Fig 1 The of y P
recetved phemiprazine 5 mg/kg and SHTP 300 mg/kg
Control ammal (I and 1) No other treatment  hr (I) and 1 he (II) after SHTP injection

{1 min)
Methysergid ammal (I11 and IV) Methysergid 5 mg/kg twice § hr (IID) and 1 hr (IV) after
SHTP injectron {1 min)

g1d on motor The amimals had

Methysergid effectively ihibited the pyrogenic reaction of small doses
of SHTP. When large doses of SHTP were used, methysergid treatment
prevented the fall in temperature. This effect was clear with 500 mg/kg of
SHTP; the mean temperature of methysergid-treated mice remained higher
than that of controls; after 2 and 4 hrs. the difference was about 3°.
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blocking of noradrenaline effects may Tead to more disturbed balance,
which thus could be the reason for the higher mortality

The finding that after large doses of SHTP methysergtd had 2 tem-
perature maintaimng effect was unexpected Howeser, 1t 35 known that
large doses of SHTP, especially when given witha MAO mhitor, produce
penipheral vasodilatation (BoGDANSKI ef al 1958), which evokes mncreased
Joss of heat Possibly hysergid, by P! this dil
enabled the ammal to maintamn higher temperature

Although behaviour was only observed visually and by rough measure-
ment, there was no doubt about the relieving action of methysergid on
SHTP induced tremor and stiffness 1n the test animals

10N,

Summary.

The lysergic acid derivate, methysergd, was able to decrease the toxierty
of 5 hydroxytryptophan 1n mice d with the monoamine oxidase
ntibitor, phemprazine Lysergic acid diethylamide (lysergid) and ergo-
tamne also decreased the toxieity of 5 hyd:
mune had an oppostte effect

The pyrogenic action of small doses of § hydroxytryptophan was
reduced and the temperature depressing effect of high doses was counter-
acted, by methyserzxd

There was an indication that methysergid reduced the depression of
motor activity produced by Jarge doses of 5 hydroxytryptophan

ytryptophan, but phentola-
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sympatholytic agent at a dose of 5 mg/hg mncreased the toxicity of SHTP
by 1009, Lysermd and ergotamine had a methysergtd-like action on the
pyrogenic eflect of SHTP.

Discussion,

Fancramps ef al (1960) have shown methysergid an effectne SHT
antagonist 1n several test preparations They found that methysergd
treated mice survived a dose of 210 mg/kg SHT, an amount producing
509 mortality 1n untreated amimals On the other hand, 1t has been
postulated that peripherally adminstered SHT passes with difficulty
across the bloodbrain barner (UDENFRIEND ef al 1957, SHORE ef af 1957,
KARKI & PAASONEN 1959), and one could therefore assume that effects of
SHT admumstered by this means are easy to antagomse However, SHTP
has been found to penetrate rapidly into tissues, where 1t 1s decarboxylated
to SHT If a MAO-inhibitor 15 gtven before SHTP, a rapid and marhed
accumulation 1s found 1n many tissues, we are thus n a position to study
the effects of endogenously formed SHT (UpENFRIEND et ¢l 1957, BoG-
DANSKI ¢f al 1958, HoritA & GOGERTY 1958, PAASONEN cf al 1961}

In our experiments on mice 1t was shown that methysergid could
reduce phemprazine-SHTP mortality which apparently was due to a Tngh
SHT level

The dosage of methysergid (5 mg/hg twice) used by us was rather lugh
compared with that recorded by FANCHAMPS ef al (1960) to be effecte
1n preventing the effects of SHT n the rat Since the toxicity of methyser
g1d 1s low (FANCHAMPS e al 1960) and ats duration of action rather short
(BERDE ef al 1960), we chose this dose to make sure of the methyscfsld
action A lower dose (0 5 mg/hg) was also effective

Several other lysergic acid derivates have anti-SHT abilities (ROTHLIV
1957) Lysergid (LSD) and ergotamine, as would be expected, reduced
the toxteity Some of the pharmacological effects of lysergid and SHTP
have been shown to be additive (HORITA & GOGERTY 1958, BOGDANSK
et al 1958) this was not true of our toxicity expersments

We consider as evidence that the protective effect of lysergic acd
denvates against SHTP toxicity 15 not connected with therr sympatholyh®
properties the fact that phentolamine, which 1s known to be a strong
adrenergic blocking drug, did not reduce mortality from SHTP, on the
contrary, an enhancement was noted

In tlus connection 1t 1s interesting to heep m mind BRODIE'S (1958)
hypothesis about the role of SHT and noradrenahne n bram function
According to hum, SHT and noradrenaline are mediators of opposins
parts of the central nervous system With phentolayune admimistration,
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a-Keto Acids in B-Aminopropionitrile Intoxicati
(Lathyrism)
By

K Juva and E. Kulonen
(Recewved July 18 1961)

Thus work was undertaken because of some findings on experimental
lathyrism, namely, that the “carbonyl fixatives”, spromazsd and semicar-
bazde erther aggravate the symptoms of expenmental lathynsm (Juva,
MixkonNEN, TUOMINEN & KULONEN 1959, Rov, L1FTON, STRONG & BirD
1959) or cause stmilar effects when given alone (NEUMANN, MAXWELL &
McCoy 1956) Expermental fathynsm 1s clearly influenced by the
amount of amno acids 1n the diet, without regard to the composition of
the amino acid muxture (JUVA et al 1961) Thus the general intermediary
metabolism of amuino acids, and consequently of keto acids, 1s 1volved
in B anunopropioniinle poisomng We were also imterested to find out

whether any unusual carbonyl dervates were present 1n the tissues of
lathyritic ammals

Expenimental,
P .. . .
i . ‘. o
« . ' - -
’ - a - -
u :.uum oL s(;gmm lutl-pha!c In some expertments both groups of eggs receved
mg o de hydrech

(Merck pro analysh) to trap
carbony! compounds After 4 hours of continued hatching, the embryos were har

vested weighed and homogenized in 10 ml of water The homogenate was treated as
described by RicHTER (1937T), and the resulting 2 Hml(l’cvphcni‘ hydrazone muxture
Chr;mamgnphed by Kveonew, CARPEN & RUOKOLAINEN'S procedure (1952)
earh:u(lu\: nslar, fats received the lathyritic (sweet pea) or control diets described
lhmr o 4 €141 1961) To decrease vatiauon four rate were treated 252 group, and
e bepn ps w:;e on each diet In (he first expeniment {average weight of the rats at
pnming 62 g, after 29 days experiment 87 g n the lathyrus group and 112 g1
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The varsations are Jarge but the results for unne are 1n satisfactory
agreement with the findings of hRustus (1940) Fromadult ratshe obtained
an excretion of o ketoghitanc acd of 0 07 my/i2 he ona ugh fat diet and
047 mg/i2 hr on a hgh carbohydrate diet For the of pyruvic
acid the range on different diets was still larger 003 1 77 mg/12 hr The
blood values are 1 a reasonable agreement with those for man (KULOVEN
etal 1952) We are unable to explam the large difference in a ketogtutaric
excretion between the first and second experiments In the first the animals
were farger but thus does not scem a sufficient explanation We are rather
inchined to believe that the values for the first expeniment are unreliable
because of contamination of the samples with faeces

Since the different experiments point 1n the same direction we suggest
that the concentrations of pyruvic acid and to a less extent of a keto
glutanc acd ase ncreased n lathyrism both 1n embryonic tissue and 1n
blood but that their unnary 1s di d dering the
smalter bodyweight of the intoxicated ammals the difference m the
excretion 15 scarcely of metabolic consequence However this 1s not
certamn since seems to d diately after the first
consumption of the lathyrus diet

There was no obvious qualitative difference 11t the keto acids between
normal and lathyritic tissues Some possible intermediates for example
the 2 4 dinitrophenylhydrazone of the glutamic semialdehyde may have

mugrated 1 chromatograms so near o the front that they escaped atten
tion

Discussian

Ln:e best known cause for the increase 1 keto acids of the tissues 1s an
of the oxid decarb because of a shortage of
thamune Nothung 1s known about oxidative decarboxylation 1n lathyntic
uissue of m the presence of B aminopropiomtrile We have conducted
some tn yuyro experiments on the consumption of oxygen i Iner slices
with pyruvic acid as subseeate A shght decrease was noted in the presence
of B amtnoprop omitrile but first anly at a concentration of 10 2 M The
:m\m\ f21 of rat sk s markedly decreased 1n lathynsm but 1t 15 not

n_‘;{:o‘::cther the conversion of the pyruvic acid to fats 1s impared
o “:‘r‘ &0\:5{?}:: reason for the mcrease m keto acids may be disturbed
o b ¢ amnation of pyruvate 1s depressed by all enzyme
the etroa cycli lr‘!;tmnedmc steps from pyruvate to ketoglutarate via
RAUNSTEIN & AZARRH 1957 a) In ssontaznd drugped

ani It
n{?: ; ﬂ:: z\:::(:s‘almlgmuon of the « keto acids 15 also depressed (BRaUN
57b) In Hiro-expermments (with T NIKKARY) to
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the control group) the cages were placed above large funnels contaming a wire net to
retam faeces Sulphuric acid was put beforehand 1n the recerving beakers to mhibit
microbial growth in the urine In the second experiment the anmals were a ltke
smaller (at the beginning 46 g, after 23 days on the lathyrus diet 63 g and on the
control diet 80 g) To collect the urine, the falling facces were dnerted outside the
recipient beaker by a glass spindle placed below the funnel, and contanunation with
facces was thus avoided Toluene was added to inhibit infection For analysss, the
urines of 3-4 consecutnve days were pooled The animals were then killed by decapita
tion, and the blood was collected 1nto weighed centnfuge tubes The blood and unne
samples were deproteintsed with tungstic acid, and the supernatants were treated with
2,4-dinitrophenylhy drazine sotution (Krustus 1940) The hydrazones of the acd o%0
compounds of blood and urine were then prepared and analyzed as mdicated above
{KULONEN et al 1952)

Results.

The final results are collected 1 table 1 The statistical significance of
differences was calculated by the r-test The urme concentrations wer
calculated as daily averages, and simultaneous lathyntic and control
samples were compared
Table 1

N e —ns ane af o Letoglutarc
. samples als0

- N\ )
—

a Ketoglutaric acid

Sample —
Control [ Treated P
Chick emb ne/) ! | 1
ich embry 05, N/g
without SC 119+48(6) ’ 1452466 NS
with SC | 165=70(%) 1522355 NS
Rat blood, pg/s exp 1 16£10(1% 2009012 NS
exp 2 - -
Rat uriney pg/24 br
) v exp 1 1490 + 450 | 460 =330 <0001
exp 2 200+ 150 | Joolse | <005
Pyruvic acid
R
Control ! Treated | P
Chich embryos, ngls | I
withanst 3C S7£19(6) 912286 <035
with SC 17497(H) 250_55(5) N;
S
d, exp 1 42,209 f $8+21(5) N.
Rat blood, ksls exp 2 50x20(11) §6:23(12 NS
1 24 h
Rat urine!) pg/24 hr e 1 67210 ASL15 NS
exp 2 86 +£39 5817 NS

1) for expenmental details see the text
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From the Departrent of Biochermstry and Nutrition, Polytechmic
Institute, Copenhagen (Professor H Dam, PhD)

Effects and Fate of Lipoperoxides in Chichs and Rats
By

Johs Glavind, Ebbe Sondergaard and Hennk Dam
{Recerved Tune 22, 1961)

A previous paper from this Jaboratory described the fate of orally
ingested hipoperoxides (GLAVIND & TRYDING 1960) Perouide-contaiming
fatty acid esters were found to be partly transformed by the action of

juice P d free fatty acids were formed, and
the total quantity of peroxides decreased, although they were not com-
pletely eliminated When lipoperoxides were given to rats with cannulated
thoracic ducts, no hipoperoxtde could be recovered 1n the Jymph It was
concluded that the essential site of destruction of orally injected hipoper-
oxides 15 probably the jntestinal mucosa

The purpose of the work described 1n this paper was 2 study of the fate
of lipoperoxides given 1y or intraperitoneally

Matenials and Methods,

“ue v Uy UNpIUS OF theen 80 @, were dissolved togethy
ether and the ether was evy, ated ’ s oy
m:gs ot 2 dumtem;::i and the restdue finely dispersed 1n 0 9% saline by
perimental ammaly Day-old ehicks (New Ha
mpshire X
fed untd the age of at least 1 month, on one of l!uepes d‘:u White Leghory were
At Frarmacologica, vol 19 fase 3

n
o pe—
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reproduce with B-ammopropionitrile the effect of isomaznd on the Iner
amino-transferase were not successful

The addiion of semicarbazide, which stself has an effect simlar to that
of lathyrism, increased the concentration of pyruvic acid three fold but
did not affect the a-ketoglutaric acid The difference between the control
and lathyritic sample also persisted The results from the experiment with
semicarbazide were not accurate enough to permit conclusions about the
mechanism of the increase m pyruvic acid, 1 e to decide between increased
formation or decreased breakdown

Summary.

The pyruvic and a-hetoglutaric acid concentrations were moderately
mcreased i p-amnopropromitrile treated chick embryos and 1n the blood
of lathynitic rats
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or hours Sometimes a dark coloration of the lungs was found at autopsy,
suggestng the formation of methaemoglobin b

Injection of about 1 peq of peronidized ethyl linoleate per g body
weight was sometimes afso fatal, and caured a dark coloration of the

S

1‘Hzl'ghe other peroxide prod hol 1 free fatty acids
and phospholipids, were given 11 relatively small amounts, and no evt
dence of toxicity was observed

Among the ammals myected were a few chicks reared on a witamin
E deficient diet Pesoxide containing tuglycerides (about 1 peq /g body
weight) were gaven to three such chicks and ethyl linoleate petoxide
(0 6 peq /g) to two others The ijections were well tolerated, the vitamin
E deficient ammals did not seem to be more sensitive than the normal
animals to myections of peroxides It should be mentioned that none of
the symptoms seen in chicks hept on a vitamin E free diet (e g , encephato-
malacia) were ever observed as a consequence of the mjections, whether
m vitamun E deficient ot 1n normal amimals

Lipopesoxdes also were given to @ number of rats intrapertoneally
The same picture appeared as was obtatned with 1 v mjections 5 yeq
of triglycende peroxide per g body weight were well tolerated, whereas
ethyl lnoleate and butyl peroxides were toxic, although less so by 1 p
than by 1 v mjection Further the death occutred of one rat that had
been grven per g body weight 2 peq of peroxide containing cholesterol
emulsified with lecsthin

Ascites and inflammation of the abdominal wall and the surface of the
liver were a regutar finding on autopsy of the ammals that had died
after p 1 of p d lipids The same prcture
was observed when the ammals that had recened 1 p mjechions of
peroxide contaming tniglycendes were killed next day and autopsted

Several rats were given large doses of perovide-contarning tnglycendes,

eithert v or1 p, and kilted 7 weeks later On autopsy, na pathological
findings were recorded

Results of the peroxide determmations an blood, heart, kidneys spleen,
lungs and lser of clucks and rats are given 1n tables 1-4 Some other
organs were occastonally examined

Since some of the WETE VLY £ mornhy ¥ forma-
::‘n‘ r‘net?:\:hn;ogo:m was determmed 1n blood sampk: taken from

€73} 1215 thn iad received vanious perovdes by 1
The results are gyven 1n table § ¥ Yy Oortp mecuon

Discussion
The restlts given 1n tab)

intrasenously tmpected fomerer e that, although the greater part of
P! S pears rapidly from
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Normal A commercinl starter ration

E free A vitymin E-free but not enccphalomalacia producing diet of the composi
tion 30 g crude casain, 3 g gelatine, 10 g hydrogenated palm hernel ol §17 gsalt
mixture (DaM & SONDERGAARD 1953) 01 g vitanun muxture (DaM & SONDERGARD
1953), 0 2 g choline chloride, 51 53 g corn starch, 1 mg vitamn K substitute Vitamuns
A and Dj were given 1n the form of 0 1 mi of an aqueous solution twice a week (Dast
HARTMANN, JACOBSEN & SONDFRGAARD 1957}

Control 100 g E free dict supplemented with 10 mg d,l-a tocopherol acetate

Adult female rats were obtained from a local dealer and fod on a stock diet (Curss
TENSEN Davt & Prance 1952), supplemented with 5 mg d l-a tocopherol acetate
per 100 g

Imecenons and blood pling The )} m of 2-10 ml were injected
slowly over 1-4 minutes nto the right Jugular vein of chicks or anacsthetized rats.
From the left jugular vein 1~2 ml blood samples were taken with a synnge tn the
preseace of a httle hepinn Several rats recened the emulsion by traperitoreal
wngection To prevent infction from the fur, the shin was opened before the infections
were carried out

Deternunation of ipoperovides The blood samples and the organs taken at autopsy
were extracted 1 a mechanical disintegrator with 50-100 ml chloroform i the
presence of anhydrous sodium sulphate The mixture was filtered and the Volume
read The whole filtrate, or measured part of 1t was evaporated and taken o § ml
chloroform An equal volume of 6%, ammonium thiocyanate 1n ethanol was added
and the determenation of peroxide was carrred out as described previously (GLAVIND
& HARTMANN 1935} with exclusion of oxygen The photometric reading was corrected
for a reagent blank and for the color of the extract The fatter was determined aftet
decolonzing the fernic thiocyanate by adding a drop of a concentrated solution of

ascorbrc acid in dijute ethanol
Dete 0 h lobin and total hacmoglobin A method essentially

1dentical with that of EvELYN & MarLoy (1938) was used

Results.

Intravenous injections were given to about 35 chicks and 30 rats The
phospholiprd-emulsions were generally well tolerated A few ammals
died from thrombosis 1 or close to the heart, as revealed by autopsy,
probably caused by an unsatisfactory state of the emulsion or by the
thromboplastic action of the phospholipids Tween 80 @ produced more
perfect emulstons than the phospholipids, but had to be used 1n larges
amounts for a given amount of Itpid Amounts of Tween 80 exceeding
200 mg proved to be fatal to rats weighing 200-250 g Among the peroxide-
contamung products, cholesterol gave the least stable emulsions

Peroxide-contaiming triglycerides, even mn amounts as great as 3 peq
per g of ammal weight, were well tolerated, and no evidence of toucity
wa\svgl;;c,?\lz:/ever, t-butyl hydroperoxide was injected, amounts of about

1peq perg body weight Lilled the animals 1n the course of a few mmutes
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Table 3

sm organs of the chick
ntravenously njected peroxides fros
Recovery of vari Hels billed one hour afier the imyection

I Peroxide recovery from
Dose — T
Peroxide contamng [Beq /8 |gmutcifer] Diet BEITETE
product bndz( g | El2 (2%
" AR AR
03] 00sf 0cs) 09 | 27
Ethyt bneoleate 132 Lecitun | Contror | 20| 0041 00¢] 061109 4 27
- | 06 | Tween | Contror | 14] 004} 00008l 21 |11
SRR Btk o AVE A
Phospheliptd lgf;‘ None | Normat | §4 | 002( 0os| 07 | 008] 13
s 1| e | S| 1315816581551 015 21
Freefatyands 1 910 | Tueen | Rormat | 1< 1901 oozy 001! 903 ags
Te 9
Chotesteral 009 Normal | 41| 014102307 | 11| 09
015 - | Nommal| 30 005|008 9
Buty hydroperone | i ( Nermat | 0 |0
Table 4
Revovery of injected perovides from organs of the rat
(Lecsthin as emulsifier)
N Hours Feroxtde recovery from
s | Mode | from | — T T
Peroude-contamnrag qu(g‘ of 1ngection \ el .
) \i‘f;{x‘m}uuon to 2l E k(8 l v
3 A E
autepsy = E } 2 l/:; -=I -
Trglycende v by ‘ v Jraslo2 o2 |12 e {17
i 1 1 25 {02 |04 (08 |24 18
4s, ap | 28 [oo3iooolonr|oosiooslo
15 2t 1003001, 003]005] 0cs{ 06
Ethyl moleate s | 3 oo2) 000{001| 001| 001] 007
1 3 00t 000/ 0or{0os{ ocol 03
|

the blood, constderable quantities may still cireulate after 1 hour The

rate of disappearance of lipoperoxides from the blood stream depends

on the chermeal nature of the peroxide-contaiung product and the

character of the emulsion The more perfect emulsions of peroxide-con-

tanmg tnglycendes prepared with tween 80 ® remained 1n the blood
ds as

much longer than those prepared with ph a: ! y and
1happears thee = 1 - huch occur
as norm.

s time than

wily msnor
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Table 1.

Recovery of intravenously mjected peroxides from the blood
of chicks and rats

Peroude Dose Percentace recosery from
C"mﬂ"ms ':;gdg,s Emulsifier| Diet blood after
product weight ;t::x“r: 1Smin | 60ma
i Chicks
Trglyceride 3 Leathin { Control | 18 8 26
- 1 - - 65 3 10
- 1 - E free $ H 13
- 02 Tween Normal 40 kY] 18
- 02 - - 68 66 4
Ethyl tnoleate 06 - Controt 18 3 "
~ 06 -~ E free 7 5
Phospholipid 023 None Normal 22 16 3
~ 019 ~ Control 13 10 3
Free fatty acid 014 Tween | Normal 43 37 16
- 014 ~ - 27 32 28
Cholesterol 009 ~ - 12 8 4
— 015 -~ - 6 3 3
Butyl hydroperoxide 1 - - 10 0 Q
t |__Ras J |
Trglycende 1 Lccuhm H Stock | 11 H 55 ‘I [
- 1 - | 2 11 ’ $

The per cre found tn samples of 1-2 ml blood:
assuming a blood \olumc of 83°; of thc body werght an chicks, 6 77, 1n 1ats

Table 2

Recovery of mtravenously injected triglycenide perouides
from organs of the chick

Dos,? l(("“’s Perovuide recorery from
Be9/E  (pmulsifier] Dict rom
nje
“b:gg( (lo‘:‘uf:l;.;? Blood | Heart }""d |Splccn|Luntsf Lner
1

3 Leaithin | Normal 24 16|o017jon|32| 9 |7
3 - - 24 4 | 01304 | 27 |10 § 5
3 48 02/ 008|002 12| § 2
3 - - 48 o2] o07fo02 |17 9 g
3 - - 500 0 0 0 0 o o
3 - Control 1 3 |oo0sf{o02 03 |35 H
3 - E free on |17 |o00s|03 {03 |38 |1
18 - Control 1 1302 lola' o014 28 g
17 - E free 1 10} 03 | 015] 01725 H
09 - Control oy | 12 01 013} 011 ll 3
09 - E free o) 0l ow| 2 3s
025 - Normal 1 03] 015] 03 34 il
02 - 12) 06{ 007 | 006 | 010 ;5 16
025 Tween - 1 4 [03sfos 20 (27 18
018 - - t 18 | 035{ 044 024 l; .
018 - - 24 g8 [ o008 04 {0

- sam o —etu vas o tgryein, the animal
1s were carried out
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When peroxide-containing triglycendes were mjected intravenously
1nto the rat, the same picture was obtatned as with the chick (table 4}
After mtrapefitoneal mjections mnto rats, much smaller amounts could be
recovered from most organs and from Blood .

The overall picture of the fate of par Ny 1njected ltpop:
ceems to be that intraperitoneally injected tglycende peroxides are
transported by the blood, especially to the Jiver, to a lesser extent to lungs
and spleen and probably to the reicul helial system ¢lsewhere
the body, where they are metabolized Intravenously injected triglycende
peroxides are also 1n all probability dep d 1n the reticul dothehal
system Imperfect emulstons probably are to a great extent deposited
extracellufarly, preferentially sn the lung capillaries Later, the extra-
cellular depostts are cleared by the blood stream The few observations
with other lipoperoxides show that relatively smaller amounts were re-
covered, especially from the lungs The mechamsms by which these per-
oxdes are eliminated may bedifferent from that for tnglycertde peroxides

The ehmnation of peroxide groups bound to lipids 15 not 2 very fast
process, since after intrapertoneal applicatson of hipoperoxides, shight
amounts can be found 1n the hiver, 1t appears that a transttory deposition
of such peroxtdes can take place, even ntracellularly These results may
well seem surprising i view of the great reactivity of the peroxide group

It 1s known that peroxide deternunations carried out on ammal tissues
tesult 1n only partial recovery The problem has been previously studied yn
thus faboratory (GLAvIND & HARTMANN 1961) Fresh ammal organs were
extracted with chloroform contaming known amounts of peroxide,
peroxide determunations were carried out as described 1n this paper and
the recoveries calenlated When liver was extracted, quantities up to
01 peq /g uissue could not be recovered Other tissues destroyed symilar
Quantities bt some tssues such as blood, showed a farrly good recovery
It 15 not known whether the peroside destroying principles nterfering
with the determmation are also active 11 10, but evidently they preclude
an exact quantitative estymation of the total amount of peroxides present
tn the tissues This source of efror must be even more important when
small amounts of peroxides are mjected In the expertments feported here
i:’m Z[ 01-3 peq per g body werght were given Since the peroxides
h:‘;y ;msl:;:l ;gerenlmny 1 lungs, liver and spleen, 1t 1s, however,

ppearance of perovides during the determination 1s
ortance for these organs

Further difficulties 1n the d
etermination of the total amount of
present in the antmal were e o

that not alt organs were examsned and that
:):\c\:lo:;l Olglumc Was not exactly known The total quantity of peroxide
¢ W23 esttmated on the basis of the approximate values for

only of msnor smp;
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Table 5.

Mcthacmoglobin content of rat blood after infection of perotides.
{Lecrthin used as emulsifier)

D Methaeme-
Perod ose globn
croxide containing seq /g Modeof | Timeafter | . "entof
product body injection mjectron P total
weight haemoglobn
Butyl hydroperovide 1 k s 1 mm 6
_ A ’ F 15
- 1 - 1 - 38
Lthy! linoleate ] 1 - - 4
- ! z ; - - 37
- 3 - 1 - 4 51
Trglyceride 1 ' - 1 - D6
- 2 z |- ’ 06
Butyl hydroperoxide { 8 Tp [ - 32
|- 3
h 12
| Pt 5
Ethy| tnoleate 8 - 1 min 0
15 - g
h
! i 0
Triglyceride 25 20- | 0
- 5 - - } 0

constituents of the blood Butyl hydroperoxide 1s clinnated ymmedtately
after imection

The results given in table 2 show that a great part of the intravenously
mjected tnglyceride peroxides can be recovered from certamn 0rgans
shortly after the mjection The mam depositories are the lungs, then the
Iner Considerable quantities are found also m the spleen, hidneys and
intestine and minor amounts 1n the heart and muscles In brain, adipost
tissue and pancreas, only neghgible quantities are found

When tween 80 1s used as an cmulstfier, relatively smaller quantities
are recovered from the organs, especially from the lungs

Mast jections were given nto the jugular vemn, but the lungs were
found also to be the main deposttory after myection 1nto the caroud artery

Considerable amounts of peroxide contaimng triglycerides were found
1 different organs and blood after 24 hours The amounts were smatfer
after 48 hours, but stll sigmificant After three wechs the peroxide had
completely disappeared g

When peroxides of substances other than triglycerides were inyected,
much smaller amounts were found in the organs after 1 hour (table 3)1
1n particular, much less was recovered from the lungs When buty

hydroperoxxdc was mjected, the recovery was mil
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ous admunistration, but not when given intraperitoneally Thus

::;z::n; can also probably enter the erythrocyte, although less re‘-}rl\\(yl
than the smaller molecules of butyl hydroperoxide Part of it 1s dcposneb
1n the hver and elsewhere, but as the molecules are saller and the sub-
stancesare parily destroyed in the blood stream, arelatively smaller amount
will be deposited than of the tnglycende peroxides

Ethyl linoleate hydroperoxide 15 also toxic, although less so than butyl
hydroperoxide Tven though, m the expeniments reported 1n table 5,
intrapentoneal admmistration did not produce methaemoglobin, m other
experiments large amounts resulted mn deaths The toxiaty of intrapen-
toneal myections of Linoleate peroxides has been studied by HoRGAN,
PLLpOT, PoRTER & RooDYN (1957) and by HOLMAN & GREENBERG {1958)
From the former’s figures a LD30 1n mice of about 0 5 peq Jinolers acid
peroxide and 4-5 peq methyl linoleate peroxtde per g body weight can
be calculated A LD50 of about 2 5 peq ethyl linoleate peroxide per g
body weight can be calenlated from the figures of HOLMAN & GREENBERG
Since no methaemoglobin 1s formed after intraperitoneal admumtstration
of ethyl linoleate peroxide, the mechamsm of 1ts toxic action must be
diffesent from that of butyl hydroperoxide 1ts toxicity 1s not explamed
by the nft 1on produced 1n the abd ! cavity and elsewhere,
smee this was also produced by the less towie inglycende peroxides
Posstbly other essential enzymic or cellular systems are irreversibly
oxdssed or denatured

The expeniments with smaller doses of peroxidecontaining free fatty
acids, phospholipids or cholesterol were not suffictent 1n number to permit
definite conclusions about the fate of these three kinds of peroxides
Probably most of them behave like ethy] Linoleate hydroperouide

Perowde-contaming tniglycendes behaved m a stnkingly different
manner from ethy! hinol and butyl hydrop des Large
sere tolerated, and no evidence of methaemoglobin formation or other
sign of specific touaity was observed, even with the largest amounts used
It seems as though the farge molecules enter the erythrocytes slowly, but
are quickly deposited 1n the reticulo endothelial system, and that this 1s
able to metabolize large amounts The nature of the specific mechamsm
for the metabolism of peroxides 15 unknown Since a group of chicks

eared on a vitamun E-deficrent diet behaved sn exactly the same way and
gave the same peroxide

recoveries as the control group and as chucks on
normal diet, the tocoph are probably not Ived

The percxldcdesl;cynng properties of liver have be
DusouLoz and lus co workers e been studied by

(¢ 2, DuBOULOZ, FONDARAL & LAGARDE
1949) Thewr comprehensive studies were carned out with lver brei, and
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blood volume, 8 3% for chicks (PAPPENHEIMER & GRAFF 1932) and 677
for rats (GRIFFITH & FRANCIS 1942)

Even with the Imitations mentioned above, the material presented in
table 2 justifies the conclusion that the greater part of intravenously
jected triglycenrde peroxides disappears rapidly after eliminatron fromt
the blood

In two experiments the amimals were killed as soon as possible after the
injection, ime being allowed only for collecting a blood sample from the
other jugular vein The organs were removed and placed on dry 1c¢ uatil
the peroxide determmations could be carried out, m order to preven!
post-mortem contmuation of the peroxide destroying process In one of
the experiments 2 large amount of peroxide was given (3 peq fg body
weight), about one thurd of the amount could not be accounted for In
the second expertment (09 peq /g) about 75% could not be recovered

1t appears that, after the first phase of rapid elimmation of peroxides
the remamder disappears more slowly After [ hour almost the same
picture was observed as m the animals kelled immediately after the mjec
tion, whereas after 24 hours only a small, and after 48 hours a stull smaller
amount was left

It appears from table 3 that other Itpoperoxides disappear much more
rapidly than peroxides of triglycerides A difference was also noted m the
toxic proertiesp whereas even the largest amounts of peroxyde contaming
triglycerides were well tolerated a dose of about 1 keq /g body weight of
butyl hydroperoxide was lethal, and deaths were also observed after the
myection of ethyl hnoleate hydroperoxide

The determnation of the methaemoglobn levels of the blood of rats
given different peroxides by mtravenous or intraperitoneal admmstration
showed a clear difference between peroxides of various origin (table 5)
Intravenous butyl or linoleate hydroperoxides gave rise to rapid formation
of large amounts of methaemoglobin, but significant amounts were not
found after mjection of peroxide containing triglycerides  'When the
products were given mntraperttoneally, only butyl hydroperoxide, but
neither triglycerrde nor ethyl Imnoleate peroxides produced methaeme-
globinemia

The results support the hypothesis of a different behavior of different
peroxides Butyl hydroperoxide possesses an acute toxicity whnch can be
explatned by 1ts methaemoglobm forming potency This hydmperoxxdﬂ
appatently passes quickly through the erythrocyte membrane  When
methaemoglobin determinations were carried out, 1t was observed that
the haemoglobins were only partly soluble 1 water Probably buty!
hydroperoxide not only oxidises but further denatures haemoglobin rec

Ethyl hnoleate hydroperoxide also produced methaemoglobm 2



FATE OF LIPOPEROXIDES

REFERENCES

Christensen, F, H Dam & 1 Prange Acta physiol Scand 1952, 27, 315
Dam, H, § Hartmann J E Jacobsen & E Sondergaard Acta physiol
Scand 1957, 41, 149 . e

i e

Holman, R T &S I Greenbers J Am Ou Chem Soc 1953, 38, 707

Horgan V J,J S L Philpot, B W Porter & D B Roodyn Biochem J
1957, 67, 551

Nistida, T, H Tsuchiyama, M Inoue & F A Kummetow Proc Soc
Exper Brol Med 1960, 105, 308

Pappenheimer, A M &S Graff Pmc Sac Exper Biol Med 1932, 30, 820

277



276 J GLAVIND E SONDERGAARD AND H DAM

1t remauns Lo be established whether or not the systems studied by Dusou
LOZ were the same as those acting 1o

Nosymptomof vitamn E-deficiency and especially no encephalomialaca
was observed, after parenteral administration of peroxides Our
studies, thercfore, do not support theories that explam the mamfestations
of vitamun E-deficiency as a direct consequence of peroxide toxicity

Nistiipa, TsuCHIAMa, InoUr & Kummerow (1960) produced ence
phalomafacia 1n chicks kept on a vitamin E-defictent diet by intravenous
myection of methyl linoleate hydroperoxide The disorder developed m
1~5 hours after the myections, and the incidence and severity was greatly
influenced by the diet The different behavior of different hnds of per
oxides should be taken into consideration when these results areevaluated
Our expermments mdicate that the manoester hydroperoatde used tn the
experiments of Nistpa and hus co-workers was much more unstableand
more toxic than the peroxide-contamng triglycerides

The toxieity of hipoperonides also has been credited with a decisive Tole
m radiation toxieity (HorGAN, PHiLroT, PorTIR & RooDYN [957) In
this connection 1t must be borne 1n mind that the peravides, at least those
of certain of the liptds occurring in larger amounts 1 the body, are much
less toxic than the simpler perovudes

Summary.

Eruulsions of vartous hinds of lipoperoxides were gven parenterally to
chicks and rats Large amounts of peroxide-containing triglycerides were
well tolerated, even when given intravenously Ethyl linoleate hydro-
peroxide showed some toxicity, tertiary-butyl hydroperoxide was much
more toxic

Methaemoglobmaema occurred after administration of butyl hydro
peroxtde (1 v or 1 p) and ethyl linoleate hydroperoxide (only 1 v) but
after nerther 1 v nor1 p njection of triglycenide hydroperoxide

A large part of mtravenously myected lipoperoxides disappeared "3d
pudly However, constderable amounts of peroxide could be rec0vér
from blood and various organs, especially lungs, lver, and spleen, up t0
48 hours after 1 v admstration of peroxide contaiming nglyeendes
Smaller amounts could be recovered, especially from hiver, afier 1 9
admimstration  Siilar results, but relatively smaller fecoveres, \\ﬁdﬁ
obtamed with peroxides of ethyl Iinoleate, phosphohpids free fatty ac; s
or cholesterol No recovery was obtamed after giving butyl hydropem“ee_

The tesults are discussed, and the different behaviour of different per:

oxides 1s stressed
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Table 1

f Ethanol on Woradrenahine Doparune and
Eﬁmg Hydroxytryptamine 1 Rabbit Brasn.

Eabanst Time Nofadse Dopamine SHT
f;:{‘ snterval naline °5;/ % ez
g dose | conc 10 hes relg
gike | %wiv)
20 1 027 038 031
i H 25 ! 028 030 D38
50 2 50 1 027 039 027
23 2 0 12 030 016 a6
21 2 25 12 036 013 03s
20 2 0 12 044 04z 040
26 H % 2 a30 040 045
Aserage 032 | 0387 03
0281 @43y 03355
Comuok 20017 f -0 018 0014

1) Average of 5 determmations + s ¢ m
2} Average of 4 determunations + sem

cyanosis After about 30 minutes the amimals bepan to recover slowly
After one hour there was still some ataxia After 12 hours the ammals

seemed to be normal One rabbut, given 5 g/kg, was deeply anaesthetzed
even after two hours

In brawm levels of drenaline, & and 5 HT no diffe was
detectable between the normal and the ethanol treated rabbuts (table 1)
The normal values given 1n the table are 1n agreement with earler resnlts
from thus laboratory

Analogous results were obtamed in the mice After the smaller dose the
ammals were markedly atacue, whereas angmals gwen the larger dose
Were deeply anaesthetized No cyanosis was detectable Some recovery
seemed to set in after about 90 minutes

After the smaller dose the brain levels of noradrenaline and 5-HT did
not differ significantly from those of the controls (table 2) After the larger

Table 2

Effect of Ethanol on Noradrenaline and 5 Hydroxy
tryptamine in Mouse Brays

Dose Noradrenatine 3§ HT
gikg (43 relg
° l 04492002 0531)£0029
25 051 04 200
50 0 D41

3 Avetage of 14 deternunations (84 o
umals) & sem
) Average of '8 determunauons (11 animates Tsem
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From the Department of Pharmacology, Untversity of
Goteborg, Sweden

Incflectiveness of Ethanol on Noradrenaline,
Depamine or 5-Hydroxytryptamine Levels in Brain
By

Jan Higgendal and Margit Lindgyist
(Recerved July 19, 1961)

Levels of noradrenalne and 5-hydroxytryptamine have been shown
by Gursey & O1soN (1960) to fall by about 50 per cent 1n the brain stems
of rabbits after admunustration of ethanol This depression was parallel
for the two neurchormones and persisted several days after ethanol had
disappeared They found the effect of ethanol smular to that produced
by reserpine and suggested that the hypnotic and sedatnve effects of the
two drugs are caused by stmilar mechamisms

Attempts to reproduce these interestng experiments are described
below

Methods.

Apparently healthy rabbits (2 to 6 hg) were slowly imjected 1ntravenously
with ethanol, 2 g/kg body weight (absolute ethanol, “spectal for spectro

scopy”’)

Various concentrations of ethanol 1n normal saline were used (table 1) The anmals
were killed by air embolism 1 or 12 hours after the infusion

Some experiments were performed on white mice One group of 6 mice recerved
an intraperitoneal myection of ethano! 2 5 g/kg and another group recerved 5 ghhe
The mice were killed 2 hours after the mjection

The brains were immediately removed and homogenized with 04 N perchlorc
acid For the determunations the brains of the mice m each group were pooled The
catechol amines were determuined by the methods of BERTLER, CARLSSON & ROSEN
GREN (1958) and CARLSSON & WALDECK (1958) and 5 hydroxytryptamune (5 HT) by
that of BERTLER (1961) The readngs were taken in an Ammnco-Bowm+tn spectrophoto-
fluorometer

Results.
Dunng the mfusion of ethanol, which lasted 5 to 10 munutes, the
rabbits showed the usual signs of ethanal mtoxication When laid down

on their sides, they did not move They had nystagmus Conyunctval
reflex was present Pain reactions were reduced There were no signs of
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From the Department of Forensic Medicne, University of Edinburgh

Toxicological Analysis by Direct Application
of Bialogical Material to Jon-Exchange paper
By
Harold V. Street
{(Received August 22, 1951)

Chi hy of 4 biol

1 material apphed directly to
paper appears not to have been investigated for purposes of toxicologrcal
amalyss There are probably two reasons for this Furst, the solvents
generally employed in conventional chromatography would cause dena-
turation of the proteins 1n the biological matenial The resultmg denatured
protemn would bind many compounds and thus prevent them from moving
anay from the protetn on the chromatogram Secondly, the amount of
toxic substance being songht 1s generally so small that often at least 2 ml
of blood would have to be put on to the paper for the substance to be
detected

Duting electrophorests 1n aqueous solvents the proteins themselves are
known to move under the influence of the electric field Hence, differentia-
tion from other substances might be 1mpossible or difficult GoLpsaun
(1960), however, has d that two-d 1 el on
“ordinary” filter paper 13 worthy of investigation He ponts out that by
carrying out electrophoresis at a pH value at or near that of the 1soelectnc
point of the proteins, 1t may be possible to cause the toxic agent to move 1n
aither one direction or the other, while the proteins reman at the poimnt of
application

Swii (1960), however, states that deprotemsation of biological fluds
1S & fecessary prel: ¥ step o | ag d Hhal

A
§>Aper<lec\rophorcsls of amino acids It 1s my own expensence, too, with

ow yoltage el p on dified cellulose paper that, in general,
deprotemsation 15 necessary when dealing with compounds of low
Tolccul‘ar weight Further, EFrov (1960) states that wn hugh-voltage
papel on {1 d cellul aper, the

Protein m biological ﬂmd‘s w s e 3

il cause streaking of subst:
moleeularworgh Hethe J e g of substances of small

b

Using Whatman {DE20) diethy; ose ¢
ylamunoethyl-cellulose paper 1 02N

ammonia solution, 1 have found that, when either whole blood or serum
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dose somewhat lower values were obtained In view of the fact that this
comes farrly close to the lethal dose, the sigmificance of the finding is
doubtful

Discussion,

We are unable to give any explanation of the discrepancy between our
results and those of GuRsty & OLSON It may posstbly be due to differ
ences 1n stoch or diet Our results indicate, however, that ethanol can
produce 1ts typical actions without any change n the levels of noradrena
Iine, dopamune or S-HT It thus does not scem very likely that ethanel and
reserpine act by similar mechamsms, as suggested by GURSEY & OLSON

Summary.
An mtravenous wnfusion of ethanol (2 to 5 g per kg) caused nosignfi
cant change 1 the levels of noradrenaline, dopamine or 5-hydroxytrypta
mine in rabbit bramn  Analogous results were obtamed n mice
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From the Department of Forensic Medicine, Unnersity of Edinburgh

Toxwcological Analysis by Direct Application
of Biological Material to Jon-Exchange paper
By
Harold V Street
(Recerved August 22 1961)

Ch aphy of d iolog

1 matenal applied directly to
paper appears not to have been mnvestigated for purposes of toxicologeal
analysis There are probably two reasons for this Furst, the solvents
generally employed 1n conventsonal chromatography would cause dena-
turation of the protemns in the biological material The resulng denatured
protemn would bind many compounds and thus prevent them from moving
away from the protem on the chromatogram Secondly, the amount of
toxic substance being sought 1s generally so small that often at least 2 ml
of blood would have to be put on to the paper for the substance to be
detected

During electrophoresis 1n aqueous solvents the proteins themselves are
known to move under the nfluence of the electric field Hence, differentia-

ton from other substances might be impossible or difficult Goropsaun
(1960) however, has d that two g

1 electropt on
* ordinary” filter paper 1s worthy of mvestigation He points out that by
carryng out electrophoresis at a pH value at or pear that of the isoelectnc
pomnt of the proteins, it may be possible to cause the toxic agent to move in
either one direction o the other, while the proteins remarn at the point of
application

S\iTH (1960) howeser, states that deprotemysation of biological fluds
;::1 a nc|ccssnryL prehminary step 1 low voltage (unmodified cellulose)
per-slacranctiacs o . .

low v¢
deprot
molecular werght Fu
n 1 b
1

e

N + meduny il wiipounas O low
nh:f, Em))': (’1960) states that 1n igh voltage
preten i biologieat f(llt:ds will cause :tu ‘k p?Pcr, e
moletutarsrgh bt i e reaking o s:xb:tanccs of small

Using Whatman {DE20)
ammonia solution,

diethylaminoethyl-cellulose paper 1 0 2N
I kave found that, when esther whole bload or serum
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DE 20

BROWN-~ COLOURED
7 area
[

W —"=""BLUE FLUORESCENCE

ORIGIN

Figure I Direct application of blood from a case of salicylate powsoning
25 minutes chromatography on DE20 paper in 0 2 N-NH;

1s applied directly to the paper, the protens do not migrate from the
pont of apphcation esther by chromatography or by 1onophoresis A
himiting factor here 1s the capacity of the paper, which can only handle
fesv microlitres of blood However, pravided thus 1s borne m mind, 1
possible to effect 2 scparation of certamn substances from brological
matermal applied directly to the modified cellulose paper Because only 4
smal volume of protemn-containing material can be applied to the paper
such a techmique 15 of value only when the concentration of toxic sub
stance 1s relatively high

In order to ilustrate the separatton of drugs from blood proteins by
direct application of the blood to the paper, two cases of suicide recently
nvestigated mn thus Department will be described

The first case was one of death after ingestion of a large overdose of
aspirmn The blood was first analysed by the method of TRINDER (1959
and was found to contan 95 mg of salicylate per 100 ml A pocton &
this blood was taken up mn a capilary tube and applied directly to 3
4" x 5" sheet of diethylaminoethyl cellulose paper Chromatography was
carried out for 25 munutes 11 0 2 N ammonia solution The pattern shown
m fig 1 was seen when the wet paper was examined under the 254 mp
lamp The wet paper was then subjected to tonophoresis (5 milliamps
constant current) jn the same ‘solvent’ m a directton at right angles to the
chromatography ‘run’ After 45 minutes, the paper was examned agan
The results are shown n fig 2 The charactenstic blue fluorescent spot of
salicylate had migrated towards the anode and was clearly differentiated
fram other absorbing matenal n ultraviolet light

The second case Was one of death after an overdose of phenobarbiont
Analysss of the blood by the method of Curry (1961
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DE 20
CATHODE ANODE

BROWN COLOURED
AREA

O/BLUE FLUORESCENCE

GRIGIN YELLOW FLUORESCERCE

Figure 2 Direct application of blood from the same case of salicylate possonng as used

for figure | 25 minutes chromatography and then 45 munutes ronophoresis at a constant

curtent of § miliamps both procedures run in 02 N NHjy The blue fluorescent spotis
due to salicylate

contamed 9 8 mg of barbiturate per 100 ml The barbturate was identified
as phenobarbitone by the method of STREET (1961)

The blood was then applied by a fine capillary tube to diethylamino-
ethyl cellulose paper Chromatography for 25 minutes 1n 0 2 N ammomnia
solution and then 1onophoresis for 45 minutes at 5 milhamperes constant
current (also with ammona solution) 1n a direction at right angles to the
first ‘run’ gave results shown 1n fig 3 A dark absorbing area was noted

mn the position that barbiturate had been previously shown to occupy
(see STREET & NivoG! 1961 a, 1961 b)

Itss dered that this technique will be applicable to many other
touc substances, 1t should be particularly useful for analysis of gastric
contents

BROWN COLOURED
AREA

Figure 3 Direct apphcation of b,
004 from a c:
chromatography and then 43 mumites sonophoretis - oo
th procedures ‘run 1002 N-NH, A°

Acta pharmacologica, vol. 18 fasc 3
" - -
R N

o

urate poisoning 25 minutes
stant current of $ milliamps
= Phenobarbitone

1
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From State Veterinary Medical Institute, Stockholm 50
2nd Duwision of Nuclear Chemistry, Royal Insutute of Technology, and
Isotope Techniques Laboratory, Stockholm o
Retention of Selenium by Pig Tissues
By

C A Grant, B Thafseln and R Christell
(Recenved August 10 1951)

With the announcement by Scuwarz & FoLTz in 1957 that simple
selenum salts were effective 1n preventing dretetic liver necrosis produced

under lab y d n rats, brol 1 nterest 1 the element
shufted from 1ts toxic properties to 1ts role, exther as an essentral dietary
component or possibly through pharmacod; action, n

PP

cerlain lestons produced by dietary means

Dietetic hver necrosts i pigs (hepatosts diaetetica or HD m OBEL’s, 1953,
nomenclature) 1s also suppressed by dretary supplements of selenum
salts (EGGERT et af 1957, GRANT & THAFVELIN 1958) So 15 deetetic
microangiopathy 1 this species (MAP, see GRANT 1961)

Some claim that selentum 1s fully effective 1n preventing skeletal muscle
degeneranion (MD) 1n pags (LANNEK ef af 1960) but others have expressed
doubt (GRANT & THAFVELIN 1958) “Yellow fat” — the deposition of
acd fast pigment 1n adipose tissue - 15 not suppressed by selentum treat-
Toent of pigs (GRANT & THAFVELIN 1958)

MAP and HD, at least, are common and economcally important pig
diseases n Scandinavia Although not all the links n the chan from
particular samples of feed to the final lesions m the pig are known at
present there 15 good reason to suspect potential or actual oxidative
instability of dietary fat, especially cereal fat, as the sine qua non {see
THAFVELIN 1960 2, b) In that event the most rational therapy 1s dietary
m:;r\upulauon ;o ensure that ngested fats are stable

S an auxthary measure, treatment of affected groups of pigs wi
:};n:;m salts can be contemplated Selemums }ug}ﬂs(tox?c for xﬁa%nm;:;:
hummrlr_:l;ldslg:%r: of :‘:cdelement or its salts to amimals intended for
Tetentron  the "ssd:: ' :n I::!l‘):; llf 1t can be demonstrated that selenum
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Activation analysis as a means of determining selenjum offers many
advantages over chemical procedures and has been applied to the tissues
of pigs used in experiments dealing with the induction of HD, MAP, and
MD and the effect of dietary supplementation with sodium selentte. Some
of these experiments have been described in previous papers

Methods
A. Pigs.

All pigs were of the Swedish lantras type. With the exception of those
in Expt MII all pigs in a given experimental series were htter-mates Sow
11 was also the dam of the Iitter used 1n Expt D. Her 3 Iitters covered by
this report were by the same boar.

B. Feed.

The pigs 1n Expts C, D, and F were fed the semi-synthetic soya meal I diet described
by GRANT & THAFVELIN (1958) and 1n more detail by GRanT (1961) The crude proten
content was about 209,

Fe = +— “o 4adlevnnl afamn ad miyad orvn containg fat of fow
stabi . v N 160)
The _ . . N skin

milk 1s generally given as about 3 5%

The pigs in Expt M1 recerved ground mixed grain with a protein content that can
be assumed to be much the same as 1n the diet used 1n Expt E and, n addition, 0251
heated maize ol per pig per day

Selenuam was administered to the appropriate groups as sodium selenite, {N2zSe0y),
at 0 2 mg/ke dry feed except for sow 11 Some pigs received supplementary soduum
selenite by it 1 (appr: Jy 0 01 mg sel /kg body weight)
Selenium supplementation was interrupted n some Instances at various times bcfm';
the animals were killed, during the mtervening period the pigs were fed a standar
low-protein ration Details are given in the tables e

Sow 11 was given 0 4 mg NaySeOy/kg dry feed, twice as much as was used mll‘l
other experiments Except during the immediate pre- and post-partum and suCIk I‘Y;i
pertods, her daily ration consisted mainly of ground gram and potatoes Selen

1 1on was d through the greater part of 3 successive pfegl;

nanctes and was begun on the thirty-seventh day of the first She was slaushff;‘r
425 days later No selemte was given during the 30 days before slaughter 0;7 :’n
periods of one week before and after the first two parturitions, the third huter was 306 7
3 weeks before slaughter The number of “Se days” for this sow was accordingly The

Except for sow 11, mdvidual feed ption was ble to assess et
sow was fed individually but the quantity of feed was varied as her condition deman!

C. Tissues. I
At the time of death or slaughter, one kidney and samples of liver &

skeletal muscle (M. branosus) were v A and stored at
—20°C until activation analysis could t




RETENTION OF SELENUM 287

from each sample, part of each slice was sealed 1n a quartz ampoule for
pentron yradiation and part was dried at 105° for 12 hours for determina-
tron of dry matter content and then ashed

D Acination Analysis

Neutron irradiation of selentum gives Se#!™ with a half ife of 57 min-
utes and Se7S wath a half Ufe of 121 days

Seltm s formed from Se®0 which comprises 49 8% of natural selenium and Se7s
from Se? 0879 of natural selemum Se8t= decays by 1someric transition With the
emussion of ¥ radition to Se1 2nd then by p-radianon to Brél - 5e75 decays by electron
capture and y radiation to As™ (KrusMax 1957 ALLEN ef al 1959) Spectrometric
actvation analysis mvolving the ¥ radiation of S¢75, alone or 12 combination with
chemical separation was applied to the pig tissues

For specirometric actnation analysis tissue samples of approximately 1 g were
sealed in quartz ampoules and neutron uradiated together with a Se standard m the
Rireactor Stockholm for approvimately 5 days at a flux of 1 5 x 1012 neutrons per
cm? sec After aging for at least 2 months, the y spectra (Se?5) of the samples were
measured in a stngle channel pulse height analyser coupled with a scintdllation detector
witha3 x 3 Nal (TTy erystal The ratio between the areas under the photo-electric
peaks at yenerges of 121 + 136 and 265 + 280 keV (double peaks) for sample and
standard 15 1dentical with the ratio between the Se contents of the sample and the
standard

For chermical separation after acttvation analysis a carrier of mactive selenmm was
added to the nradiated sample selensum was separated chemscally and total actvity
was measured with a seintillation counter fitted with a well type Nal crystal Through
Y ray spectrometry 1t could be shown that selepium was the only active element
Present Since the amount of selenium added was known the chemical recovery could
be caleylated (nearly complete) For solution the method described by Mo~igr-
\‘;‘Llu:;ss ;;949) was utilised and for distillation and precipitation that of Frveman
eta

Through the following d 1
hissues sealed 1n quartz ampoules

was d from the pig

1) Place approvimately 70 mg HgO 1n a 500 m! distillatton flask

3 Crush the quartz ampoule 1n a plastic tube and rinse out the tube with a chilfed
mnll)u:dodf 10 mi H,S0, and enough HNO; to correspond ta 10 ml/g sample
as carfier a knos al
o id o cartier 2 wa mount (approxtmately 70 mg) Na;SeOs.
s

PRYTTRTYS
8y Conn
n{ \.5‘ m“f,d.’i"".a({o? until the temperature reaches 130
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13) Weigh the precipitate after drying at 105°.

14) Dissolve the precipitate in approximately 2.5 ml HBr-Br; solution and allow
to drop into a small polyethene test-tube.

15) Add approximately 2 5 ml H,0 as diluent.

16) Transfer the tube contamning the final solution to a well-type scinttllation crys
tal, and measure the activity

Results

The retention of Se in kidney, liver, and sheletal muscle tissue (A
semimembranosus) expressed as p.p.m. (mg/hg) for the wet tissue 1s ghen
in tables 1 to 5 for pigs of Expts C, D, E, F, and MII and in table 6 for
sow 11 and 2 of her litters. Detals of the duration of Se feeding, supple-
mentary injections of Se if any and Se-free periods before slaughter are

Table 1.

Exp’t F. Sclentum retention 1 pIg tissues afler various periods on Soya 1 diet with or
or without addition of 0 2 mg NayScOy/kg Spectrometric activation analysis, Se as pp o

wet tissue The vaules gnen for y-spectrometry fepresent the calculated Se content and
hmats of error
Supplemen- | Se free Skeletal Kidne:
Pig  Sedays tary Se days muscle Liver 4

42 F 100 -
41 F 101 -
43 F 101 -

With selenite
40 F 100 -

44 F 101
Without selenite These two pigs died on the 44th day of the experiment

45 F - ‘ - 1 <03 [ <04 0

49F - - 03402 04-02' 0

Table 2.
Expt' D Selemium retention mn pig tissues after various
pertods on soya I diet with addition of 0 2 mg Na,SeOs/hg Spectrometric
activation analysis, Se as p p m wet tissue

pe Sews | S| Sehe | SO | e | b

i
5°§5°Dphym'sgs sxosmg| - | 04 021 ca=zoz 1g o3
21D 97 [31x03mg - <04 <04 | 25%0
24D 98 |3 x03mg - 1002 (l)g;g;‘ toxts
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Expt MII Selenium retent
ol diet with or without ad

Table 3.

tissues after vanous periods on a gram and vegetable
oo oF 0.3 mg NasSeOlKe Eraia. Specirometnc actvation

analysis, Scas pp m wet tissue

-| sefree | Skeletat

v Szl sl | P | e | ey

1
Wik sdene ) | l <01 L3202
66 i - - <04 18203
67 I - - <03 18203
68 ] - - <03 20203

! i

Without selentte Killed on the 72 nd day of the experiment
- _ 031011 06-02{ 1002
i) l - l <04 <04 08102
Table 4

Exp t C. Selensum retention after various peniods on Soya I diet with addiion of 02 mg
NaSe0y/kg and subsequent periods on a standard ration without added Se Spectrometric
acivation analysw, Scas ppm wet USsue

| Supplemen | Sefree | Skeletal
P Sedsys | Sppleme Ln e | e 5 Lnes \ Kdney
6C 13 |yo7m;1 2 051025 - 20 03
4C 7 {3x0smgl 10 | <oe - 21Z03
ic 3 4 ¥ 025 mg t oe:ozi - 20-03
2C 33 4x05mg 2 | 03202 - 14203
ic 3 4x06mg| 22 | 04202 04202 25204
7C B axezmy, 2 <04 + B 25304
&C 1 ,J/OSSmg‘ 22 <04 ! - 19503
1
Table 5.
ExpLE Sefes

fuum retention after various periods on grain ration wath or without addition
of 02 mg Na;SeOs/kg and thd

1 of selenite for various periods
Spectrometric activation analysis, Scas pp M wet tissue

Supplemen- | Sefree |  Sketetat
Pr o Sednys  SORRECIN S sdle Liver Kidney
‘hn‘n seienite \ ]
2 100 - n <03 03=02 1
BE 100 - 1 <03 I o0s5=02] 503
0L 100 41 <0% ; it
NE 100 41 <05 !
|
Without selente ‘
Y EY | <03 )
E ~ 05102
BE ~ 03302
E - - <04 k

DDed afler 39 days The
other pigs in the untreated
#8d those in the selentte proun after Ilgl‘xnd 147 day: ;ol!am
H

up were Killed after 111 days
days later as. 1acotrectly stated
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Table 6.

Selenium retention in sow 11 (0 4 mg NaySOy/kg feed) and 1n two of her
Ntters Spectrometric actisation analysts, S¢ as p p m wet tissue

Se fr Sheletal

Pig Se days zd;e j m:si‘lz ! Luer ; Kidney

Sow 11 _ 3671 30 | 03x02] 0803 262058
Ace at death, days
Se hitter 1 IR |
0 6495/58 I <D3 08102 ) 05102
06496/58 1 <03 0602 06:03
06625/58 6 04£02 05202 06402
06732/58 11 <03 1002 07402
06772/58 13 <03 0502 0602
| \

Se hitter 11 |
02799/59 1 <03 0802 07402
0 2800759 ! <04 J 11102 08202

also wncluded 1 the tables Farrowimng data for sow 11 are given 1l
table 7

Results obtained by y-spectrometry alone and total caunung after
chemcal separation are compared m table 8

The main pattern of selenium retentron was fairly umform in all the
experiments Except for the piglets of sow 11, selenum retention %as
greatest 1n the kidneys Values obtarned for skeletal muscle and hiver were
of a lower but much the same magnitude

Some of the ammals 1n these experiments were not given selentu
orally or parentally (see tables I, 3 and 5) The selenum content of

Table 7
Parturition data and Litter size (ive piglets) for sow 11
Parturit
Litter size Gestation days Imiotve) :g;,s Comment

7 ! it4

1 14 171

1 { 14 150

10 120 149 J

11 tig i36

| NaySe0; 04 mg/hgleed

17 114 153 { Se hiter 1

14 18 175 Se litter 11

s | 14 i52 |

!
[ S E O
1154 Mean
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Table 8 .
Activation analysis for S¢ 10 pig tissues Comparicon of results obtained by y-specteo-
metry o?.rr‘dlaylcd samples -npd by total caunting after chemucs! separation Se, pp ™
1n wet tissue

A S

]

Skeletal muscle Lier \ Kidney

Pig ‘

7 spectr chem ¥spectr | chem lyspectr chem
WF \ <01 \ 0233002 \
aF | 11202 ]| 1272008
42F osiozﬁozlﬁoz
OF | <04 011002 [ <03 | 041002 | 18203 | 2032008
“E | \ 14202 | 152006
4P | <03 007001 | <04 | ooso01 |06_02]| 048z002
OF i 0302 | 005001 | 0502 060x002
#E | 05.02] 045_002 | 04202] 0152002 [ 124031 1242005
BE | 03702 009-002 | <04 0262002 |18 03] 1432006
BE | <04 0072002 | 04+402] 0342002 | 1403 | 1252003
E | <03 Quw+0Qr | <@3 020+002 105401 ‘0551004

muscle and Liver tissue 1n these prgs fluctuated around the same lower
fimts as 1n the pigs gven sodum selemte Except m Expt E (table 5)
the amount of selentum 1n the kidneys was shghtly greater than n muscle
of Itver but less on the whole than in the kidneys of the pigs of the selenum
group In Expt E, apart from mig 37E, which died of dietetic micro-
h dr and waxy deg tion of the skeletal

had relatively apprecrable amounts of
selenjum in therr kidneys Confirmation of this incongruously igh selemum
content can be seen 1n table 8 The grain fed in this experiment may have
contamed a relatively large amount of selemum, no sample 1s now
avadable for selenium determination

For the prglets of sow 11, the selenium content of skeletal muscle was
somewhat less than that of the other tissues, but there was no apparent
evidence for selective accumulation 1n the hver or kidneys

Al the prgs 1n the selenige groups (except sow 11) were given the same
relatne amounts of sodm selente, 02 mgfkg feed Over the whole
course of the experiments individual feed consumptton 1s unhk

ely to hav
vaned much judping from the weipht prins Tha amn = Y o have
stmed each day can t

ning to the end of th

muscles, the non selenite pigs

expected to eat about £ wg ; ; ,
g soud teed per day This would give
mtake of 04 mg Na;SeQ; or 001 mg/kg body weight B & daly

The
remarkable uniformity 1n the pattern of results for the selenite
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pigs 1n tables 1 to 5 and for sow 11 1n table 6 was not noticeably affected
by the duration of Se feeding (compare tables 1 and d) or the fength of
the Se-free period before slaughter (table 5 for example) The relatively
small amounts of Se (approx 00! mg/kg body weight) given to some of
the pigs by intramuscular mjection in the neck did not have a discermble
effect on Se retention

Chemical separation before actvity measurements gave greater
accuracy at the cost of much more labour The advantages of the com
bined analysss are especially apparent for tissues contaming ittle selenm
{table 8)

Comment

There has been no opportumity to check the results obtamned here by
y-spectrometry with other methods than chemucal separation of selenium
before counting total actvity (table 8) As a selenum carmer was added
and recovery was calculated for each sample, the maxmmum error for
thus phase can be estimated as not greater than +2% Measurcments of
radioactvity could be carrsed out with a maxmmum error of +3% The
combined error for chermcal separation and y-activity measurements
did not exceed+-5%;

For the samples analysed solely by y-spectrometry after neutron
irradiation, measurements of the area under the photo peak at 121-136
keV (the largest) could be carried out with a precision of 1 to +10%
The appearance of the spectrum gave an estmate of the slope of the
background line under the selemum peaks If relatively large amounts of
selentum were present, the peaks were distinct, and the slope of the back-
ground le could be readily estimated If the peaks comcided to 2 great
extent with the background line, so that a distinct rise was not produced;
the amount of selemum present was constdered to be at the imis &
detection This limtt was approximately 0 2 ug Measurement of the areas
of peaks of this magmitude naturally involved a large error

A comparison of the double peaks at 121~136 and at 265-280 keV mad¢
possible evaluation of the preciston

A standard was always irradiated together with the samples The
posstbility has been considered that the mduced acuvity n the standard
and the samples mught differ because of shght differcnces yn position
within the reactor No appreciable error due to this factor could be
demonstrated

The use of actvation amalysis for selemum m ammal tissue 1 the
concentration range 0001-100 ppm has been reported by mecm‘:i15
et al (1958) but they did not describe the method 1n detas} Other methods
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for determimng selenum ~colonmetric (Ray 1959) and fluorometnic
(WATKINSON 1960)- are capable of detecting 1t 1n trace amounts One of
the advantages of activation amalysts, however, 1S 1ts freedom from the
source of error introduced by sl jon of ch 1
reagents

The distribution pattern obtained for selenrum 1n the various tissues 15
unlikely to have been affected much by variations in dry matter or ash
content The dry matter content of the liver samples ranged from 2510
309, of kudney from 17 to 26% and of muscle from 20 to 293 Corre-
sponding ash contents were 1210 16%, 1110 14% and 11 10 13%,
respectively There was no apparent felationship between the Se and dry
matter contents of individual samples

The tenacious Tetention n the kidneys of selensum fed to pigs
micro-amounts (0 2 mg Na,SeOs/kg feed) 1s compatible with some but
not all of the results previously reported for selenum accumulation or
fetention 1n ammals of vanous species (McConvELL 1941, DupLEY 1936,
MiLer & ScroenNG 1938, Swrrm er al 1937, 1938, Moxow 1937,
RoSENFELD & BEATH 1945)

Feeding rats on wheat contatning 15 ppm Se resulted 1n accumulation
of Se in the tissues reactung its peak after 4 to 8 weeks Withdrawal of se-

femum resulted 1n practically complete excretion of Se within 12 weeks
MunseLe ez ol 1936)

ANDERSON & Moxo~ (1941) fed rats on selemfercus wheat {18 ppra S¢)
and found that 63 5% of the ingested Se was retaned 1n the tissues during
the first week There was a steady decrease 1 relative retention to 40%
by the end of 7 weeks Young rats retamed more Se than did older

tn a similar expersment on rats, but with much greater amounts of Se
as selenite (25 to 50 ppm), GORTINER & Lewis (1939) recovered only 04
{0 28%, of the ingested Se m pooled samples of kidney, liver or spleen
from rats receving selenute for 28 to 143 days

Sell 1 was considerably greater from mgested
Raturally-occurring orgamc Se compounds than from similar amounts of
Se 2 snorgamc Se (S\iTH et al 1938) Renal excretion of Se fed as
Inorganic Se rapidly dechined after admimstration ceased If, however,
Se was gnen as an organic compound renal excretson declhiped muc};
‘mv_;; grauua'?y (S\uTH ez al 1937, 1938, WeSTEALL & Sugrras 1940)

¢ rate of excretion when Se was given as a single dose of an 1o
;ompaund has been reported as farly rapid For rats HARSCHFIELD J('}l;;;us;
ound totat recoverable Se to be about 5%

of the dose 5 hours aft
:g::m'n and about 65% after 12 hours, with no further decranca » n Ci

of at
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and faecal excretion of Se by muce to be about 45% wathin the first
24 hours The mice of HEINRICH & KELSEY (1955) retamed only 1659,
of the dose after 48 hours

Apart from urary and faecal excretion, there 1s another pathway for
excretion, namely, the expired arr SCHULTZ & LEwis (1940) claimed that
between 17 and 52% of Se smjected mto rats as Na;SeO; was excreted 1
expued air within 8 hours MCCONNELL's (1942) results ndtcated that
only 3 to 109 of the dose was expired tn 24 hours

Beancar's (1960) paper on whole-body turnnover of Se by theratis of
particular aterest From hus measurements of whole body radiation afier
the myection of S¢S as selente, hie was able to establish two constants for
whole body turnover His concluston from thus was that Se ss changed
from a rapidly excreted into a slowly excreted form Processes hmiting
the excretion rate are either different renal clearances for two chemically
different forms of Se or the existence of a slower excretion constant which
reflects the rate of release of Se from tissues to which 1t 1s fixed

Selenmum fed at 10 ppm, the only level tested, has been shown to reduce
the fertility of sows, to mcrease the number of piglets dead at birth and
to reduce the wabihity of surviving piglets (WAnLSTROM & OwsON
1959) The much smaller amount of selemum fed sow 11 i this
experiment did not obviously affect her fertility, and she conceived at the
first service The low number of piglets i her last hitter 1s not unevperted
1 a sow that had farrowed 8 times in 4 years

Lattle 1s hnown of the fate of ingested Se in the mammalian body other
than that 1t can become 1corporated 11 compounds that normally contain
sulphur, which 1t replaces (see for example MCCONNELL & WABNITZ 1957,
McConngLL & KREAMER 1960) The presence of Se in Scwarz's Factor
3 has already been mentioned, tn spite of tensive research, particutatly
by ScrwigZ and fiss group, (e precse chiertie’ sirueture and melabolic
activity of Factor 3 are unknown, but 1t can only be a question of ume
before these are established

The purpose of our study has been to ascertan the amount of selemut
retamned 1n the tissues of pigs given enough sodium sefenite to suppress the
occurrence of certamn dietetic lesions Perhaps the amount of selentie
admumstered was excessive, only further research can decide ORSTADIUS
& ApErG (1961) gave 7 migs a single dose of Se?s as selemte with o1 wnhu(\;t
carrier Se by different routes Calculations of tissue retention were mg :
by measuring only the amount of ussue radioactivity at mtervals Kfai‘(
dosing, not by measuring the amount of Se™ plus carner Se ;n o
present By extrapolation they concluded that the amount of se clr: be
retaned 1n the tssues a week or more after this single dose “226(! o
unlikely to constifute 2 health hazard to human being who happ
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eat treated pigs Their calculations were based on the claim by LANNEK
etal (1961) that a parenteral dose of 0 06 mg Se/kg body wt over 3 days
would cure muscular degeneration 1n pigs We cannot subscribe to this
embracing view on the basic of ouer findings (GRANT & THAFVELIN 1958,
Graxt 1961)

The amount of tissue selemum demonstrated 1 our pigs, particularly
1 the kidneys, cannot be considered unduly great and there are few
people who substst mamly upon pig kidneys, yet the misk of poisoning
human beings, to say nothing of pigs, through carelessness or aceident
would remain 1if selemite supplementation of pig feed were to become
general practice

None of our pigs showed the lesions usually associated with selentum
tovicity Degeneration of the lumbar-sacral integvertebral disc, however,
was nottced 1n a few ammals This observation, knowledge of the acuve
sulphur metabolism 1n parts of the intervertebral discs (HANSEN & ULL-
BERG 1960), and ConRr’s {1949) mention of disc degeneration 1n connec-
uon with sel P g of foals prompted us to look fucthet nto
this question We (see HANSEN 1959 ) found that the lumbar-sacral disc
has degenerated 1n about 5% of apparently normal slaughter pigs (about
6 months old) Preliminary experiments on muce maintained over a year
on diets similar to those fed to our pigs and contaning various amounts
of selentte failed to provide definite evidence for a relationship between
diet, selenium and disc degeneration (see Hansew 1959 by

Tt1s difficult to say from the results of toxicity experiments, particularly
chronic tovieity studies, just how much selensum can be tolerated 1n the
diet by human beings or ammals The form in which selenium1s mgested,
the species (and the wide individual suscepubilities), the composition of
the diet and the particular criterta applied all contribute towards the lack
of certamty (see TRELEASE & BEATH 1949) The lower figure of about 2
mg Se kg dict gren by MUNSELL et af (1936) has been mare or less tacutly
accepted as the minimem toxic amount for prolonged ngestion

Nor 15 1t clear whether or not human beings who live 1 selemiferous
ateas of the world and who therefore probably consume relatively large
amounts of selemum suffer any 1ll effects There are only a few reports on
this subject Swrmn (1941), 1n summansing the field surveys carmed out
by himself and hus collaborators 1 the western United States, concluded
that they had been wnable to find evidence for sel . el
of the tural ¥ P > T ZFH\I:;;O“CM mn sam?Iels

g ’ ptoms of 1ll
2:;12:;';‘)331:\?‘:[)'“ cl]}::le suggestive of gastric and hepatic disorders,
effect” y hugh to 1ndicate the probability of cause and
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Fortunately, the widespread and fatal pig diseases agamnst which
selenium 15 fully effective - dietettc microangiopathy and hepatosts
diaetetica - can be controlled by other methods Now that the properties
of feed grains and their fats responsible for these diseases are being worked
out and practical prophylactic methods are being evolved (THAFVELIN
1960 a, b) the use of selemum salts need be constdered only as an emer
geney and auxihary solution

Summary

Selemum retention 1n varous tissues of pigs mawmtained on diefs
supplemented with sodim selenite (02 mg/kg) was ascertamed by
activation analysis (activity measurements after neutron irradation)
Kidney tissue retained more selemum than hver or muscle tissue I
these experiments the distribution patterns and absolute amounts of
retained selenum were not consistently affected by the duration of
selenite supplementation (from 13 to 367 days) or the length of the
selemum frec period before slaughter and collection of tissues (from 0 t0
47 days)

Although the amount of selenum retamed mn the pig tissues at the
dose levels tested was relatively small (from 11 to 26 mg/kg kidney)
there 15 a nisk of poisoning occurring through indiscrimmant and
careless supplementation of pig feeds Since the dretetic lestons of pigs
agamst which selenium 1s fully effective can be controlled by other
methods, the use of selemum salts can be relegated to the position of an
auxtliary and emergency measure
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From the Brological Department, The Pharmnceutical Instiute,
Unwerstty of Oslo

Reversal of the Inhibitory Action of Adrenaline and Histamine
on Rat Uterus

By

Kjell Briscid Jensen and Anne Marte Vennerod
{Recewved June 23, 1961)

Results of quantitative experiments on the nhibrtory action of adre
naline on the rat uterus have been published previously (BRISFID JENSEN &
SUND 1960) Wath the object of comparmg the made of actwon of adrena:
ltne with that of lustarune, we also attempted to block the adrenahnt
effect with dichlorophenyl-2-isopropylaminoethanol (DCI) This sub
stance, however, which 1s supposed to be a relatnely specific blocking
agent for the mlubutory action of adrenaling on varous smooth muscles
stself depresses the rat uterus rather markedly (PoweLL & Stater 1958)
Hoping ta adyust the relative amounts of DCI and adrenalne in such &
way that a decrease mn the adrenahne effect coutd nevertheless be demon
strated, we conducted some experiments wath various concentrations
of the substances In no mstance, however, could the adrenaling mhubition
for certan be sad to be reduced (Bristip JonseN & SUND 1960)

In the experiments reported here, by altering to some extent out
experimental techmque and by carryig out a considerable number of
expertments. we were sometimes able to demonstrate a reversat of the
adrepaline effect

Histamune was also tested and was found sometimes to sumulate (he
muscle The histamine reversal, however, did nat require the use of et}

Dhibenzyline and mepyrammne were used to test the speaficity of the
stimulating effects observed

1. Technique,

A. Procedure "
Uterss and dose cyele Utert from wirgmn rats weighing 150-180 g were SUSPIZ”‘;Z,

10 de Jalon solution (GADDUM, PEART & VOGT 1949), usually mamiasmed at ;hcy

(0 1°) The sats were njected with sutboesteol (10 ug/100 g) 18-24 hours belore
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were killed The uterus was generally used soon after death, but was occasionally
stored at -+4° for not more than three days before use

The muscle was attached to an rsotomic frontal wnting lever (STMLD 1947) yielding
amaguufication of about 5 The loads ranged from 0 5-09 g for human urinary ki,
aad from 0 8-1 1 g for serotonin (S-hydroxytryptamine) The periods of contact with
the agonsst solution ranged from 45-80 seconds for human unnary kinm, from 30-75
seconds for serotonin ‘The interval between doses was fixed at 4 minutes The antago-
st solubions were Pt into the bath about 90 seconds before they were replaced by
the agonist solutions The bath was supplied wath arr

Agorust and solutions at of 3-20 ng/ml or
human unnary kinmn at concentrations of 15-40 mU/ml were used as agomsts
The 1 and line solutions were freshiy made every

45 tmmutes from stock solutions (25 mg base per litee) prepared with sufficient hydro-
chloric actd to give a pH of about 3 For diution we used de Jalon solution containing
10 mg ascorbic acid per hitre The solutions were protected agamst light throughout
the experimental pertod

Apparatus The were n 2 assay from
the Caselfa Electroruc Ltd  London The bath volume was 2 ml, and the find was
changed by emptying the bath and refilling 1t from stock bottles contaming de Jalon
solution, de Jalon solution with antagomist or de Jalon solution wath agonist The
washung between agomst doses consisted of a threefold change of the bath fimd

B Materials

Adeamnta 23 -

v yime Smuth,
o Yhne ®) Smuf

dUra UL, BHdUEIPILA

1 Dick 2 1sopropyk I {DCN The h de salt of the
drug was kindly furnished by Eli Llly & Co, Indianapohis

Hustamune, Histasme & HCL, Light & Co, Ltd , Colnbrook

Human urinary kinin, A concentrate of the rat uterus stimulating principle v vrine,
prepared by the method of Bristip Jenses & Sun (1959)

Isoprenaline Tsoprenalwnt sulfas Swegfned A G Sofingen

AMepyramine Mepyramnt maleas, Delta Chemical Works, Inc , New York.

{:pamm: Papaverm hydrochlonicum, CH Boehnnger Sohn, Nieder Ingelheim
e

Serotonn 5-hy h Hofft
Lt Bacet ytryp sulphate,

1a Roche & Co,
Noradrenaline L-Noradrenaling bitartrate,

Light & Co, Ltd, Colnbrook
The doses of d el and
3 serotomn
|: lh:s Paper refer to the salts used The adrenaling hastom na - mentioned
g -

2. Experimental and Results,
A Adrenaline Reversql after DCI

AS 500m 23 the muscle had become stable on a submavumal dose of the

agomst, an antagonst dose of adrenaline was ven to
" aline usually give, 1]
) y g check that

2
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From the Biological Department, The Pharmaceutical Institute,
Umversity of Oslo

Reversal of the Ynhibitory Action of Adrenaline and Histamine
on Rat Uterus

By

Kjell Briseid Jensen and Anne Marie Vennerad
(Recetved June 23, 1961)

Results of quantstative experiments on the mlubitory action of adre-
nahine on the rat uterus have been published previously (BRISEID JENSEN &
SunD 1960) With the object of comparing the mode of action of adrena
hne with that of lmstamine, we also attempted to block the adrenaline
effect with dichlorophenyl-2-1sopropylamnoethanol (DCI) This sub-
stance, however, which s supposed to be a relatively speaific blockig
agent for the inlubitory action of adrenaline on varsous smooth muscles,
itself depresses the rat uterus rather markedly (PowELL & SLaTER 1958)
Hoping to adjust the relative amounts of DCl and adrenaline m such 2
way that a decrease n the adrenaline cffect could nevertheless be demon
strated, we conducted some experiments with various concentraitons
of the substances In no instance, how ever, contd the adrenahne snhbttion
for certamn be said to be reduced (BRISEID JENSIN & SUND 1960)

In the experiments reported here, by altering to some extent ouf
experimental techmque and by carcying out a constderable number of
experiments, we were sometimes able to demonstrate a reversal of the
adrenalne effect

Histamine was also tested and was found sometrmes to stmulate the
muscle The histamine reversal, however, did not require the use of pCl

Dibenzyline and mepyrammne were used to test the specificity of the
strmulating effects observed

1, Technique.

A. Procedure

Uterss and dose ¢ycle Utent from virgmn rats weighing 150-180 g were suspﬁgii‘;;‘j
1n de Jalon solution (GADDUM, PEART & VoGT 1949) usually mamtamed at 2 ey
(0 1°) The rats were injected with stilboestrol (10 1g/100 g) 18-24 hours before



ADRENALINE AND HISTAMINE ON RAT UTERUS 301

{o contract T2t wierus, whereas 1soprenatme did not The action of these
two drugs, however, was only 1ested sn a few expenments

B Histamine Reversal after DCI

The effect of histamine was examined in the same way as that of
adrenaline, and 1t also was found occasionally to stimulate rat uterus {in
13 out of 28 expenments) Even »f lustanune often sumulated a muscle
preparation that could also be stimulated by adrenabine, this did not
always happen sometimes only tistamine had a reversmg effect, some
umes only adrenaline The doses of hustamune used were of the order
120 ug/ml The contractions occurred much later than those after
adrenaline They did not always end during the 90 seconds elapsing
between addstron of antagomst and addition of agonist Contrary to the
way m which adrenaline stimufated by producing a real contraction,
b only fated indirectly by considerably increasing,
the contractions of the 2-3 followsng agomst doses Histamune often
caused both a direct and an ndirect shmulation (g 1)

C Hustanmne Reversal without DCI

Boxwey & FerGuson (1950) desenibe expenments 1n which adrenaling
had a biphasic effect on the rat uterus, particularly from rats m oestrus
In order 1o discover whether we could also demonstrate an adrenaline-
induced symulation of the ras uterus without DCI under our expenimen
tat conditions we conducted several experiments in which a normat
tnhubitory dose of adrenaline or tustamine was given at the begtnmng of
the expenment and afier several hours In no mstante could a reversing
effect of adrenatine be d d, even dunng p ped expertments
Lup ta 12 hours with serotomn simulation every fourth minute) Nesther
have we observed a tiphasic or a latory effect of ad mn
Previous expenments on adrenaline ihibition (BRiSErD Jensen & VEnne
®OD 1961 a b) Histamine however, often reversed its inhibstory effect 1n
the course of the expersments Such a change could be abserved when the
uterus had been regularly stimulated (usually with serotornun) for some
hours without any antagonsst, as well as when the usuat nhibitory dose
of tustamine 13 pgimt) had been given in every cycle When the lasi-
mtn\llol\cd pwc‘:j‘::,,ms used, a gradual change from mhybition 1o

coul d {hg 2) If adrenaline or papavenne
ras then ms\ed: both ‘:nmblzed as usual Sometimes only fnpmdn:;t
as d also real
&
S o o o e ey S b ey, 5
er DCT Thus effect of mepytamune
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1t was nlubiting the contractions normally An adrenaline concentration
of 0 -1 0 ng/ml normally reduced the contraction height by about 50%
After a few recovery cycles without antagomst, DCI was given at a
concentration 1thibiting the contractions by 30-60% (usually 5 10
ng/ml) When a relatively stable intubition plateau had been obtamed
the DCI solution was replaced by wash flurd (de Jalon solution) for some
cycles, and adrenaline was then given as antagomst at a farly high con
centration ~ 50-150 ng/m! During the *“washing out” of the DCI the
contraction herght often rose a little, but flattened out at a level demon
strating clearly that the drug had not n fact been removed As previously
stated (Brisrip JENSEN & SunND 1960), DCI cannot be ehmrnated even
by prolonged washing

By the procedure described an immediate contractton was caused by
the added adrenaline 1n several experiments (9 out of 30) After the
contraction, the first agonist dose, and sometimes also the second was
completely mntubited (fig 1) When a normal contraction level had beer
re established after some cycles without DCI, a further additton of
adrenaline reproduced the contraction, however, sometimes only oné
adrenaline contraction could be obtained Noradrenaline was also found

A H
Fig 1 Adrenaline and histantine reversal in DCI treated rat uterus
Agonsst Human urmary hinin 20 mU/mf
Adrenaline (A) concentration 90 ng/ml
Histapune (H) concentration 20 ug/mt

sth DCI § ng/ml for 12 cycles and washed for 16 cycles before the

Uterus pre treated Wi

aline addition
;;gr::"mes — 3 cycles between the two parts of the tracyng
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what might be expected, since dibenzyline 15 known to disappear only
slowly frorm the muscle In a control expenment it was demonstrated that
mepyramme did not block the adrenaline induced contractions (fig 4}
The figure also shows the transitory increase 1n contraction height after

adrenaline mhibition, which has also been previously described (BRISEID
JENSEN & SUND 1960)

Fig 3 Adtenaline and histamne reversal in DCI tseated fat uterus
Specific blockade by dibenzyline and mepyramiae
Agonist Human uninary kimin 15 mUfmt
Adrenaline (A) concentration 625 ng/ml
Histamune (H) concentration 20 g/mi

Dibenzyhne (D) concentration 0 25 pgjmi
Teft in the bath for 8 minutes

Mepyramune (M) concenteaton 10 ng/ml
Uterus pre treated with DC 5 ng/ml for 17 cycles and washed for 11 cycles before the
adrenaline addition

Time mtervals between the 3 separate cuts of the tracing 23 and 40 menutes

3. Comments on the Expenimental.
A Adrenaline and Histanune Reversal after BCI

In previous DCI adrenaline experiments (BRISEID JAnsen £ Qo v 100
4 omme ot
1

o+ asmen, none first
*s1+ vt cspetiment, adrenaline was applied a¢ antaman <
.- .

v ov n i sume expenments no change 1n
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!I

T ?
W M w

Fig 2 Time induced histamene reversal in rat uterus

Agomist Scrotomin, 20 ng/m!

Histamine (H) given as antagomist (3 pp/mi) n the marked and the subsequent cycles
Washing fluid (W) without antagontst piven in the marked and the subsequent cycles
At the first W the uterus had been stimulated for 88 minutes

‘Time intervals between the 6 separate cuts of the tracing 32 112 172, 192 and 4 minutes

seemed long Jasting In an experment in which histamine stimulation was
first reproduced several times n the course of two hours, we could
demonstrate histamine 1nhibition after mepyramine, reproducible at least
over a similar time, m spite of continuous serotonn stimulation and
washing

D Specific Blochade of the Reversal Effects after DCI

In experiments 1n which a reproducible stmulating effect of adrenaline
could be demonstrated, dibenzyline (0 25 pg/ml) was left w the bath for
8 mmutes This procedure did not significantly mhibit the muscle when
human uninary kinm was used as agomst The stimulating effect of
adrenaline, however, was abolished In analogous experiments with
histamine as stmulating agent, the combined use of ¥ and
mepyramine elimmated the histamme-induced contractions In an
expermment 10 which a reproducible stimulating effect of both adrenaline
(62 5 ng/ml) and lustarmine (20 pg/ml) was obtamed, the use of dibenzylme
(025 pg/mi for 8 minutes) reversed the adrenahine effect, whereas hista-
mne sl stmulated strongly When a muxture of histamine (20 pg/mb)
and mepyramine (10 ng/ml) was then given as antagonust, & complete
blockade of the hustammne stimulation was obtamed (fig 3) When the
contraction Jevel 1n the course of some cycles without antagonist Wwas
rc established, both drugs mhibited normally For adrenaline this was




ADRENALINE AND HISTAMINE ON RAT UTERUS 305

e
—
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v AT e
7 1 t
A A AtM

Fg 4 Adrenal ne reversal in DCI treated rat uteras

4 utdu on

Bhine § abohshed the \ effect suggests that the mode of
adrenaline action on rat uterus may be qualitatively sumlar to the mode
of actton on the smooth muscles of vessels probably also on other types
of smooth muscles There are effects hoth on structures leading to an
activation of the contractile elements and on structures whese stimulation
inhibits the contraction process It 1s well known that adrenalime 1n some
species aithough usually exerting an nhibitory effect will sometimes have
a biphasic or even a purely sthmaulating effect (without DCI) With the
gumea pig uterus HERMANSEN (1961) recently observed that the action of
adrenaline changed duning the experiment from inhibition to stimulation

Such an effect could be Seen on uter: from ymmature animals If utert
from gumnea pigs pre treated with oestrogen were used contractions
could be demonstrated right from the beginning of the expenments In

our experiments young rats pre treated with stilboestrol were used
throughout

The histamine exper o= v 7 1
treated solated rat u
facts that the effect o
Wt did not disappear ‘uiattly bul endured for a few cycles and that
1t was not abolished by dib
I

yhne but by mepy showed that the
was 1 ely d ar to the adrenal
stymulation
The ficity of both adrenaline and h stimul

was borne
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contraction height was observed, n others the wlubition tended to
decrease An increased blockade could never be demonstrated

The second procedure used corresponded to the one described n the
worh reported above, except that the DCl-solution was usually replaced
by a DCI adrenalme solution with no washing i between and that the
adrenaline concentrations used were constderably lower (05-10 ng/ml
aganst 50~150 ng/ml) With tlus procedure 2 somewhat mcreased
miubttion was regularly obtamed It was dificult, however, to judge
whether the snlubstion corresponded to the orgmal adrenaline mtubttion
or was less - especally as the sensitnaty of the uterus mmght well have
changed during the experiment

By the procedure adopted for the experiments reported here, the Jarger
adrenaline concentrations used after DCI wauld reader a companson
of mjubition before and after DCI impassible, an icrelevant difficulty
however, by the fact that a reversed effect was obtamed

It should be cmphasized that the washing period usually employed
without DCI before the adrenaline or stamine additions was not an
absolute prerequisite for obtamng reversal In some experiments stimula
tion was observed when DCI was Lept as antagomst, even m the cycle
preceding stimulation

B Specific Blochade of the Reversal Effect after DCI

Horzpautr & Vacr (1955) stated that if N benzyl N{p phenotyiso
propyl)-B chlorethylamune (dibenzyline n) at concentranons from 025
pg/ml onwards was applied to rat uterus even briefly the utenne &
sponses to casbachol were suppressed We found that a concentration of
0025 pg/m! apphed for 8 minutes blacked the serotonim imtated contrac
tions, although concentrations up to at least § pg/mt did not mfluence the
effect of human urinary kinm

Experiments were also carried out to discover to what extent mepyra:
mune mlubited the uterns We found that a concentration of 10 ng/m!
never snhtbited the muscle, serotomn or human urmary kimn bemg used
as agonust, but 100 ng/ml gave a shght reduction 1n contraction height

4. Dhscusaion.

The results show that adrenaline which usually strongly whibits the
1solated rat uterus, will sumulate the DCI treated muscle m a signsficant
number of experiments The concentrations necessary were about 100
umes larger than those normally us¢ Ca cat vo indnced
contractions without DCI, as mentic
were never observed The fact that
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From The Biological Department the Pharmaceutical Institute,
Unnersity of Oslo

The Effect of Histamine on Adrenaline Inhibition
of the Rat Uterus
By
hyell Brise:d Jensen and Anne Mane Vennerod
(Recerved June 23, 1961)

The intubitory effects of ustamine and adrenaline on the rat uterus
have been previously examined quantitatively (BRISEID JENSEN & SUND
19602, b) Both amnes jnhitited various 10 app ly the
same extent, the necessary concentrations of histamine beng roughly
10000 tmes tugher, on a werght basis, than those of adrenahine As some
of the agonists used must be presumed to act on different primary struc-
tures, the results gave support to the view that neither histamine nor
adrenaline acts on primary structures imyating the contraction process,
but exther on subsequent general stages 1n the process or by simulating

h that act in opp 10 the structures releasing contraction

As previously emphasised (BRISEID JENSEN & SUND 1960 b), the -
tion of rat uterus by adrenaline and by histarmine showed several pownts
of resemblance, 1t seemed appropriate to discover, if possible, whether
the wvo drugs affect the same structures when inhybiting the muscle The
fact that dichiorophenyl 1soprop hanol (DCI) causes a reversal
with both adrenaline and hustamine 15 of no value as evidence for a
commott mecharsm for a fustamune reversal 1n prolonged expermments
«an also be obizined without DCI (Briserd JenseN & VENNEROD 1961}

In the work reported mn thus paper the actions of histamne and of
other rat ulerus iwhibitary substances on the adtenaline effees werce

d A decreased ad 1 ik “or
that tha askas Ao uld stronelv suppest

S seoreses rat uterus . .
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out by also giving papaverine as antagomst In concentrations of about
1 pg/ml this drug always inhibited the muscle

A Iistamine reversal without DCI necessitated a comparatively long
experimental persod, in our expertments at least 5 hours The fact thata
single dose of mepyramine with a lasting effect again reversed the hista
mme stimulation suggests that the stimulating effect was similar to that
obtamned after DCI

Evenifthe results afford strongevidence that the mechamsms of stmula
tion by adrenaline and by histamine are different, this does not exclude
the possibility that their mode of action in inhibiting the muscle may be
the same

Summary.

1n several experiments (9 out of 30) the inhibitory effect of adrenaline
on the 1solated rat uterus could be reversed by DCI (1 dichloropheny! 2
1sopropylaminoethanol) The histamine mhibitron was also found to be
reversed (in 13 out of 28 experiments) but the reversal by the two drugs
did not always occur 1 parallel Whereas adrenaline stimulation was
never observed 1n utert not pre treated with DCI, a histamine reversal
could also be obtained without the use of this drug Thus 1n long lasting
experiments a gradual change from histamme inhibition to hstamme
stimulation could be observed

The adrenaline induced contractions occurred immediately after addt
tion of the drug but the histamine acted much later Sometimes tustammne
stimulated only mdirectly by ncreasing the contraction heights caused
by the following agonist doses Serotonin or human urnary kinin was
used as agonist

The adrenaline stimulation was blocked by dibenzyline but not by
mepyramine, the opposite could be demonstrated for ustamne These
results show that the histamne stimulation was qualitatively different
from the adrenaline sttmulation Papavenine, which wag used as control
antagonust, always mhibited
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The Effect of Histamine on Adrenaline Inhibition
of the Rat Uterus
By
Tjell Briserd Jensen and Ane Marne Vennersd
(Recerved June 23 1961)

The inhubitory effects of histamine and adrenaline on the rat uterus
have been pr 1y q ely (BRISEID JENSEN & SUND
19602, b) Both amines mhibited vanous agonsts to app ly the
same extent, the necessary concentrations of histamune being roughly
10,000 times ugher, on a weight basis, than those of adrenaline As some
of the agonssts used must be presumed to act on different pnimary struc-
tures the results gave support to the view that neither histamine nor
adrenaline acts on primary structures intiating the contraction process,
but either on subsequent general stages 1n the process or by stimulating
mechamsms that act 1n opposition to the structures releasing contraction

As previously emphastsed (Brisetd JENseN & SUND 1960 b), the inhibr-
tion of rat uterus by adrenaline and by histamine showed several points
of bl 1t seemed approps to discover, if possible, whether
the two drugs affect the same structures when inhibiting the muscle The
fact that dichloropheny! 1soprop; hanol (DCY) causes a reversal
with both adrenalime and histamine 15 of no value as evidence for a
cemmon mechamsm for a istamine reversal in prolonged expenments
an also be obtained without DCI (BRISEID JENSEN & VENNEROD 1961)

In the work reported 1n this paper the actions of fustamine and of
other rat uterus mhubitory substances on the adrenaline effect were
d Ad 4 adrenalime inlubition would strongly suggest
the same structures as did adrenaline, or on
process affected by adrenalme A decrease 1n

&nve support to the generally accepted view that
epresses rat uterus

that the other drug acted on
a subsequent siage m the
inhibition would also
adrenaline 2ctivety d
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1. Technique.

The technique was as previously described (BRISTID JENSEN & VENNE
ROD 1961)

2. Experimental and Results,

Scrotomn (5-Hydroxytryptamine) or human urinary htnin was used as
agomist As soon as the muscle preparation had become stable on a sub
maximal dose, adrenaline was given as antagonst at a concentration (1-4
ng/mi) sufficient to produce fairly strong mhibition, ~a 70-85 % reduction
1n contraction height When the mhibition level was stable, the adrenaline
antagomst solution was replaced by a solutton contammng 1n addiion
about 1 g lustamine per ml In some mstances only msignuficant changes
n contraction height were observed, but usually the mhibition decreased
clearly Ass evident from the experiment iliustrated by fig 1, mhubition
ereased again when adrenaline alone was given as antagomist

i

e —
7
‘I-—){M

T T [
A AtH A H W
4 4 7 4 7

Frg 1 The effect of on b of rat uterus
Agontst Seratorua 6 ng/m! Adrenaline (A) ng/m! Histamune (H) yg/m! Wash fturd (W)
The fetters refer to the marked and the subsequent cycles

The last contractions shown 1 fig 1 demonstrate that a time condi
tioned histamme reversal (BRISEID JENSYN & VENNEROD 1961) was not
obtatned 1n thus particular experiment the drug still inhubited to somé

extent
The effects of papaverme, mepyramine and tolazohne on adrenaline
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U
4‘ LSS N
Tt ot
A AP A P
0505170 as 10
Fic 2 The effect of papaverine ot the adrenatine inhibition of rat ut

erus
Atonst Serotomin, 12mgfml Adrenaline (A) g/l Papsverine (P} pg/ml Wash flud (W)
The letters refer 1o the marked and the subsequent cycles

mhibition were examined 1n the same way as the histamine effect Neither
Papaverine nor mepyramine reduced the adrenaline effect, 1n fact the

mhubition 1ncreased appreciably (figs 2 and 3) Tolazoline, however,
reduced the adrenaline mhubition (fig 4)

t Tt t Tt
A AMA W M w

% 1430014 300

Fig 3

Agomst Serotome aeeol Tenyramine on the adrenaline nbibiuon of rat uteru

The letters refer to the marked and the subsfquem eycles M) nefm! WashRund (W)
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Discussion,

In lis modification of the drug-receptor theory STEPHENSON (1956)
applied the term “efficacy” to agonssts; 1t 1s related to ARIENS & GROOT's
(1954) concept of “ntrinsic activity” Besides the affimity of a drug for a
set of receptors, 1ts mherent “efficacy” would thus also determine 1ts
effect STEPHENSON strongly distinquished between agonists and antago
msts, the latter possessing an “efficacy” of 0 According to such a view,
when adrenaline counteracts the stimulating effects of drugs on smooth
muscles, 1t 15 no true antagomst 1f 1t operates by stumulating nhibiting
structures Substances that activily depress smooth muscles will anta-
gonize the effects of various stimulating substances unspecifically
GADDUM (1957) classified them as “independent antagonists”, possessing
“efficacy”, they are, however, often considered as a kind of agonists
Though adrenaline 1s effective in extremely small concentrations, there
may well exist numerous substances with the same mode of acton, but
with a Jow “cfficacy” It may then be difficult to ascertain whether the
substance n question reduces the effect of a stimulating drug as a tree
antagomst or as an agonist with the opposite effect

\

) T
A A+T A T
05 0510005 100
Fig 4 The effect of tolazoline on the hibi of rat uterus
Agonist Scrotonin 4 ng/ml Adrenaline (A) ng/ml Tolazoline (T) pg/mt Wash flwd (W)
The letters refer to the marked and the subscquent cycles

If we recogmse that inhubiting substances may have inherent vefficas
ctes”, 1t would be permissible to classify them as antagonsts if they h“f_e
affimities only, as actne antagomsts if 1n addition they have “efficacres

The results given wn this paper aford strong evidence that, whea
istamine mhibits the rat uterus, 1t affects the same structures a5 docs
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2drenahine or has an effect at subsequent stage 1n the same process In
concentrations that nfubited to some extent the uterus preparation,
bistamme evidently reduced adremaline nhibiion  Expeniments with
ppavenne and mepyrammne demonstrated that those drugs presumably
act on other structures, Since they ncreased the adrenaline effect It s
possible that histarmine acts as a true antagomst, but there 1s also the
possibility that h s an active with an exceptionally
low “efficacy™

To prove this one would have to use another antagomst, acting on the
same structures and able to reduce the histamine inhibition of rat uterus
Sich 2 substance would be difficult to find, 1t would need to have an
extremely low “efficacy”/affimity ratio

NisHIvAMA & CHuMA (1955) found that tolazoline (priscol ®) did not
affect the inhibiting effect of adrenaline on rat uterus, but diminished the
bistamme actton In our expertments tolazoline was found to reduce
2drenshine inhubition of rat uterus, possibly also lustamine intubition The
eflect on adrenalne was evident (fig 4) but the effect on histamine was
less pronounced Since tolazoltne at the necessary concentrations {100
:‘]! ) itself sometimes caused weak stimulation, sometimes weak inhibi-
(]Zl-lggdclenr conclusion can be drawn about whether hustamine 1s to be
“hxih ‘OIHS a;n active antagonist to rat uterus or not In an experiment, 1n
sred 4 h\‘zo ine (100 pg/ml) shghtly stimulated rat uterus, 1t was demon

" thus effect could not be eliminated by atropme (1 pg/ml),
Dpyvamine (0 | pg/ml) or dibenzylme (0 25 pg/ml for § minutes)

Summary.
“;;he Ehlbllmg effect of adrenaline on rat uterus was found to be reduced
hm:sh]:}!‘amme was gien 1 ly at 1ons 250-1000
e er (by weight) Since histamine itself nhibited the muscle n

S3Me expenments  the results
strongly suggest that 1t
Strucrures as does ad gly supg acts on the same

utited or on a sub stage tn the ad line-
© the ES;::ISIS The decreased adrenaline mhibition also gave support
Rterus Y view that adrenaline actively dep rat

Ex
lhwpcnn;:sms with Tpa\crmc and with mepyramine demonstrated that
% 1ncreased adrenaline intubition, thereby sugge:
on l::lsh: structures 1n the muscle Y suagesung acuons
mml:::\: mhxbmon‘ decreased by another drug would suggest that
© redoce u::n active " antagonist, like adrenaline Tolazoline was found
diateq lh:tc thnbx(ory effect of adrenaline, and some expetiments
the substance could also reduce the histamune effect The
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Discussion.

In his modification of the drug-receptor theory STEPHENSON (1956)
applied the term “efficacy” to agonssts, 1t 1s related to ARIENS & GROOT'S
(1954) concept of “intrinstc activity” Besides the affinity of a drug fora
set of receptors, its mherent “efficacy” would thus also determme its
effect STEPHENSON strongly distinquished between agomists and antago
mists, the Jatter possessing an “efficacy” of 0 Accordng to such a view,
when adrenaline counteracts the stimulating effects of drugs on smooth
muscles, 1t 15 no true antagomst 1f 1t operates by stimulating inhibiting
structures Substances that activily depress smooth muscles will anta
gonize the effects of various stimulating substances unspectfically
GADDUM (1957) classified them as *“independent antagomists”, possessing
“efficacy”, they are, however, often considered as a kind of agonsts
Though adrenaline 1s effective 1n extremely small concentrations, there
may well exist numerous substances with the same mode of action, but
with a low “efficacy” It may then be difficult to ascertain whether the
substance 1 question reduces the effect of a stimulating drug as a true
antagomist or as an agomst with the opposite effect

+

&T fdvf

A AT A T W
Qs 0510005 100
Fig 4 The effect of line on the I hub: of rat uterus .
Agomst Serotomn 4 ng/m] Adrenaling (A) ng/m! Tolazol ne(T) pg/ml wWash flmd €
The letters refer to the marked and the subsequent cycles
“effica-

If we recognise that inhibiting substances may have inherent !
cies”, 1t would be pernussible to classify them as antagonisis if they hat"
affinities only, as actnve antagomsts if n addition they have ssefficacies

The results given mn this paper afford strong evidence that, \;hen
istamine mnhubits the rat uterus, 1t affects the same structures as 0es
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adrenalime or has an effect at subsequent stage n the same process In
concentrations that miubited to some extent the uterus preparation,
histamine evidently reduced adrenahine inhibition  Experiments with
paparerine and mepyramine demonstrated that those drugs presumably
act on other structures, stnce they increased the adrenaline effect Ttis
possthle that lustamine acts as a true antagomst, but there 15 also the
possibility that h 15 an actine with an p 1y
low * efficacy”

To prove thus one would have to use another antagonst, acting on the
same structures and able to reduce the histamine mhibition of rat uterus
Such a substance would be difficult to find, 1t would need to have an
itremely low “efficacy™ faffinnty ratio

Nistrvama & Cruva (1955) found that tolazoline (priscol ®) did not
affect the intubsting effect of adrenaline on rat uterus, but diminished the
histamine achion In our expeniments tolazoline was found to reduce
adrenalme mhubition of rat uterus, possibly also lustamine mhibition The
effect on adrenaline was evident (fig 4), but the effect on histamine was
Iess proncunced Since tolazolme at the necessary concentrations (100
Hgiml) atself sometimes caused weak stimulation, sometimes weak mhibi-
tion, no clear conclusion can be drawn about whether hustamine 1s to be
classified as an active antagormst to rat uterus or not In an experiment, in
which tolazoline (100 pg/ml) shightly stmulated rat uterus, 1t was demon-
strated that this effect could not be elummnated by atropme (1 pg/ml),
mepyramne (0 1 pgfmi) or dibenzyline (0 25 pg/m! for § minutes)

Summary.
The inhibiting effect of adrenaline on rat uterus was found to be reduced
when hust: was given i ly at ons 250-1000

:fmes Iugher (by weight) Since hustamine itself inhibited the muscle n
“e Same experiments, the results strongly suggest that it acts on the same
: ﬂ!lcmres as does adrenaline or on a subsequent stage 1n the adrenaline-
l’: &!Bd process The decreased adrenaline inhibition also gave support
e 4 drenal
view that d
s actively dep rat

‘hExpenm:nts with papavenne and with mepyramine demonstrated that

10!
. %e drugs mereased adrenaline whibition, thereby suggesting achions
™ other structures 1n the muscle

Histamune inhbition d
stamine 15 an * actiyve™
1o reduce the Intybitos
ndicated that the subs|

ecreased by another drug would suggest that
T

Iike adrenal was found
Ty effect of adrenaline, and some experments

tance could also reduce the histamine effect The

free Ny
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results were, however, never very pronounced, and, since tolazolne itself
sometimes exerts a weak depressant effect on rat uterus, and sometimes
a weak stimulation, no definite conclusions could be drawn as to the
*efficacy” of histamine
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Effect of Histamine Depletion on Formation of
Granulation Tissue and Healing of Linear Wounds.
By

Exgill Hudberg, Ole Jorgensen, Amne Schmudt and Jens Schon
(Received October 28 1961)

Recent myestigations mnto healing of wounds suggest that histamine
plays a part in this process Relatively Iittle has been published on this
subject, and the results reported seem to be contradictory

The object of our work has been to study the possible influence of
hustamme on healing and formation of granulation tissue, as well as to

tecord the alterations m lustamune content of wound tissue provoked by
injury

Methods,

Female rats weighing about 100 g were used for all experiments,
except those set out 1n table 3, for which the rats weighed about 160 g
Tensile strength of wound The arumals were anaesthetised with ether, and the eoat
vas shaved on the back with an electric clipper A 6 em longitudinal 1ncision was
made along the muddle of tha hasl shee L L 1
1o the muscular fasca
3k 000, Anacap ®) 1
o dressing was used "
The ammals were killew « o sutl, aila e codt was shaved agun The tensife
strength of the wounds in situ was then measured by the techmque described below
Technique A sttong sik suture P

assing through the skin only was
Tevel wnth the middle of the wound at a drctanee af 1~ & Y was mserted on a
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Histanune depletion AN the test ammals were kept under standard conditions
with {ree access to water and a tand ad dict Forh depletion
we used compound 48/80, which was njected ntraperitoneally ence daily for 10
days, beginning with 2 dose of 25 micrograms and ending, after a gradual fise, with
500 micrograms daily on the tenth day On the eleventh day the animals were operated
on As a mamntenance dose during the experimental pertod, S00 micrograms were
given daily Ina single series {see table 3) a group of amimals was depleted of histamne
by means of polymyxin B, according to the schedule first day 25 mg/kg ntrapert
tonenlly, nising to 75 mg/hg On the fourth day the ammals were submutted to
experiment

Histamne determmation ‘The hair was cut with an electric hair clipper Next
06-07 g skin or wound tissuc was excised This was \mmedately cut into small
pieces and placed 1n 10 0 m! of 109 trichloracetic acid The mixture was Teft for 24
hours at about 7°C (shaken at intervals) The whole was then filtered through gauze,
as much flud as possible having been pressed out of the tissue by hand The filtrate
now constituted 10 m! The filtrate was extracted with anhydrous ether, 3 x 40 ml
for about 30 munutes each time The ether layer was removed by suction Thenthe
aqueous layer was heated to about 60° for 1 hour, to remove any ether The total
amount of flwid was now about 8 ml at pH about 5 The histamine concentration was
determined biologically on guinea psg tleum For each test we used one standard
and one test solution, at two doses each Each specimen was submutted to six X fout
determnations, from which 1ts histamme concentration was calculated (BurN 1950)
and expressed as micrograms of free histamme base per gram wet tissue The
brological assays were carried out in Tyrode’s solution prepared from redustilled
water contaiing atropine, and contmuously acrated by carboxygen, Ph D (96%
viv O, + 4% v/v CO,) at a temperature of 37° The specificity of the histamine
determination was proved by abolishing the contractions with mepyramene

Determunation of water content The skin, both intact skin and the portion ncluding
the wound, was cut and depilated with a paste contamning barium sulphide After
washing and drymg the tissue, specimens were excised and at once weighed o &
torsion balance The tissue was then frozen at about —25° and dred m a destccator
over silica gel at a pressure of 1-3 mm Hg for 24 hours This procedure was repeated
until the tissue reached constant weight The tissue was then defatted by shaking
several times with a solvent in smail perforated metal cases Furst Iight petroleum
was used twice for 45 minutes each time, and then anhydrous ether for 43 ruautes
at a time until constant weight was reached (usually four times) The water content

was expressed as gram water per 100 g dried defatted tissuc
He de The } content was determined 1 dried
n of ELsoN & MORGaN's method The

defatted tissue, by BLix's (1948) modificatiol
tissue was hydrolysed for 15 hours with 2 N-HCI 1n sealed glass am
The hexosamune content was expressed as milligram hexosamune per 100 g d
defatted tissue
Formation of granulation fissue The technique described by RUDAS (1960) ‘Kﬂs
employed for this test With the rat under ether anaesthesia a circulas piece of s! ::
was excised medally and distally on the back A plastic ning was mserted mh
resultant hole The diameter of the ring was so much larger than the hole (hal"é
ring was kept fixed there Further, the ring was provided with flanges to preven! ‘n
slipping off All the rings had exactly the same nner drameter (20 mm), so that q‘%u
Jyses of the granulation tissue formed n the nings were possible

ve anal
::::mls were kilfed 8 days later, and the nings were removed The granulation tissue

poules at 100°
ried
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formed was then easily removed by blunt dissection from the rnd;:elix:fcg:g;c:lnd
fasaz The tissue was weighed on 2 torsion balance mmedm; y ::us“c
then freeze-dned and defatted 1n the manner described for s m' e agen was

Collogen determinanion Tn the granulation tissue the (:;:le;\nm ollagen was
determned as hydroxyproline multiplied by the I’ncu:r 746 ; de e e
was hydrolysed with 6 N HC1 for 24 hours at 100° i scale gu“d e arta fe
bydrolysate was filtered and the amount of hydroxyprohne r;l\c:s
AxiLrop s (1955) modification of Neustan~ & LoGan s metho

Statisties For statistical purposes we used the t test

Results.

The difference 1n tensile strength between the wounds n the controls
and 1n the tustamune depleted ammals during the first 10 days 15 seen
fromfig 1 After7 days the strength seemed to be greater n the !us:)amm:—
depleted animals than 1 the controls The difference was shight u!1 s:}gl;
mficant (P <002) After 10 days therfl appeaéed :o be still a slig]
difference, but 1t was no longer statistica ly sigrifican

To ::ml;ns(‘ra!e that ll%: treatment with 48/80 had the desired
hustamine depleting effect, a number of skin specimens {rom untreated
and treated anmals were d for thetr of Ttss

Seen 1n table 1 that hustamine depletion reduced the Justamumne concentra-

3 5 7
1 T

0 DAYS

. Fie 1 Tensile strength of lnear wounds
nsile strength in gram

ABSCISSa number of duys o

Ord nate te;

standarg £ T ys after formation of wound The vertical hines 1adweate the
Td €rrors of the mean Controls untreated treated grou 1ven compound
before the wound formation group g ompound 48/80
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Table 1

[
+ - - ' NEE)
'

] - -
for water content (for further explanation see text) n = number of animals

Contrels Histamune depleted
Sample
o | neig wet ’ nelg n pefg wet
weight corrected weight
Normal shin 19 381 - 30 60
Wound ussue first day 7 150 00 5 27
Wound tissue third day 7 199 229 ] 22
Wound tissue fifth day 9 204 208 s 27
Wound tissue seventh day 8 215 a9 s 32
Wound tissue, tenth day 8 l 287 287 - =

tion 1n the skin on the average to 16% of the normal (from about 38 to
about 6 micrograms per gram wet tissue) Table 1 further shows the
alterations 1n histamine concentration of wound tissue during the post
operative phase In wounds of untreated animals 1t was found to be only
about half the normal within the first week, but st displayed a markedly
nising tendency on the 10th day The water content being larger 1n wound
tissue, a correction had to be made to render the results comparable
The second column of histantne values 1 table 1 shows the corrected
Iustamine concentration at constant water content The figures show
that during the first post operative week the histamine content was fairly
constant at just over half the normal for skin tissue 1n this regton ¥n
histarune-depleted anmals the already low histamine content n the
sounds was halved

The contents of water and hexosanimne increased considerably i % ound
tissue already within the first 24 hours (DUNPHY & UbuPA 1955, SCRMIDT
1961) Table 2 1llustrates this fact for both normal and histamtne depleted
amimals There seemed to be some difference between the two groups
The first day the contents of both water and hexosamune were small 1
the wound tissue of the histamine depleted ammals (P <0 02), com-
pared with the values i normal animals, whereas this was not so on
the fifth post operative day This could hardly have been due to a sys-
tematic change 1n the water and hexosamine contents of the connectine
pssue during the histamme depletion, since table 3 shows, for anothc{
group of test anmmals, that no unequivocal change takes place 1n norma:
skin tissue during such treatment

Table 4 records a marked reduction of both the dry and the wet werght
of granulatton tissue after histamine depletion (P <0 001)
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raple 2 depleted and control
Conteats of hexosamune and water 10 Linear wounds of histamine-depleted and contre
nit. The contents of water and hexosamine are grven 1o terms of defatted dry weight
n = number of animals

Controls Histamine depleted

‘Water Hexosamine | Water  Hexosamine o
g/ 100g  mg/i00g | g/100g  me/l00g

Normal skin 31 263 424 259 434 6
Wound tissue § day 10 3% 608 - ~
Wound ussue,
first day** 17 352 631 33 588 13
Wound tssue,
third day 14 108 560 t - -
Round ussue,
th day 12 267 542 280 553 16
Wound ussue,
seventh day 20 268 52y - -

** Significant difference between treated and control animals

Table 3.
Contents of water and hexosamine mn mtact rat skin (rats weighing 160 g) after treatment
»1h 48/80 or polymyxn No sigmficant diffesence was found between the treated and
the untreated n = number of animals

Water hexosamine
n £/100 g dry mg/100 g dry
defatted nssue | defatted tssue
Conteols 20 217 404
Treatm with 48/30 18 217 392
Teeatm with polymyxn 8 8 27 152
Table 4.

Changes 10 granulation ussue (according to Rudas) after histamine depletion The wet

2nd the dry defatted weight are given in millsigrams, contents as £/100 g dry, defatted

Ussue, hexosamine expressed as mg/100 g dry, defatted tissue sem < standard error
of the mean

Granutation tissue

d (atte
N et weg [ 9 BT el 21 teer
TE M Img sem | p100p em samine
-
Comrols "
Histamine #6002 | W 43| 172 zo06s | 10] jome
deplesed T o0 | s 43| 1% w0 | 7| qors

——
on the other hand, seemed a little
the difference was not sigmficant,
ranulation tissue was found to be

The figutes for the collagen content,
tugher after histanune depletion, but
The amount of hexosarmune 1n l,he fit
totally fTe by hast depl,
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Discussion.

Studies of hustamine metabolism m embryonic tissue have shown a
relationship between growth activity and histamine production (KaHLsON
1960) These studies led to mvestigations into the sigmificance of histamine
m the healing of wounds (KAnLSoN er al 1960) The production of
histamine was found to be wmcreased 1 cutaneous wounds, but the
concentration of histamine 1n the wounds (only measured on the fifth
day, was reduced Treatment with the histamune liberator, compound
48/80 (a condensation product of para-methoxyphenyl ethyl-methylamine
with formaldehyde), reduced the histamine content of the wounds, but
enhanced histamune production At the same time the tensile strength
of the wounds mncreased This suggests that the production of histamine”
1s a factor nfluencing the rate of cutaneous wound healing The results
of Bovn & Smiti's (1959) investigations contrast wath this They found
that administering compound 48/80 intubited the healing process, whether
estimated by lustological methods or by measurements of the teastle
strength The experimental conditions in the two nvestigations, however,
were not 1dentical, KAHLSON et al treated the ammals for only 3 days
pre-operatively, whereas Boyp & SMITH pre-treated them for a penod of
10 days Fiorr DoNaTi & MOLTRE (1960) found no change m tensile
strength of wounds 1n response to treatment with Polymyxm B, 3
specific histamine liberator, despite degranulation of the mast cells
indicating liberation of histamune Reserpine, on the other hand, was
found to reduce the strength of the wound, possibly owing to hiberation
of serotonine

Both Boyp & Ssita and KAHLSON ef al treated the ammals with
histamine compounds that slowly gave off free histamine According 1o
KAHLSON et al , subcutaneous injection of a histamune dipicrate suspension
1 o1l had no effect on healing, as measured by tensile strength BOD
& SmiTH, on the other hand, after intraperttoneal injection of histamine
phosphate, observed histological signs of increased heahng and a tend
ency towards stronger wounds

In agreement with KAHLSON et al, we found increased strength of
wound after histamuine depletion, though not until the seventh day,
whereas they abserved increased strength from the fifth day However,
no appreciable permanent increase 1n strength seemed to be obtained n
the histamine-depleted animal, the sumulating effect on healing having
already worn off on the tenth day

In the first phase of healing, the exudative phase, the reactive oedemla
seemed to be less pronounced (table 2) mn lustammne depleted ammi:i :
than 1 controls, the amounts of hexosarne and water m the :‘vzucr;n-
being smaller during the first few days The rise i hexosamune co
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tration 15 supposed to indicate exudation of protem contaming fluid
from the blood stream (JACKSON, FLICKINGER & DuNPHY 1960, SCHMIDT
1961) We cannot at present say for certain whether reduced exudation
plays any part 1n the strengthening of the wounds duning histamrne-
depletion However, 1f liberation of histamune 1s regarded as a necessary
link 1 the development of traumatic oedema (cf WEGELIUS & ASBOE
HANSEN 1956) decreased post-operative exudation 1n the histamine
depleted animals 15 consistent with this hypothesis In this connection
the wound must be regarded as an imjury KAHLSON ef @l and Boyp &
Sy agree with us that histamine concentration fails appreciably m
wounds, even when values are corrected for alterations n water content
(see table 1) The hiberation of histarmine 1 wounds 1s sdeed so large
that the low histamine content of the skin after listamine depletion 1s
halved again 1n wound tissue

In histamune depleted ammals the tensile strength of linear wounds
was found to be 1ncreased The weight of granulation tissue (wet as well
23 dry) on the other hand was seen to be sigmficantly reduced These
facts seem on a first view to be contradictory However, on examning
the collagen content of granulation tissue, we found it to appear somewhat

farger 1n histamine depleted animals than 1n controls, though the differ-
ence was not statistically fi The he
dentical 1n the two groups

It 15 hardly possible, on the basis of our present knowledge, to explam
the difference between the effects of histamune depletion on linear wounds
and on granulation tissue The effect of histamine on the process of healing
1sstill in many ways obscure The fact that the results are contradictory
In several respects perhaps supports the view that histamune 1s of no
decisive importance 1n the healing of wounds, but may play a secondary

part We are still in doubt as to what biochemical factors are essential
to the processes of healing

ations were

Summary.

The effects of hustamme depletion on linear wounds and granulation
tissue have been studied The tensile strength of Linear wounds was found

depleted rats, whereas the formation of
granulation tissue wag nhibite

granulation tissue were seen

The hustamine concentration 1n wound tu
with that 1n ntact sk,

Tustamine concentratyo

ssue was reduced, compared

1m In the histamine depleted ammals, this low
M Wwas halved
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n organophosphorus anti-
P g ylp -2 alds (= pralidox-
me WHO, NFN) has been shown to be effective 1n expenmental and
actidental poisoning in man (Navea & Hiraxs 1958, KartoG e af 1958
and Grop & JouNs 1958) and ss claimed to be safely tolerated n single
doses (JaGER & STAGG 1958) Further, evidence has been obtaned that
the oxume may be used prophylactically (EDERY & SCHATZBERG-PORATH
1959, Coteman ef af 1961) It could thus be of smportance to have
taformation about the chronic toxieity of the drug

Certain oximes are effective as antidotes 1
ol N

Matersals and Methods
N -t . .

suupd v ELL tecied with ¥25 tor hive days m a week and one control group with
sshine The drug unstenlized was dwssolved 1n saline and injected ntramuscnlatly in
a wc:ume of 2 il per kg body weight for 11 weeks The antmals were weighed every
weel

Rabbits of either sex wesghing § 7-2 5 kg were divided into 3

groups of 5 arumals
Two SIOUPs teceived P25 intramyscularly for five days i a week, and one group
::::c;:: S:\::‘(ﬂ::n:ecz:d valume bewg [ ml per kg body weight) The animals were

1 y throughout the experiment, Wl

oo o houghout the :‘p'ef‘“ :n,n h:l:h la_stcg‘_? weeks Blood samples
and leucocyte cour « : )
sodium and non p . . -
trophorests (accofuing 1o Vasyey y 'Gi
i g & SVENSSON (1954) and ARoNssoN & GRONVALL
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The chronic Toxicity of N-MethyIpyridinium-2-aldoxime Methane
Sulphonate (P2S),a Reactivator of phosphorylated Choli

ase.
By
YLennart Albanus, Bertil Jirphd and Anders Sundwall
(Recerved August 29 1961)
Certain oximes are effective as d m org hosph anti
chol. toloved 2 ald. — wralid
ylpynidmns =

p N

vne WHO, NFN) has been shown to be effective m experimental and
setidental possomng 1n man (NamBa & Hiraxi 1958, KARLOG et af 1958
2nd Gros & Jouns 1958) and 1s claimed to be safely tolerated 1n single
doses (Jaer & STAGG 1958) Further, evidence has been obtained that
the oume may be used prophylactically (EDERY & SCHATZBERG-PORATH
1959, CoLeman ef al 1961} It could thus be of mmportance to have
information about the chronic toxicity of the drug

Materials and Methods

:1\1‘1;:5 _;_»:mdmmud with P2S for five days i a week and one control group wath
metl : . ;uril unsteknhzed was dissolved 1n saline and injected intramuscalarly 1n
iy per kg body weight for 11 weeks The anymals were weighed every

Rabbit w!
. s of exther sex weighing 17-2.5 kg were divided 1nto 3 groups of 5 2rumals

*0 groups fecerved P2S intramuscutarly for five days wn 2 week, and ope group
ly for fi s
, and opt
received sahne (the injected volume being 1 ml per kg body weight) The an male wara

R . - -

assT) Antice & SVENSSON (1994) and ARONSSON & GRONVALL

Acts pharmacologics, Yol 11 fasc 4
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Dogs In these experiments P28 was administered orally 1n gelatin capsules for five
days in a week for 17 wecks Three dogs weighmng 13-17 kg were used, and the daily
dose was one g Blood samples were taken weekly, and serum was analysed for glutamic
oxalic acid (GOT) and gl pyruvic acid transamunase (GPT)
activities (method of ORDELL) Deter of h lobmn, eryth 2nd
leucocyte counts, toxic granulation of crythrocytes, serum proteins, non protemn
nitrogen, potassium, soditm and bicarbonate were made

The rabbits were fed on hay, oats, carrots and water ad Iibitum Rats and dogs
were fed on commercial diets SHP and Doggy, respectively (HOLMBERG & NELSON
1957, Bibrek 1961)

Dogs and rabbits were killed by intravenous mjection of sodium pentobarbrtal and
rats by inhalation of chloroform Post-mortems were made immediately after death
Matenal for hustological examuation was faken from fLver, kidney, heart, skeletal
muscle, spleen, lymph nodes and bone marrow from all ammals, and from lung, bram,
adrenal and thyroid gland also from some In rats and rabbts the site of injection was
examuined, and 1n the orally treated dogs all parts of the gastromtestinal tract were
examined histologically The material was fixed 1n 10% formaldehyde, embedded and
stamed with haematoxylin and eosin, perodic acid Schiff reaction (PAS) with and
without previous treatment with diastase, van Greson's stain and Hueck’s modifica
tion of Tirmann Schmelzers turnbull blue method Frozen sections were stamed
with scarlet red and haemalum

Results

Rats P2S given in doses of 50 and 150 mg per kg body weight for 11
weeks did not retard the growth of young rats (fig 1) These doses
correspond to a total accumulated dose of about 11 and 33 LDS50, res-
pectively One rat in the group reccving the hughest dose died after
two weeks

All rats were subjected to post-mortem On gross exammation all
appeared 1n a normal state of nutrition, no pathological changes bemng
seen No histopathological changes could be detected n heart, hves,
kidney, spleen, lymph nodes or bone marrow No bacteria could be
cultured from hver or spleen of the rat that died spontaneously

Rabbuts were mjected itramuscular]y with P2S 50 and 100 mg per kg
gar 10 weeks corresponding to a total accumulated dose of 10 am_‘l

2

f
summarised mn table
ences between the control group and the P2S treated groups cow

detected !
At post-mortem most of the rabbits were 1n a state of nutrition some

ath normal, probably as a result of infestatron with coccidia 10
f 1njection were seen

1 As seen, except tor the leucocyte counts, uv ul:i...i”

what bene:
l‘lver and intestine Pathological changes at the site o

1n nine out of the ten rabbits treated with I
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Table !

hdoxtme methane
11 counts and chemical analyses of blood from rabbits receiving pral
fongte (N methylpyndimmum 2 aldoxime methane sutphonate — P25) intramuscularly
for ten weeks {(Figures represent meat and extreme values)

Haemoglobin| Erythrocytes | Leucoeytes | Total protein)  Albumm
Group (gram per | (milhons per| (thousands
100 mi blood))  mm3) per ™) | (ram per 100 ml serum)

C \ 107 55 76 53 1
ol @821 172 | (o130 | @15y | (142
P2§ 2 1 78 386 40
S0 mefkg os-znl 0939 | G112 0| 6 zs-g | ¢ 4-: 4
P: 10
100 mg/kg (06-116)| (5356 | (2979 (5264 | (3449
Albuminy | Nor prolein | poaequm | Sodium
Grou Globulin | “Giopyin | nutroEen (mg| "y eqn (meg/i
i peri00ml | rum) serum)
(gram per 100 ml serum) | blcod)
Control 150 265 34 49 137
o2 | @18329]| (30-36) 40-62) | (132-141}
23 68 45
50 mpfkg 319 | 07329 (040 3150 [ an-un
s 166 5 34 43
100 meg/kg @320 | (180-330) [ (32-38) (394n M-137

controls Histological examination showed varying degrees of haemor-
thage and purulent and indurative myositts No hustopathological changes
were found m heart, spleen, lymph nodes or bone marrow Casts with
erythrocytes were found 1n the collecting tubules of the kidney 1n three
controls and 1n nine of the treated ammals, but no degenerative changes
tould be detected 1n the tubular epithelum Simslar changes were ob-
served 1n another group of 15 apparently normal rabbits In the livers of
one rabbit from each of the two treated groups the central veins and the
central paris of the sinusoids were dilatated and the hepatic cell cords were
narrow, with reduced stasming In these hepatic cells there was loss of
cytoplasmic basophuha and teduced content of matenal with positive
PAS reaction, which could be elimnated by diastase digestion The nucles

here showed some pycnotic changes In the lver of

the rabbit that had
recewed the ughest dose, fat droplets were sce

s and Rt & p ere seen both 1n parenchymal

Dogs Prelimunary experiments showed that aboy

ut 500 mg P2S per k

:Zi{-;e;apsh;‘ agmt:mstercd orally 15 a lethal dose The plasmga concpcntr:
e

o shortly before death were 1 the range of 60 to 90 pg per

252
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Body weight
{gram}

175

125

A P2ZS 150mg/kg
® P25 50mgfkg
X Control

100

75

I
2 4 6 8 10 weeks
Fig 1 Average weekly body werghts of rats receiving P2S intramuscularly

For the chronic toxicity study 60 to 70 mg P2S per kg were admunistered
orally 1n gelatin capsules for 17 weeks this corresponds to 2 total accu-
mulated dose of about 10 LD50 The plasma concentration measured two
hours after admumstration, to be sure of absorption, was 19 to 20 pg/ml
Symptons from the gastrointestnal tract ar symptoms due 0 systemue
effects were not seen

Haemoglobin and cell count were determined on three occasions durtag
the expermment and non-proten nitrogen, bicarbonate, sodium, and
potassium shortly before killing All results obtained were within the
normal range Serum glutamic oxalie acid transammase (GOT) and
glutamic pyruvic acid transamiase (GPT) activity were measured
weekly, all values were withun the range of normal variation {CORNELIUS
¢t al 1959) Serum proteins were determned a few days before slaughter
The results are summartzed i table 2 In all dogs the albumun values
obtamed were below those found 1n ten of our untreated dogs In one¢
dog the v globulin fraction was ncreased to 3 4 g per 100 ml of serum
The urinary sediment was pormal, and no protein or glucose was found

At post-mortem one dog (n o 2) was found to be mn 2 poor state of
putrihon There were nerther gross nor microsco
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Fig 2 Photomicrograph of the stomach (fundus regton) from
a dog treated orally with P25 for 17 weeks Note fibrosts of the
propria (Hix ~ eosin) X 150

taver, spleen, lymph nodes or bone marrow In the mtestine we founda
d number of dworms (Toxascaris Jeomna), and m kidneys
and pancreas there were granylomatous nodules caused by larva mugrans
All the dogs had hustopathological changes 1n the mucous membrane of
the stomach. In one (o o 1) there was 2 moderate fibrosts in the cardiac
1eon, with local atrophy of the glands In the fundus region of this dog
there were superficial fibrotic scars and 2 moderate fibrosts 1n the propnia
of the mucous membrane (fig 2) In the pylonc regron of the same dog
there was a shpht fibrosis throughout the mucous membrane "The other
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Body weight
(gram)
175}~
150 A
.
DS
1251~ )(
/
100 / A P25 150mgjkg
, ;PZS 50mg/k9
’ Control
75— A.. '
T_ 1 ] |
2 4 6 8 10 weeks

Fig 1 Average weekly body weights of rats receiving P28 intramuscularly

For the chronic toxeity study 60 to 70 mg P2S per kg were admmistered
orally in gelatin capsules for 17 weeks this corresponds to a total accu-
mulated dose of about 10 LDS0 The plasma concentration measured two
hours after admunistratton, to be sure of absorptron, was 19 to 20 pg/m!
Symptoms from the gastromtestinal tract or symptoms due to systerm¢
effects were not seen

Haemoglobin and cell count were determined on three oceastons during
the experiment and non protemn nitrogen, bicarbonate, sodum, and
potasstum shortly before killing Al results obtawned were within the
normal range Serum glutamic oxalic acid transammase (GOT) and
glutamic pyruvic acid transaminase (GPT) activity were measured
weekly, all values were withuin the range of normal variation (CORNELIUS
¢t al 1959) Serum proteins were determined a few days before slaughter
The results are summanzed i table 2 In all dogs the albumn valves
obtained were below those found 1n ten of our untreated dogs In one
dog the y globulin fraction was increased to 34 g per 100 ml of serum
The urmary sediment was normal, and no protein or glucose was found

At post-mortem one dog (n o 2) was found to be s a poor state of
nutrition ‘There were neither gross nor microscopic changes 1 brain,
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Fig 2 Photomicrograph of the stomach (fundus segion) from
a dog treated orally with P25 for 17 weeks Note fibrosis of the
propra (Hix — cosm) > 150

lwver, spleen, lymph nodes or bone marrow In the intestine we founda
d number of dworms (Toxascaris feonna), and 1 kidneys
and pancreas there were granulomatous nodules caused by larva mugrans
Al the dogs had ustopathological changes mn the mucous membrane of
the stomach In one (n o 1) there was a moderate fibrosis in the cardiac
region, with local atrophy of the glands In the fundus regron of tius dog
thete were superficral fibrotic scars and a moderate fibrosts 1n the propria
of the mucous membrane (fig 2) In the pyloric region of the same dog
there was a shight fibrosis throughout the mucous membrane The other
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Table 2,

Anzlysis of serum ptorcms‘l‘?{gm dogs treated with P25 60-70 mg/kg orally for 17 weeks
—_ -

Figures mdyrnts meton wee
SVENSsON (1 - - - . P ’{9‘5,;;)!;11:
- - R
Tolat Gilobulin Albummy
} protein ’ Albumn ’ a;~az BB Globnhn
Dag { 62 20 0§ 04 34 04s
Dog 2 36 31 0§ 12 06 129
Dog 3 48 22 09 1 06 085
Untreated
dogs 73202 44401 [105£007 14401 0664005 15401
Mean and
standard
efrorn = 10

two dogs had shght superfictal fibrosis ta the cardiac and pylonc regtons
respectively, No correlation between the degree of fibrosis and the state
of nutrition was found.

Discussion.

The expesiments show that fauly large doses of pralidoxime methane
sulphonate (P28} can be admumstered for long perrods to dogs, rabbuts
and rats without producing serious side effects By studymng growing rats
during 50 days treatment (total cumulative dose, § 5 LD50) and by
subsequent histological examination, CoLEMAN er af (1961) found no
signs of toxic Jesions However, 1 our study of higher doses and with 2
mare detaled examination of the treated antmals, we have found toxsc
mamfestations that cannot be 1gnored when considening the prophylactic
use of the oxxme

The changes 1n the gastric mucosa of the orally treated dogs must be a
local effect of the drug There was no cellular infiltration m them, and
they were not simular to those described as pre-cancerous lessons 1@ man
(WiLLis 1953) Posstbly the changes has begun as oedema, which we have
seen 1 a dog lethally intoxicated with P28 orally Local changes were
also found mn the rabhits treated intramuscularly

The sigmificance of the decrease mn Jeucocyte connt found »n the rabbuts
tecewing the Jughest dose of P28 1s difficult to evaluate, since the differ-
eatial cell count was not changed and a wide normal varsation has been
reported (SCHERMER 1958) In the dogs no such changes were detected

“Fhe low serum albumin values found 1n the dogs may be attributed to

interference with protemn metabohism Impairment of kidney function 15

not probable, as no protest was found in the urine ARMSTRONG £7 af
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{1960) have shown that serum alburmn labelled with 1311 passes from the
crculation of rabbits mto the duodenum Possibly this lezkage may be
wmncreased duning oral P2S treatment, as occurs 1n the so called protein-
losing gastroenteropathy (JARNUM & SCHWARTZ 1960) The fact that
normal serum protemn values were found n the rabbits supports this
iterpretation Protein synthesis the liver may also be affected, espe-
cally as an abnormal increase 1o the +y-globulin fraction was found n one
dog The fact that no significant mcrease in the weekly observed serum
GPT and GOT activity was found m the dogs excludes, however, severe
tissug damage (CORNELIUS ef al 1959, BALAZS ef al 1961)

The unsp Hustopathol 1 changes detected n the liver of two
PIS treated rabbits were not pronounced, and 1t 1s uncertamn whether or
not they were due to the adminsstered drug

Tn most of the rabbits casts with erythrocytes were found mn the collect-
1ng tubules of the kidneys These changes were about equally distributed
between controls 2nd P2S treated anumals, we haveseen stmular changesin
another group of fifieen untreated rabbits from our own stock This
seerus to us a remarkable pathological finding

The results obtamned 1n our mvestigation show that P28 given 1n large
doses for a long time causes local changes at the site of admmistration

and that interference by the drug with protein metaboltsm cannot be
completely excluded

Summary.
The chromc toxicity of pralhd 1

Tnik

(N methyl-
pyndmium 2 afdoxime methane sulphonate = P2S) has been studied 1n
rats, rabbits and dogs

P28 was admumistered ntramuscularly to rats and rabbits and orally
E:Dgggs for 9 to 17 wecks The total accumulated doses were 10 to 30

‘The drug caused local changes, such as fibrosis of the mucous membrane
of the stomach n the dogs and myositis at the site of injection 1 the
rabbits No major Iustopathologrcal changes 1n other organs reasonably
1o be attributed to the drug were detected

Interference With protemn metabolism was indicated by the fact that
abnormal serum proten values were found m the dogs No other sigmf-
teant changes 11t blood morphology or blood chemistry could be detected
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From the Department of Pharmacology, Unsversity of Uppsala, Sweden
(Prof Ermst Birany, M D)

Theophylline Diuresis in the Chicken
By

Bohdan R. Nechay! and Erfand Sanner 2
(Recerved September 16 1961)

BARTRAM (1932) and CHRISTIAN & BARTRAM (1932) have mnvestigated
the effects of xanthine diretics by direct admumstration mto one renal
artery of the dog, whence the drugs, by virtue of the nature of mammalian
renal blood supply, were delivered to both the glomeruli and the tubules

In the study reported here we used the Sereer chicken preparation,
amunophyllmme (WHO, BP) = theophyll (NFN) and theophyll
were introduced 1nto the renal portal circulation via one leg vein Thus the
first impact of the introduced substances was matnly on the renal tubules
of the kidney on the 1mected side These expenments have shown an
tpsilateral excess of electrolyte and water output, adding to the probability
that the effect of xanthunes 15 at least mn part on the tubules Finally, since
theophylhme can behave as a weak acid and the seeretion of unc acid can
be reduced by probenecid 1n the chicken (NEcHAY & NEecHAY 1959,
BERGER ef al 1960), the effect of probenecid on ammophylline diuresis

Was exarmined Nothmg 1s known about tubular handling of methyl
Xanthunes

Methods,
The subjects were unanaesthetized Rhode Island Red hens, about 2 years
old, werghing 20-3 5 kg
The birds wora ~ .
hbstemn (-
Caver

1T -

1} 3 WOTk Was supported in part by

of Part by grants from the Medical Faculty of the Ux
Uppsala Sweden and the Svenska Sallskapet for Medicinsk Fcrskm);xg ° Tawversey
Acts Pharmacologica, vol a4
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ongmnal SerreeR (1948, 1949) technique was used for urine collectron Small plastic
funnels were sutured around the onfic of each ureter under topical docaine = xylo
cain ® (59 owntment) anaesthesta, Just before each experiment to permet separate
collection of urine from each side A constant flow of distilled water, about 1 ml/mm ,
was directed through the ureteral funnels so as to dilute the unine immediately 1t
emerged from the ureters Thus diluted the urine dripped directly nto the tubes
wnserted 1n a fraction collector equipped with a precise timing device Stnce the urine
volume was determined by subtracting the rinsing volume from the total volume of
the sample and the electrolyte concentration from the total of diluted urine, a small
leak could have a p d effect on the of urmnary flow, though the
error 1n the determination of electrolyte excretion would remain neghgible

All birds used were sclected for the ability to excrete phenol red predominantly on
the tnjected stde, as judged by visual observation of colour in the urine For this test
0 1-0 2 mg/kg of phenol red, as a 0 1% solution, was given 1n the course of about 2
minutes winto one leg vein A few hens that failed to excrete an appreciable excess
ipsilaterally were discarded

The drugs, tn saline solutions, were 1njected or infused by motor-drnven syringes
through polyethylene catheters inserted 1nto the leg vein or wing vein, as indicated tn
the tables and figures Theophylline was always used at concentrations of 8 mg/mland
anunophyline at 27 mg/m!

p-Ammohippurate (PAH) was infused at 0 2 mg/muin as 3 mg/ml solution mn saline
through a simular catheter in the opposite wing vein after a priming dosc of about 2mg
For equilibration 30 to 80 mtnutes were allowed

Methods of analysts are hsted below Cl- Potentiometric silver nitrate titration
(KELLOG er af 1952) Na+ and K+, Eppendorf flame photometer Phenol red Entire
urine sample diluted with equal volume of 1 0% aqueous solution of Na;CO; [sodum
carbonate] and shaken mnternuttently until all precipitate dissolved Optical density
then determined 1n Zeiss Elko 11 colorimeter with Zeiss Opton filter § 53 51 PAH
Mcthod of BRATTON & MARSHALL (1939)

Results.

A Umlateral Leg Ve Infi of A ph lme

Pilot experiments showed that unilateral ammophylline infusion of 03,
07 and I 3 mg/mm for up to 30 mn produced no significant diuretic
effect on cither stde With the nfusion rates of 39 and 52 mg/mmn
ammophylline the urmary flow mcreased almost immediately, showing a
small excess on the infused side at the former and about equal output from
both hidneys at the latter dose Fig 1 rllustrates the mean Cl  excretion
rate and urmary flow 1 8 expertments, when 2 6 mg/mm of amunophyl-
line (equivalent to 20 mg/mmn of theophyline) was nfused for 15
munutes mto the vein of one leg, chosen at random In each 25 mm
collectron pertod of each experiment the Cl- excretion rates and unnary
n the mfused side after the onset of dwresis The
n-rate ratios of mfused side over control side for
1n the right column of table 2 (At low excretion-

flows were Iugher o
means of Cl- excretiol
cach period are shown
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The means of indidual €1 ratios of mfused side over control stde
are shown 1n night hand column of table 2

rates close to the limits of analytical ratios are labl
They had a tendency to become smaller toward the end of amimophylline
wfusion and declined still further after the infusion was discontinued,

while the drug was being distnibuted 1n the body, and the diuretic :ﬂ'ec;
dechined more rapidly on the infused side

B Uniateral Leg Vemn Infusion of Theophylime

:l'tz ?hmmme any possible artifacts du: to ethylenediamine used as a
g agent 1n D phyll

as such was also tested
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Table 1
Effects of single wing vein doses of theophylline on Cl  and urine output
Exper Tlhcoph‘yl Peal excretion rate | Total output in 1 hr
ine tnfo
N::T wing vein Cl, peq/min | Urine mljmuin Cl , meq Urine ml

mg/kg Right | "Left | Rght | Left | Right | Left Right | Left
hidney | kidney | kidney | kidney Aidney | kidney { kidney | kidney

1a 10 8 7 70071 007 | 03 | 034 39| 38
15 10 2 26| 030 | 029 139 126 | 124 13
2a 10 25 20 | 035! c44 | 102 096 | 113 | 155
26 10 39 34 044y 042 1721 143 | mm2{ 21
3 10 17 12 | 013 0t4 | 053 | 048 50 63
4 10 12 12 009 009 044 044 34 i3
5a 20 20 25 [ 023 | 032 045 | 047 61 74
5b 20 58 53 | 054 ) o057 | yar | 123 134 133

Letters b indicate repeat expertments on same birds with corresponding @ numbers
The control values were Cl, 1 peg /min or less urine flow 0 01-0 06 ml/min They were
somewhat larger in the b expertments

for umilateral diuretic effect Here theophylline was infused mto one leg
vem at 20 mg/mm (equivalent to 26 mg/min amnophylhne) for 15
minutes Uninary flow, Cl- and PAH were measured n each period of
each expersment, the mean values for 6 runs are reported mn fig 2 Asin
the analogous amnophylline expermments, there was always an excess of
CI- excretion and urine flow on the mfused side after the onset of the
effect, with the ratio of infused side rate to contralateral side rate dechining
toward the end and after the infusion The time of onset and the extent
of durests were about equal for theophylline and amophylline

Just at the onset of duresis an approximately equal brlateral rise of
about 40% 1n PAH excretion was followed by a sharp drop From then
on the output of PAH remained somewhat lower on the infused side until
15 muinutes after the end of 1nfusion

In 2 contro! birds (not shown), when saline infuston was substituted 1n
equal volume and time for that of theophylline, C1 excretion and urme
flow remamed unchanged No changes m PAH excretion stmilar to those
after theophylline were secen However, the number of these experiments
was too small to determine whether or not the unilateral depression of
PAH excretion on the theophylline infused side after the mitral bilateral
peak was a simple dilution effect

In 3 other controls {not shown) a unilateral mnfusion of theophylline
did not appear to alter the symmetry of phenol red excretron after a single
dose of 15 mg/kg gtven 1n the pectoral muscle one hour before infuston
However, m 2 of these experiments the downward trend n phenol red

output was arrested for about 5 mnutes at the begimmng of theophylline
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Fg 2 Effects of unitateral leg vein mnfus on of theophylline on uriary excretion of C1 ,
water and PAH Each point located at the myddle of collection pertods represents the mean
value for 6 experiments PAH was mfused 1nto the wing vem at 0 2 mg/mun_throughout
PAH values are given as percentage of the excretion rate in the period just before theophyl
tne 1nfus on The figures in the diagram ind cate the means and therr standard errors of
individual C1 excretion rate ratios for each period
. o nfusedside O ©O €1 control side
" Munne flow infused side Qunne flow control side
A PAH infused side 2 _ PAH control side

wfusion In the third there was a transient bilateral nise of about 40% m
phenol red excretion at the beginng of infusion It appeared similar
1n extent to the large mstial nse in PAH excretion observed in fig 2

For the same rate of Cl excretion the unnary Cl  concentration was
hugher on the side of infusion than on the opposite side This could be
seen clearly only 1n those expertments in which the urmary fiow measure
ments were most reliable and the owtput of C1 covered wide and over-
lapping ranges on both sides Moreover, the response had to be large
¢nough to permst accurate analyses at different times of infusion The two
best examples of such plots are shown 1n fig 3 In several other expen

ments with results included 1n fig 2 a few pomts nd
Probably a regular oceurrence * pomis indicated that this vas
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Tig 3 The relationship of Cl excretion rate to its urinary concentration
durag tnriateral feg vem tnfusion of theophylfine Figures yn the diagram indicate time 11
minutes of theophyline infusion ac the rate of 2 mg/mn
[} - ® Infused stde O ~~ooem O control side

C Smngle Wing Ven Dose of Xantunes

After a single dose of 10-20 mg/kg theophylling into the wing vemn, the
peak excretion rate of Cl- and water always occurred m the same period
on both sides The same was true for total Cl  and urine output over one
hour (table 1) In this situation the CI and volume excretion ratios thus
approximated to unity, 1n sharp contrast to the clearly evident excess of
ton and water diuresis when xanthines were infused umlaterally nto a leg
vein (fig 1,2)

With an acute wing vem mjection of theophylline or amunophyliine a
biphasic diuretic response was observed at times, simifar to that shown
fig 4 B Thus in theophylline experiments, la and 3 of table 1, there were
2 peaks in Cl and urime excretion separated by a dip of about 20 munutes
duration Such biphasic responses occurred twice in four birds treated with
ammophylline — once mn two experiments at 27 mg/hg, and once in the
only test performed at 67 mg/kg In the only experiment at 50 mg/kg the
curves did not rise to a second peak

D Anunophyllme pre- and post-treatment
with Probenecid

a Effect of wmlateral prob { infi on phenol red excretion
Probenecid mfused 1nto one leg vein at | mg/min umlaterally depressed
by about 50% the excretion of phenol red 1n 3 burds (fig 44)

Other probenecid doses tested were 01 mg/mmn given once for 20
minutes with no visible effect, 0 25 mg/mun for 20 mun twice with a smafi
unilateral effect, 0 5 mg/mmn_for 20 mun four times, 1n two of which the
phenol red excretson ratio of infused to control side declined to approxi-

N
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Fig 4 A Effects of untlatera) leg vein 1nfusion of probenecid on urinary phenol red
excretion Phenol red was givert in a sigle dose of 1 5 mg into the pectoral muscle one hour
bef The points p d

A Amfused side £ ——— 4 control side
B Effects of unilateral leg vern infusion of probenecid on diresis due
10 @ single wing vein dose of aminophylline
Ol ifusedside O-- - C Cl control side
utine flow mfusedside —--— . urme flow control side

mately 07, though in the other two experiments the effect was less pro
nounced, 2 mg/mun was tested once, an immediate and short (2-3 mun-
utes) umilateral depression occurring before the output of phenol red was
markedly and about equally reduced on both sides
b Uniateral probenecid infusion during ammophylime dresis In 3
birds gaven amimnophyiline into the wing vein 30 munutes previously, the
paraliel excretion rates of €1 and water from both kidneys continued
virtually unchanged dunng a unilateral leg vein mfusion of probenecid
at } mg/mm for 15 mnutes (fig 4 B) Two of these birds had received
27 mp/kg amnophylime and one 67 mg/kg The total Cl- excretions durmng
the 15 minutes of probenecid infuston were 022, 0 13 and 0 75 meq on
the infused side, compared wath 020, 0 14 and 076 meq on the control
side The respective total urme volumes were 2 6, 17 and 4 7 ml (infused

side), compared with 27, 1 6 and 4
o, compar , 16 and 45 ml (control side) Thus probenecid

T :b‘ell;r[aleral anunoplylline infusion i probenecid pre-treated bids
records 3 experiments in whach 2 6 mg/mun amnephylline were
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Table 2.

Effects of umlateral leg vem ammophyiline infusion on urnary €1~
excretion in probenccid pre treated bueds

Ul excretion rate
Time neq fmin Mean Mean of ratios*
— ofean imfused side
Weight of bird, Lg nfused side controf side
e control side mn controls
min 24 ' 16 | 29 of fig 1

0 { 5. J el e
- robenecid 50 mg/hg wing setn as $ % solution
(~50-(-25 1 1 ;2 211t 1 [ 1o 11£014(8)

2 2 1o ! 10£616(8)

{(~25-0 ! } 2 2
Annnophylhine 26 mefmin leg vern tnfuston as 3 9% solution
0-25 2 1 |18 4 |3 1 f 2 155026(8)
25-50 14 ¢ |51 a5 {7 2 36 37211448
50-75 5 2 [0 29 (m s 23 452159 (8
75-100 ;6 2 |95 47 2 B |32 321598
100125 (7 2 jiot 6 o 13 12 284054 (8)
125-150 '8 3 107 83 24 16 18 307092(8)
Infusion stapped
150-175 13 2 19 9 29 20 s 172099 (6
175-200 ~ 157 68 [0 15 197 042(1
200-225 - % e - | 18.042¢4)

I ~nfused kidney

C - control hidney

* ek staadard ecrars of the means
determined

Frgures ta pacenthests tadicate auaber of ratios

infused into one leg vewn for 15 munutes i birds that had recerved 50 mg/hg
of probenecid ntravenously mnto the wing one hour before Such a dose
of probenectd and umung have always reduced the diurests due to mer-
curtals 10 chichens (CanmppeLL 1959) The results indicate that the ratios
of CI~ excretion between the two sides did not differ essentially from those
obtamed 1n the absence of probenectd The absolute responses n the
3 expenments differed widely, but did not indicate any mhibition of

druretic response (cf fig 1)

Discussion.

Unilateral leg vemn nfusion of aminophylhne or theophyllne resulted
1a an excess of diuresis on the mfused side, whereas both kidneys responded
about cqually to wing-ven admumstration of these agents This was
probably due to a tubular pomt of attack However, the umfateral nature
of the response does not absolutely exclude a vascular pomnt of attackh
since the artertales imbedded m the parenchyma may also be unilateralfy
affected, although this scems unlikely The parallelism of all changes in
PAH excretion indicated that they were caused by theophylime reaching

TR
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the systemsc crrculation and were thus the result of changes 1 blood
pressure or arterolar tone Hence, m all probability, any changes n
glomerular filtration rate, whch were not measured 1n this study, would
have also occurred symmetrically with an equal effect on both kidneys

The large peaks m excretion of PAH and phenol red (which s not
lmyted by blood flow) at the onset of unilateral theophylime mfusion
were probably due to a sudden bilateral displacement of urine from the
dead space A simultaneous and proportionally simular rise was present mn
water and C! curves when they showed 2 bilateral peak (fig 2)

Since large fluctuations 1n PAH excretion after the mtial rise were not
reflected 10 the course of diurests, 1t 1s doubtful whether shightly reduced
PAH excretion on the theophylline infused stde, 1f 1t really ndicated a
reduced tubular blood flow, could account for the umlateral excess of
duresis The lower excretion of PAH on the infused side could possibly
be due to opening of the smooth muscle sphincter (SPERBER 1949), thus
shunting some blood away from the renal portal vein® The unilateral
reduction 1n PAH output could not have been due to simple dilution, since
unlateral sahine infusion did not change the symmetry of PAH excretion
Further, no specific mnf of tt line was ind d on weak acid
transport, since umilateral theophyline nfusion did not change the
paraltel course of urimary phenol red excretion

When Cl concentrations on the two sides were compared at equal
Cl excretion rates rather than at the same times, urine was found to be
more d on the theophylline infused side than on the control
side at equal excretion rates of Cl- This seems to mdicate that the
duresss was due to two effects operating to different extents in the two
kidneys There could be a common bilateral vascular effect and a pre-
dominantly tubular effect on the infused side Less likely, the common
eflect could be due to filtered drug acting from the lumen of the nephron

Further, the biphasic response obtamed duning some expeniments
“huch xanthunes were given 1nto the wing vein could mdicate a muxture of
w0 mechamisms responssble for dwrests
aqs(;“:; ﬂ;::&u‘r:tll’c eﬁ'e;t of theophylline, which can behave as a weak
ad dcprpesscd mbuleapre orrtunantly tubular 1n ongin, and since probene
Bencen ef of 1960) :hsccre 1on of urtic acid (NECHAY & NEcCHAY 1959,
mterfere wath xanlhm:d qucsum’\rﬁmse whether or not probenecid would
When probencerd was vl/uml;sr 1s was shown not to be so 1 our study,
diuretc response to ammmophulin amunophyliine or at the height of the
Tot prevent the ent foptyline Henee it appeared that probenecid did

1y of amunophylhine mto the tubular cells and that 1t

3 Theophyline at 5 10 and 2
19 6 experiments at each Ao 20  igfkg into the wing vein lowered carotid blood pressure

s presumably would relax a vascular sphincter
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did not displace the latter from the tubular cells at all or suffictently to
affect the renal response to amnophylline?

Summary.

Unilateral leg vein infusion of 2 6 mg/muin of aminophylne (theophyl
lamune) or of 20 mg/muin of theophylline resulted 1 excess diuresis on
the infused side 1n hens Thus suggested a tubular pont of attack

Pre-treatment with 50 mg/kg of probenecid did not affect the druretic
Tesponse to ammnophylline, nor did a umlateral leg vemn infusion of
I mg/min of probenecid cause any assymmetry in an estabhished diuretic
response to systermic aminophyifine This probenecid dose was about
optimal for unilateral depression of phenol red excretion
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Interference of Reserpme with the Diuretic Action of
Theophyllme and Hydrochlorothiazide on the Chichen
By
Bohdan R, Nechay ! and Erland Sanner2
(Recenved Septembar 16 1961)

It was fortmtously observed that a chicken having recerved reserpine
on the previous day did not respond to a normally diuretic dose of
ammophyllme This unexpected finding led to a study of the duretic

activity of hylline (= theophyll theophylline, hydrochloro-
thiazide, p 1n and de m both normal and reser-
prsed chicken

Methods,

The chickens and procedures were as described previously (NECHAY &
SANRER 1961)

Serpedin @ (Pharmacra), supplied m ampoules containing 2 5 mg/m!
feSerpine was given g lly as such, nt larly or int ly
i)“ 2 few mstances 1t was diluted with water to a concentration of 1 5 or
: 75 mg/mi for leg vein infusion When nfused at any of these concentra
tons anto chicken plasma or sabne 1 vitro Teserpine was precipitated
g:lmedmely after the solution had left the needle, as observed through a
u;z;cm;n microscope  Thus reserprac probably also precipitates in vno
- z;mlmstmtmn forming a depot mn the muscle or crystals to be
“p:):l: clm capillaries Since the absorption from such depots cauld be
regeu S to sary greatly the doses gnen probably did not accurately

e true exposure of the site of action to reserpine In general the

TTh o« ow

»
¥
3

Univer



340 B R NECHAY AND E SANNER

degree of sedation varred constderably among idrviduals and thus showed
a strikingly variable degree of reserprmisation from a given dose Occa
stonally birds that recetved as much as 1 mg/kg reserpime exhibited no
depression at all, with no altered response to hydrochlorothiazide or
theophylline  Some such non sedated birds were discarded before the
drurests experiment

Duretics were given intravenously 1n 0 994 saline solutions at volumes of 1 mifkg
but theophylline was used at a concentration of 8 mg/mi

The renal clearance of polyethylene glycol (m v 4000) = macrogol 4000, mfused
nto the wing vein at 30 mg/min (125 mg/m saline), was used as a measure of glo-
merular filtration rate (HypEN & KNuTsov 1959, HypEn 1955) Blood samples were
drawn from the other wing vemn at the muddle of unine coliection persods through a

polyethylene catheter

Results arc reported in terms of means and their standard errors Figures m paren
thesis mn the tables indicate number of determimations when different from the number
of expeniments cited Pornts on the graphs correspond to the middle of urine collection
peniods

Results.

A Effects of Reserpme itself on Urine and Cl  Qutput

After 1 mg/kg reserpine, 20 minute urine samples were collected for
13, 10 and 7 hours 1n 3 different hens The first two recerved the drug nto
the pectoral muscle and the third one mto the wing vem Throughout
the whole period the unine flows and Cl excretion rates remaned within
the range of values 1n the control animals

The comparison of control electrolyte and urine output m normal and
reserpimsed birds of table 1 and 2 (reserpine having been given many
hours before) revealed no apparent differences except for the tendency of
K+ excretion to be somewhat higher 1n the reserpine treated groups In
the few experiments 1n which glomerular filtration rates were measured,
1t seemed to be somewhat depressed by reserpme pretreatment

B Single Wing Ve Doses of Duretics

In tables 1 and 2 are compared the response to four different duretics
m normal and reserpine treated birds

Reserpimsation markedly dimimished the dwretic effectivencss of
hydrochlorothiazide The most striking reduction occurred m Cl - excre
tion, which was 1nsufficient to match catron output Sodmum excretion
was reduced less markedly, but K+ values remaned closer to those of the
control group The glomerular filtration rate posstbly fell somewhat 1n
d birds as well as in controls

e reduced dramatically the diuretic response to 10 mg/kg or
almost completely

reserpinise

Reserpini
20 mgfkg theophylhne The C1- and Na* outputs were
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mhibited  Strularly to what occurred with hydrochlorothiazide, K+
excretion rate was reduced less than that of other tons

Generally, reserpme 1nhibited the excitement usually occurring during
theophylline 1nfusion

Mercaptomerin was about equally effective 1n normal and reserptne
treated groups

In reserpirused birds the output of Na* caused by acetazolamide was

perhaps greater than that of normal controls, but K+ excretion and unne
flow were less

C Systemuc Infuston of Hydrochlorothiazide

In normal birds the maximum druretic response to a wing vein ifuston
of 05 mg/min hydrochlorothiazide was reached m about 30 minutes In
chickens recerving 1 mg/kg reserpine into the breast muscle 16 to 22 hours
before, the effect of hydrochlorothuazide infusion was somewhat delayed,
the outputs of ClL , Na* and water were more depressed than that of K+
Even after 60 munutes of mnfusion the overall response was considerably
less than 1n the control group (fig 1)
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In two other experiments with non-reserpimised birds 125 mg/mun
hydrochlorothiazide mfusion for one hour resulted 1n peak Cl- excretions
of 60 and 110 peq /mimn , after a further 15 mg/kg given as a single mtra
venous dose, the flow and Cl~ output did not ncrease any further Un
fortunately no Na+ determimations were done With the same hydrochlo
rothiazide schedule tested on one reserpinised bird, Cl- excretion reached
15 peq /fmun, Nat* 30 peq /min and K+ 5 peq fmun at the end of the
infuston The subsequent single dose increased Cl- excretion to 30 peq /
min and Na+ excretion to 50 peq /min, but K+ excretion rematned at
4 peq /mmn Thus even cnormous doses of hydrochlorothiazide were
counteracted by reserpine

D Systenuc Infusion of Theophy Hine

01-0 5 mg/hg reserpme given 1nto one leg vein or 1 mg/hg reserpine
given mto the pectoral muscle 16 to 21 hours beforehand inhibited the
diuretic effect bilaterally of 2 mg/mun theophylime given over 15 minutes
into the wing vein (fig 2) The Cl- excretion rate due to theophylline given
10-21 days after 1 mgfkg reserpme into the pectoral muscle was still
somewhat less than that of the control group, but this might not have
been significant (fig 2) It may be seen, incidentally, that theophylline
mfused at 2 mg/muin for 15 munutes into the wing vemn of normal birds
resulted 1n considerably smaller Cl- output from both kidneys together
than that caused by the same infusion directly mnto the renal portal
crrculation (cf fig 2 and 3A)

E Unilateral Leg Ve Infusion of Theoply lhne
or Ammnoply line

A umnilateral leg vern infusion of 20 mg/min theophylline for 15 minu-
tes, which normally resulted 1n a clearcut ipsilateral excess diuresis (fig
3 A modified from Nrciay & SANNER 1961), produced no significant
dwretic effect on either side 1n birds pre treated with 1 mg/kg reserpine
into the breast muscle 16-22 hours before (fig 3 B) The mean values
for 6 control and 4 reserpimised birds arc given for urinary flow, Ci and
PAH excretion measured at each 2 5 minute collection pertod Reserpine
also prevented the large bilaterally symmetrical fluctuations n PAH out-
put seen 1n the control group Fig 3 B does not, however, include figures
for one bird 1 which reserpine did not result in sedation and did not
abolish the response to theophylline 1n terms of Cl- (peak 30 neq /mumn ),
urine (peak 0 2 ml/min ) and PAH excretion pattern

In two controls and 1n one reserpimised bird (not shown), Cl excretion
and unne flow remained unchanged during a control infusion of saline

1nto the leg vemn
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EXCRETION RAYE, pieq fmin
DRME FioW, m/min

cr”

'
|-
AT e A

THEOPHYLLINE THEOPHYLLINE

TIME IN MINUTES
Fig 2 Effects of theophyline rmlfusion on Cl &xcretion and unine flow
1n pormal and reserpinised hens

. ® and ¢ - ¢ 5normal birds A------ Aand £ -- —— A4 birds
teserpinisedat 16 10 —21 hours OF these 3 bards were injected with 0 1 mg/kg 0 33 mg/kg
and 0 5 mg kg reserpine into one leg vein One was grven | meg/kg reserpine into the pectoral
muscle The fow values refer to fwo of these birds, 3l and O T4 birds

reserpmised 10-21 days before with | mg/kg 1nto the pectoral muscle

A sinular series of experiments 1 8 normal and 4 reserpimised hens was
conducted with a umlateral leg-vein infusion of amnophylline at 26
mg/min (equivalent to 20 mg/mmn theophyliine) for 15 munutes Only
urme flow and €1 were determuned

In this senes also, reserpme inhibrted the diuretic response (not shown),
whereas the contro! group responded with an ipsilateral excess diuresis

¥ Attempts 10 reserpimise one Kidney

One bird, given 0 1 mg/kg reserpine unilaterally nto the leg muscle
18 hours before, responded with a dramatic excess of urnine and Cl-
output on the opposite side after a single wing-vem dose of 20 mgfkg
theophyline As far as could be determined, the experiment was techmcally
sound Howener, 1 two other expenments, one performed by the same
imdccg:re and another ;n which the dose of reserpine was doubled, good
F‘:m ; ut equal responses to theophylline were shown by the two kidneys
er, the reproduction of umlateral lack of durests was unsuccessful

E2
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at 1 mgfkginto the pectoral muscle 16-22 hours before PAH was mfused mto the wing vem
at & rate of 02 mg/mun throughout PAH values are given as percentages of the excretion
rates in the perrods just preceding theophythne infuston

i 11 other expertments 1n which the design was changed so as to mnfuse
25 to 500 pg/hg reserpine mto one leg vemn over 30 minutes 2 to 21 hours
before theophylling was given Most of these birds responded normally
to theophylline, except thosc mn the upper dose and time ranges of reser-
pine treatment, when the effect had a tendeney to be markedly reduced
on both sides

In another type of expertment the parallel excretion of Cl and urme
from both kidneys, induced by a wing-vein dose of 27 mgfhg ammnophyl-
ine given 30 munutes previously, was not untlateraly altered upon leg-
vewn mfuston of reserpine at 0 17 mg/mum for 15 minutes

Discussion.
We have no satisfactory interpretation for the obsened effects of
reserpme The most obvious explanation, that the dretic response to
theophyliine or hydrochlorothiazide was suppressed because of lowered
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fltration rate, seems unlikely, since the effect of a mercurnial diuretic was
to produce wirtually no change In normal birds theophylline at 20 mg/kg
resulted 1n more diuresss than the dose of mercaptomern used 1 this
study, but reserprisation suppressed the effect of theophylline but not
that due to mercaptomertn

There are other possible explanations, but further work 1s needed to
make a choice among them

The CNS-exertation and the large swings (of probably smooth muscle
ongin) m PAH caused by theophylline were also prevented by
reserpintsation Further work 1s planned to test the possibihty that all
the different effects of theophylhne are blocked by reserpine

Summary.

Reserpine 1 mgfkg greatly reduced the diuretic effect of 2 mgfkg hydro
chlorothiazide given systemucally to the chicken, compared with normal
controls The excretion of Cl- was reduced to a greater extent than that of
Nat, but K+ output remained close to controls Cl excretion was
suificient to match cation output Urine flow was markedly reduced
Also the druretic response to infuston of 30 mg hydrochlorothiazide over
1 hour was greatly reduced

Reserpine 1 mg/kg almost completely inhibited the CI- and Na+ output
due to 10-30 mg/kg theophyline As with hydrochlorothiazide, K+
excretion was reduced less than that of other 1ons Urnine flow was mark-
edly reduced

Acetazolamide, 10 mgfkg, given 1o reserpine-treated birds resulted n a
shightly reduced response 1 unne flow and K+ excretion, whereas Na+
exeretion was, 1f anytlung ncreased Mercury 3 mgfkg as mescaptomerin
¥asabout equally effective 1n reserpine-treated birds and controls

Atternpts to reserpintse only one kidney from the psifateral leg were
unsuceessful except 1n one bird

The most obvious explanation that the reserpmne effect on diuretic

ety 15 due 10 teduced glomerular filtration 1ate, seems unlikely, since
2 mercurial diretic was unaffected
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Determination of Lindane in Milk and Fat
By

Hiken O Friestad
(Recerved September 16 1961)

Lisdane (the y 1somer of hexachlorocyclohexane) 1s one of the most
commonly used 1nsecticides of the chlorinated hydrocarbon type Care-
Tess use of its preparations has not infrequently caused acute poisoning of
both human beings and lvestock These chlormated hydrocarbons
2ccumulate in the fatty phase of the orgamism, so that the chemical
detection and measurement of hindane 1s best performed on fatty tissue
Its use 1n agriculture and vetentnary medicine may lead to the presence of
hndane residues 1n milk and slaughterhouse products A specific method
for determiming lindane m mtk and fats 15 therefore needed

Various methods have been proposed for determunming small amounts
of lindane A companson of them, with an appended comprehensive
blbhography, was published by HemiscH (1959), among others The
colormetric analysis of SCHECHTER & HORNSTEIN (1952) 15 one of the
most specific and sensitive methods Moreover, 1t has the advantage that,
2pant from the spectrophotometer, 1t mvolves use of no particularly
&pensive apparatus

When using this method for determiming lindane 1n fat or muik, we
meet with the same problem as with all other analytical methods, namely
that t;f concentrating the lindane and 1solating 1t from interfering com
pounds

GYRisco et af (1959), by combiming a method by Davipow (1950) for
usolating chlorphenothane from fats and one devised by Turts et al
(1950) for ultraviolet determimation of lindane 1n mulk and fats, evolved
2 method of punificatio:

n that rendered lindane 1n nulk determy
the procedure of Schechter Hornstein

|h“°oD (1960) describes a similar method of 1solation This,

v ¢ one mentioned above, are based on the fact that indane 15 n
Y A mixture of furming and concentrated sulphuric acids

nable by

as well as
ot attacked
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MCKINLEY & MAHON (1959) MiLLs (1959) and StorHERR & MILLS
(1960) have described punifying processes suitable for subsequent qualita-
tive and semigoantitative paper-chromatographic analyses of nsecticides
The methods are combinations of more or less modified single procedures
previously described by others

All these methods of 1solation have several features 1n common The
procedure described below 1s based on the last-mentioned ones, which
omit the disagrecable extractions with furming and concentrated sulphuric
acids 1t 15 also useful for determning & number of msectierdes that cannot
stand up to treatment with the strong acids

Principle of Analysis.

Combimned extraction of lindane and fat Lindane 1s extracted together
with the butterfat by a mxture of ether and light petroleum, after the
protems and mineral complexes of the muik have been precipitated with
alcohol and potassium oxalate The different phases are easily separated
without centrifugation The orgamic phase 15 washed with water and
cvaporated, after drying with sodium sulphate, direct on a boiling water
bath (Re 1)

Acetonutrile partition Many msecticides can be extracted from light
petroleum solution by acetomtrile (JoNts & Riopick 1952), the main
portion of the fat remmumung n the petroleum phase This principle 15

employed to separate hindane from fat (Re 2)
By diluting the acetomtrile phase with water and extracting agmn with

light petroleum, the insecticide 1s returned to the latter

Dustillation The petroleum solution 1s evaporated, and the residue s
dissolved 1n glacial acetic acrd Volatile compounds, which would iater-
fere with the succeeding colormetric analysts, are removed by distrifrng

off part of the glacial acetic acid

Colorimetric Determnation of Lindane by the method of

Schechter & Hornsten
The principle of this method 1s that of transferring lindane to benzene
L. 1

the benzene vapours are forced mnto a tube contaimng NIEALINE aviv, ar
the benzene 1s there converted nto m dimtrobenzene After dilution, the
m-dinstrobenzene 15 extracted with ether The ether 1s evaporated, and the
residue 15 shaken with methyl-ethyl ketonc and 40% KOH to give 2
violet-red colour The colour 1ntensity, measured spectrophotometrically,
1s directly proportional to the lindane concentration
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Procedure.
Apparatus ARl glass apparatus as designed by SCHECTER & ‘HornsTEIN (1952)

Electric beating mantle
Shaking machine

Beckmann spectrophotometer, model DU with 1 em absorption cells

Chemcals®

Ethanol, 96%

Ethyl ether, peroxide free
Light petroleum, bp 30-45°C
T -

' N '

ofhght petrolenmn in a 2 itre flask The 8ask 15 shaken at wtervals, and aftee 2-3 hours
(or after standing over nught) the phases are separated in a 1 litre separating funnel
To the petroleum phase are added 100 ml of water and 100 ml of concentrated HCl
wa flask The aromatic nitro-compounds developing are reduced by adding zinc 1
small portions, with shaking while at the same time the flask 1s cooled under the tap
Alfter the duappearance of the yellow colour, the phases are separated The light
Petroleum 15 washed with 100 ml of water before being distilled The fraction boiling
below 45° 15 used

Acttonutnle, Fluka A G, redist,, bp 97-82°C or Merck’s purum reagens

Sodium sulphate solution, saturated, ¢ p

Sodum sulphate, anhydr , c p

Potassium oxatate solution, c p, 10%

Liquid paralfin

Silicone grease, Dow Corning Stopcock Grease

Inaddition reagents required for the Schechter Hornstein s hndane determination

A Milk

Combined extraction of lindane and fat To 100 ml of milk, thoroughly
homogemsed by vigorous shaking, are added 100 ml of 969 ethano! and
10 mt of 10% potassium oxalate tn a 1000 ml separating funnel The
muxture 15 shaken vigorously for 1 minute After addition of 50 ml ether,
the shaking 1s continued for 1 minute Finally, 50 ml of light petroleum
are added After shaking for another minute the muxture 1s left standing
Tor & Tunutes, to separate the phases

The agueous phase 15 submutted to another two extractions 1n the same
%y with 25 ml portions of ether and light petroleum 10 minutes on each

occasion suffices for proper separation of the phases
r'ﬂxe combined ether and hght petroleum phases are washed with 100 ml
:unt::s‘hllcd water by vigorous shaking for 2 minutes m the separating
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After 15 minutes’ standing, the wash water 1s discarded, and the organic
phase 1s filtered 1nto a 250 ml Erlenmeyer flask through a 2 cm thick layer
of anhydrous Na,SOy, hept 1n place by a tuft of cotton wool n a cructble
holder The separating funnel 1s washed once with 10 ml of ether, which
15 also passed through the NaySOy layer A glass bead 1s put mnto the
E-flask to prevent bumping, and the Iight petroleum and ether solution 1
evaporated on a boiling water bath to a 5-10 m! volume

Acetomitrile partition The residue 1 transferred to a 250 ml separating
funnel, and the E-flask 1s washed a few times with altogether 20 ml of
light petroleum After adding 25 ml of acetomtrile the separating funnel
15 shaken for | mmute (mechanically) The phases have separated suf-
ficiently after 3-4 minutes The acetonitrile phase, which 1s the heavier
one, 1s transferred to a 1000 ml separating funnel containmg 500 ml of
distilled water

The light petroleum phase 1s extracted three more times with 25 ml
portions of acetomtrile, and the acetonitrile phases are combined 1n the
large separating funnel To this are added 50 m! of saturated Na,SO;
solution and 100 ml of light petroleum, and the muxture 1s shaken thor-
oughly for about 2 minutes After 10 minutes the phases separate The
light petroleum phase 1s washed twice with 100 ml portions of distilled
water
The wash water 1s discarded, and the light petroleum phase 1s trans-
ferred via a 2 em thick anhydrous Na,SO, layer to a 250 ml E-flask The
NaySO;y layer 1s washed with 10 ml of hight petroleum

Dustillanion The hight petroleum 1s removed by passing a current of air
through the solution, the flask being kept at 30° in a thermostat bath The
passage of air 1s stopped as soon as all the light petroleum has disappeared
The residuc 1s then highly viscous It 1s removed with the aid of 10 ml
of glacial acetic acid, and the solution 1s transferred to the reaction flask
of Schechter-Hornstemn's apparatus The E-flask 1s washed twice with
altogether 10 ml of glacial acetic acid, which 1s also transferred to the
reaction flask 3 g malomic acid are added to the solutton The mixture 1s
then boiled on an electric hot-plate, with the flask placed at such a distance
from the hot plate that the acetic actd vapours condense almost at the
jomt of the flask After one hour of boiling the heating 1s increased, and
the solution 1s evaporated to 10ml Afier cooling, [ g zinc powderts added,
and the analysis 1s contimnued as described by SCHECHTER & HORNSTEIN,
except that the jomts are lubricated with silicone grease (Re 3), and the
ether extract of m-dimitrobenzene 1s evaporated on a boiling water bath,

as described by GEHRRE et al (1957)
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B Fat

3 g fatare cut into small pieces and ground with 20 g anhydrous sodium
sulphate m a porcelain mortar To the pasty mixture are added 50 m! of
light petroleum 1n a flask After mechamcal shaking for 5 minutes, the
hght petroleum solution 1s decanted, and the residue 1s extracted twice
more sn the same way wath 50 ml of light petroleum The extracts are
coltected m a 250 mi flask, filtered and evaporated to about 30 ml on 2
botling water bath (Longer evaporation will result 1 precipitation of
some fat) The solution 15 transferred to a separating funnel, the flask 15
washed with 10 mi of hight petroleum, and the solution 1s extracted with
acetomtnile, as deseribed for mulk

Remarks on the Method

Rel

The high fat content of the solution prevents loss of lindane when the
bight petrolenm 15 evaporated from it Hence there 15 no 1eason to employ
amlder process of evaporation at this stage Attempts to evaporate the
solution without previous washing with water and subsequent drying with
sodium sulphate were unsuccessful The washing serves to remove the
alcohol and water mixture, which dissolses in the light petroleum solution
1fthus part of the procedure 15 omtted, the solution Wil separate into two
phases towards the end of the evaporation peniod, and 1t will take a long
time to remove the solvents

c ¢ of L and losses were also found

tobereduced when the light petroleum and ether phase had been washed

Re 2

BURCHRIELD & STORRS (1953) have shown that N,N-dimethylforma-
mide 15 better than acetomitrile for extracting lindane from n hexane
However our expenments with N,N dimethylformarrude in place of

acetonitrile showed that the former has the disadvantage of also dissolvin, 2
more fat from the light petroleum phase

Re 3

mScnucxmn & HORNSTEIN lubricated the jomts of thexr special appa-
"\us with phosphoric acid However, 1f any of this acid gets mto the
T action flask, it will interfere with the analysis GEHRKE et al therefore
\v‘:lcelmncnd acetic acid or dichloracetic actd as more cmtakta 1 1o o
e o :

h

ets s Lav LAVE Lhe same extinetion values as in the usual
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Table 1
Absorption Figures for Lindane Standards with (B) and without (A)
Dustillation of Acetic Acid

Lindane t E E
standards 385 Mean <65 N

e A 1 B fean
o 0031 0038

2 0036 0034 0030 0034
012 0 {01

§é 0097 0105 0114 0108
0185 0174

3‘5’ 0180 0183 0 1% 0185
0277 0254

23 0253 0265 0257 0256
0358 6349

2(5, 0336 0347 0342 0346
0394 0406

5 0425 0410 0443 0425

|
Resalts

A series of tests, performed with standard lindane solutions to m
vestigate whether Iindane 15 lost when part of the glacial acetic acid 15
distilled off before transfer to the Schechter-Hornstem’s apparatus gave
the results recorded m table 1, the extinction values 1n column B are for
samples of indane 1n the form of 20 ml of acetic acid solutions subnutted
to distlation, as described under Procedure The extinction values for
corresponding 10 ml lindane acetic acid solutions transferred direct to
Schechter-Hornstern’s apparatus without previous distdiation are set
out m column A

The table shows that such distilation does not necessitate allowing

for any loss of lindane

Table 2
Recovery of Lindane Added to Milk
Lindane [i i Lindane
added Egps Mean [ recovered x::f,u‘_.::‘y
P ue
/] 0027
0 0015 0036 o
15 0095 2 80
13 0083 0090 5 20
30 0168 2 92
30 J 0182 Q175 275
25 0252 2 83
by 0 %01 [ 0228 3715
60 0281 2 500 8
A 0300 o®t I
75 01354 0345 | 600 { 80
75 0336 }
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Table 3
Recosery of Lindane Added to Omental Fat
Lindane
Lind: Recovery 1
BT e | e | e | Y00
g | |
1
0 1 0033 0042 \l 28 -
0 0052
15 ‘ 0102 R oed 1 145 0
15 0106
30 \ 0177 \ 0179 %8 87
3 0180
45 0242 \ 0287 \ 435 91
45 0272
60 025 ! 0326 | 565 | 50
6 0357
5 048 | 0422 %S 9%
s 0416 \

1 Corrected for blank

The uscfulness of the analytical method has been tested by adding
known amounts of lindane to samples of milk and fat The procedure
described above was followed, and the results are given 1n tables 2 and 3

Discussion,

Schechter Hornstein’s analytical method 1s relatnvely specific for lin-
dane However, various volatile aromatic compounds will also gne
coloured ketone solutions Traces of these are often contained 1n the
solvents best swited for extraction and 1solation of isecticides, even after
previous punfication, their presence can render the analytical results
valueless The procedure employed here, of distilling off some of the
Blacial acetic acid before the addition of zinc, proved to be an efficient
way of removing such trace amounts GEHRKE et al (1957) showed that
small amounts of water 1n the reaction flask cause low values, the mtrating
acid being thereby dituted Other volatile solvents may possibly have a
smilar disturbing effect For this reason also the descnbed process of
distfation seems to be justified

When porsoning with a chloninated hydrocarbon insectiaide 15 sus-
pected one 15 oceastonally at a loss as to the substance to be looked for.

2t ) 1 lab y, paper ct phy will usually be
mployed as a suitable “screemng test” The method of extraction and
1solation described above will then have

the advantage that, combimed

:’llh a sutable pan h phic punfi (Miuts 1959

Tehaviey & Manow 1959), 1t 15 useful for a quahtative determnation
of most ¢ht

d hydrocarbon by paper ch
I indane proves to be the substance 1n quest

1on, this can be determined
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quantitatively by continwing the procedure with a suitable measured
portion of the purified extract

In a simular way to fat, though larger samples will generally be needed,
other products, such as berries, frutt and vegetables, as wellas tovicological
materal, such as gastric contents, can also be examined for the presence
of lindane and 1ts amount

Summary.

A method 1s described for extracting and tsolating lindane from mulk
and fat and then a quantitative determination of lindane, by a modified

Schechter-Hornsten’s procedure
The recovery after addition of known amounts of lindane to nulk and

fat has been found to be a mimimum of 80 per cent
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Hexosamine, Hydroxyproline and Calcium Levels
in the Tunica Media of
the Human Aorta and Pulmonary Artery
By

Sv. Bertelsen
(Recened September 21, 1961)

In the aortic wall and the pulmonary astery, three layers can be distin-
guished, the tunica 1ntyma, the tunica media and the tunica adventitia

The tumca ntima, whose thickness increases with age, 1s built up of 2
few thun elasuic and collagenous fibres, a number of cells (fibroblasts) and
an abundance of ground substance

The tunica media consists mamly of elastic tissue It 15 bult up of
concentric elastic membranes, m the spaces between the membranes are
thin fayers of ground substance, containing a great many collagen fibres
and cells (fibroblasts and muscle cells) The ground substance as well as
the collagen fibres increase with age, so that the elastic membranes
become separated

The tunica adventinna 1s relatively thin and cannot be sharply distin-
gusshed from the surrounding connective tissue The most outward of the
tunica medra membranes serves as an external elastic membrane, from
shich numerous elastic fibres project, and there 1s a gradual transition
from the tuntca adventiia tnto the surrounding loose connective tissue
with its fat-cells

BERTELSEN (1961), from a hustochemical study, described alterations
the human aorta and pulmonary artery with age He found a constderable
werease of ealerum 1n the medial tissue of human aortae with age, whereas
0 deposition 1s seen 1n tntimal ussue of normal gross appeatance The
atterial pround substance consists of protein along with acid and neutral
mucopolysacehandes The acid pol: harides contatn h
urame amd and possibly sulphate, the neutral mucopolysacchandes
:‘;’:u‘:chuosnmmc, neutral sugars and possibly neuraminic acid, but

fic atid or sulphate In previous biochemical nvestigations

areded by grants from the Danish State

Science Foundation. and the D: -
™ Fot The Advancement of Medical Science stion. 20 the Danish Foun
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_Bm'msEN (1960) and BERTELSEN & MARCKER (1961) have shown an
increase in both acid and neutral mucopolysaccharides with age; the acid
fmcnon consists of sulphated and non-sulphated carbohydrates An
increase in acid mucopolysaccharides, duc to an increase in the sulphate-
cont. g mucopolysaccharides was demonstrated. BERTELSEN &
MARCKER (1961) also published a few preliminary hexosamine results.

T!'liS paper presents the results of hexosamine, hydroxyproline and
calcium determinations on the tunica media of the human aorta and
pulmonary artery during ageing.

Materials and Methods.

102 samples of human aorta and 86 samples of pulmonary artery were
obtained fresh at autopsy from the Rigshospital and the Copenhagen
Municipal Hospital. The ages of the individuals providing the samples
ranged from birth to 93 years.

None of the persons had suffered from collagen or hypertensive diseases or diabetes
mellitus, and none had been treated with hormones.

The gross appearance of the aortae was subjectively assessed by esumatng the
percemtage surface of the fibrous plaques in relation to the total intimal surface of the
vessels The degree of atheterosclerotic changes was expressed as follows,

0: normal gross appearance

1: §% fibrous plaques (slight atherosclerosis)

2: §% < fibrous plaques < 25% (moderate atherosclerosts)

3 25% < fibrous plaques < 509 (severe atherosclerosis)

4: fibrous plaques > 509 (extremely vigorous atheroschlerosts).

All the aortic samples were drawn from parts with normal gross appearance 1n the
upper part of the thoracic aortae (2-3 ntercostal artenes), and the pulmonary samples
from the pulmopary trunk

The adventitia and the muma were carefully removed by hand, and the separated
medial issue wWas washed with distilled water.

The medial tissuc was freeze-dried and afterwards extracted to constant weight
with pure hight petroleum and ether (distilled over sodium)

The hexosamme contens was determined on 35 mg of dry, de-fatted medal tissue.
The sample was weighed on a torsion balance and hydrolyzed tn scaled ampotiles for
15 hours at 100°C with 4 ml of 20 N hydrochloric acid on a glycerol bath The
hydrolysate was filtered, and the hexosamine concentration was determined i 3 ml
of the filtrate by BLIX’s modification (1948) of ErsoN & MORGAN's method (1933)
The readimgs Were made at 530 my on a Beckman spectrophotometer

The lydros prolne content was determuned on 40 mg dry, de-fatted medual tissue.
After being cut into small preces, the tissue was hydrolyzed in sealed ampoules far
24 hours at 100° with 4 ml of 6 0 N hydrochlonic acid on a glycerol bath The hy dro‘-

xyproline content was determined mn the hydrolysate by MarTN & AXELROD'S
modification (1955} of NevmaN & LoGAN'S method (1950) The spectrophotometric
readings were made at 560 my
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The calcum was determuned on 100 ul of the hydrolysate from the hexosamune
analyss by the method of PaTTON & ReEDfR (1956) All analyses were made m
dupheate

The hexosamune and hydroxyproline vahies were corrected for the caleum content

wthe tssue Apatite (3 Cay(PO4);CaCO3) 15 known to be the predomunant runeral
10 vessels but the muneral was calculated only as CaCO3

Results.

Fig 1 shows the hexosamine content 1n medial aortic tissue in terms of
dry de fatted and calcium free weight During the first three decades,
there 1s a regular increase, 1n the fourth decade a sudden mncrease occurs,
from the fifth decade on, a small but regular increase takes place Fig. 1
also shows the marked increase of calcium content with age

Table 1 shows the hexosamne values, partly m dry, de fatted medial
tissue and partly 1n dry, de fatted caleium free tissue There 1s a distinct
difference between the hexosamune values 1 the two columns, especially
after the age of forty, and the difference increases with age There 1s a

ficant change 1n h of groups 1 and 4 (p < 001)
and groups 4 and 5 (p < 001} An increase in hexosamune content after

L)

B 249 el 4B 5o LI Y )
.1 Hexosamine and calcium in human medsal go;
2es. Abscissa age groups. Ordinate hexosamine conrer ras
¢ content (@
100 g dey e faned decaleified tissue and caleium comen(l (3)!!1 e per
N 1100 g dry de fatted tissue
. "‘_':Lni-fru. Yol 11, tasc_ 4,

i
diferent 5,
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Table 1

Hexosamine and caleium in medual aortic trssue at different ages

Hexosaminet)

Number Percentage
Group Aee san(::'-’l:s 4 dry, dry, de fatted, Caterum?) oi‘]::::\(:i
e fatted decalcified
1 0-1 n 1009 1013 +349) 162
2 1-10 4 1046 1051 +67 205 s
3 11-20 12 17 1185 41 225 ’8
4 21-30 7 1201 1215 +56 459 1040
5 31-40 15 1480 1515 +55 929 103
13 41-50 iz 1456 1500 +49 1168 =7
7 51-60 10 1551 1606  £36 1510 »2
8 61-70 10 1530 1618 +60 2086 »1
9 71-80 9 1534 1659 168 3052 3
10 >80 12 1506 1638 +£50 3163 36

grand mean 1400

1) mg per 100 g tissue
2) mg per 100 g dry, de fatted ttssue
3) standard error of the mean

group 5 1s seen distinctly 1n the column showing an allowance for mneral
content, but there 1s no difference if the calcium concentration 1s ignored
Table 1 further shows the calcium content and the percentage increase
with age The percentage Tise of calcium 15 greatest from groups 3to 4
and from groups 4 to 5 (more than 100 per cent}

Fig 2 and table 2 show the amounts of hexosamine and calcium 1n the
medial pulmonary tissue 1n terms of dry, de fatted, decalaified tissue
There 1s a gradual increase 1n the hexosamine content with age, the
difference between group 2 and group 10 15 significant (p < 0001) The
hexosamtne concentrations are lower i the pulmonaty than in the aortic
tissue The calcium values are low, and only after the age of sixty do they
shghtly increase

A comparison 1s made, within the age groups 40-70 years, between the
hexosamune and calcium contents of vessels with and without athero-
sclerosts O the 35 aortae, 15 show fibrous plaques (table 3) The average
hexosamine contents of the two groups are 1dentical The corresponding
average calcrum valtues show that the atherosclerotic samples contain no
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Fig. 2 Hexosacune and ealeram 1n human medal tissue from pulmonary actery at different
ges. Abscissa age groups Ordinate hexosamine content (x) in mg per 100 g dry, de fatted,
decaleified tissue, and calérum content (o) 1n 100 g dry, de fatted hissve

Table 2

Hexosamme and caloium in medaal tussue from
‘pulmonary artery at different ages

| Nomb Herosaminet)
or
Groy Age o
? k 3 sanples ary, | ary, detaed, | S

! de fatted decalcified
l; o1 t 1098 194y
2 1-10 4 9713 1531 188
H 1n-20 7 924 x36 152
s N30 7 1046 =73 172
P S A B 18 352 233
§ 1 a0 12 w343 258
: 1-50 10 110 =53 22
H 61-70 10 P23 xe0 37
ke 7180 5 1400 x56 357

>%0 n | 1401 143 538

grand mean 1166
3 SEber 100 tupue

g dry, de fatted
B Bandard erior of the mean "
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Table |
Hexosamune and calctum in medial 20rtC tissue at different ages
—_—
Hexosaminet)
Group Age Nu:‘fb" ! 2 Fecentage
samples dry, dry de fatted, Calerum?) ocrlg]ahon
de fatted decalerfied cum
1 0-1 1 1009 1013 +343) 162
2 1-10 4 1046 1051 +67 205 s
98
3 11-20 iz 170 1185 41 225
104
4 21-30 7 1201 1215 456 459 o
1023
5 3140 15 1480 1515 %55 929
257
6 41-50 12 1456 1500  +49 1168
292
7 51-60 10 1551 1606  +36 1510
381
8 61-70 10 1530 1618 160 2086
463
71-80 9 1534 1659 168 3052
36
10 >80 12 1506 1633 +50 3163

grand mean 1400

1) mg per 100 g tissue
2) mg per 100 g dry de fatted tissue
3} standard error of the mean

group 5 1s seen distinctly in the column showing an allowance for mineral
content, but there 1s no difference 1f the calcrum concentration 1s 1gnored
Table 1 further shows the calcrum content and the percentage mncrease
with age The percentage nise of calcium 1s greatest from groups 3 to 4
and from groups 4 to 5 (more than 100 per cent)

Fig 2 and table 2 show the amounts of hexosamine and calcrum 1n the
medial pulmonary tissue m terms of dry, de fatted, decalcified tissue
There 1s a gradual increase mn the hexosamine content with age, the
difference between group 2 and group 10 s significant (p < 0 001) The
hexosamune concentrations are lower 1n the pulmonary than in the aortic
tissue The calerum values are low, and only after the age of sixty do they
slightly increase

A comparison 1s made, withir the age groups 40-70 years, between the
hexosanune and calelum contents of vessels with and without athero
sclerosis Of the 35 aortae, 15 show fibrous plaques (table 3} The average
hexosanune contents of the two groups are rdentical The corresponding
average calcium values show that the atherosclerotic samples contan no
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Fig 3 Hydroxyproline in medsal tissue of human
#a0ria (@) and pulmonary artery (x) Abscissa age Ordinate hydroxyproline
10 mg per 100 g dry, de fatted, decalcified tissue

Discussion

The first biochemucal investigation on 1solated human medial tissue was
conducted by WEINHOUSE ef al (1940) They found that the caleium
content of medial aortic tissue ncreases with age (from 0 294 1 chuldren
1o about 3% of dry, de fatted tissue after the Sth-6th decades) The
authors found that the increase of calcium 1n the media seems to indicate
2 normat phystological process having no relation with the degree of
atherosclerosis of the mtima

Biornsson (1942) showed that the Joganthm of the calctum content of
the aortic wall nises linearly with age The analyses were carried out on
ntimal medial tissue, and no agreement was found between the degree of
Atherosclerosis and the content of calcium.

In 2 biochemucal 1nvestigation MYERs et al (1946) found a fise 1n the
content of collagen after the fourth decade The analyses were performed
on inttmal medial tissue from the thoracie aortae

FARER (1949) found an mncreasing content of total sulphate with
advancing years The percentage sulphate concentration s at least as
T'E“ % servle 2omae as i younger ones, and the author concluded that

the active part™ of the vessel shows a nsing percentage of sulphate with

advanaing a5 The author assumed that the total amount of sulphate
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Table 3

Hexosamine and calcium 1n medial tissue, partly in aortae with
normal gross appearance or shght sclerosis (degree 0-1), and partly 1n atherosclerotic
aortae (degree 2-4) the ages ranged from 40 to 70 years

none or shght moderate or severe
atherosclerosis (0-1) atherosclerosts (2-4)
age hexosamune!)l  calcium?) age hexosamunel)|  caleium?)

40 1563 866 41 1558 1938
40 1594 1003 46 1784 798
40 1577 1363 49 1536 1345
41 1399 616 49 1451 912
44 1534 502 50 1421 1186
46 1382 1368 57 1740 1300
47 1806 1915 58 1550 1140
47 1227 1003 63 1260 289
48 1342 1414 65 1622 2303
48 1569 1026 65 1667 1573
51 1528 1847 66 1555 2166
52 1665 1459 66 1626 2234
54 1693 844 67 1743 3648
55 1473 2212 69 1375 1003
58 1816 1140 70 1763 1938
59 1519 2166
59 1574 1049
59 1502 1938 Mean 59 1577 1625
66 1652 1642
69 1919 3466

Mean 51 ' 1567 1442

1} mg per 100 g dry de fatted decalafied tissue
2) mg per 100 g dry de fatted tissue

more calcium than what would be expected from the mean age of the
group

On comparing areas of aortic medial tissue from single individuals, we
found no difference between the calcium content of atherosclerotic areas
and that of areas with normal gross appearance Table 4 shows duplicate

analysis from 10 aortae
Further, the amount of caleium 1s no more 1 the abdomnal aortic

areas than 1n the thoracic aortae (table 5)

Fig 3 shows that the hydroxyproline content of medl aortic and
pulmonary tissue vanes little during Iife The values are calculated for
calcium, and expressed 1n terms of dry, de fatted tissue Conversion to
collagen 15 made by the use of the factor 746 There 1s a shght decrease
the second and third decades The amounts of hydroxyproline in the aortic
tissue are of the same order as those in the pulmonary tissue
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Table 5.

Medical caleium in various aortic sections
(mg per g dry, de fatted tissuc)

i
n
- 78
a 75 a
I3years b 71 50 years l: :lz-‘:
c 32
d 68 d 178
a 71 a 119
dlyears b 68 SSyears b 110
c 63 c 116
d 64 4 123
a 73 a 132
46years b 91 65years b 187
¢ 39 c 20t
4 146 d 173
2 62 a 137
49years b 90 6 years b 148
< 116 © 143
d 84 4 144
a 132 a 21y
Yyers b 17 83ycars b 292
c 141 c 287
d 132 d 291

") 2 arch of the aorta
b uppermost part of the thoracic aorta
¢ lowest part of the thoracsc aorta
d abdomimnal aorta

media) no changes in the h and acid-hydrolysable sulpk
Content with age In the pulmonary arteries they found no changes in the
hevosamune  concentration with age, whereas the acid-hydrolysable
sulphate content was found to be bigher m individuals aged 50-79 years
than n younger subjects All the values were expressed 1n relation to
Rot de fatted wet tissue

BUDDECKE (1958 a, b), 1n chermeal analyses of extracts from thoracic
2oric sections (mtima-media) with normal gross appearance, found a
telative decrease 1n elastic tissue with 2ge, an increase 1n the hexosamine
content and no change 1n the collagen with agemng All values were
expressed m terms of dry de fatted weight Further, separate analyses

showed an increase 1n the ratio glucosamine/galactosamine within the
general increase of hexosamune

In a chemycal anal
human aortae,

lysis of atheroma-free sections (intima-med1a) from
KANABROCKI ¢f al (1960) showed that the collagen level

ly with ad g years (about 20% of
dry tissue), whereas the catcum content gradually rose with age (007%
m chuldren to 084% 1n the age group 60-69 years, expressed n terms
of dry tissuc)
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Table 4

Calctum 1n the medial aortic trssue {mg p-r
g dry, de fatted tissue)
corresponding to intimal areas with normal gro}s’s appe’:’:};'ancc (A) or Wllh)ﬁbrous
plaques (B) Duplicate analysis from ten aortae

Age A B Age A ’ B
33 years g; 98 ;’ 81 years ggg g:g
® - is2 | 133 IR O 4
9 - 51 He w - | B
% - 32 %7 5 B | ke
o - Ne | B3 ” - ne | M5

the tissue 1s derived from the sulphuric esters of carbohydrate (heparn,
chondroitin-sulphuric acids) Further, FABer & Lunp (1949) found that
hypertension causes a greater rise 1n the calcium of aortic tssue (intima
media) than would be expected from the age of the subject

KuziN & GLADYSHEV (1950) deterruned the hexosamune content of
human aortae on four samples derived from individuals 16 to 58 years of
age The average hexosamune concentrations in intima, meda and
adventitia were 1 34, 1 23, and 0 66 % of dry weight respectively

LANSING ef al (1950), using 0 1 N-NaOH extracted elastin from human
medial aortic tissue of various ages The authors mentioned that artersal
elastic tissue develops an affimity for calcium with age, this calcrum being
deposited 1n or on the elastic tissue and consisting of apatite hike crystals
The results show that there 1s hardly any calcrum n juvenile elastin
(0 3-0 5%), but a steady increase 1n the calcrum amount after 20 years of
age, continuing to maxtmum levels in the fifth and sixth decades of life
(6 7% calcium m dry elastin)

Further, LANSING and collaborators found that the change with age of
the amount of calcium content 1n the medial elastin of the pulmonary
artery 15 negligible compared with that for the aorta

Buck (1951), too, found an increase 1n the percentage content of calerum
with age The analysis was performed on intimal medial tssue, although
the concentration of mineral mn the atherosclerotic portions of aorta was
s]gmﬁcantly higher than that in normal portions, the increase associated
with atherosclerosts 1s slight compared with that assocrated with ageing
The ratio of calcrum to phosphorus 1s symilar to that found 1 bone

Kizk & DYRBYE (1956) found m a large group of aortae (intima
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Table 5

Medical caleum in various aortic sections
(mg per g dry, de fatted tissue)

1) [
a2 75 a 78
3yeas b 71 S0years b 119
c 82 c 121
a4 63 d 178
a 71 a 119
Myears b 63 Ssyears b 110
© 68 c 116
d 64 d 123
a 73 a 132
Abyears b 91 66years b 187
¢ B89 ¢ 201
a 146 d 173
a 62 a 137
49years b 90 76 years b 148
€ 16 t s
4 34 d 144
a 132 z 219
49years b 137 $3years b 292
t 141 ¢ 287
d 132 d 292

2 acch of the sorta
b uppermost part of the thoractc 20rta

© lowest part of the thoracic aorta
@ abdomunal aorta

media) no changes 1n the hexosamimne and acid hydrolysable sulphate
content with age In the pulmonary arteries they found no changes 1n the
hevosamune concentration with age, whereas the acid hydrolysable
sulphate content was found to be higher m idividuals aged 50-79 years
than 1o younger subjects All the values were expressed 1n relation to
not de fatted wet tissue

Buobecke (1958 a, b), 1 chermucal analyses of extracts from thoracic
2otlie sections (intima media) with normal Bross appearance, found a
relative decrease tm elastic tissue with age, an increase in the hexosamme
content and no change 1n the collagen with ageing Al values were
cxpressed an terms of dry de fatted weight Further, separate analyses

showed an 1ncrease 1n the ratio glucosamune/galactosamine within the
generalancrease of hexosamne

hum 2 chemucal analysis of atheroma free sections (intuma-media) from
rt:;ﬂ Q::loﬂac. KANABROCKI ¢f al (1960) showed that the collagen level
ary !::15 ly with ad g years (about 20% of
" Chx!dt:)‘ :\h;r;as the calcium content gradually rose with age (0079

T to S
of dry oy 47 1n the age group 60-69 years, expressed 1n terms
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KAPLAN & MEYER (1960) 1solated acid mucopolysaccharides from 33
aortae (intima medza) and, among other things, charactenized the com
pounds by analysis They found no vanation 1n the relative content of
hexosamune, and the ratio glucosamine/galactosamine showed no signuf
1cant change with age

The results presented here are m good accordance with previous
biochemical and Mstochemical findings (BERTELSEN & JENSEN (1960),
BERTELSEN (1960), BERTELSEN (1961), BERTELSEN & MARCKER 1961))

The hexosamine contents of the matetyals exarmuned were hugher than
those found by Kirk & DYRBYE (1956) they expressed their hexosamine
values 1n relation to both wet and dry caleareous tissue contarning lipord,
which explans the lower concentrations of hexosamine found by them,
especially it the elder mdrviduals

The hexosamine values of KUZIN et al (1950) are 1n good accordance
with the results presented here The results of BUupDECKE (1958 a, b)
showed small concentrations of hexosamine compared with these, even
though their results are expressed n terms of dry, de fatted weight
KAPLAN et al (1960) did not mention the total hexosamine concentrations
found by them

The hydroxyproline content found 15 1n good accordance with the
results of BUDDECKE (1958) and KANABROGRI (1960) whereas the collagen
concentrations 1n the report of MYERS er al (1947) were lower This
discrepancy may well be explained by the non specific methods used for
collagen determunation before 1950

The calcium values 1n the reports of WrNHOUSE ef al (1940) BIORNS
SON (1942), Buck (1951) and LANSING (1950) agree with those reported
here, whereas the calcrum concentrations found by KANABROCKI (1960)
were low compared with those found by the authors mentioned

The hexosamine values reported here represent the acid as well as the
neutral carbohydrates In a previous Investigation BERTELSEN (1960)
showed that the increase 1n the hexosamine content with advancing age
1s attributable to an increase mn the acid as well as in the neutral muco
polysacchanides It was further shown that the percentage increase 1n
hexosamune content of the acid fraction was considerably greater than
that mn the hexosamine content of the neutral fraction

Summary.
Hexosarmne and hydroxyproline analyses have been performed on

1 aortic and pulmonary tissue
mi{ll;‘values are expressed 1n terms of dry de fatted decalcified tissue
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Tnaorta as well as pulmonary artery an increase i hexosamine concen-
tration was seen with age, whereas the hydroxyproline content was
relatnvely constant

The hexosamine concentration 1n media was unrelated to the degree
of sclerosts of the overlying ntimal tissue

A bigincrease 1n calenum content of the medial aoruce tissue was found,
but the increase of calcium was shown also to be unrelated to the degree of
atherosclerosis of the overlying mntima

Ia the pulmonary artery the calcium content was low and relatively
ndependent of age
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From the Department of Pharmacology, Unnersity of Copenhagen
(Professor Knud O Maller, M D )

The Action of Hydroaminacrine and some other Acridine
Compounds on Isolated Guinea-Pig Neun.
By

J. Jensen-Holm, K, Stubbe Teglhjerg and W. Hougs,
(Receved September 7, 1961)

Hydroammacrine (1,2,3,4-tetrahydro-9-ammo-acridin chlonidumy was
prepared by ALBERT & BLEDHILL (1945) as one of a series of compounds
whose bacteriostatic properties were tested by ALBERT er al (1945)
(The constitutional formula 15 given below, the atoms numbered to
conform with the Ring Index) The drug was found to possess no bacterio-
static action Large doses of hydroaminacrine may provoke convulsions
in dogs These have not been described m man or other animals given
corresponding doses SHAW & BENTLEY (1949) proposed to use hydro
anunacrine as a morplune antagonist, since 1t counteracts the respiratory
depresston (STONE, MOON & SHAw 1961) It has, further, been found to
stimulate the resprration of anaesthetised cats (SHAw 1960, Hougs 1959)
SHaw & BENTLEY (1953) d trated that the sul has a pronovn-
ced ntubttory effect on chohnesterase actwvity w1 witro They found an
wntubition of 50 9y at a concentration of 10-7M GERSHON & SHAW
(1958) therefore attempted the use of hydroanunacrine partly as an an-
tagonust ta (+)-tubocurarine and to gallamonwum and partly along with
sukamethonwm, whose action thereby was greatly extended Further,
they observed that the drug wmtenstfied the action of acetylcholne on
ssolated 1ntestine (guimea-pig, rat) and that 1t could produce contractions
of ssolated gumea-pig uterus, whereas st infubited the action of added
acetylcholine on 1solated frog heart Morgover the drug was found to
possess a weak antifustamimic action, though only at a concentration
of 10-3M or lugher

Hydroammacrine differs m chencal configuration from the commonly
used anticholinesterases (¢ g physastignune and neostigmnie) Thus 15 one
reason why we have examined the action of the drug on isolated gumea-

Vs
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pig tleun and compared 1t with those of some other acnidine compounds
(acndine, 9 ammo-acridme, euflavine and mepacrine) We have also
studied the effect of hydroaminacrine 1n the presence of neuromuscular
blocking agents ((+) tubocurarine, gallamonium, decamethomum and
suxamethonium)

Technique

Male guinea pigs were killed by a blow on the neck and bled after
decapitation

The eum was removed and srmgated with the solution described below which was
used n the cell A 4-5 cm long intestinal section, with no grossly visible Payr’s
Plaques, was suspended 1n the cell with the heating device described by SECHER (1950}
Touching the intestine was avoided The intestine was fixed above to 2 frontal recorder

0 equibrtum with 09 g pving suitably large deflections, which were recorded
ymographically

Compositson of the solution

NaCl 800g
Kc 020g
CaCl, 020g
NaHCO; 122¢
MgCl; 6H,0 01og
glucose 100g

redistilled water to 1000 ml

The solution was acrated with carboxygenum (Ph Dan 1948, Add 1956) con-
taining 4% CO, and 963 O; On the basis of this CO; tension and in order to obtaim
apHof 733 a1 a bath temperature of 37°C{-+0° 2), the concestration of NaHCO, was
cakulated at 122 g1 by using the table of AHLGREEN (1930) The volume of flud m
the chamber was 25 ml1n all the e sub: used 1n the
were added 1n sofution by means of constricion pipettes 1o volumes that never
exceeded 05 ml (50-500 ul) Change of flud after each indvidual experimental
"“’;N’ was performed by emptying and refillng with previously heated fimd three
m‘vurnhmc: through a glass fube leading from the bottom of the cell
m:x ; ‘l‘l:ltmpl 10 dearde whether hydroamunacnine as such possesses cholinergic

BRY

.also used the flwd described above but without added elucose Rirow

v o .
XN . . .

. " .
Cosugiiune (Rixex 1953 et
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I The Substances Used)

VI A o .
H "I T "' L T ,234-tetrahydro 9 anmno-acridine
o npe chlonde (BP) = 5 amino-

acndine chioride BP =~ 9 anuno-acnidime chionide,
o e chlor ride, Chem Abstract) Laght & Co

3) Aenidwne, Th Schuchardt, Chem Fabnk, Gorlitz, Germany
4) Euflavine (Ph Dan 1948) (= acriflavine {WHO))
$5) Mepacrine chloride (Ph Dan 1948)

1 Newromusentar Blocking Agents
1} Suxamethone 1odide (euracnt ®) (= succinylcholine sodide )
2) Decamethone rodide (synzcur @)
3) Gallamone 10dide (NFN) (= flaxedt ®) (= gallamine triethodide WHO)
4) Tubucurarine chlonde (NFN)

Hf Orher Compounds
1) Acetylcholine 10dide Hoffimann La Roche and Co Lid
2) Histanune chloride (PR D)
3 Mepyramne mateate (Ph D}
4} Neostigmine brooude (Ph D)
5) Atropme sulfate (Ph D)

Results

A) Action of Hydroammacrine

1} Glucose contanung find Doses befow ! pg per 25 nuihiires of totat
volume gave only shight or no contraction of the mtestine Within the
range of 1 to 10 pg (corresponding to 2 x 10~7 0 2 x 10~4M) we found
w 20 separate experrments that contractton mcreased with nising doses
The maxomum effect was attaned within the range of 1-4 yg, larger doses
had httle addihonal effect, as shown n fig 1 the rate of contraction
depended on the concentration, betng slow at doses under 2 pg, with
larger doses giving instantaneous contraction The external fongutudinal
muscles were the first to contract The time elapsing before perstalsis se1
w was shorter the hugher the concentration After a very large dose the
effects on the twa layers of muscles occurred almost simultancousty

2) Glucose free fnd Addition of 1 ug {132 x 10 M) neostigmmne
Hromude promptly caused pronounced contraction Addition of glucose,
25 mg (s 500 pb), to the fluid, to give the useal concentration of glucose,
namely ! g/l, produced no further changes With hydroamnacrine m
doses of 1 to 10 pg no contraction occurred 1n glucose free solution,
whereas instantaneous contraction and peristalsis were seen after addition

of glucose, as already stated

1y Numbers theoughout conform with the Rag Index
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20
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i 2 8§ 4 5 6 7 8 9 10 ug
hydroaminacrine

Fig 1 Isolated 1leum from guinea prgs was suspended n a 25 mi cell 1n the modified

Tyrode Locke s solution described. Different doses of bydroaminacrine were added, and

the were recorde The reactions were measured in millt

metres and related to millimetre reactions obtained with | ug acetylcholine 1odide Ordinate

Wisratio Absissa g bydroammacnine chlatide1n 25 ml Above a dose of S ug (= 1076 M)
gave no appreciably increased contraction

B) Hydroanunacrine w the Presence of Other Drugs

1) Pretreatment with atropne (1-5 pg) for a few minutes prevented
shortening of the intestine after addition of hydroammacrine However,
M our experiments atroptne seemed not to prevent peristaltic movements
This may have been due to too short a period of pretreatment

Additton of atropme after contraction reduced the deflection to the
starting level or shightly below thus

2) Pretreatment with mepyramine (5 pg), which prevents even faurly
large doses of hustamne from producmg contraction, had no infleence
on the contraction caused by hydroaminacrine Yet large doses of
Tepyramine (100 pg) could temporarilv reduce a deflection due to hydro-
aminacrine, whereas pretreatment with such large doses did not diminush
the tontraction due to hydroamiacrine

3 Acenylehohne and hydroammnacrine. We found a synergistic action
m:{i‘)k\\o\me on hydroaminacrine (of an additive nature m the experi-
— i}mdcr review) In one experiment 1 pg acetylcholme gave a deflec~

°f 32 mm and 10 pg hydroaminacrine gase one of 44 mm Smul-

A:::n-..ﬂ glea, vot 11, tasc 4

. N »
Rl

of



374 J JENSEN HOLM, K. TEGLBJERG AND W HOUGS

taneous addstion of 1 pg acetylcholine and 10 bg hydroaminacrime gave a
deflection of about 73 mm

4) Neosug and hydr rine These two drugs were also found
to show synergism Thus, tn ong experiment a deflection of 50 mm %as
seen n response to 1 pg neostigmine and of 82 mm mn response to 0u
hydroaminacrine, whereas half of these doses together gave a deflection of
85 mm

C) Effects of Other Acridines

1) Acridite Doses rangang from 10 to 130 pg produced no contraction
of the mntestine Lower concentrations caused lenghthening  However,
pretreatment with acridine (32 pg) mtensified the action of acetyicholme
(1 ng

2) 9-Annno-acridine Doses of 10 ug produced moderate contraction
Thus, however, was brought about at a much slower rate than after the
same dose of hydroanunacrine, indicating that 9-ammo acridme has a
much weaker action

3) Euflasine

10 pg gave a deflection of 33 mm

40~ - - - - 18 -

80 -~ - - ~ - 10 ~
Pretreatment of the intestine with 80 pg intensified the action of 1 ug
acetylcholine

4) Mepacrine
10-30 pg gave hittle contraction
50100 pg relaxed the resting position
50-100 pg reduced reactions to hydroaminacrine
100 g completely suppressed reaction to 10 pg hydro-amina-
crine
50-100 pg reduced reactions 1o acetylcholine

D) Interaction of Hdroanunacrine and some
Neuromuscular Block g Agents

1) (+)-Tubocurarine (+) tubocurarine afone relaxed the stestine
doses from 5 to 20 mg Thss relaxation was wtensified by hydroanuna
crme (10 pg) It may be added that 3 ug acetylchohne abolished the
mtestinal relaxation produced by 12 mg tubocurarme

2} Gallamonuun 12 mg gallamonium effected slight contraction of the
intestine, Which was increased by adding hydroaminacrime

3) Decamethonium 400~600 pg decamethonmm caused contractson
of the same order as did 10 pg hydroammacrine In one experiment we
found that 300 yg decamethomum plus 5 pg hydroamuacrine gave a
reaction cosresponding o that obtamed with 10 pg hydroammacrine
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4) Suxamethonsmt Doses of 10 mg produced contraction of the same
order as did 1 g acetylcholine Doses of 5 mg suxamethomum plus 5 pg
hydroammacrine caused the mtestine to contract to the same ejxtent as
dd 10 mg or 10 pg bydr e This a
synergistic action

Discussion

In the experments conducted with 1solated guinea pig ileun suspended
m the Tyrode Locke s solution modified as stated addition of hydro
amnacnine was shown to produce contraction of the imnfestine The
nature of thus was investigated in our experiments The contraction can
evidently be expl: d by an hol activity stmular to that of
Physostigmine

Production of the contractions reported depends on among other
tunes the presence of glucose in the solution Thus 15 evidence to suggest
that hydroanunacrine 1n atself has no influence on the receptors like
physostigmine (BURN 1952) but unlike neostigmine (RIKER 1953)

Suaw & BewTLEY (1953) studied the cholmesterase activity and found
110 be mhibited 509 at a hydroamnacrine concentration of 10 7 M
JENEN Houne {1959) by titnmetric estimation (JENSEN Houm LAUSEN
Miters & Mot Ler 1959) at a molar concentration of 4 X 10 7 found
0% miubition (diluted whole blood 38°C acetylcholine as substrate at
4 concentratron of 4 x 10 3 M} The concentrations used in the exper:
ments reported 1 10 pg hydroammactine per 25 mulliitres correspond
102410 702 x 10 6 M On the basis of these numerical values we are
probably justified in regarding the effect of hydroamnacrine as due solely
10 anqchy action on the nt

Asstated we found asynergisuc action of hydroaminacrine by neostig
mine About ten times as much hydroaminacrine as neostigmne (by weight)
STequired to produce the same intestinal contraction Both drugs also
Provohe contraction of the circular muscle fibres (peristaltic movements)

O%ever wath 1he equvalent doses mentioned peristalsis was released
Promptly by hydroammacrine whereas with neostigmine there was an
henal of a few seconds This stggests that neostigmine a quaternary
:‘;‘K"’n!“m compound diffuses at a slower fate through the intestinal

After having found a synergisiC action between hydroammacnine and
3etyicholine we also stu

died the mteraction of hydroaminacrine aad
T‘;‘?‘p:xt ‘We noticed that pretreatment with atropme prevented reaction
Sroamnactne Likewsse a contraction caused by the drug could be

29
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abolished by adding atropme Thesc results are further evidence to suggest
that the effect of hydroamacrine 1s mediated by acetylcholme

To establish that hydroamimacrine does not hberate histamine,
we have shown that pretreatment with mepyramune (5 g} has no effect
on the action of hydroaminacrine

Hydroammacrme and Neuronmuscular Blocking Agents

Four different ncuromuscular bloching agents were used For their
action on the intestne they may be divided 1nto two groups one ((+)
tubocurarine) relaxes the intestine (MCINTYRE 1947), whereas the other
(gallamonium, decamethonium and suxamethonium) brings about a
more or less pronounced contraction of the intestine We 1nvartably found
that hydroamnacrine intensified these actions, having mcreased the
relaxing effect of (+)-tubocurarine and acted synergsticaily with gallamoni-
um, decamethonium and suxamethontum The finding of a weak contracting
cffect of gallamonium on ssolated intestine 1s inconsistent with the results
of expertments conducted by Hougs & JoHANsEN (1957), in which no
effect was noticed under simular experimental conditions

We cannot explain why (+) tubocurarine and gallamomum have
oppostte actions on the mtestine The two drugs are commonly believed
to possess rdentical mechamisms of action on striated muscle through
neuromuscular transmusston  Note, however, that the concentrations
required of these drugs to produce an effect on the ntestine are consider-
ably higher than those usually employed chmically Nether 1s 1t possible
to explain why hydroamimacrine mtenstfies the relaxing effect of one drug
and the contracting cffect of the other Addition of acetylcholine
smtable doses can abolish the action of (4)-tubocurarine The concentra
tion of acetylcholine brought about by hydroaminacrine thus seems not to
be raised sufficiently

On the other hand, the synergistic action of decamethonium orsuxa
methonium on ntestinal contraction can be explained by the acetylchol-
ne-protecting action of hydroamnacrine

Hydroanunacrme, Acridme and Other Acridine Dernatnes

As the ch 1 figuration of hydre rine differs essentially
from that of neostigmune, for example, we compared the drug with other
acridines for therr actions on 1solated infestine, to discover if they act
specifically on the spluncters

pAcndme caused no contraction of the mtestine, though 1t could 1n-

the action of acetylcholine (acridime 1s a weak anticholinesterase
9 ammo-acridine produced contraction

tensify
(AUGUSTINSSON 1948)) However,
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1n doses about ten times larger than those of hydroamnacrme In other
words, 1t appears that the compound must contain an amino group 10 be
2ble to cause contraction of mntestnal muscles The drugs used can, how-
ever, gne no information as to the significance of the location of the
amno group

Euflavine with two amino groups, behaved somewhat differently At
low congentratrons 1t produced a contrachion, which could be reduced by
wereasing the dose As stated above, acridine at low concentrations may
bave a relaxing effect on the mtestine With euflavine, 1t may therefore be
possible that at low concentrations the amino acridme actson (contrac
tion) predominates, whereas at lugher concentrations the acridine action
(relaving) 1s the more pronounced

umlarly, 1t was seen, to an even more pronounced degree, 1 the

experiments with mepacrine, that small doses gave shght contraction,
whereas larger doses even relaxed the resting position, and also caused
reactions due to holine or hyd: e to be reduced With
farly large doses the action must therefore be of an atropine-like character

Summary,

The action of hydroamnacrine (1,2,3,4-tetra hydro 9 amino-acridine
chlonde) onysolated guinea pigileum has been studied The drug produced
cont of a nature explanable on the basis of an anticholinesterase
action corresponding to that provoked by physosttigmine Hydroamina-
cnne as such had no effect on the receptors Atropme counteracted the
action of iy ne, whereas mepy was found to be wactive

The action of the drug 1 the presence of neuromuscular blocking
agents was also mvestigated It was found to intensify the actions
of {(+)whocurarine (relaxing) as well as gallamonium, decamethonym
and suxamethomum (cantracting)

Further, the actions of other acrdines acndine, 9 amino acndipe,
eoflavine and mep , Wwere d iy 9 amino acnidme
produced the same reactions as hydroaminacrine, but acridine, euflavipe

ang mepacrine did not This suggests that the presence of an amune group
;:?udl:; location are both of fundamental mmportance for the effects
11
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From the Department of Pharmacology, University of Copenhagen
(Professor Knud O Moller, M D)

The Cholmesterase Activity, alone and in the Presence of
Inhbitors, at low Substrate Concentrations
By

J Jensen-Holm
(Recewved November 13 1961}

It1s well known that the values obtained analyticaily for cholmeste

rase
actiity depead on the
fic chol

of acetylchol ployed The
dochol

P (= pseudc = plasma chol;

rasc = butyryl cholinesterase = ChE) shows an increase 1n activity with
nsing substrate concentration within the entire range of possible measure-
ments whereas the specific chol (= *“true” chol =

erythrocyte cholinesterase = AChE) shows maximum hydrolytic activity
between 10 2 and 10 3 M acetylcholine With both nising and falling

substrate 10ns the values d (vide AUGUSTINSSON 1948
and others)

In determimng any particular enzymatic actwvity 1t 1s therefore not only
amatter of interest to know this at some fixed ~ usually a high — substrate
concentration, but even more so0 for purposes of physiological and
pharmacological understanding to know the activity at the acetylcholine
toncentration occurring in sivo Although the phystological concentration
1s unknown, we have tried here to estimate its order (sce further under
discussion) 1t 15 thought to lie closc to 10-6 M at the motor end plate,
aconcentration, in other words, much lower than those usually employed
duning analysis (10 2-10 3 M) Accordngly we find much lower actvity
values Further, 1n the presence of reversible infibutors, used as competi-
tors with acetylcholine, the degree of inhibition will become more and
more pronounced the lower the substrate concentration used for the

< LTh:s 1s a ph well-known to enzymologists, but
somewhat b nd logl In a paper

Y phar ZIsts Al
by BERNHEM & BERNHEN (1936) 1t 15 plainly shown that morphine and
A of [ChE] {

b

d as a pro-
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longed trme of hydrolysis) with decreasing amounts of acetylcholine used,
though measures were made only at substrate concentrations down to
about 9 x 10-# M The same thing has been demonstrated by Kunn &
SURLEs (1938) (down to about 2 x 104 M acetylcholine), cf WricHt &
SABINE (1943) BURGEN (1949) stressed that “Methods of estimation n
common use greatly underestimate the physiological activity of the
reversible cholinesterase hibitors because of the competition with
substrate” He cstablished the truth of this view 1n expermments with
physostigmine (though the lowest acetylcholine concentration was
3 X 10-3 M) AuGUSTINSSON (1948) also touches on the problem from
the standpoint of enzyme Kinetics, but without going into details about
any pharmacological conclusions that might be drawn

To achteve a more thorough physiological knowledge (cf WurzeL 1960)
and a more exact pharmacological and toxtcological understanding of
the enzymatic activity, we have aimed at studymng cholinesterase activity
at substratc concentratrons approaching the phyciological (JENSEN
HoLwm 1960)1)

To work at such low substrate concentrations 1t has been necessary
to modsfy the analytical method in such a way that the normal hydrolytic
process, which s of the first order, 1s altered so as to appear as a process
of zero order, by keeping the substrate concentration at a constant level

Sy mbols wsed

AChE erythrocyte cholinesterase

ChE  plasma cholinesterase

[AChE] Erythrocyte cholinesterase activity 1 pmol per minute per
gram tissue

[ChE] plasma cholinesterase activity in pmol per minute per gram

tissue
ACh  acetylcholine
Cs substrate concentration
pS the negative loganithm of the substrate concentration Cs

General Methods

The basis of the method 1s that described by JENSEN-HoLM, LAUSEN,
MiLTHERS & MOLLER (1959), in which [ChE] was determned by automatic
titration with Radiometer’s “Titrator” and “Titrigraph'

1) In part m the form of a paper read before the Xth Scand Phystol Congress in
Oslo 1960
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The qetriity, which 15 a measure of the ate of hydsolysts, 1§ estunated
at 38°C and pH = 7 40, being expressed as pmol per mupuie per gram
ssue or millilitre of blood It 1s denived from the difference between the
dopes of the curve after and before addition of acetylcholine 1 e Yoad
actity munus blank actwity) Further, correction should usually be made
for non-enzymatically caused substrate hydrolysis

Blank actrsity means spontaneous of indused, non-specific acidliberation or
production, not altered b, the possible presence of acety lcholne(JENSEN-HoLM
etal 1959} Such acid production takes place 1 most tissue homogenates
or blood dilutions It 15 suffictently constant dunng the relatively few
minutes of measnrement Often, however, 1t 15 so large that 1t greatly
tieeeds the speaific acid hiberation (the real cholinesterase actwaty),
especially when the substrate concentration 1s low By keeping the system
292¢robic (bubbling mitcogen through it for 20 munutes and then mam-
tammng an atmosphere of nitrogen 1nt a half-closed system) the sponta-
neous, unspecific acid Liberation can be not only greatly reduced, but also
often converted into a fairly constant basic production As a blank
actmty that 15 erther zero or - preferably ~ shightly base consuming 1s a
techmeal prerequistte for measuning [ChE] 1t has been necessary to be
adle to adjust 1t to such suitable value For this purpose we have con-
structed an infuston apparatus for constant supply of acid (HCl) or
base (NaOH) to the reaction muxture The infusion apparatus can contain
UP 10 s1x glass syninges of different lengths and volumes, from [ to 26 ml

e supply 1ate can be varied continuously by a conical gearing system

Aon Enzymancally Determined Substrate Hydroly sis

At substrate concentrations above 10~4 M correction was made for
"’W non ally caused hydrolysis of acetylcholine At lower
o this was Y, the error ob d by omutting such

rection being practically nil, because the degree of non-enzymatically
caused hydrolysis of substrate at the p ¢ and pH empl
unm ;o;:ry on the amount of substrate used (Jensen-Houwt 1960,
mwc;ﬂc )} In the gnen circumstances 0015% of the amount of

poa mcomdldc Ppresent 1 the reaction mixture s spht per minute
subslmf}:o 1 g dram (gumea pig) 12 100 mi of reaction mixeure at a

neentration of 10 5
or 01 pmoljmm /01 o M gave a normal actwity of 1 pmoljmus fg,

¢ The nen-enzymatically determined

byd; J Y ermuned substrate
L:. i‘i‘i‘.“ 0915:/‘: ~2000015 pmolfmun The error due to pm seenn
v o

T ' :

s poymin 0§ g equivalent to 5 ang 4852,
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respectrvely, of the corresponding normal value, 15 of no significance
practice, particularly since the error lies within the limts of experimental
accuracy

Measurement of Normal [ChF) at Low Substrate Concentrations

With substrate concentrations below 104 M, mantenance of a con
stant substrate concentration 1s required to permit measurement of the
slope of the curve with sufficient accuracy This was done by replacing
the single syringe burette belonging to the titigraph by a Tm Assembly
DS 60083 carrying two simultaneously working Agla Syrge burettes
mstead of the previous one (The Twin Assembly was developed by JEN-
SEN-HOLM 1n collaboration with Radiometer), see fig 1

Syringe
burette

vy J

Twin assemply

Tw 0 assembly for S8U 1
Type D5 60081

* € ©a¢ 1 yype DS 60083 which
1 by a common micro
The change of volume
’ ¢ screw (corresponding
b raph passes) 15 500 u!
1

aesy o
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One syrnge contains Na0H for titration and the other acetylcholine
10dide of 2 strength equimolar 1n base content Assumung that the blank
activity s adjusted to zero or nearly 50,1t 15 possible to maitain a constant
substrate concentration for a sufficiently tong time The titration curve
then changes from a markedly curved course to one that 1s either rectilint-
ear or shightly curved one way of the other The tangent ndicates the
slope at the starting pomnt In this way 2 process of the first order 1s
comerted 1nto one that appeats to be of zero order

By using a sufficiently large total volume of reaction muxture (up to
250 mi) and thorough magnet stirmng 1t was posstble to work at substrate
concentrations as low as 2 x 106 M

The concentration of the base and acetylcholine 1n the solutions 1n the
Agla Syninges was usually 5-10 mM The strength of the base ts deter-
muned by titrating with potassium hydrogen tartrate by means of the
tungraph either to a fixed “endpoint™ or by plotting the titration curve

Results.
A Normal Cholinesterase Actintys

The results are shown for three different normal tissues, haemolysate,
plasma (human) and gumnea pig bram We worked with low tissue
concentrations 1n 2 solution of 0 9% NaClin freshly redistilled water

V' Haemolysate from Human

Three times washed and haemolysed erythrocytes were used at a

concentration of 1/6% (¢ g | ml of 25% haemolysate to 150 ml of
feaction muxture)

The results are shown n fig 2
The hydrolysis curve shows maximum hydrolysis at 10-2 M of substrate
lrl Tuns a bsll shaped course (cf AUGUSTINSsoN 1948} Loganthmuc values
\m; the the abscissa 1 the ordinate
alues are also expressed loganthmycally (upper curve), the pomnts of
H;ilcmon must he at pS = 4,0 —38and 19 ~ 1 7 {~ = pK; and pK,
lof‘;:fsgl\w‘f \9:8)). and the loganthmuc courses to the left and night
regmes s‘:onmsr o ‘:n ection seem to be linear The numernical coefficients of
e are, however, not absolutely dentical On the left the activity
omes 5 1 times lower with each ten fold reduction 1n substrate con-

cenmtration on the night one the
actsvit
ten fold nise 1n substrate concentration Y desteases 39 mes vt ench
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[4cA€l e " log {AChE]
5 R
ol
5
o
&
& 4 k] 2 . o5

Fig 2 Erythrocyte choltnesierase
The abscissa 1s the negatve | h: he

maximum is at pS == 2 86

The fact that the logarthmuc courses to the left and night of the points
of imflection are hinear seems of particular wmterest at Jow substrate con-
centrations, because this offers the possibihty of extrapolating activity
values at substrate concentrations so low that they do not allow of direct
measurement

2 Human Plasma

Plasma from fresh hepariised blood was used (with the lowest hepann
concentration possible) 1n the form of 2 %] plasma in 0 97, NaCl solutton
The results are shown mn fig 3 Asin fig 2, this chartillustrates the course
of the values if both co-ordmnates are expressed logarithmically (upper
cunve) The curve 15 rectihinear up to pS =40 — 38, after which 1t
bends, possibly at a pomt of inflection {t can be calculated from the
coefficients of regresston for the linear course that the activity decreases
69 tsmes with each ten-fold reduction i substrate concentration
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log{cht]
14

N S 2

& £ k4 2

-5
Fig 3 Plasma Cholinesterase
Plasma from human blood (from the same sample as used for the analyss hsstrated
mfig 2)
e

x©
@

501 ¢ kind of point of snfiection as in fig 2

3 Homogenate of Guinea Pig Bram
The cercbrum and d phalon were h d at 0° 1n 2 homo-

genuser made by Measuning & Scientific Equipment Ltd {MSE Cat
no 7700) The ussue concentration used was 1/4%

The results are shown n fig 4 The cune 1s scen to resemble that 1n
fig 2 Within the range stated the curve runs a loganthmically hnear
course with a coefficient of regression corresponding to an actwty that
decreases 6 0 times with each ten fold reduction 1n sul

bstrate concentration
For all three tissues we have 1llustrated (the curves are not shown) the

fesults on the basss of HOFSTEE's (1952) variation of MlCHAELLsJ\lEhTEN's
(1913) equation by plotting the enzyme actiaty (ordinate) agamnst the
enzyme activity divided by the suybst, 101 (ab ) Inno
mstance did this give straight lines {cf AucGustrvssoy 1948,

Woan 1958 , Doxov &
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log[chL)
o

~-{

-2

L 1 -3
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5 —ps *

Fig 4 Brain cholinesterase from guinea pig
The unbroken curves
Lower Ordinate brain ch activity 1n pmol/min /g brain ussue
Abscissa negative hm of (- S
Upper Ordinate the same expressed loganithmically
Abscissa pS
The upper curve 1s seen to be Itnear within the range stated
The broken curves illustrate the condittons in the presence of wrea at a concentration
of 1%
‘The upper broken curve appears to be linearat pS — 46 ( 25 x [0 5M)

B: [CHE] in the Presence of Some Inhibitors.

U Reversible Infubitors (sec figs 5 and 6)
a) Physostigmine Salicylate

After adding 0 7 ml of 25 9, human haemolysate to a 0 9% NaCl solu-
tion in redistilled water and making up to a volume of 75 ml the nuxture
was ncubated at 38° for 70 minutes with physostigrmune salicylate at a
concentration of 25 X 10 8 M The substrate concentrations used were
those grven m fig 5 Control values used were those obtamned m a
corresponding series of analyses without physostigmine The tangent of
the curve plotted mmediately after addmng substrate has been taken as
a measure of the total actwity, corrected 1n the usual way for blank
actvity and non enzymatic substrate hydrolysis It 1s scen n fig 5 that
the degree of inhibition rises with falling substrate concentration
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[che) in R oFcontrocs
100,
e £thar
o
Forphwe
2070
£
25— FHrgra0slgmine
250007

—pS %

g 5
Refative residual acuvity after different inhibitors at vanous
substrate concentrations
Abfcusa megatve logarnthm of substrate concentration (— pS)

Ordinate The meas sciivity as e the fing nor-
mal activity 1n che b
'

* 1 physostigmine sahicylate

+ for 70 munutes at neutral reaction before
1 '
* wipiiue concentrauon 10 3N mosphine chtonde
Tretiie A mem bme o w .
™ . . . . .
era
23 . . e s .
T . - .
uo

b) Morphine Chloridet)

/o human haemolysate, diluted to a total volume 0f 25 ae SQml, was
ated with morphine at a con of 1073 M for 10 minstes
338’ Substrate was then added at different concentrations The relative

1ml 25

1) The analysss were carried out by Ti Séuastssos Gn 1960 and ang:
1y placed
"he author & disposal for compansan with the remsining results (cf m..m’yfv‘?‘gsx',‘

e



388 J JENSEN HOLM

log(retatie [chs])
2

15

~—pS5

Fig 6 Results from fig §
& —. fan
[ChE}

nts of

activity displayed greater varation with falling substrate concentration
than occurred with physostigmine

c) Ether

Incubation was performed with pure ether distilled over sodum stored
with added KOH (Struer s Chem Lab) We used | ml of a 20} guinea
pig brain homogenate diluted to a final volume of 75 m! After adjustment
of the blank activity 2 ml of ether were added 1n a closed system with
magnetic stirring  Exactly 120 seconds later substtate was added mn
different amounts The actual concentration of ether was unknown As,
however, the procedure was the same 1n all the analyses the cther concen
trations may be assumed to have been very nearly identical and lower
than 2 6% (v/v) [ChE] as a percentage of corresponding normal values
showed a pronounced dependence on the substrate concentration em
ployed

Fig 5 shows for all three inhubstors that the relative [ChE] decreases
with falling substrate concentrations followed typical brological curves
The lower the specificity of the mhibitor for the cholinesterase, the
greater the dependence on changes 1 substrate conceatration When we
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[AChE) 1 Yo OF COV2érot
100,

2 E] 3 7%
cornc of urea—r
Fig 7 Human haemolysate plus tirca
~ - . 2
= . + v seactty

Lower curve - =383 <106 M

Us ng the same urza concentration a definitely stronger salubiyon 15 obtained af the
fos st substrate cancentration

the ordinate 15 expressed loganithmically (not included here) both curves will run
pproximately rectulinear courses.

xpress the ordinate values loganthmucally (fig 6), we find that the curves
for ether and morphine run linear courses to the left of the points of
wflecion  Hence there must be the possibility of extrapolation to un-
atalysed values at substrate concentrations lower than those shown on
the chart The same 1s possibly true of physostigmune, but the pomt of
wilection at the concentration employed seems to e at about 0sM
Ach
d) Urea

Fig 7 shows the results after incubation with urea, which 1s a weak

ol b H 1

ysate at 2 low concentration was nsed
as substrate tissue, and the two cufves represent the values obtamed at
two different concentrations It 15 clear that the inhibition was most
P d at the lowest Each of the two curves s linear
when the ord are d loganthmugally
Infig 4 (guinca pig bram) the course ss s, n aft
o e P b een alter incubation with 19 o
“r a (lo the cunves plotted 15 hinear up to the point
of inflection, psovided both gxes represent logarsthmie valyes A curve
Asta pRATBACOloglch, vol. 1t (e 4
T —
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showing the remaining actwity (after urea), expressed as percentage of
the corresponding normal actwvity, must therefore also be linear when the
coordmnates are loganthmuic Hence, for a given urea concentration
cxtrapolation 1s possible to the hibition at substrate concentrations too
low to be measured

2 Irreversible Inlubitors

Paroxan!) (0 O-ciethyl-0 p mitrophenyl phosphate) was chosen as
irreversible miubitor Under magnetic stirnng 25% human haemolysate
was ncubated for 3 hours at 38° and neutral reaction with 1/300 pg
paroxan per mulliitre (cf JEnsen-Hoim 1960) After cooling to 02,
haemolysate was taken for analysis (1 ml diluted to 25 ml) Compared
with the corresponding normal values, the degree of mhibition obtamed
was nearly the same, no matter wiuch substrate contration had been used
(from 10-5 M to 4 X 10 3 M ACh), namely, about 50% of the normat
activaty

Discussion.

A Method

It has been shown 1n the work discussed here that introduction of a
Twin Assembly for specially fixing two 1dentical and simultancously
acting syringes makes 1t posstble to operate at even low substrate concen
trattons The hydrolysts of acetylcholine 1s seen graphically as a process
of zero order at high concentrations, because the loss of acetylcholine 15
neghgible At low concentrations on the other hand, the loss 15 of
significance, and the process becomes graphically one of the first order
The mtroduction of the twin syringe burctte, one syringe containng the
titration fluid (base) and the other acetylcholine at equimolar concentra
tions, renders possible farrly exact measurements and the curves wil
appear as 1f the process were of zero order

We have recently found that HEILBRONN (1958) has made use of an
apparatus resembling 1n principle that described above for analyses of
purtfied enzyme preparations However, with blood and tissue homo-
genates employment of the twin syringe burette presupposes that, before
and during the analysis, 1t 15 possible to control the often pronounced
spontancous, unspecific acid or base production, which otherwise may
render analytic measurements of [ChE) impossible In our study we used

a constantly working infusion apparatus with an adjustable rate of ad-

d which 1s chemically pure (about 99°,) was Mndly placed at our
dy l{)s‘::l::;nt-[::::n?;;nk:n Bayer, Leverkusen Germany through Professor W WirTH
15!
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\ance of the piston (lowest rate corresponds to about 3 pfsec and highest
to about 40 pfsec), to obtan an artificial small excess of acid, mam-
festing 1tself as a shght blank activity on the curve The sensitivity of
measuning {ChE) depends on the possibility of keeping the blank activity
both constant and low 1n proportion to the total activity

B Normal Chohinesterase Activity

Figs 2, 3, and 4 show the cholinesterase actvities 1n three normal
tissues It1s true of all these that, when the substrate concentration falls,
the actnity decreases steadily, approaching asymptotically 1o zero At
substrate concentrations below 10 4 M, [ChE], plotted logarithmucally
against pS wall for all three tissues give a straight line, which renders
extrapol. possible The 1on for this 15 further seen in fig 9,
where both axes represent anithmetical values The curve 1s seen to tend
towards 2et0

Plotting the results, obtained by HOFSTEE's (1952) variation of MICHAE-
Us & MENTEN's (1913) equation, for [ChE] (ordinate) agamst [ChE]
divided by Cs (absctssa), it has been shown that straight lines should be
obtaned (cf AUGUSTINSSON 1948, Heisroww 1958) However, such
[C;E] plotted against

Eshould gwe straight lines but did not do so On the other hand,

binear courses were seen nowhere by us Likewise

1 1
log = =
03 s plotted against log R was seen to have a linear course at sub
strate concentrations below about 10 4 M Thisis the sameas sayng that
log {ChE) plotted agatnst pS forms a straight line, because log [C;hE]= -

log {ChE] and log = pS Thus, the enzyme activity does not follow
the equation

[ChE)
Chy = — & Kn + {ChE] (mide Aucustinsson 1948, among
others)
In addition the expenimental investigations haye sho
chol

wn
that at sub 9r erythrocyte

[

above 10 3 M
plotted as ordinate against log [iEh—E] e
- Cs »Bvesastraight line This has been
interpreted as “imhibition by excess of substrate”,
» an mhit
pethaps aleeady bepins to mamfest itself close to the first };lmlml :l’":n:l}::it-

. 30
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| ldens)

I crET

% £ 3

Fig 8 [AChE} and [ChE)
The chart shows the ratio between [AChE] from erythrocytes and [ChE] from plasma
(same human subject Values from figs 2 and 3) related to tising substrate concentration

[AChE]
Drdenate TCRET

Abscissa negative loganithm of substrate concentration (= pS)
The broken Jine indicates the assumed course if there had been no anhibition by excess

of substrate of [AChE)

tion (pK;), where the substrate concentration 1s just over 10~ M The
change taking place here must be due to at least two factors
a) auto-inhibition of substrate,
b) shortest time for the mndividual stages of the whole process and the
chance of contact with a new acetylcholine molecule

Both factors operate for the specific chohnisterase, whereas for the
unspecific enzyme only the latter seems to do so We have tried to de-
monstrate this by plotting the erythrocyte esterase activity devided by
the plasma esterase activity (ordinate) aganst the substrate concen-
tration (logarithmically oo pS), see fig 8 The figure shows that the lower
the substrate concentration, the relatively more effective 1s the erythrocyte
cholinesterase activity The same 1s seen 1n figs 2 and 3, where we find
from the logarithmic course that [AChE} decreases 5 1 times and [ChE]
69 times with each ten fofd reduction 1n substrate concentration How-
ever, 1n relation to the substrate concentration, both activities are rela-

tsvely increased
Fig 8 demonstrates further that the curve bends between pS = 3
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and = 4 If no auto mhibttion existed, the course would probably have
been as mdrcated by the broken Iine The unbroken curve, which repre-
sents the course in fact taken, shows, compared with the broken one, 2n
\ahibitton that becomes more and more pronounced the higher the sub-
strtte concentration This way of illustrating substrate inhibition 15
cetainly somewhat unorthodox and hardly above criticism, but the re-
sult seems convincing In relation ta the present study it must, however,
be regarded as of purely acaderc inferest

C [ChE] in the Presence of Inhibitors

It 15 clear from our results that alterations in substrate concentration
cause no relative changes 1n cholinesterase actvity when wresersible
whibitors are used The degree of mhibition obtamned 1s nearly the same
throughout, irrespective of the substrate concentrafion chosen and irrespec-
iie of the dilunon of any tissue incubated in advance

With reversible mhibifors, on the other hand, the strength of the
substrate ma ly affect the degree of infubition
obtained The results given in fig. 5 show that at pS = 3 4 the mbubition
1snearly the same for all three snhibitors used The sensitivity to alterations
In substrate concentration 1s Ereatest for the mhibitors with the lowest
speasfisty (in this anstance, ether) With physostigmune the changes are
ety farless p 4, though st fi 1t 15 seen from fig 5
that the measured actvity as a p of the cor ding control

actwaty 15 four times greater at pS = 240 than at pS = 527 (30 and
75%, respectively of the control values)

The same applies to urea as to ether, except that urea must be regarded
as an even weaker wmlubitor than ether Some of the results are given 1
Bgs 4,7,and 9 The degree of inhibation obtained depends directly on the
substrate conct At a fixed the inhibittons due to
urea, ether or morphine expressed loganthmeally and plotted agamst
PS gne straight lines 10 the left of the points of inflection of the curves
This renders extrapolation possible The same may also be true of physo-
sugmine

We bave compared the results achieved by Torpa (1943) with those
fecorded above for the expeniments with ether as cholmesterase mlubitar
She worked with an acetylcholine bromude 1on of about
13 <102 M and used 2 modification of the method developed by
Guick (1938) At cther concentrations of 1 § and 3 7% (v/¥) she found 2
fesidual activity of 82 and 759, respectively, of the corresponding
::al‘r:;\a/l\lic ; ;‘: olh‘er “ardcs. there was only a shght‘re(‘i::(ﬁn “;: enzyme

sults apree,
desprte the difference 1in method, with those got by extrapolation DI!';rlhe
o —
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curve mn fig 5 At the same time the results show that conclusions
about conditions and actiity m 16 may be drawn only with care from
the in vifro experiments

As 1s evident from the results, morphune 1s a cholinesterase mhibitor
mamifesting increasing inhibitory action the lower the substrate concentras
tion It 1s difficult to decide whether or not the acute toxtctty of morphine
15 due m part to cholinesterase mlubition {n this connection there may
be same relevance of an mvestigation by Basuror (1901), who m expert-
ments on albino rats showed plamly that atropine n suitable doses (few
mg/hg) can rasse the lethal dose of morphune (M L D), whereas larger
doses have no such effect

1t 1s tmposstble to predict whether a reversible nlubitor will possess
pharmacoogical and toucological functions as a chohnesterase mhibitor
#i vev0, sf the cholinesterase actwvity 1s only determuned at a lngh substrate
concentratton It may be added that any difution of tissue or blood for
the reaction muxture mvolves a corresponding reduction wn snhibitor
concentration The whibition depend closely on the mhbitor concen-
tratson A decreasc of thus means a shift to the left of the equhbrium
E - I EI (E = enzyme and I = mhbitor) As it 1s necessary for the
determmation of {ChE] to operate at low tissue concentrations we must
thetefore proceed by first determining the concentration of the snhibitor
1 the drawn undiluted tissue specimen and then adding mnhubitor to the
reaction mixturc 1n such amounts that the same concentration ts obtaned
in the reaction muxture as 1o the undiluted ussve

In studies on chlorpromazine (JoHANNIsSON & LaUSEN 1961) and
morphine (JOHANNESSON 1962) account was taken of the above facts by
first determiming the inhibitor concentration 1n the tissue speaimen a
ken and then workmg wuth the same concentrafion sn the reaction
maxture Fusther, these workers varted the substrate concentration to
achieve a more exact evaluation of the actions of these drugs as cholme
sterase mhubstors

To determune pharmacologically the action of an mfubrtor it 15 impor
tant to know the substrate concentration existng i vivo physiologealty
or pathologially changed e g by toxic agents These concentrations
are unknown, however, and we have had no opportumty so far to measure
them
According to ACHESON’s (1948) survey of measurements of Iiberated
acetylcholine per end plate or synapse i cat and frog, this 15 abolut
[ 5 % 10-19 pg ACh {base} per smpulse corresponding to 600,000 n’xo e~
cules Waser (1960) 1s of the opion that a certain loss must take place

ds 106 molecules as a more correct value If we take

He therefore regar be § 2 (Waren 104 and the
the nerve surface of the end plate to be 500 u2 (Wa
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Fig 9 Bran from guinea pigSame expenment
as lustrated in fig 4

Ord nate [ChE] 1n pmol/men /g brain tissue

Abseissa The ®M)
anthmetically

Lower curve same espenment 1n presence of urea at a concentration of 1% (w/v)

The figure shows that the normal curve tends towatds zero, a fact supporting the postu
late abous extrapolation {for details see text}

of 1odide  expressed

distance to the telogha about 5 p, we deduce the presence of an open
space of 2500 p? at most The 10n of Ichol b d by
3 single impulse, supposed to be evenly distributed 1n this space, must
thus be not less than 66 ~ 10 7 M, or nearly 10-6 A

STEWART (1952) has measured the concentration of ACh 1n brain
tissue from ammals killed with TEPP (tetracthyl pyrophosphate} and
antmals killed by asphyxia He found 1t to be 4 35 pg/g and 2 69 ngle,
fespectively  This amount, however, according to STEWART includes

bound (precursor) as well as hberated acetylcholine From the former
‘alue the molar on the

has becn caleulated to be 3 x 10 5 A1

In the blood of rats poisoned with parovan (= paraoxon), STEWART
(1952) found between 8 and 30 ng ACh (basc) per millilitre Others
(Douctas & PatoN 1951) have found about 40 ng/ml 1n cats poisoned
with TF_‘PI: mn\'rs.& Durf ‘(1954) in paraoxon poisoned anmmals,
— e - 20 ngfml (dogs), about
words, the values were

p of even distribution,

wre e vodovuie s 1y M
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Thus, there are three values available The Jast one (2 x 10~7 M) must
be regarded as the Jower limt, and the total concentration m bram tssue
(3 % 10-5 M) presumably as the upper lume The first value (about
10-6 M) 1s the probable concentration round the end-plate, or synapse,
though we cannot say to what extent adsorption may mnfluence the
phystological concentration

For the present we must therefore aim at estabhishing the enzyme
activity as closely as possible to 10-6 M ACh Thus 15 important, first,
because the rate of hydrolysis decreases with falling substrate concentra-
tion (at 10-6 M [AChE] constitutes only | 8 per cent of the highest
activity), and, secondly, because i the presence of reversible inhibutors
we obtam a degree of mnhibition that can be far more closely related to
different pharmacological maximal Functions If the physiological concen-
trations ulttmately turn out to be, for mstance, lower than we have here
supposed, & g 10~7 M, 1n ather words, outside our range of measurements,
we shall stsil have a fair chance of extrapolating by means of analyses
1o the cholmesterase activity, both inabsenceand n presence of inhubitors
Thus can be done by employing the logarithmic, finear course demonstra-
ted in our work for low substrate concentrations

For normal values such extrapolation really does seem to give correct
values, as we have tried to illustrate 1n fig, 9,where both axes are arithmet-
scal the line running a curved course tends distinctly towards zero

Summary.

1 A method 1s described for exact measurement of cholinesterase
activity at substrate concentrations down to 10 ¢ M The substrate
concentration tn the reaction muxture 1s kept constant by means of 2
Twin Assembly attached to the titrigraph and carrying two 1dentical glass
synages contatmng tteatton flurd (NaOH) and acetylcholine todide 1n
equimolar concentrations Measurements performed on homogenates of
blood and tissue presuppose thorough control of spontancous, non specific
acidfbase production by means of a special infuston apparatus

2 The sesults of studies on cholmesterase activity 1n normal tissue
are shown At substrate concentrattons below about 10 4 M the activity
curve, plotted agamst the substrate concentration, 1s linear when both
axes are set out logarthrucally The curves have been shown not io

chaehs-Menten's equation
YOI;OVYI;\};edl:;ree of inhibstion after tncubation wath irreversible mhibitors
1s independent of the substrate concentration employed as well as af

subsequent tissue dilution
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4 The degree of intubition after t with 1 ble mhit
depends on the substrate concentration and the sensitity to alterations
1n substrate concentration 1s greater the less specific the inibitor used

5 At substrate concentrations lower than the pomts of inflection
the actrvity curves 1n the presence of 1nhibitors the curves have linear

course when the residual activity (as percentage of the control value) as
well as the sut 10n are d t 1

p logat ty Ths
renders extrapolation possible
6 The physiological concentration of acetylchohne 1s estimated at
about 10-6 M
7 In studying cholinesterase activity 1n absence or presence of mnhibi
tors one should work at low substrate concentrations so as to be able
more correctly to evaluate the physiological enzyme activity and to form

a better quantitative evaluation of the pharmacological action of cholin
¢sterase inhubitors i 1no
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Chlorpromazine as an Inhibitor of Brain Cholinesterases
By

Th, Jéhannesson and H. H. Lausen
{Received September 23 1961)

A side-effect of treatment with chlorpromazine {and many other
phenothtazine derivatives) 1s the development of excitarion, which,
particularly i epileptord individuals, may result in convulsions (FAZERAS
et al 1957) In adults this side-effect 1s generally seen only after admmn-
istersng Jarger doses (400-800 mg daidy), but children seem 10 be con
siderably mote sensitive (SHAw 1960) The extrapyramudal signs and
symptoms predonunate i adults (WiLson & Woop 1955) A considerable
number of patients develop an unmistahable PARKINSON'S SYNDROME
(Mover er of 1955, CoHEN 1955), however, 1his usually subsides within
a few days when treatment 1s discontinued  As a rule chlorpromazmne and
other phenotluazine dernatives have a pronounced sedative actson, being
used 1n the treatment of those conditions, ¢ g Parhmson's disease,
which morbid restlessness and agnation ase the most conspicuous
features Chlorpromazine has therefore been charactensed as a drug with
a paradoxical action (¢f WUTSCHRE 1960) Swmlar paradexical actions
are known for various other drugs (e g antihistamunes, barbsturic acd
dersvatives and reserpine}

Chlorpromazine 1s known to act on numerous enzymic systems, ¢ g
dehydrogenases and cholinesterases The intubrtion of serym cholinester-
ases seems the action to have been most thoroughly mvestgated (cf
VIAUD 1954) GoORDON (1948) found that diethazine a phenatiuazme
decivative, was an mhibrtor of cholmesterase activity 1n plasma Severat
workers (FOURNEL 1950, COURVOISIER ¢f af 1952, MoranD & Gay 1953,
Toprick 1954, Li%ka 1957, Linpaur & Zeriny 1958, Horstee 1960,
Evans 1960) have since confirmed thus observatton for other phenothia-
zine denvatives, among whuch 1s chlorpromazine On the other hand,
Gorpan noticed that drethazine did not wnlubit cholinesterases rat
brams He was supponcd by ToDRICK, who clarmed that ethopropazine
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and promethazine as well as diethazine scem to ‘be specific inubitors of
cholinesterases 1n the ntestinal mucosa, 1 ¢ nhibitors of the so-called
pseudocholinesterases However, these views are inconsistent with the
results of our experiments with chlorpromazme, described below

WutscHke  (1960), sunveying the logy of chlorp
pomts out that 1t and other phenothiazine denvatives seem to be more
toxic to chuldren than to adults Thus, DoNe (1960) has described a case
of severe, though not fatal, poisoning of a 4 year old boy after ingesting
80 mg, at most, of a phenothiazine dernative (prochlorperazine), and
FErGUSON (1957) and ANDREASSEN (1939) have reported cases of two
2dults who attempted swierde by takingabout 4 5 g and 5 g chlorpromazine
and survived In DONE's case there were marked extrapyramdal signs
and symptoms, but 1n the one described below the condition was more hike
that charactenstic of poisoning due to potent cholinesterase wnhibitors,
such as organic phosphorus compounds

Because of a case of fatal chlory 7 i infancy ‘!
by us, we studied the ability of chlorpr to inhibit chol
actity 1n brains The results are discussed and considered n relation to
the so-called paradoxical action of this drug

1. Case Report.

Serral Number 2251 A gurl, aged 11 months, consumed an unknown
amount of chlorpromazine (largactil T tablets) Nearly 12 hours later
faseiculations occurred 1n her eyelids and the muscles of the extremities
(in the case record of the hosputal described as twitchings of all extremities
and eyhds) The fasciculations continued despite treatment with barbi-
tunc acid denivatives and later with atropine and a calcium Ppreparation
At the end she was deeply unconscious and cyanotic she still had fasci-

culations of the eyelids and hand muscles, and death occw
20 hours after intake of the poison red 19 10

i i

at - -
ar

e g R
potent cholinesterase inhibitors, suchase ¢ physostigmine, nitrost
(~ parathion) and other “phosphostigmines” For th'xs e igrune
determined the cholinesterase activity 1n whole blood from ta}:ond we
mfant using 2 modification of MiceL's electrometric method (l:i C:ad
1949) The measured pH change per hour was 095 Ths valy ICHEL
the range found for normal blood 1n thes Department by th e 15 within
©7-1 D Y the same method
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Gastrc contents, hiver tissue and brain tissue were analysed for chlor-
promazine by the method of SaLzMAN & Bropig (1956) In calculating
the concentrations 1 the tissue specimens, allowance was made for the
fact that these authors, aftcr additions 1 vifro, recovered about 90% of
the added amount from most tissues, but only about 4094 from bramn

Employing corrections we found
about 210 pg chlorpromazine chloride per mullilitre of gastric contents,
about 135 ug per gram hiver tissue, and
about 200 g per gram bram tissue

There was no evidence to suggest presence of the comversion product
chlorpromazine-sulphoxide

2. Methods,

The procedure employed for cholinesterase determunation 1s based on
that of Jensen-HorM, LAUSEN, MittHERs & MoLier (1959) However,
varsous modifications of an instrumental nature have made 1t possible to
obtasn rehable results with substeate concentrations several hundred
times lower than those usually employed

A Apparatus

The activity was measured by continuous, automatic titration with
tritrator TTTla and tiurigraph SBR2a/SBUI both manufactured by
RADIOMETER The titrigraph is equipped with Twin Assembly DS 60083
carrying two stmultancously working Agla syringe burettes instead of one
(developed by Jensen-Houd in collaboratton with RADIOMETER) By
means of an infusion apparatus independent of the titrator, other reagents
can be added to the test mixture at a rate that can be kept constant for a
considerable time (JENsen-Howm 1961)

B Reagents

The titrant used was 5 mM NaOH whose strength was controlied by titration of
potassium hydrogen tartrate One Agla syninge contamns the sodum hydroude and
the other an equmolar solution of the substrate 1 & 5 mM of acetylcholine lod|}d7c
The enzymatic process ts started by addmng from a pipette 2 suitable volume of this
solution to the test mixture The chlorpromazine 15 added as a 100 mM agueous
solution of the chloride Aur free redistilled water is used for the analysss

C Matersals
prain Two male albuno rats (about 180 g} were decapitated and thewr brams
(mlczlmthc brawn stem and the cerebelium) exarmned jointly
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e

at —20 C during the interva) between autopsy and preparation On the latter occasion,
tissue specumens were taken from
a) the cerebellum,
b} the deep layers of the cortex and the basal ganglia,
€} the cortex of the temporal lobe
The tissue chosen were J

The specimens were homogemsed mechamically for 1 or 2 muutes with 2 suitable
volume of 09% NaCl solutton The temperature was kept low before, during and
after homogenisation by means of an 1ce bath The homogenate was diluted with

09% NaCl solution to a suitable volume, 1€ to a homogenate concentration of
25-30% wiy

3, Estimations of Activity.

For the activity estimations we used 0 5 ml of rat bram homogenate or 20 m! of
infant bran homogenate diluted with suffictent 09% NaCl solution to bring the
reaction mixture (after addition of inhsbitor and substrate) to a total volume of
100 m} Nitrogen was bubbled through the muxture kept at 38°C, and while estimating
the actmity, duning determination of the activity with the reaction vesselkept covered,
e swept out the air space above the reaction muxture with nitrogen to avoid absorp-

tion of carbon dioxide The activity was determined at pH 7 40 with constant magnetic
stmng

The of and chlorp n the
Tutture are shown 1n table 1

After adjustment of the test mixture to pH 740 for the purpose of
determining cholinesterase actvity 1n tissue specimens, a non-spectfic
Uiberation of acid (falling pH) or of base (nsing pH) 15 often seen before
the addition of substrate In such events the enzyme activity recorded
after addition of substrate will be too high or too low, respectively, To
avoud these sources of error a weak solution of sodm hydroxide or of
hydrochloric acid 1s added 1y by means of the infusion appara-
tus mentioned above While working on these problems we found that
activties {or, more correctly, trant addition rates) below a certam value
were not recorded satisfactonly (possibly because of the apparatus),
whereas activity differences of the same order could be measured wm;
grea ~oe eam Tha nf e oo 2 adjusted so
asto ”, the size of
which 1d, and non-
specific acid, UL Lase, liberation, respectively Then, after adding the
substrate, the enzymatic activty wll be recorded as welt The use of this
technique presupposes that addition of substrate does not mfluence the

blank actvity” by altening the non specific acid or base lLiberation

gregate reaction
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However, the experience gained so far suggests that no such alterations
take place (vide JeNsen-Hotws, LAUSEN, MILTHERS & MOLLER 1959) 1t
has, moreover, been found that the techmque descnibed above makes
possible the recording of extremely low enzyme actwities with consider-
able accuracy (cf fig 1)

Time 1n minutes

Fig | Two examples of Utration cunes
‘The curves refer to by and by tn table t B and T denote blankactvity and total activity
tespectively
S indicates the addition of substrate (acetyicholine) The curve for blank activity 1s con
tinucd as a dotted line, thus iliustrating the increase in activity after addition of substrate
Absclssa time 1n runutes
Ordinate  sodwm hydroxde added One smali unit corresponds to 0 026 gmole NaOH

By means of the twin syringe burette, equivalent amounts of base and
substrate are added simultancously Vs miakes « possible to mantan @
constant substrate concentration in the redaction myxture, a fact of particular
importance at low substrate concentrations, when high enzyme actity
would otherwise quichly sphit an appreciable amount of the substrate
present Durning pre-titration to pH 740, the simultancous additron of
substrate 15 suspended

For practical reasons the brain tissue was incubated with chlorproma-
zine for 10 to 20 munutes before substrate was added, even though pilot
experiments had shown that the eql'nhbna of enzyme mtubitor substrate

adyust themt almost d
The ¢nzyme activity 1s expressed as micro moles of liberated acid per

minute per gram tissue (umol x mun 1 > g-1)
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4, Results,

Rat brain Whth a substrate concentration of 1 0 X 10 $ M the activities
found after incubation with chlorpromazine for 10 munutes were
without chlorpromazine 0 80 pmol/mun /g
11 X 10 4 M chlorpromazine 044 pmol/mun /g
10 X 10 5 M chlorpr 085 fmun /g
Thus, 2 concentration of 1 1 X 10-4 M, or about 39 pg chlorpromazine
chlonde per mulliitre, inhibited the enzyme by nearly 50 per cent, whereas
aconcentratront of 10 X 10 3 M (or 3 6 pg/ml) did not inhubit cholineste-
rase actwvity 1n rat brams
Infant bram Larger amounts of brain tissue were found to be required
here than 1n the rat bram experiments to obtan a switably hugh activity
The substrate concentration was 1n all expeniments 125 X 105 M In
those with chlorpromazine the brain tissue was incubated with 1t for

15 munutes before addition of substrate The concentrations used and
the activities measured are Listed 1n table 1

Table 1

Effect of Chlorpromazine on Cholincsterase Activity 1
Homogenates of Human Bram (child)

4 issue from cerebellum

8 tissue from the deeper layers of the cortex and from the basal gangha

¢ tissue lrom the cortex of the lobus temporalis

Substrate 125 ¥ 103 M acetylcholine 10dide

Aensigy 1n ymoles per minute per gram tissue

o | Remammg
Tissue In molanty actity | activity
as percentage

a 033

n 1o 013 I R

. 3 10 oo | H

—_—

b ! 014 T

by 1104 0062 { 1%

by 310 . ool i 4: §

o 016

¢ HeTH o018 Fo

\ | ot measurable
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5. Discussion.

When analysing cases of poisoming n which symptoms of impaired
cholinesterase activity are observed, we must distinguish sharply between
reverstble and srresersible nfubitors Such a distinction has been made
alt enzymatic studies on these substances, whereas the pharmacologieal
and toxicological consequences of thus have remamed surprisingly un-
heeded Thss problem is further discussed below

Inlubition of cholinesterases by trreversible mubrtors of the phospho-
stigmine group 15 a reaction resulting i productson of stable enzyme
-inhibrtor compounds, which can only be spht n spectal circumstances

The results of wtubstion by resersible mhibuors, ¢ g physostigmme and
marphune, are entwrely different a reverstble equiibrium 15 estabhshed
between enzyme and wnlubitor Any dilution of the system, as also addition
of other mhibitors or of a substrate, will cause dissoctation of the origmal
enzyme-inhibitor compound 1o a greater or lesser degree All current
methods of deterrmming cholmesterase activity mnvolve dilution and
additian of substrate to a considerable extent Consequently the activity
measured 1s certatnly lugher than that of the tissue » st

Kunn & Surees (1938) wvestigated the inhibiting action of morphine
(among other drugs) on braw chalinesterases They showed that at a
constant concentration of morplune the whibition ncreased with de-
creasing substrate concentration and sice yersa Expeniments conducted
m tus Department have borne out the reported observations with
morphine (JOHANNESSON 1962), and our mvestigations have shown that
numerous other deugs may effect reversible mhbition of cholinesterases
n different tissues (JENSEN-HoLM 1960 1961)

After admimstering latge doses of morphime JORANNESSON determuned
the cholmesterase activity in rat brans as described below On the basts
of a chemmcal determunatton of morplune mn specimens of the bram
tissue whose cholinesterase activity was to be deterruned, enough mos-
plune was added to the reaction muxture to ensure that the consequences
of the necessary dilution of the tissue were eltnunated By using as fow
substrate concentrations as 10 6 to 10 5 M the dissociation due to the
addition of substrate could be almost avoded

Chlorpromazme gave analogous reacttons m rat bram and nfant bram
(table 1) At a concentrason of 3> 10 4 M chiorpromazine, about 90
pet cent nhibition was found, at a concentration of § x 10~ M, the
activity was so low as to be unmeasurable That Gorpon (1948) found no
snfubition 1 sesponse to the phenothazine derivative tested by himat a
concentration of 51 % 10~ M was prabably due to the fact that he
with acetylcholine af a concentration of TXID3IM, 1€ 2

worked and times hugher than that used by vs

concentration nearly 2 thous:
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We mught therefore expect @ prior: that 1n the case reported above
shole blood would show a normal cholinesterase activity by the modifica-
tion of MiceLs method described By this procedure the blood 1s
diluted about 60 times and the substrate concentration 1s hugh, about
16 x 10 2 M acetylcholine It may be added that the blood concentra-
tuwn of chlorpromazine 1 the organtsm falls rapidly to a low level (Satz-
man & Bropie 1956) In fact normal cholinesterase activity was found
This finding precluded app ly p by phospt of
which the clinical s1gns had otherwise been suggestive

The forensic-chemical analysis revealed the presence of chlorpromazine
m the bram tissue The concentration was calculated as about 200 pg per
fam bramm tissue The corresponding molar 10n 15 about
6% 10~ M, a concentration that, according to our results, completely
checks cholinesterase activity i the brain

It 15 accordingly reasonable to suppose that the climical signs observed
tn the poisoned infant were 1n fact of cholinergic onigin

In this connection mention should be made of some experiments by
VLA (1957) After administering large doses of chlorpromazine to rats
(about 20 mgfkg ntrapentoneally), he noted that more acetylcholine
could be extracted from the atma of their hearts than from those of
controls Subsequently Vix (1938) also fournd that chlorpromazine had
no effect on cholinacetylase acuvity The nise in acetylcholine concentra-
tion of the atra 1s therefore more probably lained by a reduced
bydrolyss of the acetylcholine than by an increased synthests

JENKER & WaRD (1953) inchine to the view that the signs and symptoms
1n Parkinson’s disease are of cholinergic ongin, RINALDI & Hiswich
(19553, b) have shown that the reticular apparatus of the bram acts
cholinergically They conclude (1955 c) that small doses of chlorproma
zne inhibn the reticular apparatus, whereas large doses stimulate 1t

Hence, there 15 reason to suppose that the “paradoxical™ action of
chlorpromazine 15 duc to the cholinesterase inhibition caused by the hugh

cone. and the I of the reticul
lar appara
of the brain Fparans

Summary.
1 In an infant dead of fatal poisoning,

the s
which suggested a cholinergic ongin, £ns and symptoms of
- LA

high concentrations af .

s . ¥ 4si0uia Wb be a potent
. o potent reversible inhibitor

“w
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of brain cholinesterases. The chlorpromazine concentration of about
200 pgfg (abont 6 x 10~ moles per hilogram tissue) found was seen
w vitro completely to inhibit the cholinesterase activity in brain tissue
from an infant.

3. It 1s concluded that the excutation seen as a side-effect of chlor-
promazine treatment (the “paradaxical™ action) can be interpreted as of
cholinergic origin.

4. The pharmacological and toxicological importance of distingusshing
sharply between reversible and jrreversible cholinesterase mhibitors is
stressed. When determining cholinesterase activity afier inlabition by
reversible inhubitors, it is characteristic that difution as well as addition
of substrate reduces or elimnates the mhibition. Thus the finding of
normal cholinesterase activity i virre by no means precludes the obsened
signs and symptoms being due to impaited cholinesterase activity 100,
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Fluorescence of D,L-Aldosterone in an Acid Medmum
By

Pavo Hedner
(Recerved November 13 1961}

The fluorescence of certain sterords 1n strong acid 15 well known and
bas been used 1n methods for quantitatively determiming € g corticoste-
tone, cortisol (hydrocortisone) (SILBER er al 1958, GUILLEMIN et af
1958) and some oestrogens (BATES & COHEN 1950, DiczraLUsY [953)
However, no appreciable fi occurs on dissolving other sterouds,
¢ g cortisone or aldosterone, tn acid medim The reasons for this
difference are obscure It 1s not known with certainty which properties
of the steroid molecule are for developing fluorescence The
istensity and possibly other properties of the fluorescence may vary and
depend on the kind of acid used, 1ts concentration and other facto
For nstance, the of and diol 15 fi
by heating the acid solutions (BATES & Conen 1950, DICZFALUSY 1953)
1t 15 also known that the properties of aldosterone 1n sulphuric acid
solution are changed after heating Thus SimesoN et al (1958) demon-
strated one absorption peak of ald dissohved 1n ¢ d
sulphunc acd at 288 mp, whereas after heating the same solution to
% C for one hour peaks were detected at 247, 285, 342 and 460 my

Because of these findings 1t was thought of terest to establish whether
or not fluorescence of O L-aldosterone 1n acid solution could be produced
by ety te solatnnt

rs

Matenal and Method,
An aqueous solution of b L-aldostetone®, 05
diluted with absolute aleohol to a concentrauon of smr:; I:e‘r ::l“a:;e ? n‘a‘;h Isr “hn
was evaporated under reduced pressure 10 pve dry samples of 105 » Leal dw’;":"f
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Synthetic cortisol was dissolved 1n absolute alcohol at a concentration of 02 pg
per ml and evaporated to give dry samples of 02 “eg

Concentrated sulphuric acid, p a, diduted with absolute alcohol m the Pproportion
7525 (v/v) was used as acid medium throughout the expertments

Fluorescence measurements were carried out with an Aminco-Bowman spectro-
photofluorometer at an actwvating wavelength of 465 myu and a fluorescent wave

length of 550 my
The evaporated aldosterone samples were dissolved directly, usually m 4 mi of
sulphuric aerd/ethanol med il other 1ons were needed, further dilutions

with the acd medium were made before heating

Of the acid solution 2 ml 1n a glass tube were placed 1n a hot water bath The
rematuag 2 ml were poured 1nto a cuvette After a suntable time the heated test tubes
were removed from the bath and cooled to 18°C m another water bath After cocling
the sol were d 1 the spectroph ometer al de the unheated
parts of the samples A 01 pg sofution of cortisol m acid medium was used as a
reference standard n some expenments for calibrations of the apparatus, as its
il can be dered as for at least 20 nuoutes (HEDNER 1961)

Results.

With the H,SO¢/ethanol mixture as the solvent, it was soon evident
that some fluorescence was developed by p,L-aldosterone after heating
a solutton that had previously shown luttle or no fluorescence The fluores-
cence maximum of the heated sofution was situated at 465/550 mp
Cortisol showed the same maximum, and the picture of the fluorescence
pattern of aldosterone on the cathode ray oscilfograph was closely similar
to that of cortrsol

Optumal Time of Heating

To find the most sustable time of heating, a number of aldosterone
solutions at three concentrations, S, 1 and 02 pg per ml, were placed
1n the water bath adjusted to 70°, removed, cooled and measured at
different time mtervals An unheated solution of cortisol was used as a
reference standard, its scale reading being adjusted to 80

The results are shown n fig 1 The values for the unheated sofution
did not differ much from each other or from the sulphuric acsdfethanol
plank value After heating for 5 or 10 minutes, the readings were consider-
ably hugher They also showed differences between the three concentra-
tion levels, the ratios of the readings corresponding well with those of
the concentrations The sulphuric acid/ethanol blank showed shghtly

readings after heating
hlg;};: ﬁnorefcence of the cooled aldosterone solutions proved to be

stable for at least 20 miputes



ALDOSTERONE FLUORESCENCE 409

Fluorimetrnic
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Fig 1 Influence of heating time on the

M nutes

of of bL
1n sulphunc acid/cthanol medium at 75°C Broken lime represent:
 15°C Broke presents the sulphunc acidf
Unheated ald 1 revealed no fl e after 10, 20
or 30 munutes !
After 1S minutes heating, the fl of the ald 1

showed a tendency to decrease, as did the readings after 20
and 30 munut
The optimal time for heating under these conditions was thus hcld:tso

be 5-10 munutes In the expeniments describe;
be 5,10 minus ibed below the heating time

Opnmal Temperature

A number of aldosterone samples, d;
s dissolved 1n the acid med
a concentration of 10 pg per ml, were heated for 5 munutes to d:fl;:e::.



408 PAVO HEDNER

Synthetic cortisol was dissolved in absolute alcohol at a concentration of 02 yy
per md and evaporated to give dry samples of 0 2 ug

Concentrated sulphuric acd, p a , drluted with absolute alcohol in the proportion
75/25 (v/v} was used as acid medsum throughout the expeniments

Fluotescence measurements were cacried out with an Anunco-Bowman spectro-
photofluorometer at an activating wasvelength of 465 mu and a fluorescent wave-
length of 550 mp

The evaporated aldosterone samples were dissolved drrectly, usually in 4 mt of
sulphuric actd/ethanol medium, 1f other cone were needed, further dilutions
with the acid medium were made before heating

Of the acid solution 2 ml i a glass tube were placed in a hot water bath The
remaiming 2 mi were poured into a cuvette After a smtable time the heated test tubes
were semoved {rom ¢he bath and caoled te 18°C mn another water bath After coohng,
the scluttons were 1n the sp hotofiuorometer ak de the unheated
parts of the samples A 01 pg solution of cortisol m acid medium was used as a
reference standard 1 some experiments for calibrations of the apparatus, as s
fluarescence can be considered as constant for at lest 20 munutes (Heoner 1961)

Results,

With the H,SQ,/ethanal muxture as the solvent, it was soon evident
that some fluorescence was developed by D,L-aldosterone after heating
a sofution that had previously shown Itttle or no fluorescence The fluores-
cence maximum of the heated solution was situated at 463/550 mp
Cortisal showed the same maxmmum, and the picture of the fluorescence
pattern of aldosterone on the cathode ray oscilfograph was closely similar
to that of cortisol

Opumal Tune of Heanng

To find the most sustable time of heating, o number of aldosterone
solutions at three concentrations, 5 1 and 02 pg per ml, were placed
tn the water bath adjusted to 70° removed, cooled and measured at
ifferent time itervals An unheated solution of cortisol was used as @
reference standard, its scale reading being adjusted to 80

The results are shown m fig 1 The values for the unheated solution
did not duffer much from each other or from the sulphuric acxd/cth:inol
Blank value After heating for 5 or 10 the readings were ¢ -
ably higher They also showed differences between the three conccmm;
tion levels, the ratios of the readings corresponding well with those ;7
the concentrations The sulphuric acid/ethanol blank showed shghily

readings after heating
h‘%: ﬂuoresgcence of the cooled aldosterone solutions proved to be

stable for at least 20 minutes
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Fluor metric
feading
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i
80 10°C
Temperoture

Fig 2 of I: on the d of ft of o1
n sulphuric acid/ethanol medium Heatng ttme 5 minutes Broken hne represents the
sulphunic acid/ethanol blank

temperatures After cooling the samples were examuned i the spectro
photofiuorometer together with the cortisol standavd The results are
shown 1 fig 2 A sutable temperature 1s evidently 75°, and this was
used mn the further experiments

Concentration Fluorescence Curve

Tt was posstble to obtain a straight hine as plotting concentration against
fluorescence 1 the range 0 2~1 0 pg per ml (fig 3) As at least 2 ml are
required for a determnation, the smallest aldosterone sample possible
that can be measured by this method 1s 04 pg

Specifictty Remarks
To obtan more mformation about the specificity of the aldosterone

fluorescence reaction to heat, several common steroids were mvestigated
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cupveforot n sulphune
acid/ethanol meditm heated to 75°C for 5 minties

Table 1

Fluonmetnc scale readings before and after heating (75 C, 5 munutes) several sierords
dissolved i sulphunc acsd/ethanol medsum The values are corrected for blank resdings

Congenyrangn | Fibonmene radiog | Bworeseence
Substance sig per d"ﬂ before after vating/fluoresee
20d medwm  pegung | heating | wavelengih, my
!
Cortisol i
(Hydrocortisone) 01 16 27 465/350
Corticosietane 91 168 $ 20| 46555
L Algosterone $0 T 280 465/550
Deoxycorlicosterone
acctate 50 8 137 4657545
o 03 , ’ about
irone 2 13 500 450 s00
Oestriol 1] 38 42 50 fgg
Oestragiol 02 7% 390 430/500
Testosterons 50 8 | 1%
Cortuatie §0 4 | 1
Predmisone ° 26 41
Predmpsolone (T o H 465355
Dexamethasone 50 1 s
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The results are shown m table 1, from which 1t can be seen, that most
of them showed munute or no ncreases in fluorescence wmntensity The
fluorescence of hydrocortisone and corticosterone decreased considerably

Like the fluorescence of aldosterone, that of desoxycorticosterone ace
tate increased on heating, but to a less extent (from 27 scale units before
10 137 after) The peaks for the fluorescence maxima seemed not fo
change after heating for any of the substances mvestigated

Discussion.

As pomted out above, the concentration fluorescence curve for aldo-
sterone 1s hinear over an appreciable range This makes 1t possible to
adapt the heat-induced fluorescence reaction to quantitative aldosterone
measurements, especially as this fluorescence proved to be quite stable
The sensitsvity offers, however, scarcely any advantages compared with,
e g, the measurement of aldosterone fluorescence 1n alkaline medm,
which permuts the detection of aldosterone 1n abont the same guantities
(Staun et al 1961) However, 1t should adequate for determimng
aldosterone 11 urine The speeificsty of heat mduced aldosterone fluores-
cence 1s not absolute, as can be seen from table I Deoxycorticosterone
acetate gave a simufar reaction, and there are perhaps other substances
that act m the same way The employment of aldosterone fluorescence
m acid medium as the basts of a quantitative method thus necessitates
smtably purified aldosterone extracts or at Jeast extracts contasning only
known contamunants If these crtens are fulfilled the method can
perhaps offer some simplification m unnary aldosterone determnation
The purification of the urmnary extract, after passage through a flonsit
column, usually includes several paper chromatographic stages The last
of these often tnvolves the separation of aldosterone and cortisone (see
¢ g LABapIg 1959)

In the acid fluorescence method ths step could possibly be omitted
However, there are 1n thus fraction besides aldosterone and costssone,
small amounts of other unknown substances sometimes called “the
amorphous fraction”, whose fluorescence 1s not yet known

Summary.

The development of fluorescence by . aldosterone mn acid medium
after heating 1 deseribed The optimal time and temperature are given
A lmear concentration fluorescence curve was obtained

The conditions and possibihies for adapting the method to quantita-

ive aldosterone deternunations are discussed
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From the Biochemical Laboratory, Northern General Hosprtal,
Edwnburgh, Scotland

The Separation of Alhaleids from Extracts
of Animal Tissues; the Use of Cation Exchange Resins.
By

S. L. Tompsett
{Recenved August 28 1961)

The results of an investigation mnto the separation of alkaloids from
urme by the use of a cation exchange resin (Dowex $0 x 12) have been
reported n a previous paper (ToupSerr 1960 a) The present paper des-
cribes an extenston of these studies Separatton of alkalords from tissue
extracts has been examined and also the elution of alkaloids bound to the
cation exchange resin

General Methods.

These are simular to those reported m the previous paper
The Preparation of Cation Exchange Cohonns
The cation exchange resm Dowex 50W > 12 (200400 mesh) was
used
The Resta (30 g) was contamed i a glass tube fitted with a sintered glass base
(Quichfit and Quartz Ltd) The dimensions of the operational column were herght/

140 mm, dametet/15 mm
The column was washed with 250 m! 8 N hydrochloric acid and by 2000 m! water
Tmmediately before use the column was washed with 100 m! N hydrachloric acid

Determination of the Alhaloid Content of Ljuates.
The procedure of el DarRAwy & Towupsert (1956) and ToupstTT
(1960 a) were used
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A Codetnte, Brucine and Strychnine

Before examination strongly acid eluates were neutralised by the addi-
uon of sodium hicarbonate

Before exanunation, an ahquot of eluates contasmung ethanol and
ammonta were esaporated to dryness under reduced pressure The residue

was dissolved m N hydrochloric acid Eluates contaming ethanol and
hydrochloric acid were treated stmilarly

B Morphute

The colorimetne method of Folin and Crocalteu (Toeserr 1960 a)
was employed Before exammation, morplune was exiracted {from aqueous
ammontacal eluates with chloroformyfisopropanol (ToMeserT 1960 a)

The Elution of Alkaloids from the Cation Exchange Resin.

Under appropriate conditions, Dowex 50 x 12 will retan all sub-
stances possessing a basic group and these may be removed by hydro-
chlonic acid of the appropriate normality (ToueseTT 1960 b)

The eluting action of aqueous solutions of ammonia on these sub-
stances has been exammed For this purpose the large column (described
above and 300 ml of 6 N aqueous ammonia as eluant were used The
results ar¢ shown in table 1 It would appear that only those

Table |
The elution of basic substances absorbed on a column
of Dowex 50 ¥ 12 by aqueous ammonta (6N}

Column weight 30 ¢
dimensions 140 » 1S mm
e
Liuted by Aqueous Not Ejuted by
Ammoma Aqueous Ammona

Glutamic acid

Choline

Gycine Codeine
Cystme ' Brucine
/)\(gu:;ne Strychnime

sudine Hypotensive drugs
Morphine () Darenthin ©
r-Aminobenzore acid &) imetin
P ATIOMPPOTIC a4

smpmmumde <rd {¢) Hexamethaquym
Nicotinee acrd

Nicotnamde

P Ammophenor

oTyroune

Tyramine
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Table 2

The recovery of alkalowds from a column of Dowex 56 W X 12
(30 2) by clution with ethanolic ammonta salutions

Alkalod)Quantity Né‘;l‘l‘;; o ;:L‘;‘:‘:ﬂ‘:f} Recovery (%)
Codeme 5 mg 1 200 236
400 94
2 200 686
400 896
3 200 n2
400 963
Brucine 5 mg t 200 566
400 632
2 200 632
400 972
3 200 642
400 938
Strychnine 5 mg 1 200 134
400 446
2 200 720
400 986
3 200 906
400 92
Composttion of Eluant
Ammoma 4
1 water/ethanot (75/25)
2 dito (50/50)
3 ditto (20/80)

substances possesstng an acidic group eg phenolic, carboxyl, can be
eluted by aqueous solutions of ammonta Morphine, because its phenolic
group, can thus be readiy separated from other alkalowds It was found
that the purely basic substances, e g choline, brucine, strychmne and
codeme, could be eluted from the column, after the ammonta treatment,
by hydrochloric actd of the appropriate normality But 200 ml of ethanolic
hydrochloric actd (90% ethanol/N hydrochloric acid) failed to remove
any codeme, bruciie or strychnne (5 mg) from columns

The alkaloids codeme, brucine and strychmne although not eluted
from columns by aqueous ammomacal soluttons may be readily removed
by treatment with solutions of ammonia m ethano! The results of suth
separation are shown in table 2. An alternative to elution by strong acids

would sometimes be advantageous

The Exammation of Tissues.

There appear to have been only two alternatives (STewart ez al 1937,
Daupney & NICKOLLS 1937) described to the well established Stas ~ Otto
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procedure The techmque desenibed below 1s suggested as another alter-
ratve, although sts general apphcation tay be timted The procedure
tias been developed from that described for the separation of alkaloids
(rom unne (TOMPSETT 1960}

A process for the separation of morplune from other akalowds 15
1nciuded

A TIrearment of Tissue

Liver tissuc (100 g} was macerated in about 50¢ mi of water aad 100 ml
of 10 N hydrochlosic actd when added The muxture was heated to bothing
and then placed 1 2 boing water bath for 1 hour The musture, after

dilution to 1000 ml with water, was fitered and the small residue was
washed with 500 ml of N hydrochionc acd

B fon Exchange Chromatograph)y

Toe fiteme was apphied to a column The caluma was then washed
with 500 m} of N hydrochlonc actd and by 500 mlof water The column
was then efuted with 300 ml of 6 N aqueous ammoma solution Mor-
phine 15 recovered o thus fraction The column was then washed with
200 ml water and 200 m! of N hydrochtoric acid Codesne, brucine or
strychnine were then eluted with 8 N hydrochlone acd

From the results shown n table 3, 3t will be seen that codeine, ‘brucme,

Table 3
The vecovery of elkalmds from a coldms of
Bawex 56 x 12 (30 ) The alkalosd was apphied st an #aid
eitact prepared from 300 g of hver

Alkaloid Quantuy Recovery of
i {mg) Alkatod (%)
A 300m of 6 N aqueonremmornia
Morphine 3 ol
! : 955
B 500 mlof & N agueous hydra) s
chloric acsd
Codene 4 816
\ ‘8 858
sracae s 23
,5 823
6 15
F— H ats
3 88
16
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strychmne or morphine (4, 8 or 16 mg) added to 100 g of macerated liver
could be recovered guantitatively by this techmque

Summars.

Observations have been made on the use of a cation exchange resin to
separate atkaloids from ammal tissues as a preliminary to their identifica
tion and determination

A separation of morphme from other alkaloids and an alternative
method of elution (codeine, brucine and strychnine) have been described
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